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Program of the 1st MBE (Matrix Biology Europe) Conference  

 
Saturday, June 21th, 2014 
16:00-20:00 Registration  
Willem Burger room (3rd floor) Chair: Ruud Bank 
18:00-18:30 Opening ceremony 
18:30-19:30 Opening lecture: The myofibroblast matrix: implications for tissue repair and fibrosis (Boris 

Hinz – Toronto)  
 
Willem Burger Foyer (3rd floor) 
19:30-21:00 Welcome reception / poster session 
 
Sunday, June 22th, 2014 
Willem Burger room (3rd floor) Chair: Ruud Bank, Jo Adams 
09:00-09:30 Plenary lecture 1: Molecular sites, diversity and biological consequences of collagen cross-

links (David Eyre – Seattle) 
09:30-10:00 Plenary lecture 2: Wound degradomics: a systems-level analysis of proteolytic events 

(Ulrich auf dem Keller - Zürich) 
 
10:00-10:30  Break – Willem Burger Foyer (3rd floor) 
 
Willem Burger room (3rd floor) Chair: David Eyre, Ruud Bank 
10:30-12:30 Parallel workshop 1:  Collagen modifications: role in matrix quality / quantity and disease  

10:30-10:50 A pathological role for prolyl 3-hydroxylation in high myopia (David Hudson – 
Seattle) 

10:50-11:10 Lysyl-mediated tissue stiffening and metastasis (Janine Erler – Copenhagen) 
11:10-11:30 New insights in collagen processing as revealed by autosomal recessive 

forms of osteogenesis imperfecta (Joan Marini – Bethesda) 
11:30-11:45 Tissue accumulation of carbamylated proteins during aging (Laëtitia Gorisse 

– Reims) 
11:45-12:00 Defective proteolytic processing of fibrillar procollagens and other 

extracellular matrix proteins due to mutations in BMP1 result in a severe 
form of osteogenesis imperfecta (Delfien Syx – Ghent) 

12:00-12:15 Mechanisms of extracellular matrix modulation in interstitial fibrosis: role for 
collagen cross-linking? (Miriam Boersema – Groningen) 

12:15-12:30 Lysyl oxidase-like 2 (LOXL2) regulates sprouting angiogenesis through 
mechanisms independent of its enzyme activity (Claudia Umana Diaz – Paris) 
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Van Weelde room (4th floor)  Chair: Ulrich auf dem Keller, Jo Adams  
10:30-12:30  Parallel workshop 2:  New frontiers in ECM biology  

10:30-10:50 ECM goes -OMICS: the extracellular landscape shaped by degradomics, 
interactomics, proteomics and unfoldomics (Sylvie Ricard-Blum – Lyon)  

10:50-11:10 Mechanisms of ECM secretion (Vivek Malhotra – Barcelona) 
11:10-11:30 The cartilage ECM and its role in the immune system (Bent Brachvogel – 

Cologne) 
11:30-11:45 Extracellular matrix proteins: a positive feedback loop in lung fibrosis? 

(Marjolein Blaauboer – Amsterdam) 
11:45-12:00 Integrin α2β1 participates in biomineralization by recruiting TNAP to matrix 

vesicles and targeting vesicles to collagen (Kalle Sipilä – Turku) 
12:00-12:15 Loss of estrogen receptor enhances the aggressiveness of breast cancer cells 

by inducing EMT and modulating the expression/activity of MMPs and 
proteasome in breast cancer cells (Panagioti Bouris – Rio) 

12:15-12:30 Glycoproteomics of the human cardiac extracellular matrix (Javier 
Barallobre-Barreiro – London) 

 
Willem Burger Foyer/van Beuningen room, Schadee room (3rd floor) 
12:30-13:30  Lunch at Conference center (buffet) / poster session  
 
Willem Burger room (3rd floor)  Chair: Peter van der Kraan, Wael Kafienah 
13:30-14:00  Plenary lecture 3: Skeletal dysplasias and the molecular pathology of the unfolded protein 

response (John Bateman – Parkville) 
14:30-14:30 Plenary lecture 4: Engineering ECM for in situ tissue repair (Marcel Karperien – Enschede) 
 
14:30-15:00  Break – Willem Burger Foyer (3rd floor) 
 
Willem Burger room (3rd floor)  Chair: John Bateman, Peter van der Kraan 
15:00-17:00  Parallel workshop 3:  Advances in understanding matrix disease mechanisms 

15:00-15:20 Mechanosensing mechanisms in cartilage: the pericellular matrix in 
osteoarthritis (Tonia Vincent – Oxford) 

15:20-15:40 ECM mutations in multiple epiphyseal dysplasias and 
pseudoachondrodysplasia (Michael Briggs – Newcastle) 

15:40-16:00 The effect of fibrillin mutations: Altered TGF-beta and heparin binding results 
in a variety of connective tissue diseases (Cay Kielty – Manchester) 

16:00-16:15 Peroxynitrous acid, a lesion oxidant, modifies the extracellular matrix in 
human atherosclerotic lesions (Christine Chuang – Newtown) 

16:15-16:30 BMP9-induced pSmad1/5/8 signaling and chondrocyte hypertrophy is 
effectively inhibited by TGFβ1 (Arjan van Caam – Nijmegen) 

16:30-16:45 The effect of forced exercise on knee-joints of Dio2-/- mice; identifying 
pathways involved in cartilage degradation processes following mechanical 
stress (Nils Bomer – Leiden) 

16:45-17:00 Mesenchymal stromal cell therapy for recessive dystrophic epidermolysis 
bullosa (Tobias Kühl – Freiburg) 
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Van Weelde room (4th floor)  Chair: Marcel Karperien, Wael Kafienah 
15:00-15:20 Parallel workshop 4:  Tissue engineering from a matrix perspective 

15:00-15:20 Injectable hydrogels in tissue repair (Jöns Hilborn – Uppsala) 
15:20-15:40 Glycosaminoglycans as regulators of stem cell differentiation (Catherine 

Merry – Manchester) 
15:40-16:00 Tissue engineering of cartilage: complexities of a simple tissue (Wael 

Kafienah – Bristol) 
16:00-16:15 Multifactorial approach enhancing matrix deposition and maintenance of 

mesenchymal stem cell phenotype (Daniela Cigognini – Galway) 
16:15-16:30 Stiffer fibrin matrices enhance RUNX2-expression and matrix degradation by 

adipose stem cels (Thijs de Jong – Amsterdam) 
16:30-16:45 Proteomic comparison of tendon, ligament and engineered tendon/ligament 

tissues (Yalda Ashraf Kharaz – Neston) 
16:45-17:00 The multifaceted role of perlecan domain V in the vascular niche (Jelena 

Rnjak-Kovacina – Sydney) 
 
17.00-17:30  Break – Willem Burger Foyer (3rd floor) 
 
Willem Burger room (3rd floor)  Chair: David Hulmes 
17:30-18:00 Plenary: Rupert Timpl Award Lecture. Hormonal regulation of brain development and 

cognitive function by the skeleton (Franck Oury – Paris) 
18:00-18:30 Plenary lecture: Nonsense-mediated mRNA decay of collagen – emerging complexity in 

RNA surveillance mechanisms (Shireen Lamandé – Victoria) 
Willem Burger Foyer/van Beuningen room, Schadee room (3rd floor) 
18.30-19.15 Dinner at Conference center (buffet) 
19:15-21:30 Poster session  [FECTS contact persons meeting] 
 
Monday, June 23th, 2014 
Willem Burger room (3rd floor)  Chair: Frank Zaucke, Taina Pihlajaniemi 
09:00-09:30  Plenary lecture 5: Basement membranes and human disease (Leena Bruckner-Tuderman – 

Freiburg) 
09:30-10:00 Plenary lecture 6: Proteomics: defining the ECM and integrin adhesion (Adam Byron – 

Edinburgh) 
 
10:00-10:30 Break – Willem Burger Foyer (3rd floor) 
 
Willem Burger room (3rd floor)  Chair: Leena Bruckner-Tuderman, Taina Pihlajaniemi 
10:30-12:30  Parallel workshop 5:  New insights into basement membrane function and dysfunction 

10:30-10:50  HANAC Col4A1 mutation in mice causes a muscular disease with endoplamic 
reticulum stress and vascular defects (Emmanuelle Plaisier – Paris) 

10:50-11:10 Diverse microbial interactions with the basement membrane barrier (Hans 
Nauwynck – Ghent) 

11:10-11:30 Multiplexin collagens as microenvironmental regulators (Taina Pihlajaniemi – 
Oulu)  

11:30-11:45 Chemical chaperone treatment to target haemorrhagic stroke caused by 
collagen IV mutations (Tom Van Agtmael – Glasgow) 

11:45-12:00 Collagen XVIII modulates ureter branching in kidney development (Mia Rinta-
Jaskari – Oulu) 

12:00-12:15 The laminin response in inflammatory bowel disease – good or evil? (Patricia 
Simo-Assmann – Strasbourg) 
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12:15-12:30 The role of nidogen 1 and nidogen 1/laminin interaction in the peripheral 
nervous system (Isabell Koxholt – Cologne) 

 
Van Weelde room (4th floor)  Chair: Adam Byron, Frank Zaucke 
10:30-12:30  Parallel workshop 6:  Cell/matrix interactions in matrix biology and pathology  

10:30-10:50 Role of Endo180 in collagen metabolism (Niels Behrendt – Copenhagen) 
10:50-11:10 How do discoidin domain receptors transmit a signal across the membrane? 

(Birgit Leitinger – London) 
11:10-11:30 Fibrillin-1 controls bone mass by regulating TGFβ activity in the marrow stem 

cells niche (Silvia Smaldone – New York) 
11:30-11:45 Tenascin-W expression in bone metastases of breast cancer (Francisca 

Chiovaro – Basel) 
11:45-12:00 Novel stochastic tumor models providing evidence for tenascin-C tumor 

progression (Gertraud Orend – Strasbourg) 
12:00-12:15 Cell-matrix interactions in pelvic organ prolapse (Alejandra Ruiz-Zapata – 

Amsterdam) 
12:15-12:30 Study of TIMP1/receptor interactions to develop new therapeutic strategies 

(Laurie Verzeaux – Reims) 
Willem Burger Foyer/van Beuningen room, Schadee room (3rd floor) 
12:30-14:00  Lunch at Conference center (buffet) / poster session 
 
Willem Burger room (3rd floor)  Chair: Liliana Schäfer, Niels Behrendt 
14:00-14:30  Plenary lecture 7: A novel role for proteoglycans: Regulation of autophagy and tumor 

angiogenesis (Renato Iozzo – Philadelphia) 
14:30-15:00 Plenary lecture 8: Cartilage degradation: aggrecanolysis by members of the ADAMTS family 

(Bruce Caterson – Cardiff)  
 
15:00-15:30  Break – Willem Burger Foyer (3rd floor) 
Willem Burger room (3rd floor)  Chair: Renato Iozzo, Liliana Schäfer 
15:30-17:30  Parallel workshop 7:  Proteoglycans in disease 

15:30-15:50 Diabetes and proteoglycans (Svein Kolset – Oslo) 
15:50-16:10 Targeting ECM key players for cancer treatment (Nikos Karamanos – Patras) 
16:10-16:30 Renal pathophysiology – role of heparan sulfate proteoglycans (Jaap van den 

Born – Groningen) 
16:30-16:45 BMP2 restores proteoglycan depletion induced by TGFβ loss during 

experimental osteoarthritis (Esmeralda Blaney Davidson – Nijmegen) 
16:45-17:00 Infrared spectroscopy and imaging for glycosaminoglycans profiling in 

different cell types (Stephanie Brezillon- Reims) 
17:00-17:15 Sulphation of the chondroitin sulphate chain of inter-a-trypsin inhibitor 

controls the formation of hyaluronan/heavy chain complexes: implications 
for functional changes in the cartilage matrix during arthritis (Megan Lord – 
Sydney) 

17:15-17:30 Perlecan binds PF4, inhibits the activation of platelets and controls 
inflammation (John Whitelock – Sydney) 
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Van Weelde room (4th floor)  Chair: Jan Verheijen, Niels Behrendt 
15:30-17:30  Parallel workshop 8:  Matrix proteolysis in health and disease 

15:30-15:50 Collagenolysis by MMPs in pathological conditions: the challenges ahead 
(Hideaki Nagase – London) 

15:50-16:10 The degradation machinery of osteoclasts (Vincent Everts – Amsterdam)  
16:10-16:30 Degradation of elastin and function of the released matrikines (Christian 

Schmelzer – Halle) 
16:30-16:45 CCN1 (Cyr61) is overexpressed in human osteoarthritic cartilage and inhibits 

ADAMTS4 (aggrecanase-1) activity (Yasunori Okada – Tokyo) 
16:45-17:00 MT-LOOP-dependent localization of MT1-MMP to the cell adhesion 

complexes promotes cancer cell invasion (Yoshifumi Itoh – Oxford)  
17:00-17:15 Synovial overexpression of Wnts resulting in canonical Wnt signaling  

leads to early OA-like cartilage damage via protease activity (Martijn van den 
Bosch – Nijmegen)  

17:15-17:30 BMP-1/Tolloid-like proteases are signaling proteases and control TGFβ co-
receptor activity (Cyril Anastasi – Lyon) 

Willem Burger Foyer/van Beuningen room, Schadee room 
17:30-18:30 Poster session [MBE/FECTS general assembly] 
 
19:30-22:00  Conference dinner (19:15 - Gather at Boompjeskade for boarding the paddle steamer) 
 
Tuesday, June 24th, 2014 
Willem Burger room (3rd floor)  Chair: Bruce Caterson, Raymond Boot-Handford 
09:00-09:30  Plenary lecture “The making of bones: collagen biomineralization” (Nico Sommerdijk – 

Eindhoven) 
09:30-11:00 Dick Heinegård European Young Investigator Award presentations 

9:30-9:45 Lucienne Vonk (Utrecht): Overexpression of hsa-miR-7 improves cartilage 
regeneration by osteoarthritic chondrocytes 

9:45-10:00 Herbert Schiller (Munich): A systems biology approach to integrin mediated 
mechanosensing and ECM remodeling in fibrosis 

10:00-10:15 Aida Martinez-Sanchez (Oxford): High through-put identification of miR-145 
targets in human articular chondrocytes 

10:15-10:30 Benoit Langlois (Strasbourg): Angiomatrix, a signature of extracellular matrix 
components specific to the tumor angiogenic switch, correlates with poor 
prognosis for human cancer patients 

10:30-10:45 Roberta Besio (Pavia): Prolidase deficiency: also a bone disease 
10:45-11:00 Antti Salo (Oulu): Extracellular matrix abnormalities of collagen prolyl 4-

hydroxylase mutant mice 
 
11:00-11:30  Break – Willem Burger Foyer (3rd floor) 
 
Willem Burger room (3rd floor)  Chair: Vincent Everts 
11:30-12:40  Plenary workshop: ECM in soft tissues 

11:30-12:00 ECM roles in metabolic tissues (Daniel Greenspan – Madison) 
12:00-12:20 The extracellular matrix in the brain: ECM molecules as (peri)synaptic 

scaffolds (Constanze Seidenbecher – Magdeburg) 
12:20-12:40 The extracellular matrix in the brain: ECM molecules in glial development 

(Andreas Faissner – Bochum) 
12:40-13:00  Awards/Closing ceremony 
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MBE is the most important general matrix biology conference in Europe. This international event is held 
every two years, and many senior and young scientists and scholars participate to: 
 Communicate the results of their recent research 
 Experience research presentations across the broad spectrum of matrix biology 
 Exchange ideas and to argue alternate interpretations through informal discussion 
 Establish friendships and renew old friendships 
  
Traditionally, young researchers are given the chance to present themselves and their work alongside 
renowned names from the international community. The programme covers all aspects of matrix biology: 
from posttranslational modifications to mutations, from synthesis to degradation, from physiology to 
pathology, from techniques to data mining, and from receptors to substrates. 
  
We welcome you in 2014 to exchange and share your experiences and research results about all aspects of 
Matrix Biology, and discuss the practical challenges encountered and the solutions adopted. More 
information can be found on our website, www.mbe2014.eu.  
  
Prof. Dr. Ruud Bank, Groningen (president) 
Dr. Roel Kuijer, Groningen (treasurer) 
Dr. Yvonne Bastiaansen, Rotterdam 
(secretary) 
Dr. Esmeralda Blaney Davidson, Nijmegen 

Dr. Jack Cleutjens, Maastricht 
Prof. Dr. Vincent Everts, Amsterdam 
(chairman program committee) 
Prof. Dr. René van Weeren, Utrecht 
Dr. Lucienne Vonk, Utrecht     

                            
 

 
 
 
 

 
 
 
 

 

http://www.mbe2014.eu/
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Willem Burger room 
 

Parallel Workshop 1: Collagen modifications: role in matrix quality/quantity and 

disease 

A Pathobiological Role for Prolyl 3-Hydroxylation in High Myopia 

D.M. Hudson
1
, R Werther

1
, M.A. Weis

1
, K.S. Joeng

2
, B.H. Lee

2
, D.R. Eyre

1
 

1
University of Washington, SEATTLE, United States of America 

2
Baylor College of Medicine, HOUSTON, United States of America 

 

Background 

Myopia, the leading cause of visual impairment worldwide, results from an increase in the axial length of the eyeball. A 

single mutation in LEPREL1, the gene encoding prolyl 3-hydroxylase-2 (P3H2) was identified in individuals with an 

autosomal-recessive phenotype of non-syndromic severe myopia and cataracts. P3H2 is part of a family of genes that 

includes three isoenzymes in the prolyl 3-hydroxylase (P3H) family, P3H1, P3H2 and P3H3. Fundamentally, it is 

understood that P3H1 is responsible for converting proline to 3-hydroxyproline (3Hyp) at specific sites in types I and II 

collagen. The limited additional knowledge also suggests that each isoenzyme has evolved different collagen substrate 

specificities. For example it has been suggested that P3H2 acts on substrate sites in collagen types I, II and IV. 

Methods 

Sclera and cornea (type I collagen), vitreous (type II collagen), and lens capsule (type IV collagen) were dissected from 

bovine eyes for mass spectral analysis of candidate collagen prolyl 3-hydroxylation substrate sites. Briefly, collagen α-

chains and CNBr peptides were cut from SDS-PAGE gels and subjected to in-gel trypsin digestion. Electrospray mass 

spectrometry was carried out on the tryptic peptides using an LTQ XL linear quadrapole ion-trap mass spectrometer 

equipped with in-line Accela 1250 liquid chromatography. 

Results 

We targeted (GPP)n motifs, a unique candidate P3H2 substrate site found in collagen types I, II and IV. The level of 

prolyl 3-hydroxylation in the C-terminal (GPP)n motif of type I collagen was high in sclera, similar to tendon. Low levels 

were found at a homologous site in vitreous type II collagen, similar to cartilage. The (GPP)n motif of corneal type I 

collagen, however, showed no modification. Tissues from P3h2-null (P3h2-/-) and wild type mice are now being 

analysed to confirm the bovine findings and seek effects of P3h2 inactivity on tissue-specific post-translational collagen 

chemistry that could explain myopia. The mice are viable and have no obvious musculoskeletal phenotype. 

Conclusions 

We hypothesize that altered prolyl 3-hydroxylation in collagen type I caused by defective P3H2 could lead to structural 

abnormalities in the sclera causing progressive myopia. Improved understanding of the molecular mechanisms of 

myopia might allow early diagnosis and treatment and thus prevent irreversible vision loss. 
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Tissue accumulation of carbamylated proteins during aging 

L.G. Gorisse 

UMR CNRS/URCA n°7369, Faculty of Medicine, REIMS, France 

 

Aging is associated with tissue alterations, which may be explained by nonenzymatic post-translational modifications 

(e.g. glycation, oxidation, carbamylation) of matrix proteins. Some pathological contexts like diabetes, vascular diseases 

or renal failure are known for amplifying these chemical modifications. A still poorly investigated reaction is 

carbamylation, which corresponds to the binding of isocyanic acid, an urea by-product, to protein amino groups. This 

process leads to the formation of carbamylation-derived products (CDPs) including homocitrulline (HCit) which results 

from lysine carbamylation. In vitro experiments have shown that carbamylation contributes to the alteration of structural 

and functional properties of various tissue and plasma proteins. However, the metabolic fate of carbamylated proteins in 

vivo is still unclear, because of the lack of evidences for the accumulation of CDPs in organism, especially during aging. 

Herein, we have evaluated tissue carbamylation rate in different animal species during aging. We have quantified HCit 

by liquid chromatography coupled to tandem mass spectrometry in a set of tissues and in skin type I collagen in murine, 

bovine and human species. Moreover, we have analysed the networks of type I collagen by reflection microscopy in 

aging mice and in diet-increased carbamylation murine model (mice consuming cyanate-containing water). Finally, we 

carried out an immunofluorescence labelling of HCit in human skin sections. 

In mice, plasma urea concentrations did not increase with age, over 20 weeks studied, but HCit progressively increased 

in all studied tissues, the highest HCit content being noted in skin. We observed the same evolution of HCit 

concentrations in human and bovine skins, with an increase by 8-fold between young (<5 years-old) and old (>70 years-

old) people, and by 11-fold between young (6 months-old) and old (8 years-old) cows. Interestingly, skin type I collagen 

was significantly carbamylated in oldest mice, cows and humans compared to youngest ones. Moreover, fibrillar 

network of skin collagen was denser in the cyanate-consuming mice compared to control group. Finally, 

immunofluorescence studies showed a human dermic labelling of HCit more intense in the elderly. 

These results show that carbamylation occurs physiologically during aging and leads to an accumulation of CDPs in 

tissues. This reaction impacts more intensely skin type I collagen but also likely other matrix proteins like elastin, 

extracellular compounds being preferentially carbamylated because of their long half-life and their low turn-over. Such 

modifications could induce turnover alterations and cellular dysfunctions contributing to age-related complications. 

 

 

Defective proteolytic processing of fibrillar procollagens and other extracellular matrix proteins due to 

mutations in BMP1 results in a severe form of Osteogenesis Imperfecta 

D. Syx
1
, S. Symoens

2
, A. Medeira

3
, A.B. Sousa

3
, T. Hermanns-Lê

4
, P. Coucke

2
, A. De Paepe

2
, F. Malfait

2
 

1
Ghent University Hospital, GHENT, Belgium 

2
Center for Medical Genetics, Ghent University Hospital, GHENT, Belgium 

3
Serviço de Genética, Hospital de Santa Maria, LISBOA, Portugal 

4
Department of Dermatopathology, University Medical Center of Liège, LIÈGE, Belgium 

 

Bone morphogenetic protein 1 (BMP1) is an astacin metalloprotease with manifold roles in morphogenesis and in the 

processing of a broad substrate repertoire. Besides its role as procollagen C-proteinase for the major fibrillar collagens 

(types I, II and III) and its participation in N-propeptide removal of the minor fibrillar collagens (types V and XI), BMP1 is 

involved in the proteolytic trimming of multiple other substrates including a.o. small leucine-rich proteoglycans (e.g. 

decorin), cross-linking enzymes (e.g. lysyl oxidase) and growth factor antagonists (e.g. chordin). Mutations in BMP1 

have recently been identified in two families with a severe, autosomal recessive form of the brittle bone disorder 

osteogenesis imperfecta (OI). We report novel, bi-allelic mutations in two unrelated adult patients with severe OI, 

characterized by severe osteoporosis with numerous fractures, short stature with limb deformities and severe 

kyphoscoliosis. Biochemical analysis of secreted (pro)collagen chains showed an accumulation of pCa1(I)- and pCa2(I)-

chains suggesting defective type I procollagen C-propeptide processing. Immunofluorescent staining of type I and V 

collagen secreted by the patients’ dermal fibroblast cultures showed a reduced and abnormal collagen deposition in the 

extracellular matrix (ECM). In addition, the reduced BMP1 activity was shown to result in deficient proteolytic trimming of 

decorin, an important regulator of collagen fibril organisation, resulting in the retention of its propeptide. Ultrastructural 

analysis of a skin biopsy showed marked variability in collagen fibril diameter and uneven interfibrillar spaces. Overall, 

this indicates that BMP1 defects result in disturbed collagen deposition in the ECM. Besides the defective procollagen 

processing, it is likely that deficient cleavage of other BMP1 substrates affects ECM assembly and signalling, and as 

such contributes to the phenotypic severity. 
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Mechanisms of extracellular matrix modulation in interstitial fibrosis: role for collagen cross-linking? 

M Boersema
1
, B. Piersma

1
, R. Hanemaaijer

2
, H. van Goor

1
, R.A. Bank

1
 

1
UMCG, GRONINGEN, The Netherlands 

2
TNO, LEIDEN, The Netherlands 

 

Background. The net accumulation of extracellular matrix (ECM) in renal fibrosis depends, in part, on the delicate 

balance between the production and degradation of collagens. Cross-linking of collagen fibers by specific enzymes 

determines the stiffness and degradability of the ECM. We investigated genes involved in production, degradation and 

cross-linking of extracellular matrix using specific arrays. Furthermore, using in situ digestion of collagens with MMP-1 

and-2, we measured the degradability of ECM in human and experimental interstitial fibrosis. 

Methods. Human interstitial fibrotic tissue (IF/TA) and mouse unilateral ureter obstruction (UUO) fibrotic kidneys (day 3 

and day 7 after UUO) were processed for gene expression analysis using a specific array containing mRNA primers for 

proteins involved in ECM degradation, production and cross-linking. Cross-linking of collagen may inhibit the capacity of 

MMPs to degrade collagen. Human (IF/TA) interstitial fibrotic tissue sections were subjected to in situ digestion with 

active MMP-1 and -2 to evaluate the degradability of the ECM, followed by a collagen I immunostaining. Reverse phase 

HPLC was used to determine the amount of collagen cross-links in the kidneys. 

Results. The fold increase in gene expression of collagens and collagen modifying enzymes in fibrotic kidneys 

compared to healthy kidneys was similar between human IF/TA and mouse UUO tissues. Gene expression of collagen 

I, III, IV and V was increased (2-10 fold) in fibrotic tissue compared to control kidney tissue. Several members of the 

lysyl oxidase and lysyl hydroxylase family (collagen cross-link enzymes) were upregulated (2-14 fold), as well as prolyl 

hydroxylases and other collagen-modifying enzymes. In human IF/TA, MMP-1 digested the smaller fragments of 

interstitial collagen I, while larger fibrils were unaffected. MMP-2 did not digest collagen I in human IF/TA. HPLC 

analysis revealed a significant increase in renal collagen cross-links in human IF/TA as compared to human control 

kidneys. 

Conclusion. Gene expression of specific collagen cross-linking enzymes is increased in human IF/TA and mouse UUO 

fibrotic kidneys, which is in line with the increase in total amount of collagen cross-links in human IF/TA. Using an in situ 

collagen digestion assay we demonstrated that MMP-1 and -2 did not digest all interstitial collagen I in human IF/TA. 

Cross-linking of collagens may inhibit the capacity of MMPs to degrade interstitial collagens and thereby enhance the 

progression of interstitial fibrosis. 
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Lysyl oxidase like 2 (LOXL2) regulates sprouting angiogenesis through mechanisms independent of its enzyme 

activity 

C.S.U. Umana Diaz
1
, C.P.T. Pichol-Thievend

1
, M.M. Malbouyres

2
, A.B. Barret

1
, C.M. Monnot

1
, F.R. Ruggiero

2
, L.M. 

Muller
1
, S.G. Germain

1
 

1
Center for Interdisciplinary Research in Biology (Collège de France), PARIS, France 

2
Institut de Gènomique Fonctionnelle (IGFL), ENS-Lyon, LYON, France 

 

Angiogenesis plays a crucial role in development and in vascular ischemic and tumor pathologies. Sprouting 

angiogenesis is associated with extensive hypoxia-driven extracellular matrix (ECM) remodeling. We have identified 

lysyl oxidase like 2 as a target of hypoixia secreted in the ECM of endothelial cells. LOXL2 belongs to the lysyl oxidase 

family of secreted proteins involved in collagens and elastin cross-linking. In addition to the catalytic domain, it contains 

four scavenger receptor cystein rich (SRCR) domains. We showed that LOXL2 is expressed in endothelial cells during 

developmental angiogenesis, both during vascularization of the rat retina and in growing intersegment vessels (ISV) of 

zebrafish embryos. Its functional role in sprouting angiogenesis was investigated in vitro and in vivo. Loss of expression 

experiments demonstrated that LOXL2 is required for capillary formation in a 3D culture model. In vivo, knocking-down 

LOXL2 prevented proper formation of ISV in zebrafish embryos. LOXL2 is colocalised with type IV collagen in the 

endothelial basement membrane. We hypothesized that LOXL2 could regulate ISV morphogenesis through 

organization of the basement membrane. Indeed, LOXL2 depletion affects endothelial cell migration and proliferation 

and collagen IV assembly in endothelial basal lamina. 

Pharmacological inhibition of lysyl oxidase activity by beta-APN affected neither ISV formation in zebrafish, nor capillary 

formation in vitro. In addition, beta-APN did not affect collagen IV assembly but only inhibited its cross-linking in the 

ECM. As enzyme inhibition did not reproduce the effect of expression knock-down in the three models, we assayed the 

role of LOXL2 oxidase activity by directed mutagenesis. mRNA encoding LOXL2 was co-injected with translation 

morpholinos in zebrafish embryos. Both wild type human LOXL2 and the catalytic site mutant could rescue the loss of 

expression of Danio rerio LOXL2. Using splicing morpholino, we could also show that truncating LOXL2 catalytic 

domain, thereby generating a protein consisting in the 4 SRCR domains alone, did not affect formation of functional ISV. 

In addition, mutation of LOXL2 catalytic site and deletion of the whole catalytic domain rescued to the same extent 

capillary formation and collagen IV assembly in vitro. 

In conclusion, we show that LOXL2 regulates sprouting angiogenesis through mechanisms independent of both its lysyl 

oxidase activity and its catalytic domain. These data suggest that LOXL2 SRCR domains alone participate to the 

regulation of angiogenesis by mediating interactions of endothelial cells with their microenvironment. The role of the 

SRCR domains is thus currently under investigation. 
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Background: Lung fibrosis is characterized by excessive deposition of extracellular matrix. This affects not only tissue 

architecture and function, but it also influences fibroblast behavior and thus disease progression. Here we describe the 

expression of elastin, type V collagen and tenascin C during the development of bleomycin-induced lung fibrosis. We 

further report in vitro experiments clarifying both the effect of myofibroblast differentiation on this expression and the 

effect of extracellular elastin on myofibroblast differentiation. 

Methods: Lung fibrosis was induced in female C57Bl/6 mice by bleomycin instillation. Animals were sacrificed at zero to 

five weeks after fibrosis induction. Collagen synthesized during the week prior to sacrifice was labelled with deuterium. 

After sacrifice, lung tissue was collected for determination of new collagen formation, microarray analysis, and histology. 

Human lung fibroblasts were grown on tissue culture plastic or BioFlex culture plates coated with type I collagen or 

elastin, and stimulated to undergo myofibroblast differentiation by 0-10 ng/ml transforming growth factor (TGF)β1. mRNA 

expression was analyzed by quantitative real-time PCR. 

Results: New collagen formation during bleomycin-induced fibrosis was highly correlated to gene expression of elastin, 

type V collagen and tenascin C. At the protein level, elastin, type V collagen and tenascin C were highly expressed in 

fibrotic areas as seen in histological sections of the lung. Type V collagen and tenascin C were transiently increased. 

Human lung fibroblasts stimulated with TGFβ1 strongly increased gene expression of elastin, type V collagen and 

tenascin C. The extracellular presence of elastin increased gene expression of the myofibroblastic markers α smooth 

muscle actin and type I collagen. 

Conclusions: The extracellular matrix composition changes dramatically during the development of lung fibrosis. The 

increased levels of elastin, type V collagen and tenascin C are probably the result of increased expression by 

fibroblastic cells; reversely, elastin influences myofibroblast differentiation. This suggests a reciprocal interaction 

between fibroblasts and the extracellular matrix composition that could enhance the development of lung fibrosis. 
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Integrin alpha2beta1 participates in biomineralization by recruiting TNAP to matrix vesicles and targeting 
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Background 

The importance of collagen receptor integrins in bone formation and regeneration has been shown. In this study, we are 

describing mechanisms by which integrin alpha2beta1 can affect biomineralization and bone formation. 

Methods 

Proteomics (iTRAQ mass spectometry), transfections of osteogenic sarcoma cell line Saos-2, confocal microscopy, 

electron microscopy, skeletal preparations of integrin alpha2-null mouse, matrix vesicles enzyme and adhesion assays, 

isolation and differentiation of mesenchymal stem cells. 

Results 

Upon the mass spectrometry (iTRAQ) based proteomic search of new integrin alpha2 associated proteins, we found 

TNAP, a critical enzyme for mineralization , to be 3,5-fold enriched in alpha2beta1 integrin positive cell membranes 

compared alpha2beta1 integrin negative cell membranes. For further studies, we used osteogenic sarcoma cell line 

Saos-2 and integrin alpha2-null mouse. Confocal microscopy studies confirmed that integrin alpha2beta1 targets 

localization of TNAP primarily on the cell membrane. Integrin alpha2 was also found to be present in the membranes of 

matrix vesicles and TNAP activity was significantly higher in alpha2beta1 positive matrix vesicles. Moreover, integrin 

alpha2beta1 enhanced the adhesion of the vesicles to type I collagen fibrils. Skeletal preparations of integrin 

alpha2beta1 deficient mouse revealed delayed embryonic bone formation. The improper osteoblastic differentiation of 

mesenchymal stem cells was also detected. 

Conclusions 

Results suggest that alpha2beta1 affects bone formation by modulating the differentiation of mesenchymal stem cells as 

well as recruiting TNAP to matrix vesicles and then targeting the vesicles to collagen for mineralization. 
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Background: Accumulating evidence suggests that the cross-talk between estrogen receptors (ERs), epidermal growth 

factor receptor (EGFR) and/or insulin-like growth factor receptor (IGFR) is critical for the observed-resistance to 

endocrine therapies. Preliminary studies in our laboratory have shown that gene and protein expressions of major matrix 

macromolecules, such as heparan sulphate proteoglycans, are critically affected by the interplay between ERs with 

EGFR/IGFR. In the present study, the role of this receptor interplay on constitutive and E2-mediated expression and/or 

activity of matrix metalloproteinases (MMPs) and the proteasome in MCF-7/ERα+ and MDA-MB-231/ERα- breast 

cancer cells were explored. Significant phenotypic and gene expression alterations in ERα-knocked down MCF-7 cells 

were investigated. 

Methods: For stable inhibition of ERα expression in MCF-7, cells were transduced with either ERα or scramble 

(control)shRNA lentiviral particles. The effect of EGFR and IGFR signaling pathways in the presence/absence of 

estradiol (E2) on the expression/activity of MMPs and the proteasome was investigated using specific intracellular 

inhibitors. Cellular morphology and distribution of proteins was monitored by phase-contrast and immunofluoresence 

microscopy, respectively. Gene and protein expression analyses were performed by real-time PCR and western blot, 

respectively. Functional assays (cell motility, proliferation, invasion) were conducted according to manufacturers’ 

instructions. 

Results: In MCF-7/ERα+ and MDA-MB-231/ERα- cells, the expression of certain MMPs (such as MMP-1, MMP-7, 

MMP-9 and MT1-MMP/MMP-14) as well as TIMPs are regulated by EGFR and IGFR, in coordination with the action of 

E2-ERs. Moreover, the expression of the proteasome (as assessed by the expression of β1, β2 and β5 proteasome 

subunits) and its activity are also critically affected by the coordinated actions of ERs with EGFR/IGFR. 

Interestingly, ERα silencing in MCF-7 cells strongly induced cellular phenotypic changes (transition from an epithelial to 

a mesenchymal type) accompanied by significant gene expression changes, including EMT markers (such as E-

cadherin, fibronectin, vimentin) as well as specific MMPs (MT1-MMP, MMP-1, MMP-7, MMP-9), TIMPs and cell surface 

receptors (including EGFR and, to a lesser extent, IGFR). Moreover, ERα-knocked down MCF-7 cells exhibited 

enhanced cell proliferation, migration and invasion. 

Conclusions: Suppression of ERα expression in the epithelial MCF-7 cells resulted in the induction of EMT program 

highlighting a nodal role of ERα in the conversion of MCF-7 cells to a more aggressive cell type. Our data point to a 

possible role of ER/EGFR/IGFR interplay and matrix molecules, such as MMPs/TIMPs, in this process. 
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Background. Myocardial fibrosis is a histological feature of many cardiac diseases. It involves structural proteins but 

also matricellular proteins, predominantly glycoproteins. In the present study, we used proteomics to profile extracellular 

matrix (ECM) glycoproteins in the human heart. 

Methods. Biopsies from left and right atrial appendages were obtained during cardiopulmonary bypass. ECM proteins 

were enriched using our sequential extraction procedure (Barallobre-Barreiro et al, Circulation 2012). Glycoproteins 

were further isolated with lectin-based affinity columns. The glycoprotein-enriched fraction, the flow-through and the 

input material were analysed by liquid chromatography tandem mass spectrometry. 

Results. Specimens from patients who developed post-operative atrial fibrillation (AF) were compared to patients who 

maintained sinus rhythm (n=7 per group). Among >100 ECM proteins identified, decorin and nidogen-2 were 

significantly downregulated in patients who developed the arrhythmia after surgery. Decorin is a member of the small 

leucine-rich proteoglycans and glycosylated at its C-terminus. N-terminal fragments of decorin were consistently 

detected in the non-glycosylated flow-through. Analyses of non-tryptic cleavage sites provided unambiguous evidence 

for decorin fragmentation in human atrial tissue. 18 different fragmentation sites were identified by mass spectrometry. 

In contrast, no fragmentation was observed for biglycan, the most closely related proteoglycan. The proteomic findings 

were independently validated with peptide-specific antibodies. Decorin processing differed between human ventricles 

and atria and was altered in disease: atrial appendages from matched cohorts of patients in persistent AF and sinus 

rhythm revealed higher levels of decorin expression plus an additional cleavage site in patients with AF (Ser49-Leu50). 

This cleavage site was right next to the N-terminal region of decorin that controls muscle growth via altering the binding 

capacity for myostatin. A synthetic peptide corresponding to this region dose-dependently inhibited the cellular response 

to myostatin in a reporter gene assay. The same peptide was also able to repress myostatin-induced cardiomyocyte 

growth in vitro. Moreover, an additional C-terminal decorin fragment, which can repress CTGF-induced fibrosis, was 

less abundant in patients with permanent AF. 

Conclusions. This is the first proteomics study to analyse the human cardiac ECM. Expression and cleavage products 

of the glycoprotein decorin were observed that regulate the local bioavailability of anti-hypertrophic and pro-fibrotic 

growth factors and may impact on the manifestation and perpetuation of cardiac arrhythmias. 
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Background: Atherosclerosis is a chronic inflammatory disease characterized by the accumulation of activated 

monocytes and macrophages within the artery wall, which generate oxidants and induce endothelial cell dysfunction. 

The basement membrane of the arterial wall is comprised of a complex combination of extracellular matrix (ECM) 

proteins, which maintain the mechanical properties of healthy arteries by interacting with cytokines, enzymes and cell 

surface integrins to regulate endothelial and smooth muscle cell activity. 

Aim and hypothesis: This study aimed to investigate the effects of peroxynitrous acid, on ECM proteins (perlecan, 

fibronectin and laminin) synthesized by human coronary artery endothelial cells (HCAEC), which may result in changes 

to ECM structure and function, a weakening of artery structure, and an increased chance of plaque rupture, a major 

cause of heart attacks and strokes.  

Methods: HCAECs were cultured in vitro for a week to establish a native HCAEC-ECM. Modulation of ECM 

components by peroxynitrous acid was investigated via enzyme-linked immunosorbent assay (ELISA) and Western 

blotting (WB) using antibodies against perlecan core protein, cell-binding epitopes of fibronectin and laminins and anti-

3nitrotyrosine antibody, a specific epitope generated by peroxynitrous acid. Change in cell adhesion, by crystal violet 

and Rhodamine-Phalloidin, and gene expression, by quantitative polymerase chain reaction, of HCAECs exposed to 

peroxynitrous acid-modified HCAEC-ECM were also investigated. Human atherosclerotic lesions were used to detect 

the presence of peroxynitrous-acid modified ECM proteins in vivo by immunohistology and WB. 

Results: Perlecan, fibronectin and laminins were detected in the native HCAEC-ECM in vitro. A loss of antibody 

reactivity against perlecan protein core and cell binding epitopes of fibronectin and laminin was detected upon exposure 

to peroxynitrous acid, while an increased reactivity against 3-nitrotyrosine was detected. In addition, a decrease of 

HCAEC adhesion and spreading, demonstrated by decreased F-actin stress fibre formation, were also observed when 

HCAEC were exposed to peroxynitrous-acid modified HCAEC-ECM. Exposure of HCAEC to peroxynitrous-acid 

modified HCAEC-ECM resulted in an up-regulation of inflammation-associated genes including matrix 

metalloproteinases (MMP) 7 and 13 as well as a down-regulation of integrins associated with cell adhesion to fibronectin 

and laminin. In advanced human atherosclerotic lesions, colocalization of laminin and perlecan with 3-nitrotyrosine was 

detected, while peroxynitrite-modified laminin was also detected in proteins extracted from human atherosclerotic 

lesions.  

Conclusions: These data are consistent with peroxynitrous acid playing a key role in altering the vascular basement 

membrane during atherogenesis by inducing structural and functional changes to HCAEC-ECM derived fibronectin, 

laminins and perlecan. 
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Background: Osteoarthritis is the most common joint disease, characterized by articular cartilage degradation. In 

cartilage, TGFβ-superfamily members regulate matrix maintenance via induction of Smad phosphorylation (pSmad). 

Two distinct pSmad pathways exist: pSmad1/5/8 and pSmad2/3. pSmad2/3 is essential for formation and homeostasis 

of articular cartilage. In contrast, pSmad1/5/8 is linked to Col10a1 expression, marker of degenerative chondrocyte 

hypertrophy, and Mmp13, the main cartilage degrading enzyme. In this study we investigated the effect of a potent 

pSmad1/5/8 inducing ligand, BMP9, on chondrocyte phenotype. Furthermore, because of pSmad2/3’s importance in 

chondrocyte homeostasis, we studied the interaction between BMP9-signaling and TGFβ1-induced pSmad2/3 

signaling. 

Methods: Primary bovine chondrocytes were isolated from the adult bovine metacarpophalangeal joint. We determined 

BMP9-induced Smad phosphorylation after 1 and 2 h on Western Blot. Subsequently, BMP9-induced gene expression 

was measured 2, 6 and 24 h after stimulation using real time qPCR. Biological activity of pSmad2/3 was measured 

using the (CAGA)12-luc reporter assay, which produces luciferase in response to pSmad3. Cellular hypertrophy was 

investigated by culturing chondrocytes 1 week in the presence of growth factors and analyzing gene expression of 

hypertrophy markers. 

Results: In primary bovine chondrocytes, BMP9 in doses upwards of 50 pg/ml induced pSmad1/5/8 both 1 and 2h after 

stimulation. Remarkably, doses of 1 ng/ml and higher also induced pSmad2 at both time points. On gene expression, 

BMP9 strongly and rapidly increased expression of the Smad1/5/8 response gene bID1 from 2h up to at least 24 h after 

stimulation. In contrast, expression of the pSmad3 response gene bSerpine1 was not increased. Co-stimulation of 

chondrocytes with BMP9 and a low dose TGFβ1 (100 pg/ml) reduced BMP9-induced Smad1/5/8 phosphorylation and, 

surprisingly, enhanced TGFβ1-induced Smad2 phosphorylation. After 24 hours, this was reflected in mRNA levels, as 

co-stimulation increased expression of the pSmad2/3 responsive genes: bSerpine1, bTgfb1 and bSmad7 and 

decreased expression of bID1 compared to single BMP9 stimulation. Furthermore, BMP9 also synergistically enhanced 

biological activity of TGFβ1 in the CAGA12Luc reporter assay. In one week of primary cell culture, BMP9 induced 

chondrocyte hypertrophy as indicated by significant upregulation of Alkaline phosphatase and Col10a1. Addition of 100 

pg/ml of TGFβ1 inhibited BMP9-induced hypertrophy. 

Conclusions: Our results show that BMP9 potently induces pSmad1/5/8 and its downstream gene expression in 

chondrocytes. In long term culture this results in induction of chondrocyte hypertrophy. However TGFβ1 can potently 

inhibit this hypertrophy. Possibly, this runs via the observed but yet unexplained pSmad2/3 enhancing interaction 

between both growth factors. 
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Background: Previously, we identified the DIO2 gene as human OA susceptibility gene and showed detrimental DIO2 

up-regulation in OA affected cartilage. Additionally, we showed that pharmacological inhibition of DIO2 signaling in a 

human cell-model confers prolonged cartilage matrix homeostasis. Here, we aim to explore, in mice, the effects of 

forced mechanical loading on joint cartilage tissue homeostasis and the modulating effect herein of Dio2 inhibition. 

Methods: Wild-type and C57BL/6-Dio2 
-/-

 -mice were subjected to a running regime for 1 hour per day for three weeks. 

Cartilage quality was quantitatively assessed by histological scoring [1] for both synovitus and cartilage. Genome wide 

gene expression was determined in knee-cartilage by means of microarray analysis (Illumina MouseWG-6 v2). 

Analyses aimed to detect gene expression before and after the running regime in interaction with the genetic 

background (wild-type and Dio2
-/-

-mice). STRING-db [2] analyses was applied to determine enrichment for specific 

pathways and to visualize protein-protein interactions. 

Results: In contrast to the Dio2
-/-

-mice, we observed in wild-type mice a significant increase in both the synovitis and 

cartilage damage scores upon the applied running regime. Microarray analysis in the overall group showed, 158 probes 

representing 147 unique genes significantly differentially expressed with a fold-change ≥ 1.5 upon exercise. Gene 

enrichment analysis showed a subset of proteins (P=0.00081; 79 interactions), closely involved in the 

Calcium/Calmodulin pathway (Calr), the Wnt/Catenin pathway (Ctnnb1), Notch-signaling (Notch3) and genes involved in 

the skeletal/limb development (Sox4, Pdrgfa, Col1a2, Col6a3 and Fstl1). Furthermore, we found that the gene 

expression response upon exercise between wild-type and knockout-mice was significantly different for 29 genes. 

Depending on gene-expression patterns, these genes either mark a favorable effect in the Dio2-knockout or an 

unfavorable effect in wild type cartilage homeostasis: 

4 genes that show no differential expression upon running in wild-type mice, but are differentially expressed upon 

running in knockout-mice (E130112E08Rik, Gnas, Hist1h2an and Rhbdl2). 

16 genes only show differential expression in wild-type mice and not in the knockout-group (e.g. Lbh, Mll5 and 

Serpinb1a). 

9 genes show the same direction of effect but to a larger or smaller extend in knockout- and/or wild-type mice (e.g. Sox4 

and Socs2). 

Conclusion: Mice subjected to a running regime have significant increased cartilage damage and synovitis scores. 

Transcriptome analysis revealed that genes involved in early cartilage development mark these processes. Notably, 

knockout of Dio2 could alleviate cartilage damage which was marked by a specific gene expression profile. 
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Collagen VII, the major anchoring fibril collagen, is associated with basement membranes of stratified squamous 

epithelia. It ensures skin integrity by firmly attaching the epidermal basement membrane to the underlying interstitial 

matrix. High affinity interactions with major basement membrane components, namely laminin-332 and collagen IV, 

together with the ability of U-shaped anchoring fibrils to entrap collagen I fibers are responsible for the unique adhesive 

properties of collagen VII. Loss of these properties leads to a non-curable skin fragility disorder, dystrophic 

epidermolysis bullosa (DEB). DEB is characterized by mechanosensitive skin, progressive fibrosis leading to mitten 

deformities of hands and feet, and to increased risk of aggressive skin cancer. Changes in the dermal 

microenvironment, due to the absence of collagen VII, are largely responsible for this pathology. 

In this study we investigated a new cell-based therapy approach to improve signs of DEB using pluripotent bone 

marrow-derived human mesenchymal stromal cells (MSC). The hypothesis is that these cells of mesenchymal origin will 

differentiate into fibroblast-like cells upon contact with the dermis and have the ability to produce ECM proteins, 

including collagen VII. MSC have been safely used in other human disorders, among those collagenopathies like 

osteogenesis imperfecta. 

In order to detect human collagen VII in a murine model of DEB (collagen VII hypomorph), we first used epitope 

prediction to develop high-affinity antibodies specific for human collagen VII. Next, MSC from multiple healthy donors 

were analyzed in comparison to age-matched human dermal fibroblasts, which exhibit high collagen VII secretion. The 

data show that MSC express substantial amounts of collagen VII, not significantly different from fibroblasts. Importantly, 

the expression of collagen VII by MSC is independent from donor age or gender, or passage number of the MSC 

culture. To test the potential of MSC to restore collagen VII expression and skin integrity in DEB in vivo, a total of 2 

million MSC were administered by repeated intradermal injections into the back skin of DEB mice. Use of RFP-tagged 

MSC demonstrated that these cells were the source of the newly synthesized collagen VII, and treated animals showed 

significant deposition of human collagen VII at the basement membrane zone. Furthermore, MSC-derived collagen VII 

incorporated into the provisional matrix of healing wounds. Encouragingly, no adverse effects of the therapy were 

observed. Taken together, the results suggest that MSC have therapeutic potential for the treatment of DEB, at least in 

the form of topical injections. 
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Background - Increasing evidence suggests that improving the accuracy of current in vitro microenvironment offers a 

better control over cell fate and subsequently can facilitate the development of clinically relevant tissue equivalents.
1,3

 

In this study we hypothesized that the synergistic application of macromolecular crowding
2
 (MMC) and low oxygen 

tension,
3
 which represent two biologically relevant cell cues, would significantly enhance extra-cellular matrix (ECM) 

deposition in human mesenchymal stem cells (hMSC), while maintaining their undifferentiated phenotype and 

multipotency. 

Methods - First, optimal MMC conditions were identified by testing different concentrations of macromolecules (i.e 

carrageenan and a Ficoll mixture
2
) on cultured human bone marrow-derived MSCs. At four time points (2, 4, 7 and 14 

days), ECM deposition, matrix metalloproteinase activity and cell viability were evaluated using SDS-PAGE and 

immunocytochemistry, gelatin zymography and alamarBlue® assay, respectively. 

Then, the synergistic effect of low oxygen tension and MMC was investigated by culturing hMSCs under MMC at 20% 

O2 or 2% O2. ECM deposition and remodelling were assessed as described above, while hMSC phenotype and 

multipotency were investigated using flow cytometry, tri-lineage differentiation assays and gene expression analysis. 

Results - MMC significantly enhanced production of ECM, notably collagen I, by cultured hMSCs. MMC also increased 

the presence of activated metalloproteinases in the deposited ECM. Moreover, carrageenan seemed more effective 

than a previously published Ficoll mixture (Fc70+400) in inducing ECM deposition (Fig.1). 

The addition of crowders on hMSCs cultured under 20% O2 induced terminal differentiation. This MMC effect was 

significantly reduced at 2% O2, as shown by retention of hMSC surface markers and expression of stem cell 

transcriptional factors (e.g. Oct4). These data support previous finding and suggest that hypoxia can be used to 

maintain hMSC phenotype in a crowding environment. 

Conclusions - Here, we report that the introduction of both hypoxia and MMC helps hMSCs to build a more biologically 

relevant microenvironment in vitro. Although this strategy needs to be further investigated, a promising application is 

combining it with cell-sheet technology in order to enhance the formation of cell sheets rich in ECM and multipotent 

human MSCs. 
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Picture  1: MMC increased the presence of metalloproteinases in the ECM (a), and enhanced the deposition o MMC 

increased the presence of metalloproteinases in the ECM (a), and enhanced the deposition of collagen I (b-c). CTR:no 

MMC; C:carrageenan; F:Ficoll  
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Introduction 

After injury, thrombin rapidly mediates the polymerization of fibrinogen into a (heamostatic) fibrin matrix. This fibrin 

matrix provides a scaffold for angiogenesis and allows regenerative cells to migrate to the injured area. Fibrinogen and 

thrombin can be harvested from human plasma, which makes fibrin an appropriate candidate to create patient-specific 

scaffolds for tissue engineering. The degree of cross-linking of the fibrin matrix can be tuned, and with variations in 

cross-linking the degradation rate and the stiffness of the fibrin matrix will change. It is known that variations in 

mechanical properties of the extracellular environment will alter cell behavior and differentiation. It is unknown to what 

degree the stiffness of fibrin influences the behavior of human adipose derived stem cells (hASCs) in 3D. We 

hypothesized that a higher degree of cross-linking would slow down matrix degradation, but would favor the osteogenic 

differentiation of hASCs. 

Materials & Methods 

hASCs from 6 female donors were pooled at 1*10
5
 or 2*10

5
 cells/ml in 400µl M199 medium containing 2mg/ml 

fibrinogen, which was polymerized to fibrin with 0.1 or 1.0 IU/ml thrombin. The fibrin matrices were cultured for 14 days 

in αMEM containing 10 IU/ml Heparin and 5% Platelet-lysate. Culture medium was harvested at days 1-14 to determine 

fibrin degradation products by ELISA. Cell viability, morphology, ALP and RUNX2 expression were determined 

(immuno)histologically at day 14. 

Results 

At 14 days of culture, cell survival was 98% and 91% in the matrices containing 0.1 IU/ml of thrombin and 1.0 UI/ml 

respectively. During the first 10 days of culture, matrix degradation was independent on initial cell density and not 

different between the two matrices. Between day 10 and 14 of culture, the stiffer (1.0 IU thrombin/ml) matrix degraded 

significantly faster than the 0.1 IU/ml matrix (P<0.01; n=3), and higher initial cell density significantly increased matrix 

degradation (P<0.01; n=3). Interestingly, RUNX2 expression was significantly higher in the 1.0 IU/ml matrices compared 

to the 0.1UI/ml matrices (P<0.05; n=3). The number of ALP positive cells seemed higher in the 1.0 IU/ml matrices. 

Discussion 

Stiffer fibrin matrices induce differentiation of hASCs towards an osteogenic phenotype. This differentiation is 

accompanied by enhanced degradation of the fibrin matrix. This higher degradation-rate is unexpected, and likely cell-

mediated. We speculate that the stiffer matrices enhanced the production of lytic enzymes. Understanding the 

parameters steering stem cell differentiation and matrix degradation will aid the design of optimal fibrin scaffolds for 

patient-specific tissue regeneration. 
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Proteomic comparison of tendon, ligament and engineered tendon/ligament tissues 
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Tendons and ligaments (T/L) play key roles in the musculoskeletal system, but are susceptible to traumatic or age-

related rupture. Tissue engineering offers an attractive therapeutic approach to treat T/L rupture but is hampered by our 

poor understanding of the defining characteristics of the two tissues. This study aimed to determine the proteomic profile 

differences between native T/L tissue and tissue engineered T/L constructs. 

Anterior cruciate ligament (ACL) and long digital extensor tendon (LDET) were harvested from cadaveric canine knee 

joints. Cells from ACL and LDET (n=3) were used to create tendon or ligament tissue constructs. Proteins from tissue 

and constructs were extracted in 4M guanidine HCL subjected to in-solution trypsin digestion and then analysed by 

liquid chromatography tandem mass spectrometry (LC-MS/MS). Data produced were searched using Mascot (Matrix 

science, UK), against canine protein sequence. The gene symbols for each identified protein were searched in 

UNIPROT database and converted to gene symbol of the corresponding human orthologue. Gene ontology (GO) and 

protein network analysis were undertaken using the bioinformatics tool String. 

A total of 122 proteins were identified in native ligament, 105 in native tendon, 304 in ligament constructs and 481 in 

tendon constructs. In generals constructs contained a greater proportion of cellular protein than native tissues, reflecting 

their immature state. However constructs did contain many extracellular matrix proteins that were also found in the 

native tissues, including collagen I, III, VI and XII, decorin, bigylcan, fibronectin 1 and fibrillin 1. In the native tissues we 

found matrix constituents that were only identified in tendon (asporin, tenomodulin, keratocan) or in the ligament 

(versican, proteoglycan 4, osteoglycin). String analysis revealed clustering of ribosomal proteins in both T/L constructs. 

Interestingly, tendon constructs contained more cytoskeletal, ATP and heat shock associated proteins than the ligament 

constructs. The principal gene ontology processes were identified as ECM organisation in native ligament, collagen fibril 

organisation in native tendon and protein translation and targeting in both T/L constructs. In conclusion, the results of 

this study show that whilst the ligament and tendon constructs are composed of different proportions of ECM proteins, 

they share some similar characteristics with the native tissues. The differences in specific ECM proteins in tendon and 

ligament might demonstrate a fundamental difference between these two tissue types. 
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The significance of perlecan in the vascular niche is well established, but the relative contributions of the protein core 

and the glycosaminoglycan (GAG) chains in vascular biology are not fully elucidated. Perlecan, through its N-terminal 

heparan sulphate (HS) chains, supports angiogenesis via binding and signalling key vascular growth factors, while the 

C-terminal region of the protein core supports α2β1 integrin-mediated cell binding. The C-terminal domain V of perlecan 

(DV), also termed endorepellin, is of particular interest in vascular research as it contains the α2β1 integrin-binding site, 

can be substituted with GAG chains and is implicated in both promoting and inhibiting processes involved in 

angiogenesis under different conditions. The aim of this study was to compare the vascular activities of full-length 

perlecan with a bioengineered form of DV that may have use in vascular regenerative medicine applications. 

Full-length perlecan was immunopurified from both vascular smooth muscle cells (SMC) and vascular endothelial cells 

(EC). EC perlecan was substituted exclusively with HS, while SMC perlecan was decorated with both HS and 

chondroitin sulphate (CS). We have recombinantly expressed DV of human perlecan in the HEK-293 cell line and 

shown that it was secreted in two distinct forms-one substituted with HS and the other with CS. As there is only one 

putative GAG attachment site in DV, we can confidently predict that this site can be decorated with either HS or CS in 

the ratio 1:2. ECs were able to bind to all three forms of perlecan via the integrin a2b1, while SMCs did not adhere to 

any of the proteoglycan forms. SMCs adhered to full-length EC and SMC perlecan in the absence of GAG chains, but 

did not adhere to perlecan DV either in the presence or absence of GAGs, indicating that they require other regions of 

the protein core to interact with perlecan. We have shown that platelets also bind to the protein core of EC derived 

perlecan via integrin a2b1, which is consistent with reports of the activities of endorepellin. 

Together these data indicate the distinct roles that both the protein core and GAG chains of perlecan from different cell 

types have in modulating the adhesion of vascular cells. In the future, the activities of bioengineered perlecan DV will be 

explored in more detail to enable its use in vascular regenerative medicine applications such as in the coating of 

vascular graft materials to encourage endothelialisation whilst preventing SMC hyperplasia.  
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Background: Collagen IV is a major component of basement membranes (BM). The α1(IV) chain, encoded by the 

COL4A1 gene, is the ubiquitously-expressed collagen IV isoform, and it associates with the α2(IV) chain to form the 

a1a1a2(IV) heterotrimer. Several COL4A1 mutations affecting a conformational domain containing integrin-binding sites, 

are responsible for a systemic syndrome named HANAC (Hereditary Angiopathy, Nephropathy, Aneurysms, and 

Muscle Cramps). 

Methods : To specifically get insight into the pathophysiology of the organ defects in HANAC, Col4a1 mutant mice 

bearing the p.Gly495Val mutation previously identified in human were generated by homologous recombination. 

Morphological and functional characteristics of the skeletal muscle phenotype were analyzed. 

Results: Col4a1+/G495V and Col4a1G495V/G495V animals demonstrated morphological characteristics of a muscular 

dystrophy with myofiber atrophy, centronucleation phenomenon, focal inflammatory infiltrates and endomysium fibrosis. 

Analysis of the extracellular matrix components showed accumutation of collagen I, III, perlecan and fibronectin. 

Increased expression of alpha 7 and beta1 intrgrin subunits were observed in muscle fibre and in endothelial cells in the 

mutant Col4a1 muscles. Abnormal ultrastructural aspect of the muscle BM was associated with reduced extracellular 

secretion of the mutant a1a1a2(IV) trimer. In addition to muscular dystrophic features, endothelial cell defects of the 

muscle capillaries were observed in HANAC mutant mice, with intracytoplasmic accumulation of the mutant a1a1a2(IV) 

molecules, large endoplasmic reticulum (ER) cisternae dilation, and upregulation of ER stress biochemical markers. 

Induction of the unfolded protein response in Col4a1 mutant muscle tissue resulted in an excess of apoptosis. HANAC 

mutant animals also presented a muscular functional impairment with a decrease of in situ muscle contraction in 

response to nerve and muscle stimulation. 

Conclusion : This extensive description of the muscular phenotype of the first Col4a1 HANAC murine reveals the 

contribution of primary endothelial cell defects, together with muscle BM alterations, in the development of mutant 

COL4A1-related myopathy. 
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Chemical chaperone treatment to target haemorrhagic stroke caused by collagen IV mutations. 
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Haemorrhagic stroke accounts for approximately 20% of stroke cases and porencephaly is a clinical consequence of 

perinatal cerebral haemorrhaging. Mutations in the basement membrane component collagen IV cause a spectrum of 

defects including haemorrhagic stroke as well as eye and kidney disease. While basement membrane (BM) defects and 

endoplasmic reticulum (ER)-stress have been associated with these mutations, the disease mechanism of these 

mutations remains unknown. We have identified a novel dominant G702D mutation in the collagen domain of COL4A2 

(collagen IV alpha chain 2) in a family displaying porencephaly with reduced penetrance. Analysis of dermal biopsies 

from patient and his unaffected father, who also carries the mutation, revealed that both display BM defects. Intriguingly, 

defective collagen IV incorporation into the dermal BM was only observed in the patient and was associated with ER 

retention of COL4A2 in primary dermal fibroblasts. This intracellular accumulation led to ER-stress, unfolded protein 

response activation, reduced cell proliferation and increased apoptosis. Interestingly, absence of ER retention of 

COL4A2 and ER-stress in cells from the unaffected father indicate that accumulation and/or clearance of mutant 

COL4A2 from the ER may be a critical modifier for disease development. Our analysis also revealed that mutant 

collagen IV is degraded via the proteasome. Importantly, treatment of patient cells with a chemical chaperone 

decreased intracellular COL4A2, ER-stress and apoptosis, demonstrating that reducing intracellular collagen 

accumulation can ameliorate the cellular phenotype of COL4A2 mutations. Importantly, these data highlight that 

manipulation of chaperone levels, intracellular collagen accumulation and ER-stress are potential therapeutic options for 

collagen IV diseases including haemorrhagic stroke. 
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Collagen XVIII (ColXVIII) is a heparan sulfate proteoglycan with complex multidomain structure. It is expressed as three 

isoforms, short, middle and long, which differ in their N-terminal portion. ColXVIII is ubiquitous in endothelial and 

epithelial basement membranes (BM). In adult kidney, the short ColXVIII variant localizes to the endothelial side of the 

glomerular BM, whereas longer variants reside at the podocyte side. Absence of the short variant leads to loosening of 

the tubular BM, whereas the lack of the two longer variants causes effacement of podocyte foot processes. 

Previous work suggests developmental regulation of ColXVIII expression in the developing mouse kidney. During the 

early phase of kidney organogenesis ColXVIII is expressed in the epithelial ureter bud and later in the ureter tips. Before 

epithelial branching the ColXVIII expression becomes restricted to the stalk region and is lost from the ureter tip, which 

suggests that re-specification of ColXVIII expression is associated with the initiation of branching. 

Here we have studied the consequences of lack of ColXVIII and its specific isoforms in the developing mouse kidney. 

For these purposes we analysed embryonic kidneys from mutant mice lacking all of ColXVIII or either the short or 

medium/long isoforms by in situ hybridization, immunohistochemistry, optical projection tomography (OPT) and 

quantitative PCR. 

Our results indicate that the expression of ColXVIII is strictly regulated during kidney development. During the 

condensation stage of nehprogenesis at E11.5 only the short variant of ColXVIII is expressed in the ureteric bud. At 

E16.5 kidneys all isoforms are expressed in the collecting ducts. In developing glomeruli at E16.5 the medium/long 

variants of ColXVIII are expressed by podocytes, whereas the short variant is expressed mainly in the Bowman's 

capsule. We also observed a smaller size and reduced ureter branching in embryonic ColXVIII mutant kidneys. The 

findings suggest that ColXVIII may modulate signaling events during ureter branching in the developing kidney. 
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The laminin response in inflammatory bowel disease - good or evil? 

P Simon-Assmann
1
, C Spenlé

1
, O Lefebvre

1
, J Lacroute

1
, A Méchine-Neuville

2
, F Barreau

3
, HM Blottière

4
, B Duclos

2
, C 

Arnold
1
, T Hussenet

1
, D Gullberg

5
, M Kedinger

1
, L Sorokin

6
, G Orend

1
, P Simon-Assmann

1
 

1
INSERM U1109, STRASBOURG, France 

2
CHRU, STRASBOURG, France 

3
INSERM U843, PARIS, France 

4
INRA, UMR1319, JOUY-EN-JOSAS, France 

5
University of Bergen, BERGEN, Norway 

6
University of Munster, MUNSTER, Germany 

 

Background: Laminins (LM), basement membrane molecules and mediators of epithelial-stromal communication, are 

crucial in intestinal tissue homeostasis. Inflammatory Bowel Diseases (IBD) are multifactorial pathologies where the 

microenvironment and in particular LM play an important yet poorly understood role in tissue maintenance, and in 

cancer progression which represents an inherent risk of IBD. 

Methods: We analyzed surgical colon specimens of IBD patients for expression of LM isoforms and LM receptors, and 

for markers of cellular identity and inflammation. To mimic the human disease, we induced colitis and colitis-associated 

cancer by chemical treatment (DSS) combined or not with a carcinogen (AOM) in transgenic mice overexpressing LMα1 

or LMα5 specifically in the intestine. We then scored inflammation by histology and determination of pro-inflammatory 

cytokines. We also analyzed the link between the tissue damage sensor p53 and LMα1 by knockdown in cell 

transfection experiments, and at the promoter level by ChIP analysis. The impact of the overexpression of LM on murine 

colitis-associated tumorigenesis was checked by determining the tumor incidence. 

Results: We showed that in human IBD colonic samples and in murine colitis the LMα1 and LMα5 chains are 

specifically and ectopically overexpressed with a concomitant nuclear p53 accumulation. We provide a mechanism that 

links these observations showing that whereas LMα5 overexpression occurs independently of p53, wildtype (but not 

mutant) p53 induces LMα1 expression at promoter level. We demonstrated that high LMα1 and LMα5 expression 

protected mice against DSS induced inflammation as assessed by histological scoring and decrease of the pro-

inflammmatory cytokines. Next we showed using the two murine colitis-associated models that in a pro-oncogenic 

context LM would favor tumorigenesis as revealed by enhanced tumor lesion formation in LM transgenic mice. 

Conclusions: Our results showed that nuclear p53 and associated overexpression of LMα1 and LMα5 are promoting 

tissue repair thus attenuating IBD. But in carcinogenic conditions the same LM molecules favor progression of IBD into 

colitis-associated cancer. More knowledge about the switch from good (reparation) into evil (cancer) is required where 

our transgenic mice represent attractive new models. In the early phases of IBD, reinforcing basement membrane 

stability/organization could be a promising therapeutic approach. 
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The role of nidogen 1 and nidogen 1 - laminin interaction in the peripheral nervous system 
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Nidogens have been proposed to play a key role in basement membrane (BM) formation. However, nidogen 1 and 2 

deficient mice showed no major BM defects in most tissues. Interestingly, nidogen 1 deficient mice showed partial hind 

limb paralysis not seen in the absence of nidogen 2. To get insight in the role of nidogen 1 and 2 in the development 

and maintenance of the peripheral nervous system (PNS), sciatic nerves of nidogen 1 null, nidogen 2 null and control 

mice were studied. Semithin sections stained with methylene blue of 3 months old nidogen 1 deficient mice show 

unmyelinated structures not present in nidogen 2 deficient and wildtype mice. Immunofluorescence stainings detected 

axonal material and nonmyelinating Schwann cells (SCs) in these structures. Morphometric analysis of sciatic nerve 

sections demonstrated that nidogen 1 deficient mice develop in contrast to control mice hypermyelinated small caliber 

axons (r<3 µm) and hypomyelinated large caliber axons (r>6 µm). In the absence of nidogen 1 electron microscopy 

revealed less regularly organized Remak bundles in comparison to nidogen 2 deficient and control mice. 

Simultaneously, BM defects of SCs surrounding disorganized Remak bundles and axons with defective myelin sheaths 

(less dense, locally degraded or not completely formed) were detected in nidogen 1 null mice. Remarkably, in nidogen 1 

deficient mice sciatic nerve sections stained against nidogen 2 revealed replacement of nidogen 1 by nidogen 2. 

Analysis of sciatic nerve maturation at postnatal day 0.5 to 21 showed also changes in myelination. In contrast to 

wildtype and nidogen 2 deficient mice nidogen 1 deficient SCs fail to downregulate Oct-6 and to upregulate Egr-2, a 

coregulation required for normal myelination. Preliminary results suggest a role for Akt and Erk1/2 in these processes. 

Interestingly, mice with a mutation in the laminin γ1 chain (N802S) resulting in the loss of nidogen binding, show a 

similar neurological phenotype. Analysis of lamγ1N802S sciatic nerves revealed comparable changes as seen in the 

absence of nidogen 1 thus indicating a specific role for laminin - nidogen 1 interaction in the development and 

maintenance of the PNS which cannot be compensated for by nidogen 2. 
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Fibrillin-1 controls bone mass by regulating TGFβ activity in the marrow stem cells niche 
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Background: Fibrillin-1 is a structural component of bone matrix that regulates osteoblastogenesis by modulating TGFβ 

and BMP bioavailability. Mice under-expressing fibrillin-1 (Fbn1
mgR/mgR

 mice) display reduced bone mass (osteopenia) 

secondary to increased TGFβ-dependent osteoclast activity. As Fbn1
mgR/mgR

 mice die from ruptured aneurysm at ~2.5 

month of age, osteopenia progression was studied in mice with conditional inactivation of Fbn1 gene in the developing 

limbs (Fbn1
Prx1-/-

 mice). 

Methods and Results: Micro-computed tomography (µCT) analyses of Fbn1
Prx1-/-

 mice revealed progressive decline of 

bone mass after the animals reached 1-month of age. Progressive osteopenia was associated with persistent bone 

resorption, due to elevated number of osteoclasts, and reduced bone formation rate (BFR) in spite of proper 

mineralization ability of bone marrow derived osteoblasts. Interestingly, a transient increase in the number of skeletal 

progenitor cells (SkP) concomitant with reduced number of mesenchymal stem cells (MSC) was observed in 3 months-

old mice and it was followed by a dramatic decline in SkP frequency and mature osteoblasts number in 6-month-old 

Fbn1
Prx1-/-

 mice. These results suggested that lack of functional fibrillin-1 in the bone marrow microenvironment 

accelerate MSC’s rate of commitment leading to a premature, age-dependent, depletion of the stem pool and eventually 

bone forming cells. These changes were also accompanied by loss of marrow fat cells resulting from impaired plasticity 

of bone marrow progenitor cells towards adipogenesis. Consistent with enhanced TGFβ activity of bone marrow cell 

cultures, systemic treatment of Fbn1
Prx1-/-

 mice with pan-TGFβ neutralizing antibody 1D11 mitigated both bone and MSC 

loss. 

Conclusions: Altogether, our data indicate that fibrillin-1 is a structural component of the bone marrow niche regulating 

MSC’s rate of commitment and differentiation by modulating local TGFβ activity. 
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Tenascin-W expression in bone metastases of breast cancer 
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Tenascin-W (TNW) is a matricellular protein with a dynamically changing pattern of expression during development and 

disease. Its pronounced presence in developing bones implies a function in osteogenesis. In adults, TNW is mostly 

restricted to stem cell niches, and is also expressed in the microenvironment of solid cancers. These distinct expression 

patterns imply a complex regulation of TNW gene expression at the transcriptional level. Here we analyzed TNW 

expression in a xenograft model of breast cancer metastasis to the bone. Quantitative mRNA analysis revealed an 

upregulation of TNW in mouse osteoblast populations sorted from bones harboring human breast cancer metastases. 

Long bone sections containing metastases exhibit expression of mouse TNW protein proving that TNW is supplied by 

the metastatic niche and not by the tumor cells. Transwell and co-culture studies show that bone marrow stem cells 

(BMSCs) express TNW protein after exposure to factors secreted by MDA-MB231 breast cancer cells. These findings 

prompted us to investigate the cis and trans-acting elements that drive TNW gene transcription. 5’RACE analysis of 

mRNA from human breast cancer, glioblastoma, and bone tissue showed a single TNW transcript with a transcription 

start site (TSS) at a non-coding first exon upstream of exon2, which contains the translation start codon (ATG). The 

promoter region between -957bp and -79bp influences transcription and the minimal promoter sequence is contained 

within 79bp from the TSS. Computational analysis shows the presence of a SMAD4 nuclear transcription factor binding 

site at -61bp from the TSS in proximity of a TATA box sequence. Site-directed mutagenesis of the SMAD4-binding site 

strongly impaired SEAP reporter gene expression driven by the basal promoter. Furthermore, we found three 

evolutionary conserved regions in the first intron harboring glucocorticoid response elements (GRE), which negatively 

affect transcription initiation from the basal promoter (-79bp). Therefore, we assessed whether TGFβ1 and 

glucocorticoids (GCs) act on TNW gene expression in the tumor context. We identified TGFβ1 as an important factor 

inducing human TNW gene transcription in BMSCs through activation of ALK5. Preincubation of BMSCs with the ALK5 

inhibitor, SB431542, abolished TNW induction by TGFβ1. Moreover, GCs impaired TNW mRNA expression in BMSCs. 

Finally, recombinant TNW protein stimulated MDA-MB231 cell proliferation and migration in vitro assays. Our 

experiments suggest that TNW acts as a niche component for breast cancer metastasis to the bone by supporting cell 

migration and cell proliferation of the breast cancer cells. 
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Novel stochastic tumor models providing evidence for tenascin-C tumor progression 
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The extracellular matrix molecule tenascin-C (TNC) is highly expressed in most cancers which correlates with a bad 

survival prognosis in glioblastoma and breast cancer. TNC appears to promote tumor cell proliferation, angiogenesis, 

invasion and metastasis but the molecular mechanisms are incompletely understood (1). A TNC substratum can induce 

cell rounding by interference with syndecan-4/integrin signaling (2), impairing FAK, paxillin, RhoA and Tropomyosin-1 

functions (3,4,5) and stimulating tumor cell proliferation (1). TNC can also trigger cell migration (6) and expression of 

inflammatory cytokines (7), thus demonstraing the versatile functions of TNC. 

To better understand the roles of TNC in cancer three mouse models with stochastic tumorigenesis in immune 

competent conditions and with defined TNC levels (overexpression, knockout) have been established. TNC promoted 

the angiogenic switch and lung micrometastasis in the Rip1Tag2 insulinoma model involving downregulation of the 

Wnt/LRP6 inhibitor Dickkopf-1 and activation of Wnt signaling suggesting that TNC creates a Wnt signaling permissive 

microenvironment (1, 8). In the MMTV-NeuNT breast cancer model a lack of TNC induced an increased tumor latency 

and less lung metastasis linked to reduced tumor cell survival. In a carcinogen-driven head and neck tumor model the 

absence of TNC caused a reduced tumor number and progression. Insights into the underlying molecular mechanisms 

will be provided. These models are powerful novel tools for basic research and targeting TNC in an immune competent 

context. Our studies have revealed a crucial role of TNC in very early and late events of tumorigenesis. 
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Background: Pelvic organ prolapse (POP) is a disease characterised by the weakening of the pelvic floor and 

subsequent prolapse of commonly the bladder outside the body. POP affects the quality of life of women world-wide, 

and remains a great therapeutic challenge with no optimal treatment. Risk factors are generally known, but the exact 

pathophysiology is still unclear. 

In the anterior vaginal wall, connective tissue prevents the bladder from bulging down. Tissue maintenance and 

extracellular matrix remodelling are performed by fibroblasts. Altered matrix production may influence tissue quality, 

therefore the present study aimed to characterize primary cells derived from POP and non-POP vaginal tissues and to 

evaluate matrix production in vitro. 

Methods: Primary cultures were characterized by immunohistochemistry with antibodies for vimentin, α-smooth muscle 

actin (α-SMA), desmin, and Ulex Europaeus Agglutinin-I (UEA-1). Matrix production was evaluated from week 1 to 5 

and total collagen production was estimated with Sirius red. The effective Young modulus of the deposited matrices was 

tested by microindentation. Gene expression of collagen IαI, collagen 3αI, α-SMA and desmin were also determined. 

Results: Phenotype characterization of cell cultures confirmed mesenchymal origin (vimentin) without endothelial cells 

(UEA-1). Percentages of α-SMA and desmin positive cells were significantly higher in POP vs. non-POP fibroblasts. 

Cells gradually deposited matrix with similar amounts of total collagen. Interestingly, the Young’s moduli of the deposited 

matrix by POP fibroblasts was significantly higher (p<0.01) than the one produced by non-POP fibroblasts at week five. 

Moreover, POP cells showed differential gene expression profiles compared to non-POP fibroblasts: (i) increased 

mRNA levels of the myofibroblast markers collagen IαI and α-SMA after 2 weeks; (ii) up-regulation of collagen IIIαI and 

desmin at week 4. 

Fibroblasts can differentiate into myofibroblasts via different stimuli including mechanical tension. Culture plastic plates 

are relatively stiff. When cells produce the proper matrix, tension in their microenvironment can be released and 

myofibroblasts should disappear either by apoptosis or by dedifferentiating back into fibroblasts. The matrix produced by 

vaginal POP cells was stiffer compared to the non-POP fibroblasts. Altered mechanical properties of the deposited 

matrix was in accordance with the myofibroblastic phenotype preserved in the POP cells after 5 weeks of culture in vitro. 

Conclusion: Vaginal cells derived from a prolapsed tissue deposited a stiffer matrix than non-POP fibroblasts and 

showed a myofibroblastic phenotype that persisted over time. Further investigation of cell-matrix interactions will provide 

more clues about the pathophysiology in pelvic organ prolapse. 
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TIMP-1, a member of the Tissue Inhibitor of Metalloproteinases (TIMPs) family, has been first characterized for its ability 

to inhibit Matrix Metalloproteinases (MMPs) and to regulate associated physiological processes. It is now well 

established that TIMP-1 also regulates cellular processes independently of MMP inhibition and can act as a cytokine by 

binding with cell surface complex receptor. Three complex receptors have been identified in various cell types. In lung 

and breast epithelial cells, TIMP-1 interacts with a CD63/Integrin β1 complex receptor and prevents cell apoptosis. In 

human erythroleukemic UT-7 cells, we have demonstrated that TIMP-1 binds pro-MMP-9/CD44 complex receptor and 

promotes cell survival. Recently, we have identified the LDL receptor-related protein-1 (LRP-1) as a new molecular relay 

for TIMP-1 regulation of neuronal plasticity in mouse cortical cells. While TIMP-1 residues and domains involved in MMP 

inhibition are well characterized, those involved in the interaction with complex receptors are not yet identified. 

The aim of this study is to i) identify in silico TIMP-1 domain and residues interacting with complex receptors, ii) 

generate mutants for these residues and iii) evaluate the capacity of these mutants to bind the three receptors and 

induce their biological activities. 

TIMP-1 sequence and structure analyses coupled to molecular dynamic studies and normal mode analysis have led to 

identify a cavity localized in a region distant from residues involved in MMP inhibition and poorly studied. In this area, 

three residues potentially involved in protein-protein interactions have been pointed out and thus mutated in alanine in 

order to disrupt these interactions. The three single mutants have been produced and purified by affinity 

chromatography. Determination of both Ki (inhibitory constant) and Kon (association constant) revealed that the three 

mutants have conserved their inhibitory effects towards MMP-1, -2, -3, -9. Interaction experiments showed that any of 

the three single mutations disrupts TIMP-1 binding with pro-MMP-9 or CD63. However, the binding of the three mutants 

to LRP-1 seems to be altered. Indeed, the three single mutants have lost their ability to reduce neurite length in mouse 

cortical neurons. 

These results suggest that TIMP-1 cavity which we have identified, could be involved in TIMP-1/LRP-1 interaction in 

neurons. Design of peptides or chemical compounds targeting this region could open new therapeutic perspectives in 

neurodegenerative disease therapy. 

 

 

 

 



34 

 

Willem Burger room 
 

Parallel Workshop 7: Proteoglycans in disease 
 

BMP2 restores proteoglycan depletion induced by TGF-beta loss during experimental oa 
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Background:We demonstrated that in aging articular cartilage TGF-beta signaling via Smad2/3 is drastically reduced 

and loss of Smad2/3signaling predisposed cartilage for OA. We showed that TGF-beta inhibition reduced proteoglycan 

content in articular cartilage. In contrast, during OA we found elevated levels of BMP2 surrounding cartilage lesions. It is 

unclear what is the effect of this BMP2 presence on articular cartilage. Therefore, we investigated whether elevated 

BMP-2 could counteract the loss of TGF-beta signaling during OA. 

Methods:We made a unique transgenic mouse expressing human BMP2 under control of the Col2a1 promoter only 

when exposed to doxycycline (Col2a1-rtTA-BMP2). We induced OA in Col2a1-rtTA-BMP2 by destabilization of the 

medial meniscus (DMM-model) while treating them with doxycycline- versus standard diet. To study loss of TGF-beta 

activity during OA, we intra-articularly injected an adenovirus overexpressing TGF-beta inhibitor LAP (Ad-LAP). Four 

weeks after DMM-induction knee joints were isolated for histology. OA was scored (adapted OARSI score, scale 0-30). 

Proteoglycan content was measured with digital image analysis in Safranin O stained articular cartilage of the medial 

tibia. 

Results:Doxycycline treatment of Col2a1-rtTA-BMP2 mice clearly elevated hBMP2 mRNA in articular cartilage, but not 

in spleen and liver thereby confirming functionality. Eight-week doxycycline exposure did not result in any detectible 

alterations in healthy articular cartilage. OA score was cleary increased by DMM (average of all DMM groups 16.9 

versus 2.5 in non-DMM groups), but this was not significantly affected by BMP2. TGF-beta inhibition with LAP did not 

affect the OA-score either . However, TGF-beta inhibition during DMM significantly reduced the proteoglycan content by 

18% compared to DMM alone. BMP2 did not affect the proteoglycan content during DMM. Nevertheless, the 

proteoglycan depletion by inhibition of TGF-beta during DMM was significantly and nearly completely counteracted by 

elevated chondrocyte-specific BMP2. 

Conclusions:Our data show that in healthy articular cartilage and in OA cartilage in young animals elevated levels of 

BMP2 did not have any detectible effects. However, when TGF-beta signaling was lost, a phenomenon occurring in 

aged individuals, this resulted in decreased levels of PG content in articular cartilage during OA. In this setting, elevated 

levels of BMP2 could compensate this loss of PG. Therefore the elevated levels of BMP2 near OA lesions could be a 

reparative response of the articular cartilage. Especially with ageing, when TGF-beta signaling is drastically reduced this 

compensatory mechanism could be of great importance as an attempt to restore damaged articular cartilage. 
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We recently demonstrated that Raman and infrared (IR) microspectroscopies are sensitive enough to differentiate and 

classify glycosaminoglycans (GAG) types and subtypes in spite of their close molecular structure. Spectroscopic 

markers characteristic of reference GAG molecules have been identified. The aim of the present work was to further this 

investigation for identifying the IR spectral signatures of GAG in complex biological systems. In the first place, the study 

involved individual GAG standards (hyaluronic acid, chondroitin sulphates, dermatan sulphate, heparan sulphate), GAG-

GAG mixtures, and GAG-protein mixtures with bovine serum albumin and type I collagen to determine their respective 

spectral signatures. In a second step, the spectral information obtained was used to search for spectral markers in five 

cell types, dermal fibroblasts, melanoma cells, chondrocytes, wild type CHO cells, GAGs defective mutant CHO-745 

cells. They were analyzed by high-throughput IR spectroscopy on cell suspensions and by IR imaging on single isolated 

cells. The results of the hierarchical cluster analysis (HCA) on different cell types showed that the IR technique is 

sensitive enough to distinguish the five cell types at both cell suspensions and single cell levels. In addition, a principal 

component analysis (PCA), performed on a first approach on adherent cells, shows promising results in the ability to 

detect and identify a characteristic GAG signature at the cellular level. In perspective, the spectral information obtained 

from GAG molecules may serve as specific markers to identify the latter in normal tissues and during pathophysiological 

conditions (aging, healing, and melanoma). 

Acknowledgement: The PICT technological platform is gratefully acknowledged. 
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Hyaluronan (HA) is modified via a trans-esterification reaction mediated by TSG-6 resulting in the covalent attachment 

of heavy chain (HC) proteins from inter-α-trypsin inhibitor (IαI) to HA. IαI is comprised of two HCs, HC1 and HC2, that 

are covalently attached to the CS chain of bikunin. We have shown that this CS chain possesses diversity in its 

sulphation levels resulting in some forms that promote the formation of HA-HC relatively more than others. The aim of 

this study was to investigate the structure of the CS chain associated with IαI and bikunin from osteoarthritis (OA) and 

rheumatoid arthritis (RA) patients and to compare it to that from subjects without clinical evidence of arthritis. We also 

examined the structure IαI in osteoarthritic and foetal cartilage tissue. 

IαI was isolated from urine, plasma and synovial fluid samples using anion-exchange chromatography. Similar levels of 

IαI/bikunin were found in all of the samples examined. Plasma- and synovial fluid-derived IαI together with urinary 

bikunin isolated from OA and RA patients contained predominantly a CS chain that was either unsulphated or 4-

sulphated with a CS stub structure that is di-sulphated as it did not react with any of the CS stub antibodies. Plasma IαI 

and urinary bikunin CS from control subjects contained mono- and di-sulphated CS and a 4-sulphated CS stub. The IαI 

that contained the more highly sulphated CS chain was found to be more effective at promoting the formation of HC-HA 

complexes resulting in the stabilisation of HA in the cartilage matrix. This suggests that TSG-6 interacts more effectively 

with the highly sulphated CS regions of IαI and that the presence of low sulphated forms of IαI in OA and RA patients 

may indicate a reduced ability to form HC-HA complexes and stabilise HA. 

In human OA cartilage, both bikunin and 4-sulphated CS stubs were found in the lacunnae surrounding the 

chondrocytes in all zones of the cartilage even though fewer chondrocytes were found in the fibrillated surface and 

superficial zone than the deep zone. Both were also found in the lacunnae membrane of human foetal chondrocytes, 

which when cultured were found to produce the proteoglycan bikunin, proteins HC1 and HC2 and the 4-sulphated CS 

stubs. This indicated that chondrocytes themselves have the ability to synthesise IαI with CS structures that match those 

found in plasma and synovial fluid supporting the hypothesis that the balance of IαI CS populations in tissues play an 

important role in the stabilisation of HA in the cartilage matrix. 
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Perlecan binds PF4, inhibits the activation of platelets and controls inflammation. 
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Platelet factor 4 (PF4) is a major product of platelets that is stored within the a-granules where it is bound to the 

chondroitin sulfate / dermatan sulfate chains of the proteoglycan, serglycin. It is released upon platelet activation and 

has been shown to have important roles in haemostasis and thrombosis as well as in inflammation by activating 

macrophages and in angiogenesis, cancer and neurodegenerative disorders such as Alzheimer’s disease. The aim of 

this study was to firstly isolate serglycin from platelets and compare it to serglycin expressed in eukaryotic cells using an 

expression vector system that can express glycosylated proteins such as proteoglycans. Secondly, to investigate the 

interaction between serglycin and PF4 in the presence or absence of the major basement membrane heparan sulfate 

proteoglycan perlecan, which itself has an important role in angiogenesis, to see whether it affected the binding.. 

We isolated serglycin from lysed platelets as well as expressed recombinantly in human embryonic kidney cells. The 

naturally-derived platelet form was decorated only with chondroitin and dermatan sulfate whereas the recombinant form 

also possessed heparan sulfate. PF4 bound to the chondroitin / dermatan sulfate chains of serglycin from platelets and 

to all three glycosaminoglycan types in the recombinant form. Endothelial cell-derived perlecan also bound PF4 but by 

its heparan sulfate chains and when PF4-serglycin complexes were incubated with perlecan, we showed that the 

perlecan was able to out-compete the serglycin for the binding of PF4 suggesting that PF4 had a higher affinity for the 

heparan sulfate decorating perlecan than the chondroitin / dermatan sulfate decorating serglycin. Of further interest, we 

noted that perlecan, serglycin and the heparan sulfate-related glycosaminoglycan, heparin all inhibited the PF4 

mediated activation of platelets whereasPF4 had no effect on the heparin mediated signalling of FGF receptors using 

the Baf32 model cell line suggesting that the effect on platelet activation was specific. 

These results suggest that perlecan inhibits platelet activation by binding and controlling the activity of PF4. It also 

supports the hypothesis that perlecan has an heparan sulfate dependant anti-inflammatory role where it has the ability 

to mop up PF4 to prevent the downstream signalling events that promote the on-going inflammatory response.  
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BACKGROUND: ADAMTS4 (a disintegrin and metalloproteinase with thrombospondin motifs 4), also called 

aggrecanase-1, is considered to play a key role in aggrecan degradation in human osteoarthritis. Although ADAMTS4 

aggrecanase activity is inhibited mainly by TIMP-3 (tissue inhibitor of metalloproteinases-3), information about other 

regulators of the activity remains unclear. Therefore, we aimed to search for molecules that modulate ADAMTS4 

activity. 

METHODS: ADAMTS4 binding molecules were screened by immunoprecipitation from a chondrocyte cell line (SW1353 

cells), which was transfected to express ADAMTS4 with hexahistidine and FLAG tags, and the immunoprecipitates were 

sequenced by LC-MS/MS. Binding activity was shown by immunoprecipitation and a solid-phase binding assay using 

full-length ADAMTS4 and its deletion mutants. Inhibition of ADAMTS4 activity was examined by digestion assay of 

aggrecan by immunoblotting with aggrecan-neoepitope antibody. Expression of binding molecule and ADAMTS4 in 

human osteoarthritic cartilage and osteoarthritic chondrocytes after treatment with interleukin-1a (IL-1a), transforming 

growth factor-b (TGF-b), tumor necrosis factor-a, insulin-like growth factor-I, vascular endothelial growth factor165 or 

basic fibroblast growth factor was examined by immunohistochemistry and RT-PCR, respectively. 

RESULTS: We identified as a binding protein CCN1(Cyr61), a member of the CCN (Cysteine-rich protein 61, 

Connective tissue growth factor and Nephroblastoma overexpressed protein) gene family, which is composed of 

CCN1(Cyr61), CCN2(CTGF), CCN3(NOV), CCN4(WISP-1), CCN5(WISP-2) and CCN6(WISP-3). Immunoprecipitation 

and binding assay demonstrated that CCN1 specifically binds to the cysteine-rich domain of ADAMTS4. Aggrecanase 

activity of full-length ADAMTS4 and the spacer region-deleted mutant was stoichiometricaly inhibited by incubation with 

CCN1, but not with other CCN members. mRNA expression of CCN1 was significantly 3-fold higher in human 

osteoarthritic cartilage than in normal cartilage. CCN1 was immunolocalized to chondrocytes in osteoarthritic cartilage, 

and the immunoreactivity directly correlated with Mankin score and chondrocyte cloning. In addition, osteoarthritic 

chondrocytes with cluster formation commonly expressed both CCN1 and ADAMTS4. Among six cytokines and growth 

factors, CCN1 expression was down-regulated by IL-1a and up-regulated by TGF-b in osteoarthritic chondrocytes. 

Under stimulation with IL-1a or TGF-b, ADAMTS4 expression was induced. However, the aggrecanase activity was 

detected only under the treatment with IL-1a but not with TGF-b. When the expression of CCN1 was knocked down by 

siRNA in TGF-b-treated chondrocytes, aggrecanase activity emerged. 

CONCLUSIONS: These findings provide the first evidence that ADAMTS4 aggrecanase activity is suppressed by 

CCN1, which is overexpressed by chondrocytes in osteoarthritic cartilage. Our data suggest that TGF-b may contribute 

to chondrocyte cluster formation in human osteoarthritic cartilage by inducing CCN1, a negative regulator for ADAMTS4. 
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MT-LOOP-dependent localization of MT1-MMP to the cell adhesion complexes promotes cancer cell invasion 
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Background: 

Localization of membrane type-I matrix metalloproteinase (MT1-MMP) to the leading edge is thought to be a crucial step 

during cancer cell invasion. However, its mechanisms and functional impact on cellular invasion have not been clearly 

defined. 

Method: 

Various deletion mutants of MT1-MMP were examined for gelatin film degradation, collagen film degradation and 

collagen invasion. A monoclocal antibody specifically binds to MT-LOOP lesion was also added to MT1-MMP-

expressing cells and examined for its effect on various MT1-MMP functions. 

Results: 

We have identified the MT-LOOP, a loop region in the catalytic domain of MT1-MMP (
163

PYAYIREG
170

), as an essential 

region for MT1-MMP to promote cellular invasion. Deletion of the MT-LOOP effectively inhibited functions of MT1-MMP 

on the cell surface including proMMP-2 activation, degradation of gelatin and collagen films and cellular invasion into a 

collagen matrix. This is not due to loss of the catalytic function of MT1-MMP, but due to inefficient localization of the 

enzyme to β1-integrin-rich cell adhesion complexes at the plasma membrane. We also found that an antibody that 

specifically recognizes the MT-LOOP region of MT1-MMP (LOOPAb) inhibited MT1-MMP functions, fully mimicking the 

phenotype of the MT-LOOP deletion mutant. 

Conclusions: 

The MT-LOOP region is an interface for molecular interactions that mediate enzyme localization to cell adhesion 

complexes and regulate MT1-MMP functions. This is a novel mechanism regulating MT1-MMP during cellular invasion 

and MT-LOOP is a potential exosite target region to develop selective MT1-MMP inhibitors. 
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Background: More than 50% of the osteoarthritis (OA) patients show significant synovial involvement, although the 

consequences for OA pathology are largely unknown. Wnt signaling is very important for joint development and 

curiously, OA seems to be a recapitulation of developmental processes. Previously, we found strong upregulations of 

Wnts 2b and 16 and WISP1, a downstream protein of canonical Wnt signaling. In the past, Wnt signaling has been 

implicated in OA-incidence through activation of the β-catenin-dependent canonical Wnt signaling. In this study, we 

investigated the potency of Wnt proteins, when expressed in the synovium, to induce OA pathology in vivo. 

Methods: In vivo synovial overexpression of Wnt5a, Wnt8a, Wnt16 and WISP1 was achieved by intra-articular injection 

of adenoviral vectors. Gene expression was analyzed by qPCR. Joint pathology was assessed by histology at several 

time points after injection. Immunohistochemistry was used to determine if Wnt signaling led to canonical Wnt signaling 

and increased protease activity in the joint. 

Results: In vivo synovial overexpression with adenoviral vectors led to highly increased expression of Wnt5a, Wnt8a, 

Wnt16 and WISP1. Overexpression of Wnt8a and Wnt16 led to canonical Wnt signaling in the cartilage as measured by 

accumulation of β-catenin. In contrast, overexpression of Wnt5a did not result in increased β-catenin levels in the cell. 

Canonical Wnt signaling highly increased the incidence of early OA-like superficial cartilage lesions, specifically at the 

medial tibia. Scoring of the cartilage damage showed significantly increased damage at the medial tibia and overall in 

the tibio-femoral joint seven days after overexpression. Immunohistochemical staining showed increased presence of 

the aggrecan neo-epitopes VDIPEN and NITEGE, induced by activity of MMPs and aggrecanases respectively. On the 

contrary, overexpression of Wnt5a did not cause cartilage lesions. Next, we investigated if the effects that were found 

were the result of increased expression of WISP1. Overexpression led to an increased incidence of the superficial 

cartilage lesions via protease activity, and gave a clear trend towards increased OA score. 

Conclusions: Our data show that Wnt production in the synovium is able to induce early OA-like cartilage damage by 

activating the β-catenin-dependent canonical signaling pathway in vivo. This underlines canonical Wnts and WISP1, 

which we found overexpressed in the synovium during experimental OA, to be potential targets for OA therapy. 
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BMP-1/Tolloid-like proteases are signaling proteases and control TGF-β co-receptor activity 

C Anastasi
1
, F Delolme

2
, L Alcaraz

3
, V Mendoza

4
, S Vadon-Le Goff

2
, R Capomaccio

2
, J Mevaere

2
, L Venel

2
, M 

Talantikite
2
, D Mazzocut

5
, I Zanella-Cléon

5
, D.J.S Hulmes

2
, C.M Overall

6
, U Valcourt

3
, F Lopez-Casillas

4
, C Moali

2
 

1
Institut de Biologie et Chimie des Protéines (IBCP), LYON CEDEX 07, France 

2
Laboratoire de Biologie Tissulaire et Ingénierie Thérapeutique (LBTI - UMR5305), LYON, France 

3
Centre de Recherche en Cancérologie de Lyon (CRCL), LYON, France 

4
Instituto de Fisiologia Celular, Universidad Nacional Autonoma de Mexico, MEXICO, Mexico 

5
Centre Commun de Micro-analyse des Protéines, UMS 3444, LYON, France 

6
Centre for Blood Research, University of British Columbia, VANCOUVER, Canada 

 

BMP-1/Tolloid-like proteases (BTPs) consist of four metalloproteases (BMP-1, mTLD, mTLL-1, mTLL-2) known to be 

involved in the maturation of several extracellular matrix proteins. The most well-known are the abundant fibrillar 

procollagens (I, II and III) where the BTPs cleave the C-propeptide to trigger fibrillogenesis. However, BTPs have also 

been shown to mature small leucine rich proteoglycans (decorin, biglycan and osteoglycin), basement membrane 

components (laminin 332, procollagen VII and perlecan), lysyl oxidases (LOX and LOXL) and mineralization factors 

(DMP-1 and DSPP). Through the cleavage of growth factor antagonists such as chordin or LTBP-1 (latent TGF-β 

binding protein 1), BTPs can also play a role in the activation of BMP-2/4, TGF-β and other TGF-β superfamily 

members. 

In order to gain further insight into the functions of the BTP family, we recently performed an iTRAQ (isobaric tags for 

relative and absolute quantification)-based degradomics analysis of the conditioned medium of HT1080 cells 

overexpressing BMP-1 or an inactive mutated form. Significant changes in the abundance of 37 extracellular proteins 

were observed, revealing potential cleavage events. Three new potential substrates in relation to the control of TGF-β 

activity were chosen for preliminary validation: betaglycan (also known as TGF-β receptor III), CD109 and neuropilin-1. 

These proteins are all known to function as co-receptors regulating TGF-β signaling, but can also exist in soluble forms 

capable of antagonizing TGF-β activity. 

Our results confirmed the direct cleavage of betaglycan and CD109 by BMP-1, both in vitro and in the conditioned 

medium of HT1080 cells, whereas no direct cleavage could be evidenced for neuropilin-1 suggesting that changes in 

abundance ratios observed above were due to indirect effects. We then determined the cleavage sites using both 

Edman sequencing and a new approach called ATOMS (Amino-Terminal Oriented Mass Spectrometry of Substrates). 

We found that betaglycan is cleaved at two sites known to be crucial for TGF-β regulation while CD109 is cleaved in its 

so-called bait region. The ability of soluble betaglycan to bind TGF-β is actually strongly affected by these BMP-1-

dependent cleavages, leading to a loss of 25-fold in antagonist activity. This probably explains our striking observation 

that the signaling activity induced by exogenous TGF-β1 and -β2 is much higher in cells overexpressing BMP-1 than in 

control cells. 

These results clearly demonstrate a new role for BMP-1/tolloid-like proteinases in the control of TGF-β signaling and 

stability which is independent of but complementary to their previously known function in TGF-β activation. 
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Background: MicroRNAs (miRNAs) regulate gene expression through basespecific interactions. The aim of this 

study was to further identify miRNAs differentially expressed in osteoarthritis (OA) and to investigate the effect of one 

of these, hsa-miR-7, on the chondrogenic potential of chondrocytes from OA cartilage. Methods:  Low-density  

Taqman  arrays  were  used  to  identify  miRNAs differentially expressed in OA and normal cartilage (n=7 donors 

each). OA chondrocytes were isolated from articular cartilage obtained from patients undergoing  knee  arthroplasty.  

At passage  2, OA  chondrocytes  from  6 donors  were  transfected  with  a  miRNA  precursor  for  hsa-miR-7  or  a  

miRNA precursor negative control. Chondrocytes were reverse-transfected during  seeding  at  high  density  

(1.26*10
6
cells per cm

2
)  on  collagen coated culture inserts in a 24-wells transwell system.  

After 7 and 21 days, real-time PCR was performed to examine expression levels  of  aggrecan  (ACAN),  type  I  and  

II  collagen  (COL1A1  andCOL2A1), and matrix metallopeptidase 13 (MMP13) and hsa-miR-7. After 4 weeks of 

culture,  glycsaminoglycan  (GAG)  content,  release  and  total  production were  determined  by  DMMB  

(normalized  for  DNA  as  measured  by picogreen  assay)  and paraffin  sections  of  the  cultures  were  stained  for 

proteoglycans  (safranin-O)  and  type  II  collagen  (immunostaining).  Gene targets of hsa-miR-7 were predicted by 

computational analyses.  

Results:  66  miRNAs  were  differentially  expressed  in  OA  cartilage compared  to  healthy  cartilage,  including  

hsa-miR-7,  which  was down-regulated  4.5  times  in  OA  cartilage  compared  to  normal  cartilage (p=0.002). 

Overexpression of hsa-miR7 had no effect on ACAN, COL1A1, COL2A1 and MMP13 gene expression levels. 

However, the matrix produced by the miR-7 overexpressing chondrocytes contained more GAG’s and their total GAG 

production  was  higher.  Also  histology  showed  more  intense  proteoglycan staining  for  the  miR-7  

overexpressing  chondrocytes  and  type  II  collagen was  increased(Figure 1).  As  miRNAs  are  negative  

regulators  of  gene expression,  the  gene  target  prediction  focused  on  genes  involved  in cartilage degradation 

or anti-anabolic genes. No genes coding for cartilage degrading enzymes were found amongst the predicted targets 

of hsa-miR-7.  Epidermal  growth  factor  receptor  (EGFR)  and  several  kinases  in  the Ras-Raf-MEK-ERK 

pathway were predicted as direct targets of hsa-miR-7. Conclusion:  Several  miRNAs  are  differentially  expressed  

in  OA  and modulating  their  expression  may  lead  to  a  potential  therapy  for  OA. Overexpression of hsa-miR-7 

increased proteoglycan and type II collagen deposition  by  OA  chondrocytes. This  might  be  a  result  of 

modulation  of EGFR and several kinases in the Ras-Raf-MEK-ERK pathway by hsa-miR-7, but this still needs to be 

validated.  

 
Figure  1:  Safranin-O  (A,B)  and  type  II  collagen(C,D) stainings on slides of osteoarthritic chondrocytes  
transfected  with  mock  precursor  miRNA  (A,C)  or  precursor  miRNA  for  hsamiR-7 (B,D). Magnification X200.
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Fibrosis  constitutes  a  major  human  health  burden,  accounting  both  directly  and  indirectly  for  45%  
of deaths in the developed world. Fibrosis has been shown to be either partially reversible, as a response 
to injury,  or  progressive  and  irreversible,  as  for  the  incurable  and  inevitably  fatal  disease  
Idiopathic Pulmonary  Fibrosis  (IPF).  The  molecular  differences  between  these  2  scenarios  are  
incompletely understood. Importantly, both chemical and mechanical properties of the extracellular matrix 
(ECM) niche are altered in fibrosis and  work in concert to  instruct cell fate decisions and activity  
(Schiller & Fassler, 2013). The feedback connections involved in  sensing these properties present 
promising future directions for  investigation  and  can  potentially  aid  in  the  development  of  novel  
strategies  for  the  currently  very limited anti-fibrotic therapies. 
To  unravel  these  feedback  mechanisms  we  develop  and  use  novel  quantitative  mass 
spectrometry  tools  to collect  system-wide data  on  molecular  alterations,  which allow  us to  generate 
new testable  hypotheses  and  provide  a mechanistic understanding of regenerative processes during 
wound healing  that  oppose  excessive  fibrosis.  My  work  addresses  questions  concerning  the  
effects  of  matrix rigidity changes  at  the single cell level, as well as  injury, fibrosis and regeneration  at  
the tissue level. We analyze deep tissue proteomes  upon injury and subsequent repair  to unravel  the 
temporal dynamics of protein secretion and ECM composition  in tissue repair and fibrosis. Furthermore, 
we  focus  on molecular mechanisms at cell-matrix adhesions.  Integrins are key receptors for cells to 
interpret ECM  composition, dimensionality and mechanical properties.  Since most integrin functions 
depend on a plethora of proteins recruited to cell-matrix adhesions, I developed a novel method for the 
unbiased and quantitative analysis of  the  molecular  composition  of  focal  adhesions  using  state  of  
the  art  label  free  shotgun  proteomics. Using this method we were the first to demonstrate how myosin-
II dependent contractile forces affect the composition  of  cell-matrix  adhesions  and  that  the  LIM  
domains  within  focal  adhesion  proteins  act  as potential  tension  sensors  (Schiller  et  al,  2011). We 
went  on  analyzing  the  specificity  of  focal  adhesion proteins for distinct integrin subclasses and found 
how distinct integrin subtypes within cell-FN adhesions control  their  molecular  composition  and  
cooperate  to  sense  the  substrate  rigidity  (Schiller  et  al,  2013). These findings brought along the 
conceptual advance that some integrins and associated focal adhesion proteins  feed  into  signaling  
pathways  that  produce  myosin-II  mediated  force,  while  in  contrast  other integrins and focal 
adhesion proteins respond to myosin -II and matrix stiffness dependent tension at focal adhesions  to  
reinforce  the  adhesion  site.  I  will  present  some  representative  results  of  this  work  at  the 
mbe2014 meeting. 
 
References: 
Schiller HB, Fassler R (2013) Mechanosensitivity and compositional dynamics of cell-matrix adhesions. 
EMBO reports 14: 509-519 
Schiller HB, Friedel CC, Boulegue C, Fassler R (2011) Quantitative proteomics of the integrin adhesome 
show a myosin II dependent recruitment of LIM domain proteins. EMBO reports 12: 259-266 
Schiller HB, Hermann MR, Polleux J, Vignaud T, Zanivan S, Friedel CC, Sun Z, Raducanu A, Gottschalk 

KE, Thery M, Mann M, Fassler R (2013) beta1- and alphav-class integrins cooperate to regulate myosin 

II during rigidity sensing of fibronectin-based microenvironments. Nature cell biology 15: 625-636 
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High through-put identification of miR-145 targets in human articular chondrocytes 

Martinez-Sanchez, A., Lazzarano S., Kanapin A., Murphy CL. 

Background 

MicroRNAs are small RNA molecules that play a key role in most biological processes, including cartilage 

development and homeostasis. Dysregulated expression of miRNAs is found in many diseases such as 

osteoarthritis, although little is known about the role of specific miRNAs regulating normal cartilage function or 

pathophysiology. We have previously shown that the expression of several miRNAs is altered upon human articular 

chondrocyte (HAC) de-differentiation. Modulation of one of the miRNAs, miR-145, induced profound changes in the 

HAC phenotype, partially due to direct repression of the master transcription factor Sox9. Since miRNAs can 

simultaneously control the expression of multiple targets, the aim of this study was to identify the whole targetome of 

miR-145 in HACs. This information is critical if this miRNA is to be considered as a target for cartilage repair. 

Methods 

Experiments involving miR-145 over-expression or inhibition were performed by transient transfection of HACs. 

Immunoprecipitation of ribonucleoprotein was performed with an anti-Ago2 antibody and the RNA present was 

isolated using trizol. This, and isolated total mRNA, was subjected to high-throughput sequencing. The presence of 

miR-145 binding sites was assessed by TargetScan and RNAhybrid and a screen for significant enrichment in 

sequences matching the miR-145 seed region was performed using Tallymer Software. Validation of the results was 

carried out using RT-qPCR, luciferase reporters and Western Blotting. 

Results 

miR-145 over-expression greatly reduced expression of critical cartilage extracellular matrix genes (COL2A1 and 

ACAN), transcription factor SOX9 and tissue-specific miRNAs and increased levels of the hypertrophic markers 

RUNX2 and MMP13. 61 genes were enriched in Ago2-IP and 80 genes were down-regulated in the total mRNA 

following miR-145 over-expression. mRNAs included in these lists were highly enriched for miR-145 seed matches, 

which suggested they may be direct targets. Reporter assays confirmed that miR-145 silences the expression of 

several of these genes through sequences present in their 3’UTR or coding sequence (CDS). The predicted binding 

site in DUSP6 was validated by reporter assays and DUSP6 protein levels were reduced by miR-145 over-

expression. Conversely, DUSP6 levels increased upon miR-145 inhibition. Unexpectedly, alteration of DUSP6 

expression occurred without changes in ERK phosphorylation. 

Conclusions 

miR-145 is an important regulator of chondrocyte function and targets more than 100 genes in HACs. The effects of 

modulating the expression of those genes for chondrocyte function will need to be carefully assessed prior to the 

development of therapeutic approaches targeting miR-145. 
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Angiomatrix, a signature of extracellular matrix components specific to the tumor angiogenic switch, 

correlates with poor prognosis for human cancer patients  
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Angiogenesis represents a rate-limiting step during tumor progression.  Elucidation of molecular mechanisms driving  

tumor angiogenesis  (e.g.  implicating  signaling by  VEGFs  and their  receptors)  allowed  to  design  targeted 

therapies.  However,  limits  of  such  anti-angiogenic  therapies have emerged, notably because tumor  cells adapt 

and  tumors  recur in more aggressive fashions. There is therefore a need to identify novel mechanisms implicated in 

tumor angiogenesis that have a potential for translational applications. Using  a  transgenic  murine  model  of  

pancreatic  neuroendocrine  cancer  (Hanahan, Nature  315,  1985)  where  angiogenesis  represents  an  early  step  

of  multi-stage  tumor progression (Folkman et al., Nature 339, 1989), we compared non-angiogenic and angiogenic 

early tumors to  obtain a  comprehensive  description  of  the angiogenic  switch  at the level of gene expression. We 

show that the angiogenic switch correlates with the deregulation of a discrete  set  of  genes  that  include  markers  

of  stromal  cells  (endothelial,  pericytes  and macrophages)  and  signaling  molecules  known  to  exert  key  roles  

in  tumor  angiogenesis. Interestingly, this signature is significantly enriched for molecules composing  and  

regulating the  extracellular  matrix  (ECM,  40%  of  genes),  defining  the  AngioMatrix  signature.  We demonstrate  

that  a  high  expression  of  this  AngioMatrix  signature  significantly  and recurrently  correlates  with  poor  

prognosis  for  human  patients  with  colorectal  cancer  or glioblastoma.  

Together,  our  study  provides  a  comprehensive  description  of  the  transcriptome induced during the angiogenic 

switch in a  murine  tumor model. Importantly  it  pinpoints  the ECM and specific members thereof as key stromal 

components regulating tumor-stromal cell crosstalks and hence underlying tumor vascular development.  The clinical 

relevance of the AngioMatrix signature suggests that our study could pave  the way towards the identification of 

novel diagnostic and therapeutic applications for cancer patients. 
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The  degradation  of  extracellular  matrix  (ECM)  molecules  is  a  crucial  process  for  bone  

development.  Considering the amino acid sequences in the ECM collagens, the most abundant  

dipeptides  generated  from  their  catabolism  contain  proline  and  hydroxyproline.  In  humans,  

prolidase is the only enzyme able to hydrolyze dipeptides containing these residues at the C -term  

end,  thus  being  a  key  player  in  collagen  turnover  (1).  Mutations  in  the  prolidase  gene  cause  

prolidase deficiency (PD), a rare recessive disorder. Here we demonstrate that 13 of the 14 PD  

patients  molecularly characterized  in our lab  show a bone phenotype reveling for the first time a  

strong  correlation  between  the  disease  and  bone  health.  The  bone  outcome  mainly  revealed  

dismorphism features, microcephaly,  epiphyseal  lesions, short stature, teeth abnormalities and  

was independent  either  from the type of mutation detected or from the presence of   the mutant  

protein.  

Recently, a mouse model for PD, the dal/dal  mouse, has been identified  and, as human  patients,  

has  a  pleiotropic  phenotype  (2).  We  exploited  the  murine  model  to  investigate  the  bone  

phenotype  that  arises  from  the  lack  of  prolidase.  First  the  bone/cartilage  ratio  and  the  bone  

structural  and  mechanical  properties  were  investigated.  No  differences  were  detected  in  

bone/cartilage content but  dal/dal  femurs were significantly shorter than control and pQCT and  

nalyses revealed compromised bone properties both at the cortical and at the trabecular  

level. Material elastic properties  were  also reduced  in mutant mice suggesting  the presence of  

more  heterogeneous  composition  of  mutant  versus  WT  bone.  A  delay  in  the  formation  of  the  

second ossification center was evident at P10 in  dal/dal  mice suggesting a delay in chondrocytes  

differentiation with a consequent delay in the substitution of the cartilaginous tissue with the bone  

tissue. Since the cartilage growth plate is the structure responsible for the longitudinal growth of  

long  bones,  a  bone  histological  analysis  was  performed.  A  decrease  in  the  hypertrophic  zone  

height, in the number of hypertrophic cells columns and in the number of cells for each column  

were  detected  together with an increase of the apoptosis rate  in  the proliferative  zone.    These  

data suggested that the increased apoptosis of the proliferative cells could be responsible for  the  

hypertrophic zone impairment and can explain the compromised bone properties in  dal/dal  mice.  

The  involvement  of  bone  in  human  and  murine  phenotypes  demonstrates   for  the  first  time  the  

crucial  role  of  prolidase  on  the  architecture  and  mechanical  properties  of  bone  as  well  as  on  

skeletogenesis. 

 

1.Phang JM 2010 Annu Rev Nutr 30: 441-463 

2.Jung S 2011 Birth Defects Res A Clin Mol Teratol 91: 204-217. 
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Extracellular matrix abnormalities of collagen prolyl 4-hydroxylase mutant mice  
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Collagen prolyl 4-hydroxylases (C-P4Hs I-III) catalyze the formation of 4-hydroxyproline (4Hyp) residues required for 

thermal stability of triple-helical collagen molecules in body temperatures. The vertebrate C-P4Hs are α2β2 tetramers 

differing in their catalytic α subunits. β-subunit is protein disulphide isomerase. C-P4H-I is the major isoenzyme in 

most cells and its inactivation by a genetic deletion of α subunit gene (P4ha1) leads to embryonic lethality. To study 

the in vivo roles of C-P4H-II, which predominates in chondrocytes, we generated P4ha2
-/-

 mice. Surprisingly, they 

had no apparent phenotypic abnormalities. However, P4ha1
+/-

;P4ha2
-/-

 mice were smaller than their littermates, had 

moderate chondrodysplasia and developed kyphosis. A transient cell death phenotype was detected in the inner, 

hypoxic region of the developing growth plate. The columnar arrangement of proliferative chondrocytes was 

impaired, the amount of 4Hyp and the Tm of collagen II were reduced and the extracellular matrix was softer and 

disorganized in the growth plates of newborn P4ha1
+/-

;P4ha2
-/-

 mice. Interestingly, no signs of uncompensated ER 

stress were detected in the mutant growth plate chondrocytes. Other tissues are also affected. Skin collagen fibrils 

have smaller diameter and dermis of these mice is thinner. Bone abnormalities include distorted femur/tibia length 

ratio, thinner cortical bone and reduced amount of trabecular bone. Our data show that C-P4H-I can to a large extent 

compensate for the lack of C-P4H-II in proper endochondral bone development, but their combined partial and 

complete inactivation, respectively, affects several tissues and causes moderate chondrodysplasia, kyphosis, skin 

abnormalities and defects in bone. We also showed that chondrocytes use HIF1α to upregulate P4ha1 and P4ha2 to 

survive in low oxygen environment of growth plate.  
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1 The role of Annexin A2 in the regulation of the human COL1A2 gene 
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The fibrillar collagen scaffold of the extracellular matrix both supports tissues as well as serves as a barrier that impedes 

tumour development. However, previous work has shown that expression of type I collagen, the most abundant 

mammalian extracellular matrix protein, is decreased in chemically or virally transformed cells. Using the human 

embryonic fibroblast cell line WI38 and its SV40 transformed counterpart, SV-WI38, this negative regulation could be 

mapped to a proximal promoter element of the COL1A2 gene spanning a CME site that binds an as yet unknown 

repressing protein or protein complex. In an attempt to identify this negative trans-acting factor we optimised binding 

conditions of SV-WI38 nuclear protein extracts to the CME site for subsequent purification via magnetic bead pull-down. 

We found that the CME binding protein(s) preferred single-stranded over conventional double-stranded DNA and 

constituted a multi-protein complex. MALDI-TOF mass spectrometry of the CME binding proteins revealed involvement 

of Annexin A2 (AnxA2) and other typical RNA-binding proteins. We assessed that nuclear AnxA2 expression was 

increased in SV-WI38 cells and confirmed by EMSA analysis that AnxA2 was indeed involved in complex formation to 

the CME but did not directly bind to the DNA. Rather, AnxA2 stabilised the complex and led to an increase in protein 

binding to the CME in SV-WI38 but not WI38 cells. Moreover, knockdown of AnxA2 by siRNA increased COL1A2 

expression. Our data indicate that AnxA2 has a novel role in controlling physiological COL1A2 transcription in human 

fibroblasts. Upon SV40 transformation its normal functions seem to be compromised by serving as an interacting 

partner for a still unknown CME-binding transcriptional repressor protein. These findings might make AnxA2 a possible 

target in pathological conditions that are characterised by decreased type I collagen synthesis.  
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The degradation of extracellular matrix (ECM) molecules is a crucial process for bone development. Considering the 

amino acid sequences in the ECM collagens, the most abundant dipeptides generated from their catabolism contain 

proline and hydroxyproline. In humans, prolidase is the only enzyme able to hydrolyze dipeptides containing these 

residues at the C-term end, thus being a key player in collagen turnover. Mutations in the prolidase gene cause 

prolidase deficiency (PD), a rare recessive disorder. Here we demonstrate that 12 PD patients molecularly 

characterized in our lab show a bone phenotype reveling a correlation between the disease and bone health. The bone 

outcome mainly revealed dismorphism features, microcephaly, ephyphiseal lesions, short stature, teeth abnormalities 

and was independent either from the type of mutation detected or from the presence of the mutant protein. Recently, a 

mouse model for PD, the dal/dal mouse, has been identified and, as human patients, has a pleiotropic phenotype. We 

exploited the murine model to investigate the bone phenotype that arises from the lack of prolidase. First the 

bone/cartilage distribution and the bone structural and mechanical properties were investigated. No differences were 

detected in bone/cartilage content but dal/dal femurs were significantly shorter than control and pQCT and MicroCT 

analyses revealed compromised bone properties both at the cortical and at the trabecular level. Material elastic 

properties were also reduced in mutant mice suggesting the presence of more heterogeneous composition of mutant 

versus WT bone. A delay in the formation of the second ossification center was evident at P10 in dal/dal mice 

suggesting a delay in chondrocytes differentiation with a consequent delay in the substitution of the cartilaginous tissue 

with the bone tissue. Since the cartilage growth plate is the structure responsible for the longitudinal growth of long 

bones, a bone histological analyses was performed. A decrease in the hypertrophic zone height, in the number of 

hypertrophic cells columns and in the number of cells for each column were detected together with an increase of the 

apoptosis rate in the proliferative zone. These data suggested that the increased apoptosis of the proliferative cells 

could be responsible for the hypertrophic zone impairment and can explain the compromised bone properties in dal/dal 

mice. The involvement of bone in human and murine phenotypes demonstrates for the first time the crucial role of 

prolidase on the architecture and mechanical properties of bone as well as on skeletogenesis. 
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Background: Myocardin related transcription factor (MRTF-A) is a mechanosensing molecule implicated in 

differentiation of myofibroblast-like cells by multiple cell lineages. The MRTF family interacts with globular (G) actin in 

the cytoplasm. Following actin polymerization in response to Rho-GTPase signaling, MRTFs translocate into the 

nucleus to activate gene transcription of cytoskeleton proteins such as alpha-smooth muscle actin (SMA) and fibrotic 

genes such as CCN2 through an interaction with the serum response factor (SRF) on CArG box regulatory elements. 

MRTF-A transactivates collagen gene transcription through Sp1 and SRF complexes. Loss of functional MRTF-A by 

genetic deletion significantly disrupts type I collagen synthesis relative to controls which can be rescued by expression 

of MRTF-A. Methods and Results: Immunochemistry of systemic sclerosis (SSc) involved skin and healthy control 

tissue revealed enhanced nuclear localization of MRTF-A in dermal fibroblast, keratinocytes within the epidermis, as 

well as in endothelial and perivascular cells (pericytes, inflammatory cells). SSc fibroblasts showed enhanced nuclear 

localization of MRTF-A on soft matrix which increased at 8 hours following exposure to TGFβ as judged by Western 

blotting of nuclear and cytoplasmic extracts. The MRTF-A inhibitor, CCG-1423 that blocks nuclear localization of MRTF-

A, reduced collagen, SMA, and CNN2 expression in SSc and healthy control fibroblasts. MRTF-A loss-function mice 

(KO) and wild type (WT) control mice were subjected to excisional wounds and immunohistochemistry was performed 

on 5 day and 11 day wounds. MRTF-A knockout wounds failed to close normally and increased in size during days 1-7 

before decreasing by day 11. Day 11 skin wounds show reduced scar formation and abnormal vessels by histology. 

Small blood vessels within the granulation tissue were dilated, and exhibited extravasation of red blood cells. Since the 

wounds enlarged following injury, skin from MRTFA knockout and wild type mice were quasi-statically and dynamically 

stretched to establish stress-strain relationship, storage and loss moduli of the tissue. KO mice skin and lungs develop 

less stress, lower Young’s modulus, and more fluidity than normal mice suggesting less collagen or looser arrangement 

of fibrils and changes in proteoglycans. In addition, dermal fibroblasts from MRTF-A knockout mice showed reduced 

collagen gel contraction and impaired response to TGFβ. Conclusion, MRTF-A is more abundant and activated in 

nuclei in SSc tissue and cells compared to healthy controls. MRTF-A knockout mice have delayed wound healing. CCG-

1423 and/or its derivatives may be potential anti-fibrotics to benefit SSc fibrosis.  
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Introduction 

Osteoarthritis (OA) is a degenerative joint disease characterised by the progressive breakdown of articular cartilage. A 

single cell type, the chondrocyte, is responsible for the synthesis and maintenance of the articular cartilage. Due to their 

high secretory load, chondrocytes may be particularly sensitive to endoplasmic reticulum (ER) stress. There is some 

evidence that increased ER stress is a feature of OA. Here, we investigated the temporal relationship between the 

development of OA and the appearance of ER stress in mice and whether increased ER stress in articular chondrocytes 

plays a pathological role in the OA disease process. 

Methods 

OA was induced in 10-week-old male wild type (+/+) and ColIITgcog (c/c) mice by destabilisation of the medial 

meniscus (DMM) of the right knee joint. c/c mice have increased ER stress that has been induced in articular 

chondrocytes through the collagen II promoter driven-expression of ER stress-inducing Tg
cog

. The left knee joints acted 

as non-operated controls. Mice were sacrificed 2, 4 and 8 weeks after surgery. Knee joints were dissected, fixed in 4% 

PFA, decalcified, paraffin embedded and sectioned. Sections were stained with safranin O to visualise the extent of 

cartilage damage and in situ hybridisation was performed to examine gene expression. 

Results 

Increased Col2a1 and BiP expression was apparent from 2 weeks post DMM, in a focal region immediately adjacent to 

the OA lesions. DMM-operated +/+ mice exhibited progressive OA lesions between 2 and 8 weeks post DMM. c/c mice 

show significantly reduced OA severity compared with +/+ mice at 2 weeks post DMM with only a minimal loss of 

proteoglycan staining. A delay in apoptosis was also observed in DMM-operated c/c mice at 2 weeks post DMM. 

Discussion 

Here, the increased ER stress in c/c mice appears to be playing a chondroprotective role against surgically-induced OA. 

Studies investigating potential therapeutics that can modulate ER homeostasis and their ability to reduce OA severity 

are currently being investigated. 

This project is funded by ARUK (19501). 
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Background  

Formation of ascending aortic aneurysms is still not well understood, even though they result in a life-threatening 

condition that is often diagnosed too late. An accurate and early predictive biomarker for aneurysm formation has not 

yet been identified, although some molecular processes, such as disturbed TGF-β signalling, have been implicated. To 

discover novel robust targets and biomarkers, we aimed to better understand the molecular mechanisms involved in 

aneurysm initiation and progression. We performed proteomics and genomics studies on the aortas of Fibulin-4
R/R

 mice. 

In these mice, the extracellular matrix protein Fibulin-4 is 4-fold reduced, resulting in progressive ascending aneurysm 

formation and early death around 3 months of age. 

Methods & Results  

Aorta proteins or mRNAs from Fibulin-4
R/R

 animals and wildtype littermate controls were used for LC-MS/MS proteomics 

or transcriptomics analyses, respectively. Protein and gene data sets were separately analysed for genotype specific 

differences with Ingenuity Pathway analysis tools. Interestingly, the proteomics data pointed towards mitochondrial 

dysfunction in aortas from Fibulin-4
R/R

 mice. In addition, gene expression profiles revealed a large overrepresentation of 

dysregulated metabolic pathways. These results prompted us to determine mitochondrial function in vascular smooth 

muscle cells derived from the aortas of Fibulin-4
R/R

 and wildtype animals. Indeed, the Fibulin-4
R/R

 cells had a lower 

oxygen consumption rate, but quite surprisingly, an increase in acidification rate. These results again point to a 

disturbed metabolism, but now at the cellular level. Consistently, analysis of mouse blood metabolic parameters showed 

a reduction in ketone levels in Fibulin-4
R/R

 compared to wildtype controls. In addition liver fatty acids were decreased, 

and liver glycogen was increased, together indicating systemic metabolic changes. Electron Micrographic pictures of the 

aorta showed reduced mitochondrial size, and Western blots revealed an increase in mitochondrial complexes I-IV in 

Fibulin-4
R/R

 compared to wildtype aortas. To assess whether altered mitochondrial activity together with disturbed 

mitochondrial complexes affected production of reactive oxygen species (ROS) we performed in vivo chemiluminescent 

L-012 imaging, which showed increases ROS levels in aneurysmal Fibulin-4
R/R

 mice. 

Conclusion 

Our data indicate mitochondrial dysfunction and metabolic dysregulation, leading to increased ROS production as a 

novel underlying mechanism contributing to ascending aneurysm formation and indicate that metabolic systems may 

play a crucial role in this process. This discovery will not only provide new biomarkers that can be validated in human 

aortas, but they also provide the rational for new intervention methods such as alterations in diet to prevent aneurysm 

formation. 
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Background: Intervertebral disc (IVD) is often the cause of low back pain. Degeneration occurs with age and is 

accompanied by extracellular matrix (ECM) depletion, culminating in nucleus pulpous (NP) extrusion and IVD 

destruction. 

Current surgical treatments reduce pain but do not restore function and do not provide a long-term clinical solution. In 

contrast, IVD regenerative therapy holds great promise but is still at a very immature state, since none of the existing 

tissue regeneration therapies based on cell transplantation has been clinically validated. 

We propose a totally new strategy: to expand and differentiate the autologous NP cells in vivo, by ECM modulation. We 

intend to recreate a microenvironment similar to that of early developmental stages. 

Methods: We have compared the NP ECM proteomic profile of bovine IVDs from foetus, young and old animals by 

quantitative iTRAQ LC-MS/MS. Protein expression levels are being validated by Western Blot. 

Results: A few interesting candidates emerged that are expressed in different proportions in fetus, young and old 

animals. Differences observed in Fibronectin, Prolargin, Collagen type VI and Collagen type II protein expression levels 

have already been validated. 

Conclusion: Herein, we demonstrate novel and previously described differences in ECM protein expression levels that 

occur in the bovine IVD with ageing. 
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Mouse embryos deficient for bone morphogenetic protein 7 (Bmp7) develop micrognathia and cleft palate1, and a 

similar phenotype has recently been described for humans with mutations in the BMP7 gene. To explore how Bmp7 

controls secondary palate morphogenesis, we performed whole genome mRNA profiling experiments (RNAseq) with 

palatal shelves microdissected from E13.5 wildtype and Bmp7
Δ/Δ

 embryos, i.e. at the developmental stage preceding 

palatal shelf elevation. The mRNA expression levels of only about 170 genes differed significantly (p<0.05) between 

wildtype and Bmp7
Δ/Δ

 palatal shelves. Of these, about 25 genes were for extracellular matrix proteins, and with one 

exception all of them exhibited lower expression in Bmp7
Δ/Δ

 than wildtype embryos. Surprisingly, several of the 

downregulated genes encoded structural cartilage proteins: collagens II (Col2a1), IX (Col9a1/a2/a3), XI (Col11a2), 

aggrecan (Acan), and matrilin-1 (Matn1). In situ hybridization confirmed that Col2a1, Col11a2 and Col9a3 were indeed 

expressed, together with cartilage-specific transcription factor Sox9, in a specific region of the still vertical palatal 

shelves in wildtype E13.5 embryos. At exactly the same location, a signal was also detected for Runx2 and Tnn 

(tenascin-W), early markers of osteogenesis. The mRNAs for all these genes continued to be expressed in palatal 

shelves after their horizontal elevation above the tongue at E14.5, in the region where palatine bones later develop. 

Hybridization with the same set of probes was also detected in the developing maxillae. These findings are remarkable 

since palatine bones as well as maxillae develop by dermal, not endochondral, ossification. Thus, neural crest derived 

osteoprogenitor cells, which give rise to dermal bones in the developing head, transiently express genes that are 

assumed to be specific for the cartilage lineage in the literature. Not only this set of genes, but also Tnn (tenascin-W) 

mRNA was downregulated in palatal shelves from Bmp7
Δ/Δ

 embryos. By antibody staining, we found that tenascin-W 

protein was reduced and misexpressed in E13.5 palatal shelves from Bmp7
Δ/Δ

 embryos, and that purified Bmp7 added 

to cultures of E13.5 cranial mesenchymal cells induced the synthesis and secretion of tenascin-W2. Based on our 

results, we hypothesize that Bmp7 controls secondary palate morphogenesis by stimulating the synthesis of 

osteochondrogenic transcription factors and ECM proteins even before palatal shelf elevation and the onset of dermal 

ossification. 

1 Kouskoura et al. (2013) PLoS One 8: e59436 

2 d'Amaro et al. (2012) Front. Physiol. 3: 377 
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INTRODUCTION Type XIII collagen is a conserved transmembrane protein with a short cytoplasmic domain, 

transmembrane part and a relatively large extracellular ectodomain. The ectodomain can be enzymatically cleaved to 

form a soluble bioactive molecule affecting cell behaviour. Collagen XIII is generally expressed in mesenchymal tissues. 

Especially neuromuscular junctions and the periosteum show strong local collagen XIII expression. Previously 

established mouse model with transgenic overexpression of collagen XIII has a massive bone overgrowth with no 

defects in early skeletal development. The high bone mass becomes apparent at the age of 3-4 weeks and is most 

evident in long bones, but also exists in calvarial bones. 

METHODS Mouse model with transgenic overexpression of collagen XIII (Col13a1
OE

) was used in this study. Dissected 

femurs of Col13a1
OE

 mice were imaged using a micro-computed tomography scanner. Femurs were also analysed with 

X-ray photoelectron spectroscopy to explore the elemental composition of bone. Signaling pathways were studied in 

vitro by using primary osteoblasts and MC3T3-E1 cell line. 

RESULTS We have found major differences in proliferation rate, morphology and activity of primary osteoblasts derived 

from Col13a1
OE

 mice compared to controls. Collagen XIII enhances osteoblast proliferation via β1 integrins and JNK 

pathway. Additionally, Col13a1
OE

 osteoblasts produce more fibrillar collagens. However, collagen XIII does not increase 

either ALP activity or calcium deposition of osteoblasts in vitro. Furthermore, micro-computed tomography and X-ray 

photoelectron spectroscopy analyses of 25wk old Col13a1
OE

 mouse femurs reveal 10 fold increase in cortical bone 

volume whereas the calcium content of bone is decreased by 51% compared to wild type mice. Moreover, collagen 

XIII
OE

 mice develop severe osteoporosis during aging. 

CONCLUSIONS Overexpression of collagen XIII induces massive bone overgrowth and imbalanced bone turnover. 

With aging, collagen XIII
OE

 mice develop osteoporosis with reduced cortical cross-sectional thickness and decreased 

calcium content. In summary, while collagen I is the main protein component of bones, our mouse models show that 

altered collagen XIII expression has striking effects on bone. Our results indicate that collagen XIII in an important 

regulator of bone remodelling 
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Picture 1: 

 
Caption 1: µCT images of mouse femurs  
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9 Determining the role of ATF6 in the metaphyseal chondrodysplasia type Schmid disease mechanism 

M.F Forouhan, L.M Mullan, R.B.H Boot-Handford 

Manchester university, MANCHESTER, United Kingdom 

 

Mutations in the COL10A1 gene cause metaphyseal chondrodysplasia type Schmid (MCDS) by triggering ER-stress 

and unfolded protein response (UPR). Activating transcriptional factor-6 (ATF6) is one of the UPR mediators and exists 

in two isoforms (α and β). ATF6α was induced and activated in MCDS mice. Here we utilised a combination of in vitro 

and in vivo approaches to further define the role of ATF6α in the MCDS disease mechanism and gain a better insight 

into the relationship between ATF6α and ATF6β in ER-stress conditions. 

ATF6α
-/-

 mice were crossed with the MCDS mice (Col10a1p.N617K) and the effects on bone length, growth plate 

morphology, immunohistochemistry and gene expression assessed. siRNA-mediated knock-down in HeLa cells was 

used to investigate the isoform-specific contributions of ATF6α and ATF6β to ER stress induced by tunicamycin and the 

expression of mutant collagen X (pN617K) protein. 

The ablation of ATF6α in the MCDS mice caused an increased expansion of the hypertrophic zone (HZ) in the growth 

plate and significantly reduced bone growth rates compared to MCDS mice that were wild-type for ATF6α. In addition, 

BiP expression seemed suppressed in the MCDS/ATF6α
-/-

 compared to MCDS/ ATF6α
+/+

 mice. Interestingly, ATF6β 

expression appeared up-regulated in the HZ of MCDS mice compared to wild type controls irrespective of ATF6α status.  

siRNA knockdown of ATF6α and ATF6β in HeLa cells revealed that their ER stress-induced expression was 

interdependent. Cells lacking either isoform were unable to induce BiP, Xbp1, ARMET or CRELD to the same extent as 

cells expressing normal levels of both isoforms. Furthermore, ER-stress-induced CRELD expression was more severely 

affected by the knockdown of ATF6α compared to ATF6β. Subsequent immunohistochemical examination of the MCDS 

growth plate in ATF6α
-/-

 mice revealed that the CRELD up-regulation apparent in MCDS/ATF6α
+/+

 mice was completely 

prevented. 

The ATF6a signalling pathway plays a chondroprotective role in the MCDS disease mechanism, since its ablation 

caused a more severe phenotype in vivo. Furthermore, the induction of ATF6β in the MCDS HZ suggested involvement 

of both isoforms in the disease mechanism. siRNA knockdown of the two ATF6 isoforms demonstrated that their 

expression and influence over the UPR are interdependent. However, these closely related transcription factors appear 

to play distinct roles in the UPR based on differential effects on expression of ER stress-induced factors such as 

CRELD. Understanding the functional relationship between ATF6α and ATF6β will help delineate new potential 

pathways for treating ER stress-related diseases such as MCDS. 
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Background 

During inflammation, the extracellular matrix (ECM) undergoes several modifications in order to adapt the tissue 

responses to the injury, developing several diseases, e.g. vascular pathology, atherosclerosis etc. Noteworthy ECM 

modifications caused by cytokines (e.g. TNF-alfa or IL-1) and/or altered molecules such as oxidized LDL are also 

involved in the recruitment/activation of inflammatory cells. 

In the arterial vessel wall, endothelial cells regulate the vascular tone, the thrombosis/fibrinolysis balance, and the 

recruitment of inflammatory cells; most of these abilities are due to ECM forming the glycocalyx that is enriched with: i) 

hyaluronan (HA) that promote monocyte/macrophage adhesion through interactions with the hyaluronan receptor CD44 

present on inflammatory cell surfaces; ii) heparin sulfate proteoglycans (HS/HEPGs) such as syndecans. 

Methods 

Human Umbilical Vein Endothelial Cells (HUVEC) were used as a model to study the mechanism that regulates HS/HE 

glycosaminoglycans (GAGs) synthesis after treatment with the proinflammatory cytokine TNF-alfa. Polymerization 

enzymes (EXT1, EXT2, NDST1) and syndecans core protein expression were evaluated by qPCR, HS/HE 

disaccharides by means of HPLC techniques and ECM properties tested by a monocyte adhesion assay. 

Results 

The HUVECs response to TNF-alfa was modulated within the 48 hours: EXT1, EXT2, NDST1 increased their 

expression at 24 hours and EXT1 and EXT2 were back to control levels at 48. In parallel, syndecans core proteins had 

an increase in syndecans -3 and -4 expression at 24 hour that were changed by syndecans -1 and 4 at 48 hours. 

Preliminary data regarding disaccharide composition of HS/HE chains demonstrate an higher amount of N-sulfated 

modification, according to the synthetic enzymes expressions. 

The higher number of monocytes adherent to the inflammatory ECM, reported in the past in various situation, was 

mainly due to the HA accumulation, since the use of the HA synthesis inhibitor 4-methylumbelliferon, reverted the 

condition. Nevertheless, the monocyte adhesion was still significantly increased with respect to the control. The different 

behavior was an effect of the HS/HE modified composition after the inflammation, as showed by the use of HE/HS 

enzymatic digestion. 

Conclusion 

The inflammation of the endothelial cells induced dramatic changes in the ECM they produce, in particular, besides the 

HA increased production, they modified the composition and expression of the HS/HE PGs, in a specific temporal order, 

starting with GAG polymeric enzymes and syndecans-1 core protein to the syndecans-4 PG. Those events are 

therefore involved in the monocyte recruitment within the inflammatory site. 
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Background: If and how the synovial activation that is observed in over 50% of osteoarthritis (OA) patients contributes 

to irreversible joint pathology, is not known. The aim of this study was to identify pathways that may determine 

progression of cartilage damage in OA. 

Methods: From 25 patients with knee OA that entered the CHECK Cohort study (Cohort Hip and Cohort Knee) and 6 

controls, synovial biopsies were collected at baseline. CHECK is a prospective 10-year follow-up study on patients with 

early osteoarthritis-related complaints initiated by the Dutch Arthritis Association. Progression was determined based on 

change of joint space width (JSW) and osteophyte size in radiographs, as analyzed using the KIDA (Knee Image Digital 

Analysis) system. Synovial samples from baseline were studied using histology and Affymetrix U133-plus-2.0 chips, 

which were analyzed using Partek Genomics Suite software and DAVID. 

Results: Lining thickness and synovitis were enhanced in the CHECK biopsies compared to control synovium. To 

determine whether any of the regulated genes and pathways were predictive for progression of joint damage between 

baseline and t=5 yrs, we identified 13 patients that were marked progressors and 8 non-progressors, based on JSW 

and osteophyte size. At baseline, neither minimum JSW nor osteophyte size differed between the groups. 

Approximately 200 genes were expressed more than 2-fold higher in synovium of progressors, versus non-progressors. 

Macrophage markers like CD14, MHC class II genes, SRA3 and CXCR2 were positively associated with progression. 

This indicates that expression of these factors may predict, or even be involved in, progression of joint damage in OA 

patients. Using DAVID we identified inflammatory response, macrophage differentiation, blood vessel formation, 

ossification and cell migration to be enriched in patients that show progression of damage 5 yrs later. Histologically, the 

progressors showed a higher thickness of the lining layer at baseline compared to non-progressors, 2.0 vs 1.2 

respectively on an arbitrary scale from 0-3. Remarkably, also genes associated with fibrosis were differentially regulated 

between the groups. Among these genes were members from the wnt-signaling pathway: WISP1, FZD1, FZD8 and 

FZD10, whereas FRZB was downregulated. In addition to wnt signaling genes also COL5a1, TIMP1, COL1a1 and 

PLOD2 were more than 2-fold increased in the progressors vs non-progressors. 

Conclusions: The activated synovium expresses factors that may predict or even determine progression of OA 

pathology. Among these factors are genes that reflect macrophage activation and many factors that are involved in 

synovial fibrosis. 
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Introduction: Collagen IX (Col IX) is an important component of the cartilage extracellular matrix and has been 

associated with degenerative cartilage disorders and chondrodysplasias [1,2,5]. In humans, polymorphisms in Col IX 

are known risk factors for the development of early disc degeneration [3,4]. To understand the role of Col IX in this 

process the spine of newborn and older Col IX deficient mice was systematically analyzed. 

Methods: The morphology and bone parameters of the spine from newborn, 6 and 10 months old animals were 

quantified using µCT. In addition, x-ray measurements were employed for 6 months old animals. Safranin-O and 

hematoxylin/eosin staining of sections was used to evaluate the tissue structure and the degree of degeneration. The 

localization and expression of extracellular matrix proteins was analyzed in depth by immunofluorescence staining, 

immunoblotting and RT-PCR. 

Results: Vertebral bodies of newborn Col IX deficient mice were smaller and showed an increased mineral density 

compared to wildtype animals. Already at birth, the lack of Col IX led to a disrupted cellular organization in the endplate 

and a smaller nucleus pulposus. Further, expression levels of matrilin-1,-3,-4 as well as of COMP, collagen X and 

collagen XIV were significantly altered and showed a changed localization within vertebral bodies and intervertebral 

discs. In older animals, the absence of Col IX caused earlier and more pronounced disc degeneration with annular 

fissures as well as spine deformations. 

Discussion: The absence of Col IX induces early developmental and structural alterations in both vertebral bodies and 

intervertebral discs which eventually cause severe degenerative changes in the aging spine. 
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Matrix metalloproteases (MMPs) are endopeptidases that work at cell - matrix nteraction. Abnormal MMP activity is 

involved in formation of abdominal aortic aneurysms. Recent studies show that such activity of matrix 

metalloproteinases may also be associated with the formation of aneurysm of thoracic aorta . Bicuspid aortic valve 

(BAV) is associated with the inner aortic pathology, which predisposes to formation of aneurysm, but that do not occurs 

at tricuspid aortic valve (TAV). 

The aim of this work was to evaluate the contribution of disorders of extracellular matrix proteins balance and matrix 

metalloprotease activity in the development of ascending aorta aneurysm of various genesis. It was done by study the 

activity of matrix metalloproteinases and the state of some extracellular matrix proteins at thoracic aortic aneurysm in 

patients with bicuspid (BAV) and tricuspid (TAV) aortic valves. The study included 38 patients with ascending aorta 

aneurysm and 17 patients without aorta pathology. They were divided on two groups of patients with ascending aorta 

aneurysm with BAV and TAV and control group without aortic pathology. The amount and activity of MMP-2, MMP-9, 

amounts of fibrillin, elastin and collagen type I in intraoperative biopsies were evaluated by zymography and 

immunoblotting. 

Results of aorta material biopsy study showed the maximum content of collagen type I in control samples. At BAV type I 

collagen content was higher than at TAV. Elastin content was minimal in control group, in BAV group it was significantly 

lower than in TAV group. The content of fibrillin in aortic tissue was minimal at BAV, and was not statistically different 

between control group and TAV group. The fragmentation degree of the studied proteins in aortic tissue was also 

different for BAV and TAV groups. The increase of latent formMMP-9 and the latent form of MMP-2 was detected in a 

subset of patients with TAV as compared with control group. In patients with BAV the raise of latent and active forms of 

MMP- 9 was identified in comparison with control group. 

Differences in amount and activity of MMPs, as well as increased ratio of collagen/ elastin can explain the features of 

ascending aorta aneurysm formation in patients with BAV and TAV. 
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PurposeThoracic aortic aneurism (TAA) develops as a result of complex series of events that dynamically alter the 

structure and composition of aortic vascular extracellular matrix (ECM). The main cellular elements that alter the 

composition of aortic wall are smooth muscle cells (SMC). The purpose of the present work was to study alteration of 

smooth muscle cell functions derived from the patients with TAA and from healthy donors. As it is supposed that TAA 

associated with bicuspid aortic valve (BAV) and with tricuspid aortic valve (TAV) differ in their pathogenesis, we 

compared the SMC and tissue samples from BAV-, TAV-patients and healthy donors. 

MethodsWe compared TAA patients’ derived tissues and SMC to healthy donors’ ones in several parameters: SMC 

growth, migration and apoptotic dynamics; metalloproteinase MMP-2 and MMP-9 activity (zymography) and elastin, 

collagen and fibrillin content (Western blot) in both tissue samples and cultured SMC. 

Results 

Proliferation ability of both BAV and TAV SMC was decreased comparing to donor cells; migration ability in scratch tests 

was increased in TAV-derived SMC comparing to donor cells. BAV-cells migration ability was not changed comparing to 

donor-SMC. Elastin content was decreased in TAA SMC comparing to donor cells whereas the content of fibrillin and 

collagen was not altered. At the same time elastin and collagen protein level was significantly higher in tissue samples 

of TAA patients comparing to donor-derived samples. 

ConclusionsSMC proliferation and migration ability is differently affected in TAV and BAV-associated that supports the 

different nature of these two groups of TAA. Also our data show that SMC functional properties are altered in TAA 

patients. From the other hand our protein data for elastin, fibrillin and collagen levels obtained in cultured SMC and in 

tissue samples support the hypothesis that alteration of matrix in aortic wall in TAA is not the reason for TAA but rather 

accompanies it. We conclude also that not only the content of matrix proteins changes in TAA but rather the ratio 

between them. 
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Background. Hyaluronan affects the early inflammation stages of contact dermatitis (CD). The biological effects of HA 

are size-dependent which make its degradation an important parameter in the regulation of cellular functions. IL-18 

plays a proximal role in the induction of allergic contact sensitization. The aim of this study was to investigate the 

correlation of HA-metabolism with IL-18 production of keratinocytes (KC) stimulated by contact sensitizers like 2,4,6-

trinitrochlorobenzene (TNCB) and PPD. Methods. NCTC 2544 keratinocytes were utilized as a model system. IL-18 

production was measured by ELISA, whereas changes in HA metabolism were determined by Real-time PCR and 

Immunofluorescence with the utilization of HA-binding protein (HABP) and estimated as intensity of stain. Results. 

Analysis of the HA deposition in PPD (30μg/mL) and DNCB (2μg/mL) treated KC by immunocytofluorescence, with the 

utilization of the HA-binding protein (HABP) and estimated as intensity of stain, suggested that both contact sensitizers 

inhibit HA deposition by 30% (p≤ 0,05) and 45% (p≤ 0,01) respectively, as compared to control. RT-PCR demonstrated 

that PPD and DNCB increase hyaluronidase (HYAL) expression by 11% and 22% (p≤ 0,05) for HYAL1 compared to 

DMSO control, and by 26% (p≤ 0,001) and 20% (p≤ 0,05) for HYAL2. Treatment with aristolochic acid, a HYAL inhibitor, 

resulted in increased deposition of HA at the KC pericellular matrix as visualized with immunocytofluorescence (p≤ 

0,01). Increased HA deposition significantly inhibited both PPD and DNCB induced IL-18 secretion as determined by 

ELISA (p ≤ 0,01). In addition, NCTC 2544 sensitized with the abovementioned reagents in the presence of DPI, an 

antioxidant, had increased HA deposition levels and decreased IL-18 production. Conclusions. The results 

demonstrate a direct involvement of HA metabolism on the evoked by chemical allergens KC IL-18 response. 
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Background: Classic Ehlers-Danlos Syndrome (cEDS) is an autosomal dominant disorder characterized by fragile and 

hyperextensible skin, poor wound healing with atrophic scars and joint hypermobility. As a result of impaired collagen 

fibrillogenesis, the dermis of classic EDS patients shows a decrease in fibril density and the presence of large irregular 

collagen fibrils (called collagen ‘cauliflowers’). Mutations in COL5A1 or COL5A2, encoding respectively the collagen V 

α1 and α2 chains are responsible for up to 90% of classic EDS. Those mutations can occur in different domains of 

collagen V including the N-propeptide. This region plays a key role in fibril nucleation and growth. Nonetheless, the 

relationship between location and type of mutations and disease phenotype is not clearly established. Our objective is to 

analyse the impact of mutations in this particular domain on the function/behaviour of dermal fibroblasts derived from 

EDS skin biopsies and on collagen V biology and assembly. 

Methods: Different approaches are developed: (a) the production of recombinant domains of the N-propeptide 

harbouring EDS single point mutations or deletions to study possible alteration of collagen V biosynthesis (b) an in 

cellulo strategy to study the possible alteration of BMP-1 cleavage, a key event involved in collagen V maturation (c) an 

ultrastructural and biochemical analysis of cultured dermal fibroblasts to reveal defects in matrix production and cell 

integrity (d) time-lapse experiments to analyse the migration capability of dermal fibroblasts and possible rescue of the 

migratory behaviour. 

Results: We show that BMP-1 cleavage and binding partner were differently affected depending on mutation sites. 

Transmission electron microscopy reveals that cultured patient fibroblasts contain dilated ER cisternae and abundant 

autophagic vesicles and, that contrary to healthy fibroblasts, a poor and disorganized or no extracellular matrix is 

observed depending on the type of mutations. Migration of EDS dermal fibroblasts is generally impaired and this defect 

can be partially rescued by addition of wild type collagen V. 

Conclusion: We conclude that different mutations in the collagen V α1 N-propeptide lead to similar defects in cell 

integrity and matrix production but with different degrees of severity. 
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17 Discovery of novel Mkl1 target genes important for cancer progression and metastasis: A focus on Wnt-

1 inducible signaling pathway protein 1 (Wisp1/CCN4) 

I.G. Gurbuz, M.B.A Asparuhova, J.F. Ferralli, T.R. Roloff, J.K. Keusch, R.C.E. Chiquet-Ehrismann 

Friedrich Miescher Institute for Biomedical Research, BASEL, Switzerland 

 

Previous studies have shown that the transcriptional regulator megakaryoblastic leukemia-1 (Mkl1) induces tenascin-C 

expression in both normal and transformed mammary epithelial cells. Tenascin-C is known to be expressed in 

metastatic niches, is highly induced in cancer stroma and promotes metastasis to the lung. By transcript profiling 

analyses, we identified a group of genes co-regulated with tenascin-C in HC11 mouse mammary epithelial cells. This 

newly discovered gene set of SAP domain-dependent, serum response factor-independent Mkl1 target genes is 

strongly implicated in cell proliferation, cell motility and cancer. We found that expression of this gene set is associated 

with high-proliferative poor-outcome classes in human breast cancer and with a strongly reduced survival rate for breast 

cancer patients independent of tumor grade (Gurbuz et al., Mol.Cancer 2014). 

Among these SAP-domain dependent genes, Wnt1 inducible signaling pathway protein 1 (Wisp1/CCN4) is a secreted, 

matricellular protein assigned to the CCN protein family. According to the literature, Wisp1 is known to induce 

proliferation of bone marrow stromal cells and rat kidney fibroblasts, as well as epithelial-to-mesenchymal transition. Its 

expression is associated with wound healing, tissue remodeling, fibrosis and cancer. Expression of Wnt-1 in transgenic 

mice causes mammary tumor formation. In these mammary tumors, strong Wisp1 expression was observed in 

fibroblasts within the tumor stroma, whereas in cancer cells low levels or negative staining was observed. This suggests 

that the paracrine secretion of Wisp1 by stromal cells may have a positive effect on tumorigenesis (Pennica et al., PNAS 

1998). 

Relatively little is known about the mechanistic details of Wisp1 function. In the present project we focus on the 

biochemical and cell biological characterization of the protein, as well as its role in cancer progression. We found that 

endogenous Wisp1 expression is correlated with the increasing metastatic potential of isogenic mouse breast cancer 

cell lines: 67NR, 168FARN, 4TO7, and 4T1. Presently we investigate the effect of Wisp1 on epithelial cell proliferation 

and migration in vitro, and on primary tumor growth and lung metastasis in a mouse model of mammary cancer in vivo. 

For this purpose we generate stable, Wisp1 expressing mouse breast cancer cells, BalbC3T3 fibroblasts, and produce 

recombinant Wisp1 protein by mammalian cells. Since the predominant cell type expressing Wisp1 are the stromal 

fibroblasts in breast tumors of Wnt-1 transgenic mice, it will be of interest to use fibroblasts together with parental mouse 

breast cancer cells, and to study the effect of paracrine Wisp1 signaling. 
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Background: The goal of this project is to determine the potential age-related effect of life-long excessive glucose 

consumption on the musculoskeletal system. It is well established that glucose is a major factor in the progression of the 

ageing process in the vascular system. The formation of advanced glycation end products and reactive oxygen species 

as a result of an increased blood-glucose concentration are known to lead to cardiovascular complications in type 2 

diabetes. Previous evidence suggests that connective tissue stiffening and matrix metabolic dysregulation could be key 

drivers in the joint-ageing pathology. 

Method: Initially, this study assessed the impact of transient increases in glucose concentration on the gene expression 

profiles of human musculoskeletal cells, specifically fibroblast-like (type B) synoviocytes (n = 3) and chondrocytes (n = 

3). Following treatment of monolayer cells with high glucose (30mM D-Glucose, 48h) and a normoglycaemic control 

(5mM D-Glucose), RNA was isolated and purified using a standard protocol. Microarray was carried out using Affymetrix 

GeneChip Human Gene 1.0 ST arrays, from which the intensity values were then log-normalised prior to downstream 

investigation. Initial qPCR validation post-microarray study was carried out using three treatments (5mM, 11mM and 

30mM) spanning four time-points (1h, 6h, 16h and 24h). 

Results: Gene ontology analysis of the array data indicated the most affected process was the cell-cycle, with a 

significant positive enrichment of gene-sets associated with cell proliferation in both cell-types (GSEA, Broad Institute, 

p<0.01). Focussing on the ATM DNA-damage response pathway, we noted an up-regulation of genes associated with 

the BRCA1-mediated DNA-repair response in both cell types, which would typically be responsible for cell-cycle arrest. 

Further investigation, using qPCR, has highlighted early alterations in expression of genes associated with DNA 

damage response and cell cycle checkpoint regulation (1h, 11mM & 30mM relative to 5mM control), which return to that 

of control in longer treatment (48h). Interestingly, 11mM and 30mM treatments showed an opposite effect on the 

expression of DNA damage marker, ATR, in synoviocytes (1h, p<0.05). 

Conclusions: Initial results suggested a glucose-mediated effect on cell proliferation and DNA damage regulation in 

chondrocytes and synoviocytes. Further investigation into these effects, however, suggests acute glucose sensitivity 

with relatively short-lived duration. Experimental validation is required to assess DNA damage and proliferative 

responses to glucose in these musculoskeletal cells. Alterations to cellular proliferation/senescence and DNA or 

chromatin structure in response to glucose could have important implications for tissue maintenance and repair 

responses during ageing. 
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Pseudoxanthoma elasticum (PXE) is characterized by skin, ocular and cardiovascular manifestations, due to 

calcification and fragmentation of elastic fibres. Caused by mutations in the ABCC6 gene, the mechanisms underlying 

this disease remain unknown. The knowledge on the molecular background of soft tissue mineralization largely comes 

from insights in vascular calcification, with involvement of the osteo-inductive Transforming Growth Factor beta (TGFβ) 

family (TGFβ1-3 and Bone Morphogenetic Proteins [BMP]), together with ectonucleotides (ENPP1), Wnt signalling and 

a variety of local and systemic calcification inhibitors. In this study, we have investigated the relevance of these 

signalling pathways as well as apoptosis and ER stress using immunohistochemistry and mRNA expression profiling in 

dermal tissues and fibroblasts of PXE patients, and the eyes and whiskers of the PXE knock-out mouse. Apoptosis was 

evaluated by TUNEL staining. We demonstrate upregulation of the BMP2-SMADs-RUNX2 and TGFβ-2-SMAD2/3 

pathway, co-localizing with the mineralization sites, and the involvement of MSX2-canonical Wnt signalling. Further, 

involvement of apoptosis is shown with activation of Caspases and BCL-2. In contrast to vascular calcification, neither 

the other BMPs and TGFβs nor endoplasmic reticulum stress pathways were perturbed in PXE. Our study shows that 

we cannot extrapolate knowledge on cell signalling in vascular calcification to a multisystemic mineralization disease as 

PXE. Contrary, we demonstrate a specific set of perturbed signalling pathways in PXE patients and the mouse model, 

and propose a preliminary cell model of ECM calcification in PXE. 

 

 

20 Growth plate proteoglycan undersulfation alters cell cycle signalling causing deregulated chondrocyte 

growth in the diastrophic dysplasia mouse 

A.R. Rossi, L.M. Monti, S.L. Lecci, C.P. Paganini, R.T. Tenni, A.F. Forlino 
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Functional impairment of intracellular sulfate transport caused by mutations in the SCL26A2 gene leads to cartilage 

proteoglycan undersulfation resulting in different forms of chondrodysplasia in humans; the phenotype is mirrored in the 

diastrophic dysplasia (dtd) mouse. Sulfated proteoglycans, besides playing an important structural role in cartilage, are 

crucial in modulating the transport, diffusion and interactions of growth factors with their specific targets, taking part in 

the regulation of signalling pathways involved in skeletal development and growth. In this work we investigated 

macromolecular sulfation in the different zones of the growth plate and these data were related to growth plate 

histomorphometry and chondrocyte proliferation. 

Proteoglycan sulfation was measured by HPLC disaccharide analysis on the microdissected growth plate of P21 mice. 

A 2-fold increase of non-sulfated disaccharide in dtd animals compared to wild-type littermates in the resting, 

proliferative and hypertrophic zone was detected indicating proteoglycan undersulfation. The relative height of the 

hypertrophic zone and the average number of cells per column in the proliferative and hypertrophic zone were 

significantly reduced compared to wild-types; however the total height of the growth plate was within normal values. The 

chondrocyte proliferation rate, measured by bromodeoxyuridine labelling, was significantly reduced in mutant mice at 

P21. The molecular basis of reduced chondrocyte proliferation in the growth plate of the dtd mouse was studied by real 

time PCR and western blots of the microdissected growth plate. We detected activation of the Wnt pathway, leading to 

an increase in the non-phosphorylated form of nuclear β-catenin and subsequent up-regulation of cyclin D1 expression 

in the G1 phase of the cell cycle. β-catenin was further stabilized by up-regulation of Smad3 expression through TGF-β 

pathway synergistic activation. Notwithstanding cyclin D1 expression increase, cell cycle progression was compromised 

in the G1 phase due to reduced phosphorylation of the pocket protein p130 leading to inhibition of transcription factors 

of the E2F family which are crucial for cell cycle progression and DNA replication. 

These data explain at least in part the molecular basis of reduced chondrocyte proliferation in the dtd growth plate 

leading to reduced skeletal growth. 

Work supported by the European Community (FP7, Sybil project, grant n. 602300). 
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21 Caspase-1 inhibitor attenuates high fat diet-induced steatohepatitis (NASH) and fibrosis in 

LDLR-/-.Leiden mice 
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Objective: Non-alcoholic steatohepatitis (NASH) is a liver disease characterized by hepatic fat accumulation, 

inflammation and pericellular fibrosis and develops as a complication of the metabolic syndrome. Recently, the 

inflammasome was proposed to be involved in the development of NASH. Here we investigate whether a chemical 

inhibitor of caspase-1 in already manifest metabolic syndrome would prevent the development to NASH in a novel 

mouse model for NASH. 

Methods: Male LDLR-/-.Leiden mice were fed a high fat (HFD) or a low fat diet (LFD) for 21 weeks. In a third group, 

intervention with caspase-1 inhibitor Ac-YVAD-CMK (40 mg/kg daily) was started after 9 weeks of HFD (manifest 

metabolic syndrome) and continued until 21 weeks. 

Results: HFD treated mice had already developed obesity and insulin resistance after 9 weeks of HFD feeding. In 

animals receiving HFD only, severe NASH development, including fibrosis development was observed. Intervention with 

caspase-1 inhibitor attenuated a further development of insulin resistance, and reduced body weight gain as well as 

adipose tissue inflammation compared to HFD. Histopathological analysis of the livers clearly demonstrated prevention 

of NASH development with caspase-1 inhibitor: livers were less steatotic and neutrophil infiltration was diminished. 

Additionally, fibrosis was quantified by sirius red staining and gene expression of acta2 and col1a1 as observed in HFD 

treated mice, was strongly reduced. 

Conclusion: Intervention with a caspase-1 inhibitor in already established disease improved hallmarks of the metabolic 

syndrome and prevented the development of NASH and hepatic fibrosis. Our data further support the importance of 

caspase-1/inflammasome in the development of NASH and demonstrate that therapeutic intervention in the already 

ongoing disease process is feasible 

 

 

22 YAP1 as regulator of myofibroblast differentiation in human dermal fibroblasts 
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Background: Myofibroblasts are the key contributors to scar formation and organ fibrosis. Next to biochemical signals, 

they can react to physical and mechanical cues, for instance extracellular matrix (ECM) stiffening. Recently, Yes-

associated protein-1 (YAP1) has been implicated as mechanotransducer in several cell types. However, it is unknown 

whether YAP1 is involved in fibrotic processes, such as myofibroblast differentiation (MFD). 

The aim of this study was to investigate whether YAP1 plays a role in transforming growth factor-β1 (TGF-β1) induced 

myofibroblast differentiation (MFD) of human dermal fibroblasts (HDF). 

Methods/Results: TGF-β1 stimulated cells showed an upregulation of several myofibroblast markers, namely COL1a1, 

ACTA2, and FN1, and a modest decrease in YAP1 expression. Furthermore, stimulated cells exhibited YAP1 

translocation from the cytoplasm to the nucleus, an indication of increased YAP1 activity. siRNA mediated knock-down 

of YAP1 (efficiency >90%) resulted in a marked decrease of ACTA2, and SMAD3 but an increase in COL1a1, and 

CCN4 expression levels. Western blot analysis confirmed strong reduction in α-smooth muscle actin protein levels in the 

absence of YAP1. In contrast, we observed no differences in total actin levels, as seen by phalloidin staining. On a 

functional level, stimulated cells subjected to siRNA mediated knock down of YAP1 were unable to apply contractile 

force in a collagen hydrogel. 

Conclusions: Taken together, these results suggest that YAP1 is necessary for proper assembly of stress fibers, and 

full MFD of HDF. Whether the functions of YAP1 in MFD are a direct or indirect effect of TGF-β1 signaling has yet to be 

established. 
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23 The role of Fibulin-4 in age related arterial wall changes 
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Cardiovascular diseases, amongst which aneurysms, are a major health issue, especially with the increasing age of the 

population. Aneurysms can be caused by genetic factors, but also extrinsic factors like smoking, high blood pressure 

and age play major roles. Although it is known that the TGFβ signalling pathway, the RAS system and factors 

contributing to cellular matrix structure and remodelling are involved, the underlying molecular mechanism in aneurysm 

formation and progression is largely unknown. 

Fibulin-4 is an extracellular matrix protein involved in stabilisation of extracellular matrix structures such as elastic fibres 

and basement membranes. A complete lack of fibulin-4 results in severe vascular defects and premature death. Fibulin-

4
R/R

 animals however, which instead have a 4-fold reduction of Fibulin-4, present with aneurysm formation, arterial 

tortuosity, lung emphysema, decreased heart function and a decreased lifespan of 3-4 months (compared to 2-3 years 

for WT animals). Fibulin-4 
+/R

 mice, which have a two-fold reduction of Fibulin-4, show signs of increased arterial 

stiffness, endothelial dysfunction and arterial wall changes already at an age of 3 months. These findings together 

suggest that a milder 2-fold reduction of Fibulin-4 can lead to increased arterial wall deterioration with age. To test this 

hypothesis, we examined age-related wall changes, including general aortic pathology, immunohistochemistry, 

ultrasound imaging of aortic diameter and heart cardiac output in an aging cohort of Fibulin-4
+/R

,ranging from 3 to 24 

months of age. Strikingly, we observed a decreased survival of Fibulin-4
+/R

 animals compared to WT littermates (28 %) 

Moreover, we observed an increase in vascular wall degeneration Fibulin-4
+/R

 animals already at an age of 3 months, 

which increased with increasing age. Moreover, at the age >12 months 4out of 4 Fibulin-4
+/R

 animals showed aortic 

dilatations, both thoracic as well as abdominal, compared to none of the WT animals. In addition, 6 out of 8 Fibulin-4
+/R

 

animals showed an increased MMP signal compared to WT animals at the age of12months, indicating matrix 

remodelling. Together our data show that a mild defect in the extracellular matrix protein Fibulin-4 has huge 

consequences for age-related vascular degeneration with age. 

 

 

24 Required and undesired activities of COMP in skin 

J.N. Schulz
1
, A Niehoff

1
, W Bloch

2
, S Hayashi

1
, J Brinckmann

3
, K Blumbach

1
, M Koch

1
, B Eckes

1
, T Krieg

1
 

1
University of Cologne, COLOGNE, Germany 

2
German Sport University, COLOGNE, Germany 

3
University of Lübeck, LÜBECK, Germany 

 

The biological and mechanical properties of an extracellular matrix strongly depend on its composition. Cartilage 

Oligomeric Matrix Protein (COMP) is a non-collagenous protein associated with major collagen fibrils and until recently 

thought to be exclusively deposited in cartilage. We previously showed that COMP is present at the dermal-epidermal 

junction in skin, is a constituent of anchoring plaques and interacts with FACIT collagens XII and XIV. Further we 

demonstrated upregulation of COMP in a number of fibrotic conditions. 

To better understand the function of COMP in healthy and fibrotic skin, we subjected mouse models with either forced 

COMP expression or with a global ablation of COMP to in vivo and in vitro functional tests. 

Absence of COMP (mice kindly provided by A. Oldberg, Lund) resulted in abnormally tightly packed dermal collagen 

coincident with elevated skin elasticity. Electron microscopy analysis revealed grossly dilated ER cisternae in fibroblasts 

in vivo caused by retention of proteins including collagen XII, a feature also conserved in isolated COMP-null fibroblasts. 

To dissect the importance of COMP for the development of fibrosis we subjected COMP-null animals to an experimental 

model of skin fibrosis, where they showed an attenuated fibrotic response, demonstrating the involvement of COMP 

during the fibrotic reaction. 

In accordance, COMP overexpressing mice spontaneously developed characteristic features of fibrosis including dermal 

thickening and altered tensile properties of the skin. Ultrastructural analysis revealed alterations of the dermal collagen 

matrix reminiscent of those observed in fibrotic skin lesions in wildtype mice. 

In accordance with these findings we hypothesize that basal levels of COMP are essential to ensure correct assembly 

and supramolecular organization of the dermal collagen network. Altered COMP levels - too little or excess - result in 

structural changes and functional impairment. We want to test the hypothesis whether COMP might fulfil its function by 

assisting the assembly of collagen I/XII-fibrils in the ER and facilitating their secretion. 
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Transmembrane collagen types XIII/XXIII/XV share structural similarity in vertebrates, being composed of three 

collagenous domains (COL1-COL3) flanked and interrupted at the two positions by non-collagenous sequences (NC1-

NC4). Recent studies using genetically engineered mouse models suggested important functions of collagen XIII in 

neuromuscular junction (NMJ) maturation and XXV in NMJ development and motoneuron survival. These new data 

together with the available cDNA and genomic sequences from diverse bilaterian organisms stimulate our investigation 

in the evolution of the transmembrane collagens and the functions of these proteins in lower species. 

We firstly analyzed the available sequences using the Tree Families Databases and refined the similarity data by 

different settings, e.g. using partial sequence overlapping analysis. We found that the collagens XIII, XXIII, and XXV are 

highly conserved in mammals. Collagens XXIII and XXV share the similarity in Ciona, and they both together with 

collagen XIII have a common homologue in Drosophila (CG42342) and C. elegans (col-99). 

C. elegans has been a useful model organism for functional analysis using genetic studies. We then used a genome-

scale resource TransgeneOme (http:\\transgeneome.mpi-cbg.de) to study the in vivo dynamics of the protein COL-99. 

The transgene fosmids encoding col-99 tagged with GFP and FLAG were transformed to an unc-119 mutant strain by 

using microparticle bombardment. The inserted unc-119 gene in the fosmid backbone was used for transgenic strain 

selection. The expression of GFP- and Flag- double tagged proteins in C. elegans is under endogenous cis regulatory 

control. The protein COL-99 in the worm lysates was detected by both the anti-FLAG and anti-GFP antibodies in 

western blotting with a molecular mass of ~100 kD representing the full length of the fusion protein COL-99. A shorter 

form with a MW of 70 kD was also detected, suggesting the shed ectodomain. The protein expression and localization 

was analyzed by in vivo fluorescence imaging and immunofluorescence staining using the anti-FLAG antibody together 

with other antibodies or reagents for detecting the markers of muscle, neurofilament, or NMJ. The COL-99 was clearly 

co-localized with the NMJ marker bungarotoxin. Some other expression sites are being verified with other molecular 

markers. 

With the novel large scale genomic and proteomic tools, we are aiming at identifying the genetic interactors and 

functional protein ligands and consequently understanding the molecular mechanisms and human diseases related to 

the transmembrane collagens XIII/XXIII/XXV. 
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Background: Osteoarthritis (OA) is a prevalent, complex, disabling disease affecting the articular joint tissues with a 

considerable genetic component of a polygenic nature. Previously, we identified DIO2 as consistent OA susceptibility 

gene and DIO2 expression was found to be increased in osteoarthritic cartilage. Given the function of DIO2 during 

endochondral ossification such up-regulation should be considered detrimental. Here, it was investigated whether 

altered epigenetic control could be underlying the aberrant, up-regulated, DIO2 expression in interaction with the DIO2 

rs225014 risk allele. In addition, we studied the early effects of aberrant DIO2 function on innate quality of joint tissues 

laid down during skeletal developmental processes by means of an in vitro chondrogenesis model and we explored 

whether counteracting the deleterious effect of DIO2 could contribute to novel therapeutic approaches. 

Methods: Methylation of positional CpG-dinucleotides and the respective DIO2 expression was assessed in OA 

affected and macroscopically preserved articular cartilage from end stage OA patients undergoing total joint 

replacement surgery. In a human in vitro chondrogenesis model using bone marrow-derived mesenchymal stem cells 

(BM-MSCs), effects of enhanced or decreased thyroid signalling during chondrogenesis (respectively by addition of 

excess T3 or lentiviral-induced DIO2 over-expression or by addition of Iopanoic Acid) were determined by measuring 

gene expression and by immunohistochemical staining. 

Results: OA-related changes in methylation at a specific CpG dinucleotide upstream of DIO2 was positively correlated 

with significant up-regulation of its expression (Beta=4.96; P=0.0016). This effect was enhanced and appeared driven 

specifically in carriers of the DIO2 rs225014 risk-allele (Beta=5.58, P=0.0006). During in vitro chondrogenesis DIO2 

overexpression resulted in a significant reduced capacity of chondrocytes to deposit ECM components (COL2, ACAN), 

concurrent with significant induction of ECM degrading enzymes (ADAMTS5, MMP13) and markers of mineralization 

(ALPL). Given their concurrent and significant up-regulation, this process is likely mediated via HIF-2α/RUNX2 

signalling. In contrast, we showed that inhibiting deiodinases during in vitro chondrogenesis contributed to prolonged 

cartilage homeostasis as reflected by signficant increased deposition of ECM components and attenuated up-regulation 

of matrix degrading enzymes. 

Conclusions: Our findings show how genetic variation at DIO2 could confer risk to OA via altered epigenetic profiles. In 

addition, our results raised the possibility that counteracting thyroid signalling by inhibition of deiodinases could 

contribute to prolonged cartilage matrix homeostasis and could provide the needed novel therapeutic approaches of OA. 
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Introduction 

Extracellular vesicles (EVs) found in the synovial fluid can possibly play an important role in the communication between 

chondrocytes and cells of the surrounding articular tissues. In this way EVs might indirectly facilitate cartilage matrix 

breakdown, remodeling and repair during health and disease. Gaining insight into this form of intercellular 

communication may be of great benefit for the progress of cartilage regenerative medicine and treatment of joint 

disease. 

The aim of this study is to verify the presence of EVs in equine synovial fluid and analyze their potential role in 

communication between articular cells in an in vitro model. Current experiments examine binding and internalization of 

EVs by chondrocytes and synoviocytes in vitro. 

Methods 

EVs were isolated from equine synovial fluid of healthy horses, labeled with PKH67 and separated according to buoyant 

density by iodixanol gradient ultracentrifugation. PKH67 labeled EVs were analyzed by high resolution flow cytometry 

(BD Influx). The EV containing gradient fractions were added to a monolayer culture of C20A4 chondrocytes or HFLS-

408-05a fibroblast-like synoviocytes. After 2 or 5 hrs incubation, the cells were processed for regular flow cytometry to 

measure binding/uptake of EVs by cells. In addition, intracellular localization of the PKH67 signal was visualized by 

confocal microscopy. The lipid dye LD-540 was used to stain lipid droplets. 

Results 

EVs could be successfully isolated from synovial fluid and subsequently labeled with PKH67. High resolution flow 

cytometry data verified the presence of EVs in iodixanol gradient fractions with densities ranging from 1.04 to 1.18 g/ml. 

Interaction of labeled EVs with both chondrocytes and synoviocytes, as measured by regular flow cytometry, was most 

pronounced after 5 hrs (Fig. 1). Confocal microscopy showed high amounts of internalized EV-derived PKH67 

(compared to the PKH67 control condition without EVs). Interestingly, diffuse staining surrounding the nucleus and 

specific co-localization with lipid droplets was seen in both cell lines. 

Conclusion 

The results of the present study indicate that synovial fluid derived EVs can bind to and be internalized by articular joint 

cells. Co-localization of the PKH67 dye (derived from labeled EVs) with lipid droplets suggests intracellular trafficking of 

EVs into specific cell compartments. Live imaging will be performed to study this process in more detail. Furthermore, 

activation of downstream pathways in these cells will be studied in order to predict the specific role of EVs for cartilage 

matrix biology. 

  

This work was supported by the Netherlands Institute for Regenerative Medicine (NIRM). 

  

  

 



71 

 

Picture 1: 

  

 

 



72 

 

28 Endostatin, a molecular connection between angiogenesis and Alzheimer's disease 

R. Salza
1
, JB OUDART

2
, L. RAMONT

2
, F.X. MAQUART

2
, S. BAKCHINE

3
, H. THOANNES

3
, S. RICARD-BLUM

1
 

1
University Lyon 1, LYON, France 

2
UMR 7369 CNRS Université Reims, REIMS, France 

3
CHU Reims, REIMS, France 

 

Background Angiogenesis is present in brain regions affected by Alzheimer’s disease (AD) and amyloidogenesis 

promotes extensive angiogenesis. Modulation of neoangiogenesis may repair brain damage in AD and is thus a 

potential therapeutic target (Biron et al., 2013 Sci Rep 3:1354). Endostatin is an anti-angiogenic matricryptin cleaved 

from the C-terminus of collagen XVIII that is localized in vascular basement membrane zones in various organs. 

Endostatin is also able to form amyloid fibrils in vitro and accumulates in amyloid plaques in patients with AD (Deininger 

et al. J. Neurosci. 2002: 22:10621-6). This work aims at building the 3D interaction network of endostatin to get new 

insights on the molecular mechanisms connecting angiogenesis and AD and to identify new therapeutic targets to 

modulate angiogenesis in AD. 

Methods Interactions of endostatin with extracellular proteins and proteoglycans expressed in blood vessels and brain 

were identified by surface plasmon resonance imaging (SPRi) using the arrays developed in the laboratory, which allow 

the screening of one hundred interactions simultaneously (Faye et al. J. Biol. Chem. 2009 284:22041-7). Kinetics and 

affinity of interactions were calculated by classical SPR. The interaction network of endostatin and its partners was built 

with Cytoscape 3.0 and analyzed with its plugins (Saito et al., Nat Methods. 2012 9:1069-76) and DAVID (Database for 

Annotation, Visualization and Integrated Discovery) bioinformatics resource. Endostatin level was measured by 

immunoassay (R&D System) in cerebrospinal fluid samples of 140 patients with AD and of control subjects. 

Results We have identified new partners of endostatin in the extracellular matrix and at the cell surface and built the 

network comprising the interactions of endostatin with its partners (around forty) and the interactions established 

between its partners. Several endostatin partners (e.g. collagens IV and VI, heparin/heparan sulfate, and 

transglutaminase-2) are involved both in angiogenesis and amyloidogenesis/AD. We have also shown, by 

immunoassay and Western blotting, that endostatin is released in the cerebrospinal fluid. The endostatin/beta-amyloid 

peptide ratio was significantly increased in patients with AD compared to control subjects whereas the endostatin/tau 

protein ratio was significantly decreased. 

Conclusion Endostatin and several of its partners regulate both angiogenesis and amyloidogenesis/AD and endostatin 

is a potential cerebrospinal fluid marker of AD. Further parameters (affinity and kinetics of interactions, lifetime of 

complexes, 3D structure of proteins, binding sites and protein concentrations) will be integrated in the endostatin 

network to identify key complexes connecting angiogenesis and AD, which are potential therapeutic targets. 
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29 Extracellular regulation of BMP signaling by fibrillin microfibrils 

GS Sengle, AW Wohl, AZ Zuk 

University of Cologne, Medical Faculty, COLOGNE, Germany 

 

Introduction: Our previous studies have helped to establish the novel concept that fibrillin containing microfibrils serve as 

important spatio-temporal extracellular scaffolds actively targeting and sequestering growth factors of the TGFβ 

superfamily. We could demonstrate that bone morphogenetic proteins (BMPs) form growth factor complexes with their 

processed prodomains which then target BMPs as prodomain/ growth factor complexes to fibrillin microfibrils. However, 

the biological function of these interactions is unknown. Our goal is to test whether interaction with fibrillin confers 

latency to BMP growth factors and is required in vivo for appropriate regulation of BMP signaling. These experiments 

are crucial for understanding the pathomechanisms of the fibrillinopathies. 

  

Methods: Both in vitro and in vivo approaches were used. The molecular requirements for the BMP prodomain-fibrillin 

interaction were biochemically explored. Fibrillin mutant mice (GT-8) carrying a dominant negative fibrillin-1 truncation 

mutation were analyzed. 

  

Results and conclusions: Biochemical data indicated that fibrillin-1 can confer latency to the BMP-7 prodomain/ growth 

factor complex. In vivo analyses showed that C-terminal truncation of fibrillin-1 in mice leads to increased fragmentation 

of elastic fibers in skin and aorta in postnatal life accompanied with increased with BMP signaling in these tissues. 

Together, these data show for the first time that fibrillin is required to limit BMP activity. We hypothesize that this control 

over BMP activity is exerted through proper targeting of BMP complexes and also through sequestration of BMP activity 

by fibrillin. BMP signaling may be activated by proteases as cells respond to their mutant microfibril matrix environment. 

 

 

30 TGFβ1-induced myofibroblast differentiation depends on active DNA demethylation by TET2 

R.A.F. Gjaltema, P.G. Jellema, S Van der Velde-de Rond, M.G. Rots, R.A. Bank 

University Medical Center Groningen, GRONINGEN, Nederland 

 

Myofibroblast differentiation (MFD) is a process initiated by large changes in gene expression, generally thought to be 

mediated by epigenetic modifications such as DNA methylation. Additionally to de novo DNA methylation and passive 

DNA demethylation of regulatory genes, we hypothesized that active DNA demethylation by TET proteins is crucial in 

the MFD process as well. Active DNA demethylation is initiated by oxidation of methylated DNA (5mC) to 

hydroxymethylated DNA (5hmC) by TET methylcytosine dioxygenases, followed by conversion of 5hmC to 

unmethylated cytosine. Currently, there has been no report on the role of active DNA demethylation in MFD. Our aim 

was to identify whether active DNA demethylation by TET proteins plays a role in MFD of primary human dermal 

fibroblasts that are treated with TGFβ1. And more specifically, which factors are involved and the genes they regulate. 

Dotblot staining on gDNA from cells stimulated with TGFβ1 revealed a global reduction of 5mC from as early as 6h. This 

suggested us to be active DNA methylation, mediated by TET enzymes. From all three TET family members, only RNAi 

knockdown (KD) of TET2 greatly reduced genome-wide 5hmC levels. qRT-PCR analysis, Western blot or 

immunocytochemistry on TET2 KD cells treated with TGFβ1 revealed a significantly reduced expression of the 

myofibroblast markers transgelin and αSMA compared to control condition. Also, expression of collagens, procollagen 

prolyl hydroxylase P4HA1 and fibronectin were significantly reduced. Indeed, amongst other targets, binding of TET2 at 

the αSMA promoter was increased from as early as 6h. We are currently analyzing the genome-wide distribution of 

5hmC, 5mC and TET2 by ChIP-seq to identify novel target genes that play a role in MFD. KD of O-linked N-

Acetylglucosamine transferase, a known binding partner of TET proteins that as a complex can affect gene expression 

by increasing histone 3 lysine 4 trimethylation, did not abolish the expression of several myofibroblast markers. The 

latter indicates that the effects of TET2 on gene expression are indeed directly mediated by 5hmC generation. 

To conclude, our results reveal TET2 is crucial to direct MFD induced by TGFβ1, through oxidizing 5mC to 

demethylated CpG via 5hmC of its target genes.  
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31 Wnt-inducible signaling pathway protein 1 (WISP1) in normal and Dupuytren's disease fibroblasts 

M.M. van Beuge, E.P.M. ten Dam, P.M.N. Werker, R.A. Bank 

University Medical Center Groningen, GRONINGEN, Nederland 

 

WISP1 (Wnt-inducible signaling pathway protein 1) is a member of the CCN-family of matricellular proteins, and has 

been associated with fibrotic diseases and proliferation of fibroblasts. Its expression is regulated by activation of the 

Wnt-pathway, and by other pro-fibrotic cytokines. 

We found that expression of WISP1 was upregulated on mRNA and protein level in affected tissues of patients with 

Dupuytren’s disease, a fibroproliferative disease of the palmar fascia. The staining of WISP1 protein in tissue co-

localized with β-catenin and α-smooth muscle actin (α-SMA), suggesting that WISP1 expression is particularly 

upregulated in activated myofibroblasts. 

We examined the mRNA expression of WISP1 in vitro in human dermal fibroblasts, and found it to be increased when 

exposed to transforming growth factor-β1 (TGF-β1) and to a smaller extent by Wnt4. This increase in expression was 

blocked by inhibition of TGF-receptor ALK5 or by inhibiting β-catenin binding to TCF/LEF transcription factors. In 

contrast, both WISP1 basal expression and the induced expression by TGF-β1 and Wnt4 were increased by inhibition of 

GSK3β, which phosphorylates β-catenin in the cytoplasm, targeting it for degradation. 

SiRNA-mediated knockdown of WISP1 in human dermal fibroblasts significantly increased α-SMA expression, without 

influencing Wnt signaling, measured as mRNA expression of various WNTs, Wnt-target AXIN2 or β-catenin. In 

fibroblasts isolated from Dupuytren’s tissues, treatment with WISP1 siRNA resulted in a non-significant increase in α-

SMA mRNA expression, while COL3A1 was significantly upregulated. No changes were observed in canonical Wnt 

signaling targets, although a slight increase in WNT4 and WNT5A was present. 

In conclusion, we found that WISP1 is upregulated in fibrotic human tissue of Dupuytren’s disease patients and in TGF-

β1 or Wnt4-stimulated dermal fibroblasts. However, knockdown of WISP1 does not lead to a decrease in myofibroblast 

activation, but instead seems to cause a pro-fibrotic reaction. 
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32  Lysyl oxidase inhibition prohibits regular collagen fibril formation 

A. Herchenhan, S.P. Magnusson, M. Kjaer 

University of Copenhagen, COPENHAGEN, Denmark 

 

Background. The mechanical integrity of collagen fibrils in various tissues is partially dependent on the amount of 

intrafibrillar cross-links. Lysyl oxidase (LOX) catalyses the oxidative deamination of lysine residues to allysines in order 

to form enzymatic cross-links between tropocollagens. This is the first step to stabilise the extracellular matrix, followed 

by further enzymatic and non-enzymatic cross-links. We have shown earlier that tendon constructs - in vitro engineered 

tendon tissue from human adult tenocytes - provide a valuable model system to investigate tendon and collagen 

development. 

Methods. In this study we inhibited LOX by β-Aminoproprionitrile (BAPN) in tendon constructs after the initial phase of 

formation. Mechanical tensile testing proved the efficient blocking of LOX and the collagen ultrastructure was 

investigated by transmission electron microscopy (TEM). 

Results. In control tissue the mean tensile modulus increased significantly from 2.6±0.7 MPa (Mean±SEM; n=4 donor 

cell lines) at 14 days post seeding to 12.4±2.9 MPa (n=8) 21 days post formation (p<0.001). Samples with inhibited LOX 

between day 14 and 21, however, showed no significant development compared to day 14 controls (2.5±0.5 MPa; n=8). 

Collagen fibrils developed larger diameters in control samples over time as expected. The collagen fibrils at day 21 

show almost perfect circular outlines and very low variation in their fibril diameter of approximately 50 nm (Figure 1A). 

The LOX inhibitor treated samples, however, showed disrupted and irregular collagen fibrils. The fibril sizes varied 

between very small diameter fibrils and very large, irregular fibrils of up to 120 nm in diameter (Figure 1B). 

Conclusions. LOX inhibited constructs were not only weaker compared to controls, but also showed significantly 

disrupted collagen fibrils. The results shown in this study bring up a new function of LOX for the regulation of fibril 

formation. 

  

  

Picture 1: 

Caption 1: Figure 1. TEM images of collagen fibrils in controls (A) and LOX inhibited samples (B). Scale bar 500 nm  
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Background: Muscle derived collagen XIII contributes to the maturation and functional efficacy of the neuromuscular 

junction (NMJ) by transsynaptic and autocrine means. Ectodomain of the postsynaptic, transmembrane collagen XIII 

can be proteolytically shed and incorporated in the synaptic cleft. We have previously shown that shed collagen XIII is 

capable of inducing acetylcholine receptor (AChR) clustering. Objective and methods: To distinguish the roles of 

transmembrane and shed forms we have utilized two genetically modified mouse lines; collagen XIII deficient mice 

(Col13a1
-/-

) and knock-in mice incapable of shedding collagen XIII and thus harboring just the transmembrane form 

(Col13a1
Dshed/Dshed

). Results: AChR clustering was affected during maturation of the NMJ in both Col13a1
-/-

 and 

Col13a1
Dshed/Dshed

 mice. As reported in Col13a1
-/-

 mice AChR clustering was delayed during maturation of the NMJ and 

adult NMJs being simple and small. In Col13a1
Dshed/Dshed

 mice maturation of the NMJs differed from Col13a1
-/-

 mice 

clusters becoming large and fragmented. Collagen XIII had also impact on transsynaptic adhesion and it was favoured 

by the transmembrane form. Transmembrane form was also found enhancing neurotransmitter vesicle accumulation, 

exocytosis and presumably also endocytosis while shed form inhibited neurotransmission. Conclusions: Altogether 

these results suggest that muscle-derived collagen XIII plays a dual role at the NMJ. Transmembrane form acts as a 

postsynaptic membrane anchor in transsynaptic adhesion, vesicle accumulation, fusion as well as fission, while the 

shed collagen XIII functions as an autocrine signaling molecule in postsynaptic maturation and stabilization also 

negatively regulating presynaptic activity. All in all, the two distinct forms harbor distinct and even opposing effects thus 

suggesting that shedding plays a critical role by which collagen XIII regulates the NMJ. 
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Collagen XIII (ColXIII) is a type II transmembrane protein with a large extracellular ectodomain that can be shed and 

incorporated into pericellular matrix. It is expressed by several cell types and tissues such as heart, skin, bone, cartilage, 

eye, lung and muscle. ColXIII is localized in cell-cell and cell-matrix junctions, like periosteum, as well as neuromuscular 

and myotendinous junctions in muscle. Studies with genetically modified mice have shown that ColXIII regulates 

maturation of the skeletal neuromuscular junction, and its overexpression results in high bone mass in transgenic mice. 

ColXIII is also often found associated with blood vessels perivascularly. In previous study mice overexpressing mutant 

ColXIII died in utero because of cardiovascular defects. For a better understanding of the physiological significance of 

ColXIII in cardiovascular system we used intravital microscopy, histological and extravasation methods, echocardiogram 

and telemetric measurements. To study the role of ColXIII in loading conditions we induced hypertension by continuous 

subcutaneous Angiotensin II (AngII) infusion. 

ColXIII was found to contribute to the blood vessel structure and function since intravital microscopy of the skin revealed 

decreased vessel density combined with increased vessel diameter and blood flow in ColXIII knock-out (Col13a1-/-) 

mice when compared with wild-type (WT) mice. Ultrastructural analysis suggested dilatation of heart capillaries as well, 

and in addition, defected intercalated discs and accumulation of mitochondria. Telemetric measurement of blood 

pressure revealed compromised regulation of blood pressure circadian rhythm compensated by higher heart rate in 

Col13a1
-/-

 mice when compared with WT mice. AngII induced similar rise in blood pressure in both groups for 7 days 

after which blood pressure reversed to decrease in Col13a1
-/-

 mice while it continued to increase in WT mice. 7-day 

infusion of AngII increased ejection fraction (EF%) in control mice whereas in Col13a1
-/-

 mice EF% was decreased 

combined with increased heart rate to result in unchanged cardiac output. Furthermore, AngII induced more pronounced 

hypertrophy, fibrosis and cardiomyocyte loss combined with dispersion of the intercalated discs in the heart of Col13a1
-/-

 

mice. Hypertension induced statistically significant increase in capillary permeability in the Col13a1
-/-

 skin and heart 

when examined by Evans Blue extravasation. In conclusions, our data suggests that ColXIII contributes to the 

development, structure and integrity of the cardiovascular system and it is needed for the regulation of blood pressure. 
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35 Biosynthetic alterations in collagen production in ruptured canine cranial cruciate ligament 

K.A. Williamson, E.J. Comerford, R Pettitt, E.G. Laird 

University of Liverpool, LIVERPOOL, United Kingdom 

 

Introduction 

Cranial cruciate ligament disease is the most common cause of hindlimb lameness in dogs, leading to ligament rupture 

and subsequent osteoarthritis. Type I collagen constitutes 75-90% of the dry weight of cruciate ligament. The 

predominant form of type I collagen is a heterotrimer consisting of two alpha-1 chains and one alpha-2 chain, encoded 

by the COL1A1 and COL1A2 genes respectively. Polymorphisms in COL1A1 have been associated with several fibrotic 

and connective tissue pathologies as well as with cruciate ruptures and shoulder dislocations. We hypothesised that the 

relative expression of COL1A1 and COL1A2 would be altered in ruptured canine cranial cruciate ligament (CCL). 

Materials & Methods 

Ruptured CCLs (n=14) were harvested during reconstructive surgery and normal CCLs (n=9) were removed from 

canines which had been euthanased for unrelated reasons. The relative expression of COL1A1 and COL1A2 in normal 

and diseased ligament samples was determined by reverse transcription quantitative real-time-PCR (RT-qPCR). In 

parallel, metabolic labelling with [14C]-proline was used to label newly synthesised collagens in ligament explants. 

Results 

Expression of COL1A1 and COL1A2 was significantly increased in ruptured ligament, as was the gene expression ratio 

of COL1A1:COL1A2. Newly synthesised collagen alpha-1(I) and alpha-2(I) chains were identified in ruptured ligament 

samples, whilst healthy ligament samples appeared to synthesise a collagen which migrated between the alpha-1(I) and 

alpha-2(I) chains that was less evident in ruptured ligament. RT-qPCR showed that COL3A1, COL2A1 and COL6A1 

were upregulated (not downregulated) in ruptured ligament and Western blotting did not identify the collagen 

synthesised in normal ligament as one of these collagens. 

Conclusion 

Ruptured CCL upregulates collagen (I) but does not produce collagen (I) homotrimer. Stable isotope labelling and mass 

spectrometry confirmed the identity of the alpha-1(I) and alpha-2(I) chains in ruptured ligament samples and is currently 

being used to identify the collagen synthesised by normal adult CCL. 
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Background: Synovial fibrosis greatly contributes to joint stiffness which is one of the main symptoms of osteoarthritis 

(OA). Previously we showed that TGFβ, which is elevated in OA, plays a key role in synovial fibrosis. Since TGFβ is 

crucial for cartilage maintenance and repair blocking TGFβ as a therapeutic intervention is excluded for OA-related 

fibrosis. Therefore it is crucial to identify alternative target genes downstream of TGFβ that are elevated in OA-related 

synovial fibrosis. 

  

Methods: We isolated fibroblasts from human OA synovium (n=7). The fibroblasts were stimulated with or without 10 ng 

TGF-ß for 24 h. Furthermore, mRNA was isolated from synovial tissue punches obtained from patients with end stage 

OA and from control synovium for gene analysis. 

We induced synovial fibrosis in C57Bl/6 mice (n=5 per group) by intra-articular injection of an adenovirus encoding 

active TGF-β. In addition, OA was induced by intra-articular injection of bacterial collagenase into the right knee joint of 

C57Bl/6 mice (n=6 per group). Mice were sacrificed 7, 21 and 42 days after injection. mRNA was isolated from 

synovium for microarray and Q-PCR analysis. Paraffin sections of the murine joints were stained 

immunohistochemically for the two highest upregulated genes (PLOD2/LH2 and TIMP-1) to determine protein 

expression. Since LH2 was highly elevated the amount of pyridinoline cross-links, which are elevated due to LH2, was 

determined in synovial biopsies with HPCL. 

Results: In all OA-related fibrotic conditions elevated expression was found for genes encoding for procollagens and 

collagen cross-linking enzymes. Comparing TGF-ß-stimulated synovial fibroblasts, murine experimental OA synovium 

and human end-stage OA synovium revealed that PLOD2, LOX, COL1A1, COL5A1 and TIMP1 were upregulated in all 

conditions. LH2 and TIMP-1 were also confirmed to be upregulated on protein level. Histology of experimental OA 

showed a mild increase in the thickness of the synovium at day 7. At 21 and 42 days a large increase in synovial 

thickness was observed. With HPLC we confirmed that there was a significant increase in pyridinoline cross-links per 

triple helix at day 21 and 42. 

Conclusions: Targets that interfere in synovial fibrosis but do not affect cartilage homeostasis are scarce. However, we 

found PLOD2 might be this target. PLOD2/LH2 is involved in fibrosis by increasing pyridinoline cross-link formation 

which result in collagen that is less susceptible to enzymatic degradation and more rigged. Therefore is PLOD2 an 

attractive and promising target to interfere in OA-related synovial fibrosis. 
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37 Formation and structure of the advanced-glycation-end-product crosslink glucosepane in tendon 

collagen. 

AFLC Lopez-Clavijo 

Institute of orthopaedics and musculoskeletal science (IOMS), LONDON, United Kingdom 

 

Introduction 

The addition of sugars to long-lived matrix proteins, such as collagen, results in a series of non-enzymatic reactions 

(glycation). These glycation reactions lead to the formation of advanced glycation end-products (AGE), some of which 

form covalent crosslinks between collagen molecules. These irreversible modifications accumulate during ageing 

increasing the resistance of the extracellular matrix to turnover in older individuals, which may contribute to the 

increased incidence of tendon injury. Previous work showed that levels of the AGE crosslink, pentosidine, increase 

significantly in tendon with increasing age, although pentosidine was present at relatively low levels. Glucosepane, is a 

recently discovered AGE crosslink derived from glucose, lysine and arginine. In other collagenous tissues, glucosepane 

reaches levels up to 350 times higher than the levels of pentosidine measured in tendon. The aim of this study was to 

determine whether glucosepane forms in tendon and to elucidate the structure and formation pathway for glucosepane. 

Methods 

Glucosepane was synthesized in vitro by reacting D-glucose with free amino acids Boc- lysine and Boc-arginine, 

simulating pseudo-physiological conditions. Reaction products were analyzed using a 12 tesla Fourier transform ion 

cyclotron resonance mass spectrometer (FT-ICR-MS). Fragmentation of the reaction products (MS
2
) was performed by 

electron induced dissociation (EID) and collisionally activated dissociation (CAD). Accurate elemental composition of the 

products was achieved due to the ultra-high resolving power and mass accuracy of FT-ICR-MS. Computational 

modelling was used to identify the most energetically favorable structure of glucosepane and likely pathway for 

formation and nuclear magnetic resonance (NMR) employed to elucidate the structure of synthesised glucosepane. 

Human Achilles tendon was digested with protease enzymes and analysed by FT-ICR-MS to evaluate the presence of 

glucosepane. 

Results 

Mass spectrometry analysis of the synthesised glucosepane revealed a product with a mass of 629.35039 Da, which 

correlates with the proposed structure for glucosepane. EID and CAD results are characterized by the loss of one water 

molecule from the isolated species. Acid hydrolysis of glucosepane removed the Boc-protective groups from the N-

terminus, resulting in the observation of a new species with a mass of 429.24561 Da, as determined using MS. An 

identical mass was observed in the mass spectrum of the tendon tissue sample.  

Conclusion 

The results detect glucosepane in human tendon tissue for the first time. Glucosepane is likely to have a significant 

effect on the mechanical and biological properties of tendon collagen and may account for the age-related increase in 

tendon pathology. 
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38 The soft spot: evidence of a D-periodic sticky band on the collagen fibril surface 
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Several features, in addition to the obvious gap-overlap alternation, are present on the collagen fibril surface in a fixed 

relationship within the D-period. Some are specific interaction sites for SLRPs, fibronectin etc.; others are morphological 

features which become evident only with particular techniques such as mass mapping or with the positive or negative 

staning used in the TEM practice. 

The Scanning Probe Microscope can detect, in addition to the specimen 3D topography, a range of other features such 

as elasticity, friction, or viscoelastic properties. Of particular interest is the phase shift observable in intermittent contact 

operation. This single parameter can actually map different properties depending on the operating conditions: in 

particular, when the amplitude setpoint (As) is kept close to the amplitude of free oscillation of the cantilever (A0), i.e. 

when the As/A0 ratio is 0.7 or higher, the interaction of the probe with the specimen surface is minimal and the phase 

shift depends mainly from dissipative, inelastic interactions (Magonov et al., Surf.Sci.375: L385-L391, 1997; Stark et al., 

Biophys.J. 80: 3009-3018, 2001). 

In the present research clean collagen fibrils were obtained in vitro from purified collagen type I dissolved at 0.5 mg/ml in 

10 mM phosphate buffer with 250 mM NaCl, then dehydrated in graded ethanol and hexamethyldisilazane. The 

specimens were observed with a Digital Instruments MultiMode SPM fitted with NanoWorld Tesp-SS silicon tips (force 

constant=42 N/m, resonance frequency=320 kHz) and operated in Tapping-Mode AFM at the highest As/A0 ratio that 

could still consent a stable imaging. 

The SPM micrographs of the reconstituted fibrils readily revealed both their gap-overlap alternation and the longitudinal 

array of the subfibrils. The phase imaging evidenced a single, narrow band per each D-period (arrows), located at the 

step zone between the overlap- and the gap-zone. Under these imaging conditions, this band should correspond to a 

sticky, dissipative region within the D-period where the interactions with the sampling tip are dominated by capillary and 

adhesive forces. It is unclear whether these sticky bands may be related to the regular, periodic interaction that even 

protein-free GAGs maintain with collagen fibrils (Raspanti et al., J.Struct.Biol. 164: 134-139, 2008). The research is still 

underway. 

  

 Picture 1:   
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Abstract 

 Endothelial cell seeding of blood-contacting devices and development of a confluent endothelial monolayer on their 

surface which can mimic the function of the normal vascular endothelium is a promising method to decrease thrombotic 

complications. The success of endothelialization of the surface of synthetic materials, however, is highly dependent on 

interactions of endothelial cells with the material surface. In this study we aimed to immobilize bioactive components on 

the surface, which make the surface more conductive to endothelialization and increase the rate of endothelial cell 

confluency. 

A nitrite-releasing collagen coating was prepared by adding different concentrations of sodium nitrite to collagen 

immobilized on acrylic acid-grafted silicone tubes surfaces. Afterwards, somatropin nanoliposomes as a growth-

hormone were immobilized on to the nitrite/collagen coating. Immobilized collagen was quantified by the Bradford 

assay, and nitric oxide release by the Griess assay. Endothelial cell proliferation were assessed by the MTT assay. Light 

microscopy was used for visualization of endothelial cells and cell layers. 

We found that nitric oxide release was dependent on the initial concentration of sodium nitrite in the collagen coating. 

Furthermore, somatropin stimulated the release of nitric oxide in samples were coated with somatropin nanoliposomes 

besides nitrite/collagen coating. On the other hand, growth hormone release data showed that nitrite can actuate the 

amount of released hormone. Both the nitrite and somatropin were proved to stimulate endothelial cell proliferation, as 

reported elsewhere. Endothelial cells seeded into modified silicone tubes showed excellent cell attachment and cell 

proliferation. Microscopic images showed that endothelial cells on the modified surfaces formed a perfect single layer 

and kept their natural original shape. 

In conclusion, the great ability of a somatropin nanoliposomes immobilized nitrite/collagen-coated tubes after acrylic acid 

grafting to increase endothelial cell attachment, and proliferation, suggests that this bioactive coating may be a suitable 

candidate for short time confluence endothelialization of blood-contacting materials. 

Keywords: Surface modification, Collagen, Sodium nitrite, Somatropin nanoliposomes, Endothelial cell. 
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Background: Drug screening using the small teleost Danio rerio (zebrafish) is particularly appealing considering his 

rapid generation time, large offspring number, external development, transparency, sequenced genome and the 

availability of genetic maps. In the last years zebrafish imposed itself as animal model for several human diseases, 

including skeletal disorders. The zebrafish skeletal system has hierarchical structures similar to the human ones, it 

reproduces both membranous and endochondral bone formation and furthermore the key regulators of bone generation 

are highly conserved between teleosts and mammals. The brittle bone disease OI is caused in its classical forms by 

dominant mutation in the COL1A1 and COL1A2 genes, coding for the collagen I a chains. Collagen type I is the major 

organic constituent of bone and in higher vertebrates it is a heterotrimer formed by two α1 and one α2 chains folded in a 

triple helical super-structure. In order to use zebrafish as OI model in drug screening it is necessary to know the exact 

composition of collagen type I that is unfortunately still a mistery. 

Results: In zebrafish the existence of three genes coding for three different α(I) chains, named α1, α2 and α3, has been 

described, but their stoichiometric association is unknown. To elucidate collagen I composition we purified acid and 

pepsin soluble collagen I from bone, skin and scales of adult fishes and from whole embryos at 48 hpf, 5 and 10 dpf. 1D 

and 2D electrophoretic analysis followed by mass spectrometry revealed in adult the comigration in a unique band/spot 

of α1 and α3 chains, while in embryos it was possible to distinguish an α1 band/spot and an α1/α3 comigrating 

band/spot. These data suggest the existence of [α1(I)]2α2(I) and α1(I)α2(I)α3(I) heterotrimers in embryos and of 

α1(I)α2(I)α3(I) in adults, although we cannot exclude the existence of the [α3(I)]2α2(I) form in both developmental 

stages. Amino acid analysis and measurement of collagen Tm indeed support their presence at least in adult collagen. 

Conclusions: The deep characterization of Chihuahua (Chi
+/-

), a zebrafish model for Classical OI carrying the G574D 

substitution in the α1(I) chain will allow us to use this fish for drug screening. 

Work supported by Fondazione Cariplo grant n. 2013-0612, Telethon grant n. GGP13098 and the European Community 

(FP7, “Sybil”project, grant n. 602300). 
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Background: TAPT1 encodes Transmembrane Anterior Posterior Transformation-1 protein. TAPT1 is evolutionarily 

conserved, with similar orthologs from yeast to vertebrae. ENU mutagenesis of TAPT1 resulted in embryonic lethality of 

murine homozygotes, with posterior to anterior transformations of thoracic and lumbar vertebrae. The mechanism by 

which this ubiquitously expressed protein causes a specific patterning defect is unknown. 

Methods and Result: We combined homozygosity mapping with exome sequencing for a Moroccan family with three 

lethal fetuses affected with fractures of ribs and long bones, undermineralized skull and axial skeleton, hydramnios with 

ascites and dilated ventricles. We identified a homozygous c.1108-1G>C mutation in TAPT1, causing in-frame skipping 

of exon 10. A second TAPT1 mutation was identified by direct sequencing in a Syrian pedigree with three lethal fetuses 

with fractures and multiple congenital anomalies of brain, face, heart and lungs. These probands were homozygous for 

a missense mutation in TAPT1 exon 9 (c.1058A>T, p.Asp353Val). In both families, a diagnosis of recessive 

osteogenesis imperfecta (OI) was initially proposed. Both variants affect the second luminal loop of TAPT1. Proband 

fibroblast type I collagen has broadened electrophoretic mobility of α-chains in the cell layer, suggesting abnormal post-

translational modification of collagen and a relationship with OI forms. Immunocytochemical staining of dermal 

fibroblasts revealed co-localization of TAPT1 with the centrosomal protein γ-tubulin at the basal body of the cilium, 

suggesting TAPT1 might have a ciliary function. 

Conclusions: The novel autosomal recessive skeletal defects reported here underscore the importance of the cilium in 

embryonic bone formation. Functional studies with siRNA, zebrafish and expression studies are ongoing. 
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The quantification of collagen is of major importance in a wide range of research areas, including the study of diseases 

such as fibrosis. A common way for quantitative analysis of collagen is by measurement of hydroxyproline upon tissue 

hydrolysis, either by HPLC or by colorimetric assays. These methods are suitable for tissues and tissue extracts. The 

major form in which tissues are stored is as paraffin embedded formalin fixed tissue. Until now making thin sections 

followed by histological staining and analysis by microscopy is the way to analyse paraffin embedded tissue. Such 

methods do give information on localization of the collagen in the tissue, but are not quantitative. We have devised a 

method for quantitative analysis of collagen in paraffin embedded tissues or even tissue sections. No removal of paraffin 

with toxic solvents like xylene and special equipment is required. . The sensitivity of the method is such that it is 

applicable to the analysis of a few 10 µm tissue slides. We provide a detailed optimized protocol for a variety of tissues 

and believe that this has wide applications in research related to collagen formation. 
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The reliable quantification of extracellular matrix production is of key importance in fibrosis research, with collagen being 

one of the major matrix components. The Sirius Red based collagen assay is a widely used assay for collagen 

quantification and based on precipitation of soluble or solubilized collagen. We studied the applicability of this assay for 

collagen quantification in cell cultures and in tissues. In vitro human fibroblasts were stimulated with TGFß, and 

conditioned culture media and cell extracts were analyzed using Sirius Red or hydroxyproline based assays (both 

colorimetric and HPLC). Although both assays show a clear upregulation of collagen upon stimulation with TGFß, and a 

reduction in the presence of a TGFß-kinase inhibitor, it was observed that the Sirius Red based assay gave higher 

values than the hydroxyproline based assay. An explanation for this might be co-precipitation of non-collagenous 

proteins and we analyzed this using LC-MS/MS proteomics analysis on the Sirius Red pellets. We identified, in addition 

to collagen, many other proteins in the pellet, mainly matrix related proteins such as fibronectin, tenascin and SPARC. 

Therefore, the Sirius Red based assay more represents an ‘extracellular matrix protein assay’ than a collagen-specific 

assay. Analysis of collagen from tissues showed that extraction results in only partial solubilization of collagen, 

depending on the type of tissue and the method of extraction. Hydrolysis of tissue, followed by hydroxyproline analysis, 

may therefore be the assay of choice for quantification of collagen in tissues. 
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Background 

 The functionality of the musculoskeletal system is believed to be jeopardised by glycation and the accumulation of 

advanced glycation end products (AGEs). Some AGEs are generated by the non-enzymatic reaction of 

oligosaccharides with proteins in physiological systems. In collagen rich tissues, such as tendons and ligaments, AGEs 

are believed to form covalent cross-links within and between collagen molecules thereby changing the properties of the 

tissue. Glucosepane is by far the most abundant AGE crosslink in collagen with levels 100-1000 times higher than all 

currently known cross-links,
1
 however little is known about their site of formation. Potential sites of glucosepane cross-

linking in collagen were previously identified by determining the amount of time two amino acid residues were within a 

set distance of each other during a 100ns molecular dynamics simulation.
2
 However, the relative energetics of the 

potential crosslinks of glucosepane were not considered. This study aims to identify specific sites involved in forming 

glucosepane crosslinks within the tropocollagen molecule based on a relative energetics model using a proven fully 

atomistic molecular dynamics approach.
3
 

Methods 

A tropocollagen molecule is constructed by combining the sequences of COL1A1 and COL1A2, with details of the 

supermolecular structure from entry 1Y0F in the Protein Data Bank. A distance based criterion search identifies lysine 

and arginine residues within 5Å of each other within the molecule. The tropocollagen molecule is placed in a unit cell 

with dimensions determined by low resolution X-ray diffraction, periodic boundary conditions are applied to the faces of 

the cell to replicate the dense fibrillar environment.
4
 Water molecules and chloride ions are added to the unit cell before 

constant pressure molecular dynamic simulations are conducted at pseudo-physiological pH and 37°C using Sander 

part of Amber12 for 60ns of simulation.
3
 A site is a likely candidate for glucosepane formation if the total energy of the 

tropocollagen molecule is lower in the presence of a bound glucosepane crosslink compared to an unbound glucose 

molecule. 

Results 

Of the 24 positions identified based on the distance criteria, only six were found to be energetically favourable 

(exothermic binding enthalpies) compared to unbound glucose. Some sites are near sites where key collagen-

biomolecule and collagen-cell interactions occur. 

Conclusions 

Our model representing a realistic 3-dimensional model of a collagen fibril, has identified six likely sites for glucosepane 

formation within tropocollagen. The positioning of these sites is likely to have a significant effect on tissue function and 

integrity. 

1) D.R. Sell, K.M. Biemel, O. Reihl, M.O. Lederer, C.M. Strauch and V.M. Monnier, (2005) J. Biol. Chem. 280, 12310-

12315 

2) A. Gautieri, A. Redaelli, M. J. Buehler and S. Vesentini, (2013) Matrix Biology, In Press 

3) I. Streeter and N. H. de Leeuw, (2010) J. Phys. Chem. B, 114, 13263-70 

4) J.P.R.O. Orgel, T.C. Irving, A. Miller and T.J. Wess, (2006), Proc. Natl. Acad. Sci. U.S.A., 103, 9001-9005 
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Collagen biosynthesis is a multi-stepped process in which many intra- and extracellular steps are required. There are at 

least 12 different assisting enzymes in the many post-translational modifications needed to form collagen molecules and 

superstructures. In these processes, collagen proline 4-hydroxylases (C-P4Hs) are one of the most important enzymes. 

C-P4Hs are α2β2 tetramers, which hydroxylate proline residues in a collagenous repetition sequence -X-Pro-Gly of 

collagen and other collagenous proteins. As a result, 4-hydroxyproline (4Hyp) is formed. 4Hyp is essential for collagen 

thermostability. 

Three isoforms ([α(I)]2β2, [α(II)]2β2 and [α(III)]2β2) of C-P4Hs can be found in vertebrates. These isoforms have two 

identical α-subunits, but the β-subunit is always similar, chaperone protein protein disulphide isomerase. To study the 

role of different isoforms in the skin, we have generated knock out mouse lines with either genetic deletion of P4ha2 

alone (P4ha2-/-) or combined with heterozygosity of P4ha1 (P4ha1+/-;P4ha2-/-) to inactivate enzyme tetramers. We 

have also examined the expressions of all isoenzymes in different adult mouse tissues to determine in which tissues 

certain isoforms are present. 
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Lysyl oxidase (LOX) is a hypoxia-inducible extracellular enzyme which initiates lysine-derived crosslink formation in 

collagens and elastin. Inactivation of Lox gene in mice causes dysfunction and developmental defects in cardiovascular 

and respiratory systems which is mainly caused by elastolysis and collagenolysis leading to perinatal death. The role of 

Lox in muscle development has not yet been characterized. For the proper muscle development there have to be 

balance in the different components comprising the muscle tissue such as myofibers, progenitor cells, fibroblasts and 

extracellular matrix (ECM). LOX modifies ECM integrity and therefore may have an effect on differentiation development 

of the muscle tissues. 

According to our analyses Lox deficient P0 pups drag their feet abnormally and forelimbs have abnormal posture. 

Immunohistochemical analysis revealed that Lox
-/-

 embryos have disrupted muscle pattering and development when 

compared to wild-type (wt). Lox
-/-

 embryos have reduced number of myofibers but more fibroblasts than wt. TGF-β 

signaling is known to regulate ECM production, fibroblast proliferation and fetal myogenesis. Our analyses showed that 

inhibition of TGF-β signaling restored normal muscle phenotype thus pointing out the association between LOX and 

TGF-β signaling. To further study the TGF-β signaling we performed reporter assay with mouse embryonic fibroblast 

(MEFs) isolated from Lox
-/-

 and wt embryos, which revealed increased activity of TGF-β signaling pathway in Lox
-/-

 

MEFs. Our results show novel role for LOX in muscle development helping to understand mechanisms controlling the 

delicate balance of the process. 
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Background of the topic of your abstract: During formation of dental enamel maturation ameloblasts express ion- 

transporting transmembrane proteins. The SLC4 family of ion-transporters regulates intra- and extracellular pH in 

eukaryotic cells by cotransporting Na+ with HCO3-. Humans with a mutation in the SLC4A4 gene (coding for the Na+ 

bicarbonate co-transporter NBCe1) develop defects in enamel. We hypothesized that NBCe1 in dental epithelium is 

engaged in neutralizing protons released during crystal formation. 

Methods: We immunolocalized Nbce1 protein in rodent dental epithelium and examined the effect of Nbce1-null 

mutation on enamel formation in mice. We also measured mineral density of enamel of Nbce1 null mice. 

Results: Weak to moderate immunostaining for Nbce1 was seen in ameloblasts in secretory stage , moderate to high in 

late maturation stage but no or very low at early maturation stage. The papillary layer showed the opposite pattern and 

stained prominently at early maturation but gradually less to almost no staining at mid- and late maturation. In Nbce1
-/- 

mice ameloblasts were disorganized, the enamel thin and severely hypomineralized. When other pH regulators were 

dysfunctional (Cftr-/- and Ae2a,b-/- mice), immunostaining for Nbce1 in early maturation ameloblasts and papillary layer 

was more intense than in wild type mice and contained more Nbce1 protein. 

Conclusions: We concluded that synthesis of Nbce1 depends on developmental stage and is essential for normal 

enamel formation. Bicarbonate and/or sodium may pass from papillary layer to ameloblasts to regulate pH in developing 

enamel. 
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48 BMP2 requires TGF-beta to induce osteophytes during experimental osteoarthritis 
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BackgroundOsteophytes are a major hallmark of osteoarthritis (OA). Both TGF-beta and BMP2 can induce osteophytes 

in murine knee joints. We demonstrated that TGF-beta could induce chondrogenesis in mesenchymal stem cells when 

BMPs were inhibited but not vice versa. This suggested that BMP2 might require a trigger like TGF-beta to induce initial 

stages of chondrogenesis. Therefore, we investigated whether BMP2 was still able to induce osteophyte formation in 

experimental OA when TGF-beta activity was blocked. 

Methods 

We made a unique transgenic mouse (Col2a1-rtTA-BMP2) expressing BMP2 under control of the Col2a1 promoter, only 

when exposed to doxycycline (dox) which results in only chondrocytes producing BMP2. These mice were fed dox-food 

up to 8 weeks to investigate BMP2 effects on osteophyte formation. We induced the DMM-model and investigated 

whether BMP2 augmented osteophyte formation. We combined the DMM-model with intra-articular injection of an 

adenovirus overexpressing TGF-beta-inhibitor LAP with or without dox. Knee joints were isolated 4 weeks after DMM for 

histology. 

Results 

There was no significant difference in osteophyte formation between dox and non-dox treated Col2a1-rtTA-BMP2 mice. 

However, dox treatment increased the number of osteophytes (8.0) during DMM compared to DMM non-dox (4.25). 

These “new”osteophytes were Iarger than DMM-induced osteophytes. The lack of osteophytes by dox compared to 

DMM+dox implied that DMM provided a trigger enabling BMP2-induced osteophyte formation. To investigate whether 

TGF-beta was that trigger, we injected Ad-LAP one day after DMM-induction. Without TGF-beta, BMP2 no longer 

augmented the number of osteophytes during DMM. Strikingly, inhibition of TGF-beta significantly reduced the pace of 

osteophyte formation.. This was completely abolished by the presence of BMP2 restoring the speed of osteophyte 

formation and maturation. 

Conclusions 

Our data show that BMP2 is capable of inducing osteophyte formation, but is dependent on an additional trigger to 

achieve this, as present in OA. In OA conditions, BMP2 can severely aggravate osteophyte formation, both in number 

and size. However, when TGF-beta is blocked BMP2 is no longer capable of aggravating osteophyte formation during 

DMM. Strikingly, early inhibition of TGF-beta during OA impaired the speed of osteophyte formation, which could be 

compensated by the presence of BMP2. Our data show for the first time that BMP2 is dependent on TGF-beta to induce 

de novo osteophyte formation. This provides novel insight into the mechanism behind osteophyte formation and 

provides clues for future therapeutic application for osteophyte formation in OA. 
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Introduction - Articular cartilage has the capacity for self-repair. However, self-repair is limited due to the fact that 

usually neither the opportunity, nor the time for self-repair is offered. Clinically used low-intensity pulsed ultrasound 

(LIPUS) and pulsed electromagnetic field (PEMF) treatments have been shown to be able to improve damaged articular 

cartilage. In this study we compared both methods in their potency to prevent degeneration using an organ-culture 

model of explants of porcine cartilage. 

Methods - Explants of porcine knee cartilage and human osteoarthritic knee cartilage were cultured for 4 weeks and 

subjected to no treatment, daily LIPUS or daily PEMF treatments. At 1, 2, 3 and 4 weeks follow-up explants were 

prepared for histological assessment. The porcine knee cartilage samples were also analyzed for the expression of 

genes involved in chondrogenesis, chondrocyte hypertrophy and cartilage degradation. 

Results and discussion - Non-treated porcine explants showed clear signs of degeneration of the surface zone 

starting at 1 week of culturing. Treated explants did not show signs of degeneration. In LIPUS-treated explants cell 

clusters were observed in the superficial zone and along the cutting edges up to 4 weeks. In PEMF-treated explants cell 

clusters were observed at 1 week follow-up and hypertrophic-like changes at later follow up moments. Newly 

synthesized tissue was present in treated explants only. Gene expression profiles did indicate differences between the 

two methods. Both methods reduced expression of the aggrecan and collagen type II gene compared to the non-treated 

control. PEMF treatment resulted in significantly higher expression of genes involved in hypertrophic differentiation. 

LIPUS treatment of human cartilage samples resulted in a reduction of degeneration according to the Mankin scoring of 

histological sections. PEMF treatment did not. 

Conclusion 

Application of LIPUS or PEMF prevented degenerationof knee cartilage explants in vitro. LIPUS reduced degeneration 

in human cartilage samples. Comparing the two methods different morphological changes, cell clusters (proliferation) in 

LIPUS and hypertrophic-like changes after PEMF treatment, were observed. LIPUS treatment may be beneficial in the 

treatment of osteoarthritis and may prevent atrophy during prolonged immobilization. 
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Background 

Osteoarthritis and cartilage trauma remain unrepaired because cartilage has poor regenerative capacity. Bone marrow-

derived mesenchymal stem cells (BMSCs) are a promising cell source to treat cartilage defects due to their capacity to 

differentiate into chondrocytes. Transforming Growth Factor-β (TGFβ) has a crucial role in chondrogenic differentiation 

and can either signal via type I activin-like kinase receptor ALK5 or ALK1. Since little is known about the role of these 

receptors in chondrogenesis, we investigated whether the balance between ALK1 and ALK5 receptors is important for 

chondrogenesis of BMSCs. 

Methods 

Human BMSCs (n=3 donors) were chondrogenically differentiated in triplicate pellet culture in serum-free chondrogenic 

medium containing 10 ng/mL TGFβ1. Samples were harvested at day 0, 1, 7 and 21. Relative mRNA levels of ALK1, 

ALK5, collagen type II (COL2) and aggrecan (ACAN) were measured using real-time qRT-PCR and corrected for 

reference gene; RPS27a. The extracellular matrix was evaluated with Safranin O (proteoglycans) and 

immunohistochemistry for collagen type II. Differences in ALK1/ALK5 ratiowere analyzed using an one-way ANOVA 

with Bonferroni’s post hoc test. The relation between ALK1/ALK5 ratio and ACAN or COL2 was assessed by Pearson 

correlation coefficients. 

Results 

Chondrogenesis of BMSC pellets was confirmed by staining for proteoglycans and collagen type II at day 21. Gene 

expression of chondrogenic markers COL2 and ACAN increased from day 7 onwards, resulting in stable and high 

expression at day 21. At day 1, before COL2 and ACAN were detectable, the ALK1/ALK5 ratio increased (~5 fold; 

p=0.002) compared to day 0 in all donors. Strikingly, the increase in ALK1/ALK5 ratio was followed by a decrease (~2.9 

fold; p=0.009) between day 1 and day 7, and remained unchanged until the end of the culture period. Moreover, we 

found that the ALK1/ALK5 ratio negatively correlated with gene expression of ACAN (r=-0.75; p=0.021) and COL2 (r=-

0.76; p=0.019) at day 21, indicating that the balance between ALK1 and ALK5 receptors towards ALK5 is associated 

with chondrogenesis of BMSCs.  

Conclusions 

Our data show a dynamic balance of ALK1 and ALK5 during chondrogenic differentiation of BMSCs. An increase in the 

ALK1/ALK5 ratio early, followed by a decrease later was observed during chondrogenesis. This suggests that 

modulating the ALK1/ALK5 receptor balance towards ALK5 after onset of chondrogenesis might be a method to 

improve cartilage formation by BMSCs. 
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Background 

Twist1 is a critical regulator of mesenchymal cell fate. It is developmentally expressed in mesoderm-derived embryonic 

tissues and critically modulates mesenchymal cell fate during skeletogenesis. When overexpressed in mesenchymal 

stem cells (MSCs), chondrogenic differentiation is impaired [1]. The aim of this study is to broaden the understanding of 

the role of Twist1 during chondrogenesis in mesenchymal cells. Furthermore, the influence of different signalling 

pathways on Twist1 expression in MSCs is investigated. 

Methods 

Epiphyseal cartilage and knee interzone tissue were harvested from murine embryos (E11.5-E15.5) and microarray 

analysis performed. Primary human articular chondrocytes (HACs) and human bone marrow-derived MSCs (BMSCs) 

were expanded before chondrogenic (re)differentiation in pellet culture with TGFβ1-containing medium. BMSCs were 

treated in monolayer with FGF2, TNFα, TGFβ1 or Wnt3α for 6h. Twist1 gene expression analysis, safranin O staining 

and collagen type II immunohistochemical analysis were performed after 21 days of chondrogenic (re)differentiation. 

Results 

Microarray data indicates Twist1 expression is significantly higher in cells of the limb mesenchyme (E11.5) compared to 

cells in the more committed interzone (forming articular cartilage) and epiphyseal cartilage (undergoing endochondral 

ossification; E13.5-E15.5). 

Redifferentiated HACs had significantly lower Twist1 expression than dedifferentiated HACs (p=0.03), with greater 

decreases in Twist1 expression between the two states leading to better chondrogenesis (Fig. 1a). No difference in 

Twist1 expression was observed for average Twist1 expression of 4 donors between proliferating MSCs in monolayer 

and MSCs in chondrogenic pellet culture. However, for individual donors, no chondrogenesis was observed in those 

donors who had an increase in Twist1 expression during pellet culture. 

BMSCs treated with TGFβ1, essential for chondrogenic differentiation, clearly decreased Twist1 expression in BMSCs. 

In contrast, treating BMSCs with Wnt3a, an antagonist of chondrogenic differentiation, led to an increase in Twist1 

expression.  

 Conclusions 

Our findings support a role for the regulation of chondrogenesis by Twist1 in mesenchymal cells at various stages of 

development. Decreased Twist1 expression levels were observed with chondrogenesis of mouse embryonic 

mesenchymal cells, of dedifferentiated human chondrocytes and of human BMSCs. Twist1 and its downstream genes 

are therefore potential targets for cartilage tissue engineering. 
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Picture 1:  

Caption 1: Fold Change in Twist1 expression. a) A greater decrease lead to better redifferentiation b) Fold decrease 

associated with differentiation  
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Degenerative joint diseases or osteoarthritis (OA) negatively affect the quality of life. Replacing the damaged joint 

tissues with functional engineered tissue, e.g. articular cartilage, to restore the activity of the synovial joint, is getting 

more feasible through the continuous improvements in tissue engineering science. Significant enhancements have been 

achieved in the bulk mechanical properties of engineered articular cartilage. The surface mechanical properties have 

not received much attention. To provide a smooth and functional lubrication and articulation, it is necessary for these 

engineered cartilage tissues to possess tribological properties (i.e., low friction and wear protection) similar to those in 

native articular cartilage. Therefore, studying the lubrication mechanism in the synovial joints and molecules involved 

and their interaction is of great importance. 

Wear resistant and ultralow friction in synovial joints is the outcome of a sophisticated synergy between the major 

macromolecules of the synovial fluid e.g., hyaluronan (HA) and Proteoglycan 4 (PRG4, also known as Lubricin) with 

collagen type II fibrils and other non-collagenous macromolecules of the cartilage superficial zone. A recent study 

proposed HA to be held partly inside the cartilage by collagen type II fibrils, and partly dangling outside, interacting with 

PRG4 in the superficial zone (SZ) and keeping it at the articulating cartilage-cartilage interface. In this study, we show 

direct interactions between surface bound HA and freely floating PRG4 in an artificial model using the quartz crystal 

microbalance with dissipation (QCM-D). Freely floating PRG4 also bound with surface bound collagen type II fibrils. 

Albumin, the most abundant protein of the synovial fluid, effectively blocked PRG4-HA interactions but not PRG4-

collagen type II binding. The above results indicate that collagen type II strongly contributes in keeping PRG4 in the SZ 

during cartilage articulation in situ. The SZ was mimicked in QCM-D by adsorbing HA molecules and then letting 

collagen type II entangle mechanically with them. PRG4 molecules adsorbed very well with the mimicked SZ even in the 

presence of albumin. The coefficient of friction measured with an atomic force microscope in lateral mode, was close to 

the natural one when PRG4 was adsorbed to a surface containing both HA and collagen type II. PRG4 adsorbed to 

either HA or collagen type II alone did not result in similar low coefficients of friction. 
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Background 

Osteoclasts are specialized cells unique in their ability to dissolve organic and inorganic components of bone. They 

originate from monocyte/macrophage precursors and differentiate into multinucleated osteoclasts under the influence of 

M-CSF and RANK-L. Murine experimental osteoclasts are commonly derived from primary bone marrow cells but the 

use of this source includes some disadvantages. The goal of our study was to develop osteoclasts that closely resemble 

the characteristics of primary osteoclasts differentiation and function using an ER- Hoxb8 cell line. ER-Hoxb8 cells are 

conditionally immortalized monocyte/macrophage murine progenitors cell line, with estrogen-dependent production of 

Hoxb8, a crucial transcription factor blocking myeloid differentiation. ER-Hoxb8 cells are already described to efficiently 

differentiate in functional macrophages upon estrogen withdrawal. 

Method 

ER-Hoxb8 cells and bone marrow cells were differentiated towards osteoclasts on plastic and dentin slices in the 

presence of M-CSF and RANK-L. Expression of osteoclast differentiation markers was determined by quantitative real 

time PCR analysis. Staining for TRAP activity was performed to proof differentiation into osteoclast. Presence of actin 

rings was determined through F - Actin staining and confocal microscope analysis. Coomassie Brillant Blue staining of 

dentin slices was used to monitor resorption activity. 

Results 

ER-Hoxb8 cells differentiated with high efficiency into multinucleated osteoclasts, positive for TRAP activity, with 

morphology that was not different from BM derived osteoclasts. Osteoclasts markers ( NFATc1, DC-STAMP, TRACP, 

CTR) were strongly upregulated in ER-Hoxb8 derived osteoclasts compared to undifferentiated ER- Hoxb8 and ER-

Hoxb8 derived macrophages. Kinetics of osteoclast markers expressed during differentiation resembled those of bone 

marrow derived osteoclasts. Confocal analysis showed that ER-Hoxb8-derived osteoclasts cultured on dentin are able 

to form actin-rings, a crucial prerequisite for bone resorption. Finally, development of resorption pits on dentin slides 

demonstrated that ER-Hoxb8 derived osteoclasts are functionally active in bone degradation. 

Conclusions 

In conclusion, our results suggest that Hoxb8 cells are able to differentiate into functional osteoclasts. Our system 

represents a valuable tool that allows unlimited production of osteoclasts from WT or genetically modified mice which 

can be used for studying osteoclasts physiology/pathology. 
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Background 

Post-transcriptional regulation of cytokine expression is important for maintaining tissue integrity. MCPIP1 was identified 

as a novel protein, which destabilizes inflammatory cytokines mRNAs via their 3’ UTR. Osteoarthritis (OA) is a leading 

cause of disability worldwide in elderly. IL-6 has recently gained attention because of its high levels in synovial fluid and 

ability to induce MMP-13 in OA. In the present study we determined whether MCPIP1 regulates IL-6 expression in 

human OA chondrocytes. 

Methods 

Human chondrocytes were prepared from OA cartilage by the enzymatic digestion. For gene expression analysis total 

RNA was isolated from cultured primary chondrocytes or from damaged or smooth region of OA cartilage using RNeasy 

mini kit (Qiagen). RNA fluorescent in-situ hybridization (ISH) for IL-6 and MCPIP1 expression was performed using 

RNAScope. Wild type or mutant MCPIP1 was overexpressed in chondrocytes transfected with the cDNA constructs 

using Amaxa. Knockdown experiments were performed using Trisilencer-27 human siRNAs . For RNA 

immunoprecipitation, chondrocytes were stimulated with IL-1b (1ng/ml) for 12 h. Lysates were incubated overnight with 

isotype control IgG or with anti-MCPIP1 antibody followed by RNA purification. Expression of IL-6, MCPIP1and IL-6 

targeting miRNAs in chondrocytes was quantified by TaqMan assays. 

Results 

IL-1b induced high levels of IL-6 mRNA in chondrocytes which peaked at 8h post-stimulation while expression of 

MCPIP1 mRNA peaked at 6h post-stimulation. Using multiplexed RNA FISH, expression of both IL-6 and MCPIP1 

mRNAs were localized in the nuclei and in the cytoplasm with distinct speckle pattern. Overexpression of wild type 

MCPIP1 but not of mutant MCPIP1 reduced the expression of IL-6 mRNA while siRNA mediated knockdown of MCPIP1 

elevated the IL-6 expression. Analysis of the immunoprecipitated mRNAs showed that anti-MCPIP1 antibody pulled 

down larger amount of IL-6 mRNA than control IgG. In majority of cartilage samples MCPIP1 expression was down-

regulated in damaged cartilage but the expression of IL-6 was high. 

Conclusions 

In this study for the first time expression of MCPIP1 in human cartilage and chondrocytes is shown. Differential 

expression of MCPIP1 in damaged and smooth cartilage and its stimulation by IL-1b, a cytokine up-regulated in OA that 

has been implicated in the pathogenesis of the disease, suggest a role for this enzyme in OA. Taken together, our data 

suggests that the novel RNA modifying enzyme MCPIP1 may be an important player in OA pathogenesis. 
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Well-designed studies provide the maximum of information from the minimal number of experimental animals. Aim of 

this study was to explore whether asymmetric experimental designs can reduce number of animals needed without 

affecting statistical power of the study. 

Data from several efficacy studies in bleomycin-induced lung fibrosis in mice were combined to make tentative 

estimates of the expected outcomes for newly planned studies. Classically, these types of studies comprise a PBS 

control group, a bleomycin-induced (bleo) group, and several treatment groups with the same number of animals in all 

groups. Instead of comparing all groups to each other using ANOVA and post-hoc testing, k + 1 planned comparisons 

were defined in advance: bleo versus PBS control, and bleo versus k treatments (in total k + 1 comparisons). Since the 

bleo group appears in both the comparison with the PBS control and the treatment group, changing the size of this 

group will have most effect on the statistical power. 

Since the direction of the effects was anticipated, only one-sided t-tests were used. For fixed type I error, statistical 

power of the Student t-test was calculated for all combinations of group sizes of 2-30 animals. The optimal asymmetric 

design achieves the desired statistical power for each planned comparison with the minimum of animals needed. 

We calculated that the best asymmetric designs required about 20-25% fewer animals than the best symmetric design. 

This demonstrates that substantial reduction of animal use is possible by smarter choices on group size without loss of 

power. To aid researchers to optimize their experimental design, we developed a freely available sample size calculator 

(available at www.tno.nl/3R) to compare symmetric and asymmetric designs. 
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Purpose: Bone morphogenetic protein 7 (BMP-7) has been shown to have beneficial effects on proliferation and matrix 

production of rabbit, bovine, and human intervertebral disc (IVD) cells in vitro
1,2,3

. In a rabbit annular puncture model 

BMP-7 restored disc height and improved the IVD viscoelastic properties by increasing the proteoglycan content
1,4

. This 

study was designed to establish the most effective BMP-7 dose in a canine spontaneous disc degeneration 

model.Materials and Methods: The NP of early (Pfirrmann grade 2) degenerated IVDs of laboratory beagle dogs was 

injected with a volume of 30 μl containing sucrose buffer only, 2.5 μg, 25 μg, or 250 μg BMP-7 in sucrose buffer. MR 

images were obtained prior to surgery, and 6, 12, and 24 weeks after surgery and disc height indices were evaluated. 

After 24 weeks, all 7 dogs were sacrificed and radiographs and CT images were obtained. Subsequently, all lumbar 

IVDs were evaluated macroscopically and histopathologically. DNA, GAG, and collagen levels were measured using 

standard biochemical assays and matrix related gene expression was quantitatively determined in the nucleus pulposus 

(NP) and the annulus fibrosus (AF).Results: All dogs had an uneventful recovery after surgery. Disc height indexes and 

Pfirrmann scores on MRI did not show significant changes during follow up. Radiographs and CT images post-mortem 

revealed minimal bone formation in 1/7 dogs treated with 25 μg BMP-7. In 4/7 dogs treated with 250 μg BMP-7, 

extensive peridiscal bone formation was shown (figure 1), whereas in 1/7 dogs a bulging disc was found. Macroscopic 

and histological scores were consistent with early disc degeneration and new bone formation and bulging of the NP 

were confirmed. Statistical analysis revealed no significant differences in GAG/DNA, nor in collagen/DNA between the 

conditions in the NP or the AF as shown in figure 1. Gene expression data are currently being analysed.Discussion: 

This study suggests that intradiscal bolus injection of 2.5, 25 or 250 µg BMP-7 does not show regenerative effects in a 

canine spontaneous disc degeneration model. In fact, injection of 250 µg BMP-7 into the NP of early degenerated 

lumbar beagle IVDs resulted in extensive peridiscal bone formation and might be associated with a bulging disc. 

Furthermore, these data suggest that the effect of BMP-7 is different in animal models with spontaneous and induced 

disc degeneration and that further experiments are warranted before translation into human clinical applications. 

References:1. Masuda et al. 2006, Spine, pp.742-7542. Zhang et al. 2004, Am. J. Phys. Med. Rehabil., pp 515-5213. 

Imai et al. 2007, Spine, pp. 1303-13094. Miyamoto et al. 2006, The Spine Journal, pp. 692-703 
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Although collagens are a major component of the extracellular matrix and very important for development and 

homeostasis, the interactome of collagens with other proteins is difficult to investigate, mostly due to the inherent 

difficulties to produce collagen fragments chemically or recombinantly 

In other fields, library based methods, like the yeast-two hybrid system or phage displays, have proven to be useful to 

discover new - and potentially unexpected - interactions between proteins. However, due to the necessity for collagens 

to be presented in an outer cell environment and to be trimeric, these methods are normally not useful for the 

presentation of collagen peptide libraries. 

We propose to circumvent this problem by adapting the autodisplay technique to present collagen mimetic peptides on 

the surface of bacteria. In the autodisplay approach peptides are fused to the N-terminus of so-called autotransporters. 

These beta-barrel proteins insert themselves in the outer membrane of gram negative bacteria and present their N-

terminus on the surface of the cell. By incubation with a properly tagged bait protein, bacteria carrying interacting 

peptides can be enriched and the peptide sequences determined via standard DNA-sequencing. This method has been 

used successfully earlier (Maurer et al., 1997). 

For collagens we are trying to use trimeric autotransporters, which have not been used for peptide display before. In a 

“proof-of-concept”study we generated a proper expression system bearing two different peptides: an HSP47 interaction 

sequence and a non-binding sequence. To proof that these are properly displayed we performed sucrose gradient 

centrifugation and sarkosyl-treatment of membrane fraction and could observe co-migration of our fusion protein with 

the outer membrane marker OmpA. Furthermore, by fluorescent antibody staining against an epitope tag on living 

bacteria, we could show that our peptides are accessible from the outside. 

Future experiments with tagged HSP47 will show, whether the collagen has formed a proper triple helix. Afterwards a 

saturated random library (containing 64 x 10
6
 possible homotrimeric collagen sequences) will be generated and tested 

against various collagen binding proteins. 

References 

Maurer, J., Jose, J., Meyer, T.F., 1997. Autodisplay: one-component system for efficient surface display and release of 

soluble recombinant proteins from Escherichia coli. J. Bacteriol. 179, 794-804. 
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Platelets represent a promising source of bioactive substances such as growth factors for the expansion and 

differentiation of adipose stem cells (ASCs). Almost all cell types including platelets secrete exosomes, i.e. 

nanovesicles, ranging in size from 50 to 100 nm diameter. Exosomes contain proteins, mRNAs, and microRNAs, 

thereby providing a novel paracrine signaling mechanism in physiological and pathological processes. 

This study aimed to evaluate the potential use of platelet-derived exosomes for modulating proliferation and osteogenic 

differentiation of human ASCs. 

Exosomes were isolated from human platelet lysates by differential ultracentrifugation, followed by immunomagnetic 

separation using a CD63 exosome-specific antibody, or by an exosome-specific isolation kit. To test the effect of 

exosomes on ASC proliferation and differentiation, ASCs were cultured in medium with exosome-free platelet lysate, 

and with or without exosomes at two concentrations (5 and 10%) for 6 hrs, 3 days, or 7 days. Gene expression of the 

proliferation marker Ki67 as well as osteogenic differentiation markers alkaline phosphatase, runx-2, and osteonectin, 

were determined at the indicated time points. 

Treatment with 10% exosomes increased Ki67 gene expression in ASCs by 3-fold at day 3, and by 6-fold at day 7. 

Gene expression of runx-2 was also increased by 4-fold after treatment with 5 and 10% exosomes at day 7, but not at 

earlier time points. Five percent exosomes decreased alkaline phosphatase gene expression by 0.5-fold at day 3, while 

treatment with both 5 and 10% exosomes increased alkaline phosphatase expression by 6 to 8-fold at day 7, 

respectively. Osteonectin gene expression remained unaffected at all time points measured. 

In conclusion, exosomes can be successfully isolated from human platelet lysate. Our data indicate that platelet-derived 

exosomes increase ASC proliferation as indicated by enhanced Ki67 gene expression, and can be used as a cell 

culture additive for ASC expansion. Treatment with exosomes appears to downregulate osteogenic differentiation of 

ASCs in an early stage, followed by a significant upregulation of osteogenic differentiation at a later stage. This suggests 

a potential role of exosomes in bone tissue engineering, although the mechanisms involved need further investigation. 
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Background: The Na
+
/H

+
 exchanger-1 (NHE1) is a ubiquitously expressed housekeeping glycoprotein that functions to 

regulate intracellular pH. Enhanced expression/activity of NHE1 has been implicated in cardiomyocyte hypertrophy. 

Recently, transgenic mice expressing active-NHE1 and cardiac hypertrophy demonstrated a>1500-fold increase in 

osteopontin (OPN) gene expression. OPN, a multifunctional protein, has also been implicated in cardiac hypertrophy. 

Methods: To understand whether OPN contributes to NHE activity and the hypertrophic response, cardiomyocytes 

infected with active-NHE1 and OPN-adenoviruses or transfected with silencing RNA (siRNA)-OPN were characterized 

for cardiomyocyte hypertrophy. Cardiomyocyte hypertrophy was assessed by measuring cell area, protein content and 

atrial natriuretic peptide (ANP) mRNA. 

Results: Expression of NHE1 and OPN adenoviruses in cardiomyocytes significantly increased cell area, which was 

significantly reduced in the presence of siRNA-OPN. Protein content and ANP mRNA were also significantly increased 

in NHE1-infected cardiomyocytes; however, this was significantly abrogated in the presence of siRNA-OPN. OPN 

appeared to facilitate the NHE1-induced hypertrophic response independent of extracellular-signal-regulated kinases, 

p90-ribosomal-S6 kinase and Akt. NHE1 activity in cardiomyocytes expressing NHE1 and OPN-adenoviruses was 

significantly enhanced (163.1±19.49%) and significantly reduced in the presence of siRNA-OPN (68.5±0.24%), 

suggesting that OPN mediates NHE1 activity. 

Conclusions: Our study indicates that OPN contributes to the NHE1-induced hypertrophic response in cardiomyocytes 

and serves as a novel potential therapeutic target to reverse the hypertrophic effects of NHE1 and its activity. This 

indirect inhibition of NHE1 may provide an alternative means to regress cardiomyocyte hypertrophy and overcome the 

effects of direct inhibition of NHE1, which were previously associated with severe cerebrovascular side effects in clinical 

trials. 
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Background - Like humans, dogs suffer from spontaneous intervertebral disc (IVD) degeneration/disease that involves 

similar macroscopic, histopathological, and biochemical characteristics (1). Microarray analysis of early canine IVD 

degeneration, where the notochordal cell (NC) population is substituted by the chondrocyte-like nucleus pulposus (NP) 

cells, demonstrated decreased Wnt signaling and caveolin-1 expression (2). The main aim of the current study was to 

determine the role of caveolin-1 in IVD degeneration/regeneration. 

Methods - Histological scoring was performed and apoptosis levels (TUNEL assay) and caveolin-1 protein expression 

(immunohistochemistry) was determined on wild type as well as caveolin-1 knockout mice and on 37 canine IVDs at 

different stages of degeneration. Furthermore, NP cells (NPCs) from early degenerated canine IVDs were cultured in 

pellets and treated with TGF-β1 alone or in combination with 0.5, 1, or 2 μM caveolin-1 peptide for 28 days. The 

glycosaminoglycan (GAG) content - corrected for DNA content - of these NPC pellets was determined (DMMB assay). 

Results - The NP of wild type mice was rich in viable NCs, whereas the NP of caveolin-1 knockout mice contained 

chondroid matrix with relatively few, mainly apoptotic NPCs; apoptosis significantly increased with aging compared with 

wild type mice. Furthermore, caveolin-1 protein expression decreased during early canine IVD degeneration, and 

thereafter increased during the later stages of IVD degeneration; the latter was also found in humans (3). Preliminary 

results reveal that caveolin-1 has an additive effect upon TGF-β1 treatment of degenerated NPCs in terms of 

extracellular matrix (GAG) production (Figure). 

Conclusions - Caveolin-1 seems to be related with cellular senescence. However, it also appears to play a crucial role in 

preservation of the NCs, as underscored by the IVD phenotype of caveolin-1 knockout mice. We hypothesize that the 

positive effect of caveolin-1 on matrix production by degenerated NP cells is mediated by modification of TGF-β 

signaling. Hence, the increase of caveolin-1 during the later stages of degeneration may represent an ultimate attempt 

for repair. 

References - 1. Bergknut, N., et al. (2012), The dog as an animal model for intervertebral disc degeneration? Spine 37, 

351-3582. 2. Smolders, L. A., et al. (2013), Gene expression profiling of early intervertebral disc degeneration reveals a 

down-regulation of canonical wnt signaling and caveolin-1 expression: Implications for development of regenerative 

strategies. Arthritis Research & Therapy 15,R233. 3. Heathfield, S. K., et al. (2008), Caveolin-1 expression and stress-

induced premature senescence in human intervertebral disc degeneration. Arthritis Research & Therapy 10,R87 

 

Picture 1:  

Caption 1: GAG/DNA content of NPC pellets  
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Background - Chronic renal transplant dysfunction (CTD) is characterized by loss of renal function and extensive tissue 

remodeling, including chronic inflammation and lymph vessel formation. Previously, we showed upregulation of matrix 

proteoglycans in CTD. We hypothesize that proteoglycans, via their glycosaminoglycan side chains act as docking 

platforms for L-selectin and chemokines, orchestrate in- and efflux of interstitial leukocytes, and could be a target of 

intervention. 

Methods - In a rat model of renal transplantation,collagens, cytokines, chemokines and matrix proteoglycans were 

profiled by qRT-PCR in microdissected tubulo-interstitium from rat kidneys suffering from CTD and compared to 

isografted and control kidneys. Visualization of L-selectin binding PG’s in CTD kidneys and in vitro migration assays 

were done to substantiate the role of matrix PG in CTD leukocyte migration. Heparinoid effectivity to dampen 

inflammation was tested in vitro and in the rat CTD model. Interstitial leukocytes were quantified by CD45 staining, 

whereas the efflux of leukocytes was assessed by counting leukocyte numbers within podoplanin-positive renal 

lymphatics. 

Results - qRT-PCR profiling revealed upregulation of Collagen I and IV, TGF-beta, chemokines CCL2, CCL5, and 

matrix proteoglycans perlecan and versican in CTD allografts compared to isografted and control kidneys (all p<0.05). 

These matrix proteoglycans were able to bind with leukocyte adhesion molecule L-selectin (in situ binding assay) and 

co-localized with CD45+ leukocytes. In transwell migration assays, porous filters coated with heparin-albumin 

(representing matrix proteoglycans) promoted migration of monocytes towards CCL2 >2-fold (p<0.01). In vitro (non-

anticoagulant) heparin(oids) showed dose-dependent inhibition of both L-selectin and CCL2 binding to perlecan. In the 

rat CTD model daily treatment with non-anticoagulant heparinoid reduced tubulo-interstitial leukocyte numbers two-fold 

(p<0.02). Moreover, heparin(oid) treatment resulted in an increased leukocyte efflux into the renal lymphatic system 

(p<0,001). 

Conclusions - We conclude that in renal CTD matrix proteoglycans via their glycosaminoglycan side chains stabilize 

chemokine gradients and retain leukocytes via binding with L-selectin, promoting inflammation. Heparinoid treatment 

can block these interactions and reduce interstitial leukocyte number. Unclear is however whether this effect originates 

from reduced influx and/or increased efflux into renal lymphatics. 
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Background: 

Acute viral myocarditis (VM) is one of the leading causes of heart failure in young adults, lacking specific therapy. 

Osteonectin (SPARC) is a non-structural matrix glycoprotein modulating collagen formation in the ischemic or 

hypertensive heart. SPARC also increases in human VM, but its function in regulating cardiac inflammation in VM is 

unknown. 

Methods/Results: 

To address the implication of SPARC in VM, a human coxsackie B3 (CVB3) murine model of VM was performed in 

SPARC-null and WT animals. In response to CVB3 injection, absence of SPARC led to increased mortality (7/12 in null 

vs. 4/14 in WT at 7 days; P=0.05), which was associated with increased cardiac inflammation (9%±3.03 in KO vs. 

1.3%± 0.24 in WT; P=0.01). Concordantly, adenoviral SPARC (adSPARC) over-expression prior to CVB3 injection, 

postponed the survival in both SPARC-null and WT mice (7/13 in null vs. 2/7 in WT at 15 days), and significantly 

reduced cardiac inflammation by 55% in the SPARC null mice. Most importantly, adSPARC over-expression in WT 

animals resulted in improved cardiac function after viral injury. FACS analysis revealed no preference in the leukocyte 

subtypes present in the cardiac infiltrates between genotypes, suggesting a role for SPARC in leukocyte recruitment. 

Intra-vital microscopy of the cremaster muscle showed significantly increased vascular permeability (4.5 fold increase) 

and decreased leukocyte velocities upon TNFα-stimulation (1.9 fold decrease) in SPARC null vs. WT mice, in line with 

increased leukocyte extravasation. The increased vascular permeability and decreased leukocyte velocities were due to 

diminished glycocalyx integrity in the SPARC null mice, as evaluated by the GlycoCheck Measurement Software. 

Immunofluoresence further supports potential presence of SPARC in the glycocalyx via binding to heparan sulfates, as 

demonstrated by a heparin-sepharose pull down. The importance of the glycocalyx in reducing leukocyte extravasation 

was further exemplified by hyaluronidase (HAase)-induced glycocalyx breakdown. Treatment of WT mice with HAase 

resulted in a significant increase in permeability and decrease in leukocyte velocities, comparable to SPARC null mice 

(velocity baseline vs. 60min after HAase injection: 167.15±8.43um/s vs. 87.53± 4.74um/s; P<0.0001; SPARC-WT 

Baseline vs. SPRAC-null Baseline: 110.9±4.78um/s vs. 66.02±3.66um/s; P<0.0001). Moreover, both the leakiness of 

the vessels as well as leukocyte velocities could be restored by administrating recombinant SPARC intravenously. 

Conclusion: 

SPARC protects against adverse cardiac inflammation, dysfunction and overall mortality in VM. This protective role is 

mediated though the essential role of SPARC in maintaining glycocalyx integrity, thereby improving endothelial barrier 

properties and prohibiting exaggerated leukocyte recruitment. 
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Background 

Integrins are transmembrane receptors composed of α- and β-subunits, which mediate mechanical linkage and 

bidirectional signalling between the cell and extracellular matrix. Integrin α11β1 is a collagen-binding integrin and the 

most recent addition to the integrin family. Little is known about the signalling function of α11β1, and these are 

investigated mainly through studies of knock-out mice. Recent developments indicate that the zebrafish, danio rerio, 

may be an alternative model organism for integrin function in health and disease. In order to increase our understanding 

of the function of integrin α11 in zebrafish, we attempt to characterize one of the two isoforms of zebrafish α11 and 

compare its function with that of mammalian orthologues. 

Methods 

Purified RNA from zebrafish PAC2 fibroblasts allowed us to isolate full-length integrin a11a cDNA, and an EGFP-tagged 

variant was transfected into mouse C2C12 cells lacking endogenous collagen receptors. Immunocytochemistry was 

performed in order to localize the protein to the focal adhesions, and immunoprecipitation confirmed heterodimerization 

with the endogenous mouse β1-subunit. Finally, functional assays were performed, including cell migration and 

attachment on collagen I-coated surfaces and contraction of collagen gels. 

Results 

Our results indicate that the zebrafish integrin a11a is capable of forming heterodimers with the mouse b1 integrin chain, 

and also demonstrates that the resulting chimeric heterodimers appear functionally equivalent to the endogenous 

mouse a11b1 receptor. 

Conclusions 

We have isolated a zebrafish orthologue of integrin a11 and demonstrate that when the zebrafish protein is expressed in 

mouse cells, it is a functional collagen I receptor. By looking at conserved residues in the cytoplasmatic tail of zf a11a, 

we intend to characterize the importance of individual amino acids for integrin a11 functions in vitro and in vivo. 
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In the extracellular matrix, cells behaviors are regulated by a tripartite relationship between cells receptors, protein 

composition and supramolecular architecture of the extracellular matrix (ECM). 

Among all the different ECM components, fibronectin (FN) is considered as one of the most important cell adhesion 

glycoprotein. Many physiopathological processes such as wound healing or tumor development are directly correlated 

to FN ability to make and maintain its supramolecular states. These assembly properties are mediated through specific 

structural domains of the protein. 

Found as a soluble heterodimer in blood plasma, FN can be converted, in the ECM within tissue, into high molecular 

assemblies such as fibrils thanks to the tensile forces applied by surrounding cells or by interactions with other ECM 

components such as type I collagen and fibrin. Besides fibrillar associations, others FN assemblies like aggregates and 

superfibronectin have been generated using fragments like the 30 kDa carboxy-terminal domain or anastellin (1, 2). 

Modifications of physico-chemical parameters can also be used to trigger FN supramolecular structures and mimic 

assembly (3, 4, 5). Hence, effects of these FN multimers onto cells behaviors have not yet been fully elucidated. 

The presented work proposes an in vitro model of FN aggregates to investigate its effects onto cancer cells behaviors. 

Here, FN supramolecular states have been checked by biophysical approaches and showed a globular structure of very 

high molecular weight. The biological functions of FN aggregates have then been studied by biochemical and cellular 

approaches. First, we showed that some binding domains of FN, such as the cell (RGD) or the gelatin-binding domains, 

exhibited a lower accessibility depending on the aggregated state. Furthermore, we clearly correlated its loss to a 

decrease of the cell adhesion and a change of the motility profile. Indeed, the FN assemblies increased the velocity and 

the average distance covered by the cancer cells to promote a more random and singled migration compared to the 

non-assembled FN. 

Since, these multimerized FN could represent a beneficial way for cancer cells dissemination, their effects on underlying 

invasive properties remain to be investigated. 
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Abstract 

Traumatic arthritis is common in Thoroughbred racehorses and is a significant cause of wastage in the industry. 

Synovial inflammation is characterised by increases in catabolic cytokines, notably TNF-α and IL-1β. These 

inflammatory mediators have been shown to up-regulate matrix degrading enzymes such as ADAMTS4, through the up-

regulation of IL-6. To understand their role in equine arthritis, we are developing model systems to evaluate small 

interfering RNAs (siRNAs) targeted against inflammatory cytokines. We have examined the effect of these siRNAs in 

modulating gene expression in the synovium. To assist with this, we have developed a co-culture model using equine 

fibroblast-like synoviocytes and canine macrophages, to investigate the role of inter-cellular signalling in the 

inflammatory response. 

Fibroblast-like synoviocytes were isolated from the synovium of healthy equine metacarpophalangeal joints using 0.2% 

trypsin and 0.2% collagenase type II. These cells were then labelled with the Cell Proliferation dye eFluor 670 

(eBioscience, San Diego, USA). Canine macrophages (DH82 cell line) were transfected with green fluorescent protein 

(GFP) expressing lentivirus and then selected with puromycin. Proliferation characteristics of both populations in co-

culture over 10 days were analysed using flow cytometry. The optimum co-culture model; two thirds of the population 

were equine synoviocytes and one third canine macrophages, were then exposed to LPS at 10 or 20µg/ml for 24hrs to 

simulate an inflammatory environment. Fibroblast-like synoviocyte-specific responses were determined using qRT-PCR 

with species-specific primers. Expression of the pro-inflammatory cytokines TNF-α and IL-1β, the secondary pro-

inflammatory peptide IL-6, and the aggrecanases ADAMTS4 and ADAMTS5 were measured. Experiments were 

repeated in triplicate. 

Expression of all genes, except TNF-α, was up-regulated by exposure to LPS in fibroblast-like synoviocytes, when 

cultured on their own or in co-culture with canine macrophages. Interestingly IL-6 and ADAMTS4 gene expression was 

more strongly up-regulated in the co-cultured fibroblast-like synoviocytes. Silencing of IL-1β mRNA in fibroblast-like 

synoviocytes using siRNA, prevented LPS driven IL-6 induction, whilst analysis of IL-1β mRNA in canine macrophages 

showed a strong induction by LPS. This leads us to predict that canine macrophage secretion of IL-1β is driving 

increased IL-6 expression in the fibroblast-like synoviocytes. We aim to determine whether this mechanism also drives 

ADAMTS4 expression and to measure how our cytokine targeting siRNAs can attenuate these effects. Overall, this 

novel cell culture system will provide a reliable model on which to test equine siRNAs targeting inflammatory cytokines 

and will be a useful experimental model for examining fibroblast-like synoviocyte-macrophage signalling. 
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Background: The temporomandibular joint (TMJ) is a unique joint, consisting of a condyle, disc, and fossa. In contrast to 

most synovial joints, which are covered by hyaline cartilage, the cartilage of the TMJ is generally referred to as 

fibrocartilage. However, in relation to their function there may be differences in cartilage structure between the three 

distinct anatomical areas. For example, in children suffering from juvenile idiopathic arthritis, typically only the condyle is 

severely damaged; not the fossa and the disc. This suggests that the distinct anatomical areas actually contain three 

different types of cartilage that respond differently.  

Objective: To investigate whether the distinct anatomical areas differ in their content and mRNA expression of collagen 

type I, collagen type II, and proteoglycans. 

Methods: The three anatomical locations of the porcine TMJ were isolated. Dissected samples of the articular surface of 

each area were examined microscopically and at the mRNA level. Cells of each area were isolated and embedded in 

3% agarose gels. The gel constructs were cultured and examined microscopically after 6 days; gene expression was 

analyzed up to 6 days of culture. 

Results: The condyle and fossa tissue samples both stained positive for collagen type II with immunohistochemistry. 

However, only the cells isolated from the condyle expressed collagen type II mRNA. Disc tissue contained neither 

collagen type II protein nor collagen type II mRNA. Also, again in contrast to the condyle and the fossa tissue, the disc 

tissue contained almost no proteoglycans. The collagen type I gene was detected in all three distinct anatomical areas. 

Conclusion: Our results indicate that the three distinct anatomical areas actually consist of three different types of 

cartilage. Only the condyle fits in the classical view of fibrocartilage, containing collagen type II, collagen type I, and 

proteoglycans. The disc contained collagen type I; type II was not detected. In general, the cell isolates from the TMJ 

showed the same expression patterns as their native tissue. This makes the in vitro model suitable for investigating 

whether these three different types of cartilage also react differently to inflammatory factors and mechanical stimuli. 
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Background 

Cartilage defects do not heal well. To stimulate cartilage healing, holes can be drilled in the subchondral bone to 

stimulate mesenchymal stem cells (MSCs) to migrate from the underlying bone marrow in to the defect. These MSCs 

are able to differentiate to chondrocytes, produce cartilage matrix and repair the defect. However, the results of this 

procedure are not optimal, because mainly fibrocartilage is formed, which is of a lesser quality. 

The process of chondrogenesis of MSCs can be influenced by factors secreted by adjacent tissues in the joint. One of 

these tissues is the infrapatellar fat pad. Previously, we have shown that it contains many pro and anti-inflammatory 

macrophages. We hypothesize that these macrophages excrete factors that could influence the differentiation of MSCs 

and cartilage matrix production. The goal of this study was to investigate whether factors produced by the infrapatellar 

fat pad influence chondrogenesis by MSCs and if this could be caused by the macrophages present inside. 

Methods 

Explants from the infrapatellar fat pad obtained from 10 donors during total knee arthroplasty were placed in culture 

medium for 24 hours. The factors secreted by these explants are gathered in this so called conditioned medium (CM). 

Additionally, CM was made from pro- and anti-inflammatory macrophages generated by stimulating monocytes isolated 

from blood with LPS and IFNgamma or IL4 from 3 human donors. The effect of the 3 types of CM on chondrogenesis 

was evaluated by the gene expression of the cartilage genes collagen type 2 and aggrecan by MSCs cultured in 

alginate gel in the presence of chondrogenic medium that contained TGFbeta, vitamin C and dexamethasone. 

Results 

CM from infrapatellar fat pad significantly decreased the gene expression of collagen type 2 25 times (P<0.001) and 

aggrecan 30 times (P<0.001) during chondrogenic differentiation of MCSs. CM from pro-inflammatory macrophages 

significantly decreased the gene expression of collagen type 2 7 times (P<0.05) and aggrecan 8 times (P<0.05). CM 

from anti-inflammatory macrophages only significantly decreased the expression of aggrecan 1.4 times (P<0.05) but 

less than CM of pro-inflammatory macrophages. 

Conclusions 

Factors excreted by the infrapatellar fat pad inhibit chondrogenesis of MSCs. Pro-inflammatory macrophages could 

have contributed to this effect. The infrapatellar fat pad and the pro-inflammatory macrophages present inside could be 

targets for future therapies to improve chondrogenesis of MSCs after the microfracture procedure. 
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Background: 

Increased load transfer on articular cartilage as well as increased age are the most significant risk factors for 

osteoarthritis (OA) development. Regrettably, the mechanism how biomechanical factors contribute to pathogenesis of 

OA and how age related changes in articular cartilage influence this mechanism remains unknown. 

The most abundant growth factor in articular cartilage is Transforming Growth Factor beta (TGF-β). TGF-β signaling via 

ALK5/Smad2/3P is considered to be protective for articular cartilage. However, TGF-β can also signal via 

ALK1/Smad1/5/8P which stimulates chondrocytes terminal differentiation. Previously, we have shown that in young 

mechanically compressed cartilage, a downstream genes of protective ALK5/Smad2/3P signaling are greatly activated, 

whereas a downstream gene of ALK1/Smad1/5/8P signaling is highly restrained. 

Since in aged articular cartilage a loss of the ALK5 receptor has been shown, leading to diminished Smad2/3 signaling, 

we investigated if compression-induced activation of the protective ALK5/Smad2/3 signaling is decreased or lost in aged 

cartilage. 

Methods: 

Articular cartilage explants of two different age groups (calves of 1 year old and aged cows of 8-12 years old) were 

cored from bovine metacarpophalangeal joints. Later, cartilage explants were subjected to sinusoidal dynamic 

mechanical compression with 3 MPa (physiological stress) or 12 MPa (excessive stress). After desired time points 

mRNA levels of selected genes were examined. Additionally, to confirm if observed effects were ALK5 dependent, 

supplementary compression experiments were performed in the presence of a selective ALK5 inhibitor (SB505124). 

Results: 

Previously we have shown that mechanical compression of articular cartilage with 3 MPa as well as with 12 MPa stress 

could potently induce the expression of a downstream genes of ALK5/Smad2/3P signaling pathway. Remarkably, when 

SB505124 was present during the compression, this up-regulation was no longer possible. Examination of 

ALK5/Smad2/3P downstream genes expression in articular cartilage of different aged individuals, demonstrated that 

mechanical compression is able to up-regulate Serpine1 and Smad7 in young as well as in old cartilage. However, the 

level of Serpine1 up-regulation was significantly higher in young articular cartilage when compared to level of Serpine1 

up-regulation in old cartilage. 

Conclusions: 

We postulate that activation of Smad2/3P signaling pathway in dynamically compressed cartilage is a consequence of 

compression mediated activation of latent TGF-β in cartilage ECM and subsequent signaling via ALK5. Remarkably, in 

aged articular cartilage, where ALK5 expression is diminished, the mechanical compression is no longer able to activate 

protective ALK5/Smad2/3P signaling pathway with the same potential as it does in young articular cartilage.  
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Atherosclerosis is the leading cause of death in industrialized societies. Its pathophysiologyincludes complex 

interactions between cells of the arterial wall - endothelial cells, smooth muscle cells and macrophages - which 

eventually undergo apoptosis, causing the formation of the necrotic core of the plaque. Cells in the advanced 

atherosclerotic plaques express high levels of the serine protease urokinase-type plasminogen activator (uPA) and its 

receptor (uPAR). On cell surface uPA mediates extracellular matrix (ECM) degradation, and plays a pivotal role in cell 

adhesion, migration and proliferation during tissue remodeling. This degradation is a result of the action of 

metalloproteinases activated via plasmin (fibrinolytic system). The plasminogen through its activators (t-PA and u-PA) is 

converted into plasmin. However, to perform their function these activators must be linked to a molecule in the matrix or 

cell surface. Annexin II is a pericellular protein that can interact with t-PA at the cell surface. This study aimed to verify 

the expression of annexin II in the initial phase of the human aortic atherosclerosis, also evaluating the possible 

interaction (co-location) with t-PA and plasmin/plasminogen. Annexin II, t-PA and plasmin/plasminogen were analyzed 

by immunohistochemistry in serial sections of aortas with early atherosclerosis (n=4) and control aortas (n=4). 

Expression and co-location between t-PA/annexin II and between annexin II/Plasmin-plasminogenin were detected in 

the early atherosclerotic plaque. Such finding indicates that the participation of fibrinolytic system activity (t-PA, 

plasminogen and plasmin) is mediated not only byPPAR, but also by annexin II in the pathogenesis of atherosclerosis. 
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70 Glial-derived laminin is essential for Drosophila nervous system 
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Glial cells ensheathe neurons to insulate the transmission of neuronal signals and protect neurons against pathogens 

and physical stress. Drosophila melanogaster are a superb organism in which to study the development of the nervous 

system because of their simplicity and the powerful genetic tools available for research in Drosophila. A basement 

membrane containing extracellular matrix (ECM) proteins such as perlecan, collagen and laminin covers the glia and 

encapsulates the entire Drosophila nervous system. The basement membrane is essential for the structure and function 

of the nervous system, however the role of individual ECM components and their respective receptors are still being 

investigated. Migrating hemocytes in Drosophila deposit much of the ECM around the Drosophila nervous system, 

however I have determined that glia also secrete laminin but not perlecan or collagen. Laminin is a heterotrimer 

composed of alpha, beta and gamma subunits. In vertebrates, there are 5 alpha, 4 beta and 3 gamma genes, however 

in Drosophila, there are only 2 alpha, 1 beta and 1 gamma genes. Knockdown of one subunit in Drosophila glia using 

RNAi results in intracellular accumulation of other laminin subunits. The knockdown of laminin in glia also results in 

larval immobility and eventually death. Using fluorescent and electron microscopy, I have shown that the glial cells are 

swollen, contain large vacuoles, have increased endoplasmic reticulum and have reduced process extension. The 

mechanism of laminin secretion is virtually unknown and I have determined that Tango1, a protein involved in collagen 

secretion is also involved in laminin secretion. I have investigated whether the morphological defects due to laminin 

knockdown are caused by intracellular accumulations of laminin subunits or decreased laminin-receptor binding and 

signalling. 

  

  

Picture 1:  

Caption 1: Laminin knockdown in glial cells results in glial swelling, vacuoles and increased endoplasmic reticulum  
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71 Identification of proteins involved in the strengthening of integrin alpha1beta1 based focal adhesions 

using high-resolution mass spectrometry 
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Background 

Integrin alpha1beta1 is an adhesion receptor that binds mainly to collagen subtypes IV. We have previously shown that 

mutation E317A in the ligand-binding alpha I domain conformationally activates the integrin. As a consequence, avidity 

to collagen I and IV is higher in the CHO cells transfected with the variant integrin alpha1 than in those transfected with 

wild type human integrin alpha1. Activation of protein kinase C with phorbol ester TPA further strengthens the adhesion 

to collagen by increasing clustering of alpha1beta1 integrins. In this study, we have searched for the proteins that are 

involved in these TPA-induced events in the cells already harboring conformationally activated integrin. 

Methods 

We isolated the adhesion sites and performed a quantitative proteomic analysis to them. First the TPA-activated and 

control cells were allowed to attach to collagen IV for 1 h. The adhered cells were exposed to hypotonic conditions, and 

the cell bodies were disrupted and washed away by hydrodynamic force leaving only the adhesion sites. The adhesion 

site proteins were isolated, trypsin digested, and the resulting peptides were subjected to high-resolution LC-MS/MS 

analysis. The proteins were quantitated using a label-free quantitation method which compares intensities of precursor 

ions (peptides) between the samples. 

Results 

In four independent experiments, 695 to 850 proteins (having at least two unique peptide identifications with a 

confidence > 95%) were identified, and 569 proteins were common to all experiments. Most importantly, we found that 

kindlin-2 was repeatedly increased whereas vimentin was decreased by TPA treatment as compared to human integrin 

alpha1 subunit. 

Conclusions 

These findings suggest that kindlin-2 is further recruited to adhesion sites when the cells are induced by TPA. In these 

conditions, the increased kindlin-2 levels are associated to integrin clustering rather than conformational activation. On 

the contrary, vimentin may have a more important role in the early events of adhesion to collagen. 
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Background: Myofibroblasts promote the closure of wounds by generating contraction forces and secreting proteins of 

the extracellular matrix. Derived from mesenchymal cells like fibroblasts, the differentiation into myofibroblasts is mainly 

induced by mechanical stress and transforming growth factor β. Myofibroblasts are characterized by the development of 

stress fibres and de novo expression of α-SMA (alpha smooth muscle actin). The transcriptional and posttranscriptional 

regulation of myofibroblasts homeostasis is not fully understood. Here, we determined the global transcriptome of 

myofibroblasts in vivo and identified miRNAs which regulate myofibroblast homeostasis. 

Methods: Wounds were inflicted on the back skin of α-SMA-GFP mice and GFP+ myofibroblasts were detected at 

different days post injury by flow cytometry and microscope analysis. Cells were enriched by flow cytometry based cell 

sorting and the expression mRNA and miRNA was studied by microarray and quantitative PCR analysis. Primary 

dermal fibroblasts were isolated and transfected with miRNA mimics and inhibitors to increase and decrease the 

concentration of miRNAs. Resulting changes in cellular phenotype were analysed by flow cytometry, western blot 

analysis, and MTS assay. 

Results: Myofibroblasts were already detected three days after injury and a peak of myofibroblasts infiltration was 

observed after seven days. In order to determine the transcriptome, myofibroblasts from wounds seven days post injury 

and fibroblasts from dermis were isolated by flow cytometry based sorting. The transcriptome was analysed by global 

transcriptome profiling. Bioinformatic analysis revealed a gene expression profile related to the regulation of actin 

cytoskeleton, focal adhesion, and cell adhesion ECM receptor interaction. miRNA profiling of myofibroblasts revealed 

that 23 miRNAs were up regulated and 17 miRNAs were down regulated compared to fibroblasts. Candidate miRNAs 

were transfected into primary dermal fibroblasts. Increase of concentration of a miRNA, identified by miRNA profiling 

analysis, leads to stimulation of myofibroblast differentiation in vitro. 

Conclusion: α-SMA-GFP mice can be used to isolate myofibroblasts and to analyse their transcriptome. Mostly genes 

related to cell proliferation, cell adhesion and myofibroblasts differentiation were differentially expressed. These 

networks of genes may contribute to the differentiation and activation of myofibroblasts. Posttranscriptional regulators 

(miRNAs) of myofibroblasts phenotype were identified. These miRNAs stimulate myofibroblast differentiation in vitro and 

could represent key players in the regulation of myofibroblast homeostasis. 
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Large skin defects, like burn wounds, often heal leaving a hypertrophic scar which may be a large burden for patients. 

Earlier research showed that mesenchymal cells derived from burned eschar tissue possess similar characteristics as 

adipose derived mesenchymal stem cells (MSC). These burn eschar derived stem cells (BESC) exhibit a phenotype 

which strongly resembles the myofibroblast, the alpha smooth muscle actin expressing cell type responsible for scar 

formation and fibrosis. Because BESC are responsible for the production and remodelling of the new Extra Cellular 

Matrix (ECM), it would be interesting to compare the secretomes of healthy dermal fibroblasts (DF) and BESC more 

thoroughly. From ten patients, DF and BESC were isolated, cultured and RNA was isolated to perform a microarray 

analysis to compare gene expression between these cell types. Additionally, based on the KEGG pathway, a pathway 

analysis was performed to evaluate which pathways were altered. To verify the micro-array data, the expression levels 

of several genes were also quantified using qPCR. In addition, the expression of these genes was compared to cultured 

scar derived mesenchymal stem cells (SMSC). Analysis showed that 283 genes had a significantly different expression 

(p < 0.01) in BESC compared to DF, 94 genes even were highly significant (p < 0.001). Pathway analysis showed that 

the Focal Adhesion Pathway, ECM-receptor interaction and the TGF-beta pathway were significantly different in both 

cell populations. Several members of the collagen family, COL1A1, COL4A2, COL4A4 and COL11A1 are up regulated 

in BESC, as well as genes of the laminin family LAMC1, LAMC2 and LAMA4. This could indicate that BESC maintain an 

increased production of collagen and laminin compared to DF. In addition, genes that are associated with proper 

collagen fibril formation, thrombospondin 4 (TSP-4) and Cartilage Oligomeric Matrix Protein (COMP), are down 

regulated in BESC. This might lead to improper assembly and maintenance of the newly formed extra cellular matrix. In 

SMSC, COMP is even more down regulated compared to BESC. Increased TGF-beta signaling is also associated with 

fibrosis, SMAD6 which is an inhibitor of SMAD-signaling is down regulated in BESC. Furthermore, an activin member of 

the TGF-beta superfamily, Inhibin beta-A, is also upregulated in BESC. Which suggests there is a role for activin-

mediated signaling in fibrosis. These findings could help to identify potential targets for therapy. 
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Background: Dystroglycan (DG) is a membrane protein belonging to the glycoprotein complex associated to the 

dystrophin. DG is composed by two subunits, the a-DG and the b-DG. a-DG is an extracellular protein containing a 

highly glycosylated mucin-like domain, whereas b-DG crosses the plasma membrane and its extracellular domain 

interacts with the C-terminal domain of a-DG, connecting the cytoskeleton with the extracellular matrix. b-DG is a well 

known target of MMP-2 and MMP-9, two Zn
2+

-dependent endopeptidases of the Matrix Metalloproteinases family, in 

both physiological and pathological conditions. Using a recombinant b-DG ectodomain as a substrate, we have 

identified a major MMP-9 driven cleavage site and revealed a complex pattern of degradation produced by MMP-2. a-

DG is, to date, considered to be resistant to proteolytic attack. 

Methods: by using a recombinant human MMP-2, we have carried out a limited proteolysis on a native a-DG extracted 

by rabbit skeletal muscle, and on recombinant a-DG domains produced in E.coli. The protein digestion was then 

analysed by Western blotting and SDS-PAGE. 

Results: here, we show, for the first time, that MMP-2 is able to degrade the native a-DG. The limited proteolysis by 

MMP-2 carried out on several a-DG recombinant domains covering the whole subunit envisages that the C-terminal 

domain is particularly susceptible to enzymatic cleavage. 

Conclusions: this discover provides a deeper insight on the molecular mechanisms underlining many pathological 

conditions, such as muscular dystrophy or cancer, where a strong reduction of the two DG subunits is often 

accompanied by an increased expression of MMP-2 and MMP-9.  
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Background: Dystroglycan (DG) is a ubiquitously expressed cell adhesion molecule. DG is composed by two interacting 

subunits, α- and β-DG. α-DG is a peripheral protein characterized by a highly and heterogeneously glycosylation that is 

essential for the binding to the extracellular matrix proteins [1]. β-DG is a transmembrane protein whose cytoplasmatic 

domain binds dystrophin as well as different adaptor molecules. Neuromuscular disorders arising from an abnormal α-

DG glycosylation, ranging from severe congenital muscular dystrophy with associated brain malformations to milder 

forms of limb- girdle-muscular dystrophy, are collectively referred to as secondary dystroglycanopathies. Recently, 

primary mutations in DG gene have been identified in patients affected by muscular dystrophy, namely T192M, 

associated to a mild form of limb girdle muscular dystrophy, and C669F associated to a severe form of Muscle-Eye-

Brain disease. Interestingly, the mutated amino acids are not involved in the glycosylation process of α-DG but they are 

likely to be crucial for the structural and functional stability of DG core protein [2, 3]. The novel identification of primary 

mutations in DG gene enlarges the spectrum of the dystroglycanopathies. Also the interface between α and β-DG is an 

important functional domain. The α-subunit retains the contact with the plasma membrane via a non-covalent and 

glycosylation-independent interaction with β-DG [4]. 

Results: We have produced a novel knock-in mouse line hitting the α/β-DG binding epitope (DAG1
α/β

). The mice are 

fertile and were born according to an expected Mendelian ratio. At large, our novel transgenic mice look similar to their 

wild-type littermates. Apparently, α- and β-DG subunits are correctly processed and targeted to the sarcolemma and 

laminin-α2 is deposited at the basement membrane of skeletal muscle fibers. However, preliminary analysis of skeletal 

muscle tissue sections derived from heterozygous and homozygous animals, shows abnormal myofibers, characterized 

by a wavy sarcolemma, and adjacent fibers appear to be more loosely attached to each other. These findings suggest a 

weakness in the sarcolemma that is likely to be progressive and that could be exacerbated by exercises and stress. 

Conclusions: Our preliminary results, would point towards a crucial functional role of the α/β-DG crosstalk for skeletal 

muscle stability. 
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Tenascin-C (TNC) is an extracellular matrix glycoprotein that plays a key role in the cancer microenvironment by 

promoting tumor invasion and metastasis. TNC expression is correlated with poor prognosis of cancer patients. In a 

previous study we showed that TNC regulates tumor angiogenesis in the spontaneous RIP1-Tag2 insulinoma mouse 

model, leading to aberrantly shaped and leaky vasculature (Saupe et al., 2013, Cell Reports). 

To further characterize the impact of TNC on angiogenesis at cellular and molecular levels, we studied direct and 

indirect impact of TNC on vascular cells behavior (endothelial cells or pericytes). Our results showed that a direct 

interaction of vascular cells with TNC impaired classical hallmarks of angiogenesis. Conversely, media conditioned by 

tumor cells cultivated on a TNC-containing cell-derived matrix increased hallmarks of angiogenesis. We thus propose 

that TNC differentially regulates angiogenesis through both direct anti-angiogenic effect by contact of TNC with the 

vascular compartment and indirect pro-angiogenic effect by modulating the tumor cell secretome. These mechanisms 

probably coexist during tumor progression and contribute to vascular abnormalities. 

We are in progress to further identify TNC-dependent pro-angiogenic candidates derived from tumor cells that could 

open new targeted therapeutic options against TNC activities in cancer. 
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Background: Epithelial-to-mesenchymal transition (EMT), playing a key role in the origin of carcinomas such as 

pancreatic ductal adenocarcinoma (PDAC), has been described as a step-wise process leading to the phenotypic 

switch of epithelial to mesenchymal cells, providing these cells with a metastatic phenotype. During EMT epithelial cells 

loose adhesion by down regulation of E-cadherin and expression of N-cadherin, display cytoskeleton reorganization by 

expressing vimentin and α-smooth muscle actin (αSMA), acquire motile properties and become invasive by secretion of 

matrix metalloproteinases. 

The tumor microenvironment acts as a key modulator of cancer cell phenotype in tumor progression, as well as of cell 

proliferation and invasion. 

The role of the ECM is particularly relevant in PDAC since this carcinoma is characterized by an intense desmoplastic 

reaction, representing the environment where complex interplay between invading tumor cells, normal host epithelial 

cells, stromal fibroblasts, ECM components and the release of cytokines, growth and angiogenic factors occur, thus 

favoring tumor growth and chemoresistance. 

We aimed at analyzing in vitro the effect of the crosstalk between PDAC cells and their microenvironment. For this 

purpose we characterized the effects elicited on PDAC cell phenotype by different ECM proteins used as a substrate on 

which cells were cultured, in order to better understand the relationship between cancer cell behaviour and the proteins 

occurring in the desmoplastic tissue. 

Methods: We analyzed by immunofluorescence the expression of the main EMT markers such as E-cadherin, N-

cadherin, β-catenin, αSMA, vimentin and collagen type I in PDAC cells cultured on laminin, fibronectin, collagen type I 

and without coating (NC). 

Results: Cell morphology was similar in PDAC cells cultured on laminin, fibronectin and collagen type I, and in NC, as 

well as the E-cadherin/β-catenin complex and αSMA expression, whilst vimentin was undetectable in all the 

experimental conditions. Interestingly, N-cadherin was almost undetectable in NC and in cells cultured on fibronectin, 

but seemed expressed in some cells cultured on fibronectin and collagen and on laminin. Moreover, collagen type I was 

detected in PDAC cells cultured on laminin an fibronectin and, to a lesser extent, on collagen type I. 

Conclusions: These preliminary results provide new insights in the characterization of the mutual effects elicited by the 

tumor-stroma interplay on the cancer cell, and will contribute to better understand the influence of the stroma on PDAC 

cancer cell phenotype, in order to develop new therapeutic strategies.  
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Background: Breast cancer (BC) is a heterogeneous tumor, with genotypic and phenotypic diversity. It has been 

established that Insulin- Like Growth Factor-I (IGF-I), Epidermal Growth Factor (EGF) and estradiol (E2) signaling 

pathways, with implications on crosstalk, regulate processes correlated to tumorigenesis of breast cancer. Importantly, 

the expression of estrogen receptors is associated with the mortality of BC patients. The participation of ERK1/2 has 

been suggested in the above signaling pathways. The aim of this study was to investigate the role of IGF-IR and the 

possible participation of ERK1/2 in the IGF-I, EGF and E2 signaling pathways-dependent BC cell adhesion. 

Methods: MCF-7 cells were used as a model system. Cells adhesive ability was determined utilizing a specific cell 

attachment assay whereas mRNA and protein expressions were examined using Real time-PCR and Western blot, 

respectively. 

Results: The effect of IGF-I on IGF-IR expression and activation was examined. IGF-I stimulates the activation of IGF-

IR (p<0,001) in MCF-7 cells. IGF-I (p<0,01), EGF (p<0,01) and E2 (p<0,01) were found to increase the adhesion ability 

of MCF-7 cells onto fibronectin. The inhibition of the IGF-I signaling pathway, via IGF-IR blocking, decreased the basal 

(p<0,05) and significantly inhibited IGF-I-, E2- and EGF-dependent cell adhesion of MCF-7 cells with statistical 

significance (p<0,05); (p<0,001) and (p<0,001); respectively. The possible downstream participation of ERK1/2 on the 

IGF-, EGF- and E2-dependent MCF-7 cell adhesion was examined. The IGF (p<0,05) and the E2 (p<0,001) - 

dependent cell adhesion was attenuated with the addition of ERK1/2 inhibitor. Moreover, the effect of IGF, EGF and E2 

on expression of p-ERK (activated ERK) with inhibition of IGF-IR was investigated and correlated with the results of the 

adhesion assay. 

Conclusions: Our results suggest that the Insulin-Like Growth Factor -I Receptor (IGF-IR) plays a significant role in BC 

cell adhesion through IGF-l, EGF and E2-dependent mechanisms. A crosstalk between these factors on BC cell 

adhesion is suggested with a downstream participation of ERK1/2. 

<b>This research has been co-financed by the European Union (European Social Fund - ESF) and Greek national 

funds through the Operational Program 'Education and Lifelong Learning' of the National Strategic Reference 

Framework (NSRF) - Research Funding Program: Thales. Investing in knowledge society through the European Social 

Fund.</b> 
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Collagen XVII functions as an adhesive component of the hemidesmosomes and mediates the tight anchorage of the 

epidermis to the underlying basement membrane. Our previously investigations revealed that the collagenous 

ectodomain of this transmembrane protein is constitutively shed from the cell surface by disintegrin-metalloproteinases 

(ADAMs), but its role in physiological and pathological processes remains elusive. To investigate this we identified the 

cleavage sites and generated transgenic collagen XVII non-shedding mice (Col17ΔNS) by introducing a deletion of 41 

amino acids within the linker domain that contains the sheddase cleavage sites. Exclusive expression of this mutant did 

not interfere with early skin architecture and epidermal differentiation, but slightly altered the basement membrane 

organization. To investigate the role of collagen XVII shedding during tissue regeneration and inflammation, 

standardized acute skin wounds were induced in the Col17ΔNS mice. Wound closure was significantly accelerated in 

Col17ΔNS mice with increased epithelial tongues and enhanced keratinocyte proliferation, especially during early re-

epithelialization. The cell-autonomously driven increase in proliferation and motility in primary Col17ΔNS keratinocytes 

was accompanied with increased expression of laminin 332 and α6β4 integrin at the wound edges and enhanced 

activation of the PI3K/Akt/mTOR pathway. These data indicate that the release of the collagen XVII ectodomain 

regulates the deposition of laminin 332 during basement membrane formation, which subsequently promotes integrin-

mediated Akt/mTOR signaling. Accordingly, pharmacologic inhibition of Akt/mTOR strongly suppressed proliferation and 

migration of Col17a1ΔNS keratinocytes in vitro. Our studies show for the first time that the function of collagen XVII 

goes beyond its control of keratinocyte adhesion as a hemidesmosomal component and provide in vivo evidence for a 

novel regulatory function of collagen XVII in keratinocyte adhesion and proliferation during re-epithelialization of acute 

skin wounds through shedding of its ectodomain. This regulatory function may be particularly important during tissue 

regeneration and inflammatory processes when hemidesmosomes are dissembled. 
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Background 

Integrins are cell-matrix or cell-cell receptors consisting of alpha and beta subunits. Eight out of 18 of the alpha subunits 

has extra domain called alphaI domain, which recognize and bind the ligand. Integrins generally have a long 

evolutionary history and they can be found from all metazoan species. 

Human collagen receptors belong to group having alphaI domain. AlphaI domains in human collagen receptor integrins 

have also one unique feature, alphaC-helix, in the immediately vicinity of the ligand binding site. Leukocyte integrins are 

closely related to collagen integrin receptors having alphaI domain. We have shown that leukocyte integrins (especially 

alphaXbeta2) are able to act as collagen receptors (Lahti et al., 2013, Int. J. Biochem. Cell. Biol.). We have been 

studying the origin of collagen receptor integrins, especially the origin of alphaI domain from the standpoint of structure 

and function, ligand recognition as well as signaling of the intact integrin. 

Methods 

To find out collagen receptor integrin candidates sequence searches and sequence alignments were carried out and 

phylogenetic trees were built. Known X-ray structures of alphaI domains were used to model candidate alphaI domain 

structures. Some alphaI domain candidate genes were synthesized and produced as recombinant fusion proteins for 

functional studies. 

Results 

The alphaI domain is evolutionary young and the first known alphaI domains can be found from urochordates (Ciona 

intestinalis) but not anymore from cephalochordate (lancelet). We have shown that alphaI domains in Ciona intestinalis 

do not have alphaC helix, they do not recognize GFOGER-peptide (essential for human collagen receptors, Knight et 

al., 2000, J. Biol. Chem.) and do not bind fibrillar collagens (Tulla et al., 2007, J. Biol. Chem.). Now we have identified 

three alphaI domain candidates from lamprey predicted to have alphaC-helices. Our studies with recombinant lamprey 

alphaI domains using time-resolved fluorescence based plate assays and plasmon resonance measurements show that 

they bind to various collagens in metal-dependent way and recognize GFOGER-peptide. 

Conclusions 

In general integrins are evolutionary old but collagen receptor integrins and their alphaI domains have developed much 

later. Lamprey may be the most primitive of the still living animals that utilizes alphaI domain in its full potential for 

collagen recognition. Based on integrin evolution we think collagen receptor integrins have evolved concomitantly with 

cartilageous/bony skeleton, blood vessels and acquired immunity. 
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Introduction 

Bone is largely composed of extracellular matrix (ECM), secreted by osteoblasts, and calcium hydroxyapatite. The ECM 

surrounds and physically supports bone cells and harbors several factors that modulate cell adhesion and proliferation. 

In the bone marrow mesenchymal stem cells (MSCs) are in close contact with the ECM and bone cells; they are 

promising candidates for bone tissue engineering, because of their ability to differentiate into osteoblasts and to secrete 

trophic factors that stimulate bone formation. Unfortunately utilization of MSCs for regenerative medicine is limited 

because of increasing senescence and gradual loss of osteogenic potential during ex vivo expansion.We are studying 

the ECM as a natural biomaterial to enhance MSC proliferation and osteogenic potential by using an in vitro model of 

devitalized ECM. 

Methods 

Human MSCs are cultured in osteogenic conditions and subsequently devitalized by freeze-thaw cycles to produce our 

model of devitalized ECM. Next, human MSCs are cultured on top of the ECM and parameters such as proliferation, 

apoptosis, cell adhesion and osteogenic differentiation are monitored. 

Results 

Our model of osteogenic MSC-produced ECM appeared as a ruffled layer covering the plastic surface of cell culture 

plate. After the devitalization treatment the ECM was metabolically inactive. The MSCs cultured on top of the devitalized 

ECM resulted well integrated and spread into the matrix. They adhered to the ECM and within 3 hours after seeding 

they exhibited a different cytoskeletal organization, compared to MSCs grown on plastic alone. Proliferation was 

enhanced when MSCs were cultured on devitalized ECM; the ECM increased and enhanced MSC osteogenic 

differentiation, as assessed by alkaline phosphatase activity and confirmed by calcium uptake. 

Conclusions 

The devitalized ECM increased the proliferation of MSCs and enhanced their osteogenic differentiation and 

mineralization. These properties make our devitalized ECM an ideal microenvironment to improve MSC characteristics 

for bone regeneration, overcoming some limitations encountered so far. The ECM itself and its interplay with MSCs will 

be further investigated to identify regulatory molecules important for osteogenic differentiation as well as their use in 

bone tissue repair applications. 
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Background: Bone tissue engineering can be obtained by applying injectable biomaterials where after placement the 

spaces are invaded by cells, creating new bone. Hydroxyapatite/β-tricalcium-phosphate (HA/β-TCP) granules promote 

the osteogenic potential of adipose stem cells (ASC), but the angiogenic potential of these constructs is low. It is our aim 

to develop an injectable composite with osteogenic and angiogenic potential. Since fibrin gels enhance the angiogenic 

and osteogenic potential of stem cells, we developed an injectable composite based on ASC, calcium-phosphate (CaP) 

granules, and fibrin. As a first approach we studied fibrin gel degradation after incorporation of human ASC (hASC) on 

CaP granules. 

Methods: 0.5x10
5
 or 10x10

5
 hASC were seeded on 25-35 mg Straumann Bone Ceramic biphasic calcium-phosphate 

(SBC-BCP) granules (60% HA/40% β-TCP). In one group, 0.25 x10
5
 cells were seeded on granules, and 0.25 x10

5
 cells 

in the gel. These composites were cultured in fibrin gels containing 2 mg/mL fibrinogen polymerized with 0.1 or 1.0 

IU/mL thrombin for 11 days in medium with or without 50 µg/mL ascorbic acid. Morphological characteristics of fibrin gel-

based composites were determined by visual inspection. Cell viability was followed by examining cell morphology using 

microscopy over time. Fibrin degradation was characterized by enzyme-linked immunosorbent assay at days 7, 10, and 

11. 

Results: Morphological characteristics of fibrin gel-based composites showed good stability, i.e. gels did not shrink and 

kept their original shape. After 11 days, hASC were viable in fibrin gel-based composites and exhibited an elongated 

shape on honeycomb-structured granules and in the fibrin gel under all conditions. 

Fibrin gel-based composites made with 0.1 and 1.0 IU/mL thrombin showed similar levels of degradation for 0.5x10
5
 

and 10x10
5
 hASC at all time points. Fibrin degradation was also similar between the two cell densities. However, 

ascorbic acid enhanced fibrin gel-based composite degradation after 11 days. 

Interestingly, fibrin degradation was significantly decreased when cells were not only present on the granules, but also in 

the fibrin gel. 

Conclusions: This study demonstrates that fabrication of fibrin gel-based composites containing hASC and SBC-BCP 

granules is feasible. The composites showed good stability and cells were viable. The data suggest that ascorbic acid 

accelerates fibrin degradation. Since the presence of hASC on granules and in the gel decreased fibrin degradation, this 

might indicate that the CaP granules direct hASC differentiation towards the osteogenic lineage. This first data on 

behaviour of this novel composite is promising for bone tissue engineering. 
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Tumor microenvironment plays crucial role in cancer development and progression. Stromal fibroblasts are the primary 

component of tumor microenvironment by secreting extracellular matrix molecules, cytokines, growth factors and other 

mediators that regulate cancer cells’ function. In the case of breast tumor, estrogens are considered to be an important 

parameter, since it is important for breast tissue development, homeostasis, as well as pathophysiology. Furthermore, 

since sixty per cent of all breast cancers identified so far are estrogen responsive. Thus many anticancer therapeutic 

approaches focus on the regulation of estrogens’ action. However, less attention has been devoted to the effect of 

estrogen on stromal cells surrounding the tumor. In order to gain an insight into these effects, we developed primary 

cultures of breast normal stromal fibroblasts and cancer-associated fibroblasts from consenting volunteers undergoing 

surgery. First we studied the expression of estrogen receptors (ERα and ERβ) in these cells and it was found that these 

fibroblasts expressed mostly ERβ. Interestingly, fibroblasts derived from normal and cancer regions have a similar 

profile of ERs expression. However, the expression of both receptors is much inferior from that found in classical breast 

cancer lines MCF-7 (ERα+) and MDA-MB-231 (ERβ+). This expression is practically independent of the presence of 

serum in the culture medium. We also studied the effect of estradiol (E2) and we observed that in a range of 

physiological concentrations it does not affect significantly the expression of ERs after a short- and long-term treatment. 

Finally, we studied paracrine interactions of fibroblasts and cancer cells. Specifically, we investigated the effect of 

secreted factors from a panel of breast cancer cells, in ERs expression of breast stromal fibroblasts. 
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Background: For stem cell based tissue engineering it is essential to understand the behaviour of these cells in 

particular how they interact with the extracellular matrix (ECM). Matrix remodeling by fibroblasts appears to depend on 

their phagocytic activity. We hypothesized that stem cells are also capable to remodel the ECM by a phagocytic 

pathway. In this study we investigated (1) the capacity of stem cells to phagocytose native and denatured type I and II 

collagens (as model for damaged collagen), (2) the intracellular localization of collagens with respect to lysosomal 

organelles and (3) different classes of collagen receptors such as Endo180, integrins (ITG) and discoidin domain 

receptors (DDRs). 

Methods: For quantification of phagocytosis, 2.0 μm Fluoresbrite beads were coated with native or heat denatured rat 

tail collagen type I (Col I) or chicken type II collagen (Col II) and added to adipose stem cells (ASC) or dermal stem cells 

(DSC) for 3 hours prior to flow cytometry. To analyze intracellular routing and interaction with different collagen 

receptors, ASC and DSC were incubated for 90 minutes with FITC-labeled native fibrillar collagen type I or with Oregon 

Green labeled gelatin. The cells were immunostained with antibodies against early endosome antigen-1, Endo180, 

ITGα1, ITGβ1, ITGα5, DDR1 and DDR2 collagen receptors and visualization was performed using confocal scanning 

laser microscopy (CSLM). 

Results: Both cell types were able to internalize collagen coated and uncoated beads. FACS analysis revealed that 

relative to uncoated beads ASC internalized 2.3 and 2.8 fold more denatured type 1 and type II collagens, respectively. 

DSC also internalized mainly denatured type I and II collagen, being 3.0 and 4.4 fold higher compared to uncoated 

beads, respectively. DSC internalized 2.5 fold more native collagen type I; internalization of type II collagen was similar 

to uncoated beads. 

Although both cell types showed accumulation of native and denatured collagen in early endosomes we found co-

localization of native and denatured collagens mainly with Endo180, DDR1 and DDR2 receptors and no co-localization 

with ITGα1, ITGβ1, ITGα5 receptors.  

Conclusion: In this study we provide evidence that stem cells are able to internalize native and denatured collagens. 

Since a fraction of these collagens is transported to the lysosomal apparatus, degradation is likely to occur. This 

suggests that stem cells can assist in the maintenance of the ECM by removal of (damaged) collagens. Furthermore, 

Endo180 and DDR receptors may mediate internalization of collagens by both types of stem cells. 
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Although cancer research is traditionally focused on the neoplastic cell per se, numerous studies have revealed that 

stroma plays an important role in tumor development and progression. Stromal fibroblasts, the most abundant cell type 

of tumor microenvironment, synthesize extracellular matrix (ECM) molecules and growth factors, highlighting their 

importance on paracrine interactions between them and tumor cells. These cells when exposed to various anticancer 

treatments, such as ionizing radiation during radiotherapy, they can become senescent, i.e. they can remain viable but 

unable to proliferate. Senescent fibroblasts express a specific inflammatory phenotype, which affects locally tissue 

homeostasis and may enhance tumor growth. In the case of breast tumor, estrogens constitute a critical parameter for 

tumor development, since sixty per cent of all incidents are estrogen responsive. However, the role of estrogens on the 

function of young and senescent human breast fibroblasts has not been investigated in depth. To this end, we have 

developed primary cultures of stromal fibroblasts from consenting volunteers undergoing surgery. We found that 

estradiol at a range of physiological concentrations does not affect the viability and proliferation of these cells. On the 

other hand, breast fibroblasts that became senescent after exposure to ionizing radiation express a catabolic 

phenotype, characterized by the overexpression of MMP-1, increased activity of MMPs and decreased collagen 

accumulation. These effects are not altered in the presence of estradiol. Finally, we studied paracrine interactions of 

fibroblasts and cancer cells. Specifically, we investigated in breast stromal fibroblasts the effect of secreted factors from 

a panel of breast cancer cells, concerning the expression of several genes involved in tumor development and 

progression, such as VEGF, TGF-β, SDF-1. 
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Type I collagen, a life-long extracellular matrix protein, is known to play a role in tumor progression. This protein is 

susceptible to undergo non enzymatic post-translational modifications such as production of Advanced Glycation End 

Products (AGE). In the present study, we analyze the effects of type I collagen aging on cell proliferation of human 

fibrosarcoma HT-1080 in 3D matrix cell culture. Type I collagen was prepared from 8 (adult) and 96-week (old) rats. 

SDS-PAGE electrophoretic profile showed that the oldest collagen had higher density and moved slower than the 

younger counterpart, indicating that the collagen mobility was decreased with age and post-translational modifications. 

Fluorescent AGE quantification showed a significant increase in fluorescence emission intensity for the oldest collagen. 

Previous data from our laboratory, using Second-Harmonic Generation (SHG) technique, have shown an alteration in 

fibrillar organization and a decrease in the fibril size in the oldest collagen (Aït-Belkacem et al., J Biomed Opt. 2012). 

HT-1080 cells proliferate rapidly in the oldest collagen relative to the younger one. The high rate of proliferation in the 

oldest collagen was accompanied by an activation of ERK1/2 pathway and a decrease in the cell cycle regulator p21 

expression. The involvement of ERK1/2 pathway in this process was confirmed using the specific inhibitor of ERK1/2 

U0126 in the presence of the oldest collagen. U0126 induced an increase in p21 expression and a decrease in cell 

proliferation rate at a level similar to that observed in the presence of the younger one. This age-dependent cell 

proliferation regulatory effect does not involve α2β1 integrins as shown using siRNA and neutralizing antibodies directed 

against α2 and β1 integrin subunits. 

Taken together, these data suggest that age of type I collagen is critical for regulation of cell proliferation in HT1080 cells 

through ERK1/2 and p21 signaling without involving α2β1 integrins. Further experiments are needed to determine 

whether type I collagen age-dependent regulation of cell proliferation is a consequence of an interaction of collagen with 

other receptors such as Discoidin Domain Receptor 2 (DDR2) or AGE signaling through their interaction with AGE 

receptors (RAGE). 
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Transforming Growth Factor-beta (TGF-β) is a multifunctional and pleiotropic factor with decisive role in tissue repair. In 

this context, we have shown previously that TGF-β inhibits the proliferation of fetal human skin fibroblasts but stimulates 

that of adult ones, in accordance with the differential strategies for wound repair followed in these two developmental 

stages. Given the dynamic reciprocity between fibroblasts, growth factors and extracellular matrix (ECM) in tissue 

homeostasis, the present study aims to investigate the role of fibronectin and collagen in the proliferative effects of TGF-

β on fetal and adult cells. 

In this work, human fetal and adult skin fibroblasts were grown either on plastic surfaces or on surfaces coated with 

fibronectin or collagen type-I, as well as, on top or within three-dimensional matrices of polymerized collagen. Their 

proliferative response to TGF-β was studied using tritiated thymidine incorporation, while the signaling pathways 

involved were investigated by Western analysis and using specific kinase inhibitors. 

We have already shown that fetal skin fibroblast-proliferation was inhibited by TGF-β, while that of adult cells was 

stimulated by this factor. Here we present evidence showing that the proliferative action of TGF-β depends on the 

presence of an active Smad intracellular pathway. The differential effect of TGF-β is independent of the culture of cells 

on plastic or on fibronectin- or (polymerized or unpolymerized) collagen-coated substrata. In accordance, no major 

changes were observed in the phosphorylation of Smad2 and Smad3 after TGF-β-treatment under the different culture 

conditions. Moreover, as we have previously shown, inhibition of fetal fibroblasts was mediated by PKA activation, while 

stimulation of adult ones was effected through the autocrine activation of FGF receptor and the MEK-ERK pathway. 

Once again these phenomena persist when cells are cultured on top of plastic surfaces or on surfaces coated with ECM 

components. 

In conclusion, fetal and adult human skin fibroblasts retain their differential proliferative response to TGF-β when 

cultured in the presence of fibronectin and unpolymerized or polymerized collagen. These data indicate that the 

interplay between TGF-β and ECM supports the pleiotropic nature of this growth factor, in concordance with the different 

repair strategies between fetuses and adults. 

The first two authors contributed equally to this work. 
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Metastasis involves the adhesion to endothelium of blood/lymph vessels and transmigration through it. The endothelium 

exerts critical functions in several aspects of cancer biology including tumor progression, angiogenesis, and metastasis. 

The endothelial cells have so far been mainly viewed in the context of tumor perfusion and relatively little is known 

regarding the effects of breast cancer-induced paracrine interactions on the endothelium microtubules and functional 

properties, expression of matrix and cell surface effectors (endothelial glycocalyx composition) and proteasome activity. 

The aim of the present study was to determine the cellular responses that breast cancer cells (BCC) (MDA-MB-231 & 

MCF-7), elicit in the human umbilical vein endothelial cells (HUVEC). For this purpose two models were utilized; one 

involves HUVEC culture in the presence of BCC-derived conditioned media (CM) and the other co-culture of both cell 

populations in a Transwell system. Real-time PCR was utilized to evaluate gene expression, an immunofluorescence 

assay for proteasome activity, and functional assays (migration, adhesion and invasion) and immunofluorescence 

microscopy for cell integrity and properties. 

We found that CM from BBCs decreases HUVEC cells migration, affecting also cytoskeleton organization, whereas the 

adhesion, and invasion of cancer cells is favored by the presence of HUVEC-secreted matrix effectors. In parallel, BBCs 

migration is up-regulated by the action HUVEC-CM. Real-Time PCR analysis showed that HA receptor CD44 and HA 

synthase HAS2 gene expressions in HUVEC are substantially up-regulated, in accordance with elevated HA levels. 

BBCs take advantage of hyaluronan-rich matrices to invade through ECM coated transwell. ICAM-1 and VCAM-1, key 

adhesion molecules in trafficking of CC across endothelial and epithelial barriers, are upregulated. Notably, the 

expression of MT1-MMP, MMP-2 by HUVEC is significantly downregulated in both culture systems, where MMP-9 is up-

regulated. On the other hand, ubiquitin proteasome system is the central protein degradation mechanism. Gene 

expression and activity of β5 proteasomal subunit is upregulated, especially by the action of MDA-MB-231 cells on 

HUVEC. 

Conclusively, breast cancer-endothelium interactions provide regulatory signals facilitating tumor progression. In the 

present study, BCCs significantly alter the expression of matrix macromolecules, proteasome activity and functional 

properties of endothelial cells. Deep understanding of such paracrine interactions will help to design novel drugs 

targeting breast cancer at the ECM level. 

  

  

Picture 1: 

 
Caption 1: Overall interplay of breast cancer cells and endothelium depicted in this study (Gialeli et al., BBA Gen Subj, 

2014)  
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89 Understanding the E-cadherin-integrin-ECM crosstalk in gastric cancer. 
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IPATIMUP, PORTO, Portugal 

 

Cell-cell and cell-extracellular matrix adhesions are crucial physical interactions for tissue homeostasis and architecture. 

Cadherins are central molecules in cell-cell junctions, whereas integrins play a major role in the interaction between 

cells and the extracellular matrix (ECM). In cancer, E-cadherin loss and integrin dysfunction are frequent events and 

have been implicated in the initiation, progression and metastasis of solid tumours. Herein, our aim is to disclose the 

molecular mechanisms underlying the regulation of E-cadherin-integrin-ECM crosstalk in gastric cancer. 

Using an in vitro cell model, we showed that the expression of E-cadherin leads to decreased expression of Integrin β4 

and Integrin β1. Moreover, we verified that Laminin γ2, which is known to interact with both β1 and β4 integrins, is also 

downregulated in the presence of E-cadherin. 

Further, we demonstrated that modulation of Laminin γ2 by siRNA enhances E-cadherin expression through a 

mechanism involving its trafficking machinery. Arf6, a key protein involved in E-cadherin endocytosis and recycling is 

decreased. Simultaneously, the inhibition of Laminin γ2 stimulates the expression of PIPKIγ, which is described to bind 

to E-cadherin promoting its transport to the plasma membrane. 

Here, we present evidence of a direct influence of E-cadherin in the expression of integrins and ECM components and 

the reverse, the effect of an ECM component in E-cadherin expression and in its intracellular trafficking. 

Since loss of E-cadherin function is associated to features of biological aggressiveness in most epithelial tumours, we 

propose that this should be taken into account for the development of new therapeutic strategies to cadherin-related 

tumours. 
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Most cells of higher multicellular organisms are embedded in an extracellular matrix (ECM), which is largely composed 

of collagens. Communication between cells and the collagen matrix is mediated by receptors of the β1 family of 

integrins, heterodimeric transmembrane molecules containing either α1, α2, or α11 in non-covalent association with the 

β1 subunit. All these collagen receptors bind to the downstream pseudokinase Integrin-Linked Kinase (ILK), a central 

docking platform that links the extracellular collagen via integrin receptors to the actin cytoskeleton. 

Fibrosis is characterized by enhanced accumulation and deposition of ECM, mainly collagens, by activated fibroblasts. 

This condition may occur transiently as in healing wounds or persist as in pathologic fibrosis. We showed that 

mechanical signals in a collagen matrix induce fibroblast activation and elicit a profibrotic response. Here we asked the 

question whether mechanosignaling is transduced by the β1 integrin-ILK axis and whether all collagen-binding integrins 

are required in order to execute the fibrotic response. 

First, we generated mice with selective ablation of ILK in fibroblasts. Challenge with local injections of bleomycin, which 

induces robust skin fibrosis in wild type mice, elicited a significantly attenuated fibrotic response in ILK-null mice, similar 

to that seen in mice with fibroblast-specific ablation of integrin β1 (Leask et al, Arthr Rheum 2009). Similar effects were 

observed in the course of the transient fibrotic reaction following wounding. The attenuated fibrotic reaction was marked 

by reduced numbers of myofibroblasts. Fibroblasts lacking ILK showed fewer matrix adhesions and a severely disrupted 

cytoskeleton, indicating defects or weakness in the force-transmitting structures. In line with this concept, reorganization 

of collagen lattices and organization of a fibronectin fibril meshwork (which relies on cell-matrix forces) were severely 

impaired. 

To address the role of the different collagen-binding integrins, we followed the transient fibrotic response to injury in 

mice with inactivation of either α1, α2, α11 or β1 integrin subunit. This systematic approach clearly indicated that α11β1 

integrin transmits signals necessary for myofibroblast differentiation and the transient fibrosis in granulation tissue. 

Our work thereby established a crucial role for the integrin β1-ILK axis and an apparently selective role for the α11β1 

receptor in mediating successful dermal reconstitution following injury, and it may be a suitable target for the design of 

novel anti-fibrotic therapy. 
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The heart is a complex organ which is composed of a diverse set of muscle and non-muscle cells embedded in a 

connective tissue matrix, the extracellular matrix (ECM). The cardiac ECM plays an important role in the contractility of 

the heart by forming an aligned network which provides cues for proliferation, differentiation, alignment and coupling of 

cell with each other and their environment, thereby providing contractile function. During pathogenesis of the heart, the 

composition and architecture of the ECM alters. The aligned ECM changes into a disorganized organization which alters 

cardiac structure and function. Current therapies for heart disease focus on attenuating cardiac function although often 

with only a temporary beneficial effect, possibly caused by the disorganized ECM. 

More insights in the changes of the cellular microenvironment and how this affects cardiac function in disease might 

lead to the development of new therapies. The use of engineered cardiac tissue models becomes increasingly important 

for understanding healthy and disease cardiac physiology. Here we describe the characterization of the cardiac 

microenvironment in heart disease which can be implemented in 3D engineered cardiac tissue. Pressure overload was 

produced by constricting the transverse aorta of mice and after 9 weeks the hearts were subjected to histological and 

biochemical analysis. The composition and architecture of the ECM combined with mechanical and cellular interactions. 

Additionally, to gain further insight in matrix architecture, healthy and TAC hearts were analyzed with Diffusion Tensor 

Imaging (DTI) to characterize the microscopic geometrical properties. TAC hearts were characterized by induction of 

fibrosis and change in ECM organization into a more isotropic organization. 

To study the effect of the change in ECM organization on the mechanical performance of cardiac cells, microtissues on 

an array of polydimethylssiloxane (PDMS) microposts allow real-time characterization of cells and their environment. 

The 3D tissues consist of cardiac muscle cells and non-muscle cells in a matrix with an aligned and disorganized 

organization which represent healthy and diseased ECM, respectively. Spontaneous contraction of the microtissues was 

followed for 7 days by video recordings and forces can be quantified from micropost displacement. The beating 

frequency of both healthy and diseased microenvironments decreased over time. 

By implementing the effect of healthy vs diseased cellular microenvironment of the functionality of cardiomyocytes, more 

insight into heart pathobiology will be generated and facilitate in the optimization of new therapies for cardiac disease. 
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The main structural component of skin and tendons is type I collagen. These tissues are elastic and deform reversibly 

under stress. The mechanical properties of individual collagen fibrils contribute to the mechanical properties of the 

tissues which they comprise. We have used synchrotron based small angle X-ray scattering to investigate the 

deformation of collagen fibrils during stress in pericardium. Fibril diameter is calculated from the scattering pattern and 

fibril elongation is calculated from the diffraction peaks resulting from the d-spacing. As collagen fibrils are stretched 

their density increases. We are able to determine the poisson ratio for collagen fibrils. This knowledge may be 

incorporated into models of the macrolevel behaviour of tissues. 

  

  

 
Figure 1. The relationship between the collagen fibril diameter and collagen fibril length as a collagen fibril is stretched.  
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Background: Advancements in matrix biology and polymer chemistry have enabled the development of scaffold-free 

technology termed as Tissue Engineering by Self-Assembly. Despite efficacious in vitro and in vivo results, very few 

products have been commercialized, primarily due to prolonged culture time. It has been demonstrated that 

macromolecular crowding (MMC) enhances deposition of extracellular matrix (ECM). Here, we assessed the potential of 

combining MMC technology with a Tissue Engineering by Self-Assembly approach. 

Methods: Human primary cells [fibroblasts, tenocytes, osteoblasts] were cultured under various MMC conditions 

[dextran sulphate (DxS); Ficoll
®
 & carrageenan (CR)] in a range of fetal bovine serum (FBS) and human serum (HS) 

concentrations (0.0-10%). ECM deposition was analysed by SDS-PAGE, immunocytochemistry (ICC), zymography, 

atomic force microscopy (AFM), scanning electron microscopy (SEM) and mass-spectrometry (MS). MMC molecules 

were characterized by dynamic light scattering (DLS) and nanoparticle tracking analysis (NTA). The influence of 

crowders on cell morphology, cell viability and metabolic activity were evaluated using phase-contrast microscopy, 

Live/Dead
®
 and AlamarBlue

®
 assays respectively. NIPAM based thermo-responsive polymers were developed to 

facilitate detachment of ECM-rich cell-sheets. 

Results: Densitometry of SDS-PAGE demonstrated that MMC significantly increase type-I collagen deposition 

(p<0.0001) at all tested serum concentrations (maximum deposition was in 2 days & 0.5% FBS or HS). (figure-1). High 

matrix metalloproteinase-2 (MMP-2) content of FBS/HS was revealed by gelatin zymography (Figure 2), that attributed 

reduction in collagen content as a function of increased serum concentration. ICC, AFM and SEM further confirmed 

enhanced deposition of fibrillar ECM in presence of MMC (figure-3, a-h). DLS and NTA demonstrated that CR has 

highest polydispersity among all tested crowders. Phase-contrast microscopy, Live/Dead
®
 and AlamarBlue

®
 assays 

confirmed that cellular morphology, viability and metabolic activity respectively were not affected by MMC. Thermo-

responsive coating with 65% NIPAM: 35% N-tert-butylacrylamide facilitated detachment of ECM rich cell-sheet from 

culture (figure-4, a-d). Complementary ICC for MS validation confirmed the enhanced deposition of collagens (III, IV, V, 

VI) and other ECM molecules (laminin, fibronectin, hyaluronic acid, decorin, lysyl oxidase), without changing collagen-

VII, elastin, fibrillin-1, transglutaminase-2, α-smooth muscle actin, epithelial keratin, tubulin, chondroitin sulphate, keratin 

sulphate, heparin sulphate, aggrecan, biglycan, CD248 and IL-10. 

Conclusion: Modulation of in vitro microenvironment with polydispersed macromolecular crowders enhances ECM 

deposition even under low serum supplementation and facilitates production of intact ECM rich cell-sheets when 

combined with novel thermo-responsive polymer coating. 

Acknowledgments: Authors would like to thank Science Foundation Ireland (09/RFP/ENM2483 & 07/IN1/B031) for 

financial support to this project. 
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Background: MicroRNAs (miRNAs) regulate gene expression through base-specific interactions. The aim of this study 

was to further identify miRNAs differentially expressed in osteoarthritis (OA) and to investigate the effect of one of these, 

hsa-miR-7, on the chondrogenic potential of chondrocytes from OA cartilage. 

Methods: Low-density Taqman arrays were used to identify miRNAs differentially expressed in OA and normal cartilage 

(n=7 donors each). OA chondrocytes were isolated from articular cartilage obtained from patients undergoing knee 

arthroplasty. At passage 2, OA chondrocytes from 6 donors were transfected with a miRNA precursor for hsa-miR-7 or a 

miRNA precursor negative control. Chondrocytes were reverse-transfected during seeding at high density (1.26*10
6
 

cells per cm
2
) on collagen-coated culture inserts in a 24-wells transwell system. After 7 and 21 days, real-time PCR was 

performed to examine expression levels of aggrecan (ACAN), type I and II collagen (COL1A1 andCOL2A1), and matrix 

metallopeptidase 13 (MMP13) and hsa-miR-7. After 4 weeks of culture, glycsaminoglycan (GAG) content, release and 

total production were determined by DMMB (normalized for DNA as measured by picogreen assay) and paraffin 

sections of the cultures were stained for proteoglycans (safranin-O) and type II collagen (immunostaining). Gene targets 

of hsa-miR-7 were predicted by computational analyses. 

Results: 66 miRNAs were differentially expressed in OA cartilage compared to healthy cartilage, including hsa-miR-7, 

which was downregulated 4.5 times in OA cartilage compared to normal cartilage (p=0.002).Overexpression of hsa-

miR7 had no effect on ACAN, COL1A1, COL2A1 and MMP13 gene expression levels. However, the matrix produced by 

the miR-7 overexpressing chondrocytes contained more GAG’s and their total GAG production was higher. Also 

histology showed more intense proteoglycan staining for the miR-7 overexpressing chondrocytes and type II collagen 

was increased (Figure 1). As miRNAs are negative regulators of gene expression, the gene target prediction focused on 

genes involved in cartilage degradation or anti-anabolic genes. No genes coding for cartilage degrading enzymes were 

found amongst the predicted targets of hsa-miR-7. Epidermal growth factor receptor (EGFR) and several kinases in the 

Ras-Raf-MEK-ERK pathway were predicted as direct targets of hsa-miR-7.  

Conclusion: Several miRNAs are differentially expressed in OA and modulating their expression may lead to a potential 

therapy for OA. Overexpression of hsa-miR-7 increased proteoglycan and type II collagen deposition by OA 

chondrocytes. This might be a result of modulation of EGFR and several kinases in the Ras-Raf-MEK-ERK pathway by 

hsa-miR-7, but this still needs to be validated.  

  

  

Picture 1: 

Caption 1: Figure 1: Safranin-O (A,B) and type II collagen (C,D) stainings on slides of chondrocytes transfected with 

mock miRNA (A,C) or miR-7 (B,D).  
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Background: Scaffold free cell-based therapies are potential approaches to avoid various deleterious effect of foreign 

material based scaffold. However, very few products have been reached to the clinics due to prolong culture time 

required
1
. The keratocytes required 35-84 days culture to build a cohesive stromal substitute, which is poor in 

extracellular matrix (ECM) and thinner than the native tissue
2,3

. The macromolecular crowding (MMC), the addition of 

inert macromolecules in culture media, can accelerate the cell specific ECM deposition within 2-6 days of culture, 

without change in cell phenotype
4
. Herein, the role of MMC on human corneal fibroblasts (HCFs) has been 

demonstrated, which were cultured on a NIPAAM based thermosensitive polymer to generate ECM-rich HCFs cell 

sheets. 

Methods: HCFs cultured under MMC (100µg/ml dextran sulphate (DxS); 37.5mg/ml Ficoll[TRADEMARK] (Fc) 70 and 

25mg/ml (Fc) 400; and 50µg/ml Carrageenan (CR)). The ECM deposition was analysed by SDS-PAGE, 

immunocytochemistry (ICC) and proteomic analysis. Gene expression was assessed using the RT-PCR. Intact HCFs 

cell sheets were developed using NIPAAM/n-tert butyl acrylamide thermal responsive polymer. 

Results 

Densitometric analysis of SDS-PAGE and immunocytochemistry confirm that MMC (e.g. Fc) significantly increased 

collagen I deposition (p<0.05) and more ordered ECM deposition. Other ECM proteins of the corneal fibroblasts also 

increased significantly(p<0.05). Proteomic and genomics analysis confirmed the increase in stromal ECM/total proteins 

and phenotype maintenance respectively (results not shown). Successful detachment of HCFs cell sheet was 

demonstrated at low temperature when used with cell sheet technology. The transmittance assay of the developed 

HCFs cell sheet shows good transparency as compare to control cell sheets. Trichrome’s staining of cell sheets and 

Immunofluorescence assay also confirm the higheer collagen type I. AFM analysis of HCFs shows the quarterstaggered 

nature of deposited ECM. 

Fig. 1. (A) The densitometry for collagen type I (B) The immunofluorescence for collagen type I and fibronectin (C) 

HCFs seeded on thermosensitive polymer coated dishes (D) The HCFs cell sheet detached at lower temperature (E) 

Transmittance of the developed HCFs cell sheet (F) Trichrome’s staining of cell sheets (G) Immunofluorescence for 

collagen type I of developed cell sheets (H) AFM analysis of HCFs 

Conclusions: MMC significantly accelerates corneal specific ECM deposition and favour the development of ECM rich 

HCFs cell sheets. The thermal responsive polymer allowed the detachment of intact, transparent and ECM rich HCFs 

cell sheets within 6 days of culture. 

Acknowledgments: College of Engineering and Informatics, NUI Galway, SFI (Grant-07/IN1/B031 & 09/ 

RFP/ENM2483) and SFI- ETS Walton award. 

  

  

 



132 

 

Picture 1: 

  
 

 

 

 



133 

 

96 Comparison of canine bone marrow- and adipose tissue- derived mesenchymal stem cells 
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Background  Mesenchymal stem cells (MSCs) are perceived as attractive sources of stem cells in regenerative 

medicine since these cells are readily accessible, possess multi-lineage differentiation potential and can exert a variety 

of trophic effects 
1
. Although the dog is an excellent experimental model and the employment of MSCs is clinically 

relevant in the veterinary practice, limited research has been performed on canine MSCs (cMSCs). The aim of the 

present study was to compare the differentiation potential of cMSCs derived from bone marrow (cBMSCs) and adipose 

tissue (cASCs). 

Methods cBMSCs (n=10) and cASCs (n=9) harvested from dogs were differentiated towards the adipogenic, 

osteogenic, and chondrogenic lineage. Adipogenic and osteogenic differentiation were achieved following the culture 

conditions of Pittenger e.a.
1
. Adipogenic differentiation was assessed by Oil-red-O staining and qPCR of adipose tissue 

specific genes (adiponectin and PPARG). Osteogenic differentiation was assessed by alizarin red staining and qPCR of 

bone related genes (Osteocalcin, Osteopontin, Osteonectin). Chondrogenic differentiation was assessed in standard 

chondrogenic medium containing TGF-β1 or in chrondrogenic medium containing both TGF-β1 and BMP-6. After 35 

days, the glycosaminoglycan (GAG) content was determined with a DMB assay and corrected for DNA content. In 

addition, a Safranin-O/Fast green staining was performed and gene expression of chondrogenic markers (SOX9, 

Aggrecan, Collagen 2 and Collagen 10) was assessed. 

Results Adipogenic differentiation was achieved in all donors, visualized by staining of the lipid droplets with Oil-red-O 

and supported by upregulation of the ADIPOQ and PPARG genes. ASCs showed significantly higher adipogenic 

potential compared with BMSC donors. Osteogenic differentiation was demonstrated in 5/10 BMSC and 1/9 ASC 

donors, by staining of the mineral deposits with alizarin red and upregulation of Osteopontin and Osteocalcin compared 

with the control group. Chondrogenic differentiation was achieved in 6/10 BMSC donors and 2/9 ASC donors as showed 

by a positive Safranin O staining and the presence of chondrocytes. GAG content and gene expression of chondrogenic 

markers were significantly higher in the TGF- β1 treated pellets compared with controls; BMP-6 seemed to have an 

additive effect on TGF- β1 for GAG production. 

Conclusion Canine BMSCs and ASCs can both be differentiated towards the osteogenic, adipogenic and chondrogenic 

lineage. cBMSCs seemed to differentiate more easily towards the osteogenic and chondrogenic lineage compared with 

cASCs while the cASCs had a higher adipogenic potential. 

References 

1. Pittenger, M. F. et al. Multilineage Potential of Adult Human Mesenchymal Stem Cells. Science 284, 143-147 (1999).  

  

  
Caption 1: Differentiation towards the adipogenic (A), osteogenic (B) and chondrogenic (C) lineage. 4x magnification  
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Background In the field of orthopaedics the reconstruction of large bone defects still represents a huge challenge. Large 

bone defects heal by endochondral bone formation, a process which is also responsible for longitudinal growth in the 

growth plate. Instead of studying the mutations that cause disregulation of endochondral bone formation, normal 

variation in the pace of endochondral bone formation that results in variation in adult height, offers an unexploited new 

approach to identify effective targets for new bone regenerative strategies. 

Methods The canine species was chosen because of the extreme intra-species differences in adult height
1
 and the 

growth plate physiology resemblance between human and dog. In this study, an integrative approach is employed in 

order to study the pace of endochondral bone formation. Whole genome expression profiling by microarray analysis of 

the whole growth plate of 5 Great Danes (a large breed dog) with 5 Miniature Poodles (a small breed dog) was 

employed to identify differentially expressed genes; validation was performed by qPCR. The differentially expressed 

genes were compared to the GIANT genome wide association study (GWAS), a study regarding height associated 

genes in over 180.000 human individuals 
2
. 

Results Expression analysis resulted in 3033 differentially expressed unique, annotated genes of which 1204 were 

upregulated and 1829 down regulated in Great Danes compared to Miniature Poodles.A signaling pathway impact 

analysis showed an upregulation of genes involved in the cell cycle, the extracellular matrix receptor interaction and the 

tight junction pathway.Integration with the GIANT GWAS showed a tremendous overlap of genes regulating the pace of 

endochondral bone formation, including expected genes as bone morphogenic proetein 2(BMP-2), an important 

contributor to longitudinal growth and used in clinical applications for bone regeneration. 

Conclusion Micro-array analysis in two groups of dogs as little as 5 dogs was greatly in line with the GIANT GWAS 

performed in over 180.000 human individuals. Integrating genetic studies and the local differences related to a 

differential pace of endochondral bone formation at the growth plate level, may be a powerful strategy to identify new 

targets that could be translated towards bone regenerative medicine. 

References 

1. Tryfonidou, M. A. et al. Intraspecies disparity in growth rate is associated with differences in expression of local 

growth plate regulators. Am. J. Physiol. Endocrinol. Metab. 299, E1044-52 (2010). 

2. Lango Allen, H. et al. Hundreds of variants clustered in genomic loci and biological pathways affect human height. 

Nature 467, 832-838 (2010). 
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Caption 1: Micro-array of 5 Great Danes (GD) and Miniature Poodles (MP). 1204 DE-genes were upregulated (red) and 

1829 DE-genes were downregulated (green) in the  
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A major challenge following the implantation of foreign materials into the body is the response of inflammatory cells to 

induce fibrosis. While the infiltration of inflammatory cells and formation of a fibrous capsule are relatively well 

characterised, research into the cellular and biochemical mechanisms involved is still new. Recruitment of mast cells to 

the site of material implantation is thought to be important for the ongoing recruitment of inflammatory cells, and the 

release of pro-inflammatory proteases and cytokines that all control the level of fibrotic response. This study aims to 

characterise the in vitro and in vivo behaviour of an important cellular component of the inflammatory response known 

as the mast cell, which in different activated states, can produce mediators that control fibrosis. 

Initially, in vitro experiments were performed using the rat mast cell line, RBL-2H3 to investigate the expression of 

proteoglycans (PGs) and glycosaminoglycans (GAGs) in culture in both resting and activate states, as well as upon 

exposure to the implanted material. Chitosan-based materials were subcutaneously implanted into rats for 7 days and 

following explant underwent histological examination. 

Analysis of RBL-2H3 conditioned medium, suggested that these cells contained significant amounts of the major GAG 

types keratan sulphate, chondroitin sulphate, heparin and heparan sulphate, which did not changed upon activation. 

Immunolocalisation of GAGs and PGs in the RBL-2H3 cells changed when the cells were activated or exposed to the 

chitosan material. In vivo response and level of inflammation was shown to vary with respect to the different implanted 

materials. The presence of mast cells, as assessed by the Leder stain and positive reactivity towards the c-kit receptor 

indicated that their numbers increased closer to the implanted material. These cells also expressed a novel GAG 

epitope present on the non-reducing end of the GAG chain that is normally only revealed by treatment with bacterial 

chondroitinase ABC and might be known as 2B6(-) +ve. The role of the mast cells and these terminal GAG epitopes 

remains unexplored and is a focus of our laboratory going forward. It is tempting to speculate that they are a result of 

newly synthesised GAG structures that are a hallmark of inflammatory cell populations. 

These data supports the idea that mast cells have the ability to alter GAG type in response to their microenvironment, 

which may have important ramifications to the success of long term implanted materials, as well as the potential to 

behave as markers of systemic inflammatory status. 

 

 

 



137 

 

100 Synthesis of an artificial cornea allowing in vitro colonization of the host cells 

A. Tidu
1
, D. Ghoubay

2
, B. Lynch

3
, C. De Sousa

4
, F. Wendel

5
, C. Illoul

6
, B. Haye

6
, J. M. Allain

3
, V. Borderie

2
, G. Mosser

6
 

1
Université Pierre et Marie Curie, PARIS, France 

2
Institut de la Vision, UPMC Univ Paris 06, UMR_S 968 / INSERM U968, PARIS, France 

3
Solids Mechanics Laboratory, Ecole Polytechnique, PALAISEAU, France 

4
Banque de Cornees Saint Antoin, Hôpital Saint Antoine, PARIS, France 

5
Laboratoire Chimie e la Matière Condensée de Paris, UMR 7475, PARIS, France 

6
UPMC Paris 6, Laboratoire Chimie de la Matière Condensée de Paris, UMR 7475, PARIS, France 

 

Dense transparent collagen type 1 scaffolds have been synthesized, exploiting the intrinsic liquid crystals properties of 

collagen molecules (Giraud-guille et al. 2008) in view to synthesize biocompatible artificial cornea. 

3mg/mL collagen solutions in 500mM acetic acid were dialyzed to reach the final physico-chemical condition of 70mM 

acetic acid and 1,25 mM hydrochloric acid. Collagen solutions were subsequently concentrated by centrifugation-

filtration up to 15, 30, 60, 90 mg/mL. The concentrated solutions were then pressed into cornea-like shape and 

submitted to ammonia vapor during 17h hours to increase pH and induce fibrillogenesis of collagen. Transparent dense 

collagen matrices were then collected and stored into water at 4°C until use. To perform cell culture experiments, 

human donor cornea explants were sewed on top of the scaffolds and immersed into cell culture buffer and 37°C in a 

95% air and 5% CO2 atmosphere for 15 days. The samples were analyzed for their mechanical and optical properties, 

their ultra-structures and for epithelium development. 

Transmission electron microscopy revealed that fibril density and organization increased with concentration with a 

dramatic change passing from 60mg/ml to 90mg/ml where fibrils were organized in layers. Using a custom made 

device, mechanical tests revealed that the mechanical properties were improved with increasing collagen density: the 

Young modulus was approximately 0.5kPa for 15 and 30mg/ml collagen matrices, while for 60 and 90mg/ml, values 

reached respectively 1 and 2kPa. The maximum stress and strain at rupture were similar for low concentrations (20kPa 

and 90%) while for 60 and 90mg/ml, maximum stresses respectively reached 45kPa and 80kPa for a similar elongation 

of 55%. The observation of fine sections of collagen matrices after cell culture experiments showed that cells were 

viable and formed epithelia on the scaffolds. Transparency was calculated for wavelengths in the visible range using the 

average optical density measured with a spectrophotometer. At 30mg/mL the matrices were transparent (e.g. 84%). 

Transparency increased with time and was very little affected by the epithelium. 

More recent experiments in glass microchambers where collagen was continuously injected at low speed to 

compensate evaporation (Mosser et al. 2005) revealed that liquid crystals organizations obtained in the present physico-

chemical condition (70mM acetic acid and 1,25mM hydrochloric acid) generated organization different from what is 

found in cornea. Therefore, other physico-chemical conditions showing plywood organizations, as shown by De Sa 

Peixoto(2011) were checked for their liquid crystal organizations, their transparency and mechanical properties. 
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Collagen networks, the main structural and mechanical elements in biological tissues, increasingly serve as biomimetic 

scaffolds for cell behavioral studies, and tissue engineering especially neural tissue, and yet their full spectrum of 

applications remains unclear. A thorough understanding of the relaxation of three-dimensional (3D) extracellular matrix 

to cell functions is therefore essential not only for cell behavioral studies but also for rational designing of biocompatible 

scaffolds in neural tissue engineering. 

In this work, we examined the species-related differences of 3D collagen based scaffolds with and without 1-ethyl-3-(3-

dimethylamino-propyl) carbodiimide hydrochloride (EDC) and N-hydroxy-sulfosuccinimide (NHS) cross-linking. Collagen 

Type I were derived from porcine tendons and sponges were made by the processes of freezing and freeze-drying the 

dispersion of collagen. 

To study the entrapment and distribution of the cells in the collagen scaffolds the embryonic neuronal cells (isolated 

from rat fetus brains) were used. The cells were stained with bisbazimide. Toxicity of the scaffolds were determined by 

the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay (MTT). 

To achieve some data and information about conformational structure of superhelix, and conformational dynamic 

changes in collagen scaffolds, dynamic mechanical thermal analysis (DMTA) and differential scanning calorimetry 

(DSC) were included. The results showed that the visco-elastic behavior and thermo-stability of cross-linked scaffolds 

was manifested by a shift of the tan δ peak associated with the process of decomposition towards higher temperature. 

Furthermore, measurements of porosity of modified sponges carried out using scanning electron microscopy (SEM) 

indicated that the most pore size appear to be more equiaxed and can be adjusted between 40 -140 µm. The embryonic 

neuronal cells were found in both superficial and bottom surfaces of the scaffold, however the distribution of this cells 

was different in the superficial and bottom surfaces. The porosity of this scaffolds is the most suitable for cells 

entrapment. Embryonic neuronal cells seeded in collagen scaffold converted MTT into formazan at the same level as 

cells in control conditions. 

In conclusion, the tested collagen scaffold is a good carrier for the embryonic neuronal cells. The study provides the new 

insights into development of new methods for treatment of nervous system injury. 
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Background Hydrogels have been shown promising in counteracting intervertebral disc (IVD) degeneration, either on 

their own or by delivery of cells in the nucleus pulposus (NP). However, although a variety of hydrogel materials have 

been described no comparison has been made between different materials. This study aims to gain more understanding 

of extracellular matrix production by human NP cells and provide a more solid basis for the choice of material for in vitro 

models or in vivo regeneration. 

Methods Hydrogels of six different materials were prepared for incorporation of human Thompson grade III nucleus 

pulposus cells at 2*10
6
 cells/ml. All gels were transferred to 48 wells plates and cultured for 4 weeks in the presence of 

DMEM with 10% FCS, 2% ascorbic acid-2-phosphate and 1% penicillin/streptomycin. Samples were stained with 

immunohistochemistry for collagen II and aggrecan. Matrix content as reflected by GAG production was measured with 

a dimethylmethylene blue (DMMB) assay and DNA content with a Picogreen assay. Empty gels were taken as controls. 

Univariate analysis of variance with randomized block design and post-hoc Bonferroni were performed. 

Results Fibrin and collagen II gels degraded during culture, leaving a cell pellet. Cell morphology was elongated, 

especially around the edge of the construct. In Hystem gels, throughout the construct, cells were also found to display 

an elongated morphology. In alginate, agarose and GelMA gels, the cells were rounded. DMMB analysis showed high 

background values with alginate gels. After subtraction of background values, the highest amount of GAG, also 

expressed per DNA, was produced by cells in agarose gels (p≤0.001). 

Conclusions The current study provides an overview of NP cell behavior in different hydrogels. In terms of extracellular 

matrix production, the 2% agarose gel is a suitable candidate. Fibrin and collagen II gels degraded during culture, 

leaving a cell pellet. Alginate interfered with the DMMB assay and resulted in an overestimation of GAG production. 

Differences between hydrogels are most likely based on several characteristics such as porosity, fixed charge density 

and stiffness. Although agarose from the current set of hydrogels appears to be best for regeneration in vitro, it is not 

necessarily suitable for therapeutic application. 

  

  

Picture 1:  

Caption 1: GAG per DNA (µg/µg) of cells cultured in 6 different types of hydrogels for 28 days. Production of cells in 

agarose is highest (* indicates p≤0.001).  
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Background 

Tissue engineering and regenerative medicine focus on the reconstruction of structural and functional tissue functions. 

The traditional approach encompasses the development of scaffolds, incorporating cells and biological cues. 

Extracellular matrix proteins are attractive scaffolding materials due to their biodegradability, biocompatibility, bioactive 

properties, and low antigenicity. One way to construct these scaffolds is by lyophilization. Type I collagen, the 

scaffolding material of the body, allows construction of scaffolds with tunable shapes and pore architectures (size and 

orientation) by adjustment of the freezing conditions. Intrinsic surface topographies, such as the pore structure, have 

shown to influence cellular behavior. Approaches to introduce topographical variations are not well understood. In this 

study, the construction of collagen scaffolds with tailorable topographical features was investigated by taking into 

account the freezing behavior of various diluted acids. 

Methods 

Type I collagen fibrils (0.7% w/v) were suspended in 0.25 M methanoic acid, ethanoic acid, propanoic acid, ethanedioic 

acid, propanedioic acid, butanedioic acid, pentanedioic acid, hexanedioic acid, butenedioic acid, and water. Scaffolds 

were constructed by freezing collagen suspensions in a custom-made freezing system using liquid nitrogen followed by 

lyophilization. Scanning electron microscopy was used to evaluate pore morphologies. Pore sizes were quantified using 

ImageJ. 

 Results 

The scaffolds showed variations in pore morphologies including pore size, wall thickness and wall structure. Variations 

in pore size, between 27 and 79 µm, were found for the different acids. Dicarboxylic acids resulted in acid specific 

differences in pore structures, whereas various monocarboxylic acids did not result in remarkable structural differences. 

For instance, scaffolds constructed from propanedioic acid gave thin and smooth pore walls, while ethanedioic acid 

resulted in thick and frayed wall structures. The mechanism underlying these observations is currently under 

investigation. It is anticipated that (ice)crystal formation is key to the specific morphologies observed and that 

modulation of crystal growth by dicarboxylic- or other acids allows generation of micrometer-defined topographies.  

Conclusions 

Collagen scaffolds with variations in pore morphology were constructed by varying media in which collagen fibrils were 

suspended. Since the obtained scaffolds give large variations in pore topography, they can be applied as a screening 

platform for the effect of pore morphology on cellular behavior. This would allow selection of optimal substrates for the 

regeneration of specific tissues. Future research will focus on the effect of pore structures on the mineralization potential 

of MC3T3 cells and chondrogenic differentiation of C3H10T1/2 cells for bone and cartilage tissue engineering 

applications, respectively. 

  

  

Picture 1: 

 
Caption 1: Variations in pore morphology in collagen scaffolds prepared using various acids.  
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Background 

Type I collagen is a biomaterial which has extensively been used in constructs for tissue engineering. Chemical 

crosslinking is usually applied to increase the strength of the construct and to preserve structural integrity. In this study 

we show that chemical crosslinking can also be used to adapt the morphological and mechanical properties of collagen-

based scaffolds, and induce elastic-like properties associated with shape-memory. We hypothesize that these new 

characteristics are driven by hydrophobic interactions induced by chemical crosslinking. 

  

Methods 

Tubular scaffolds were prepared from insoluble bovine type I collagen by a casting, molding, freezing and lyophilization 

process. Subsequently, a unique combination of compression, corrugation, and zero-length carbodiimide crosslinking 

was applied (Fig. 1A+B). Morphology of the scaffold was assessed using light and electron microscopy. Mechanical 

characteristics were determined by force monitored stretching experiments. Cytocompatibility was evaluated using 

primary human bladder smooth muscle cells (hbSMCs) cells cultured onto the scaffold and assessed by H&E staining. 

Results 

Chemical crosslinking of compressed and corrugated type I collagen scaffolds reduced the porosity of the scaffold and it 

induced a crypt-like structure comparable to the bellows of an accordion (Fig 1C+D). Also shape-memory was induced; 

when the bellowed structure was unfolded in an aqueous environment and the applied force was released, the scaffolds 

instantly returned to their corrugated (original) state. In non-polar solvents (e.g. chloroform) shape-memory was not 

observed, indicating that hydrophobic interactions play a major role. Tensile testing indicated that the corrugated 

scaffolds were more extensible than uncorrugated scaffolds, and that the strength needed for unfolding was only 

marginal. H&E staining of the scaffolds seeded with hbSMCs showed that cells could be homogeneously spread over 

the scaffold surface. 

  

Conclusions 

By combining compression and corrugation techniques with chemical crosslinking collagen scaffolds can be prepared 

which possess elastic-like characteristics associated with shape memory, likely through the introduction of hydrophobic 

links. Tubular scaffolds with a bellowed morphology and elastic-like characteristics were prepared as a proof of concept. 

This technique may be used to prepare tailor-made scaffolds that resemble the properties of the ECM of the tissues with 

elastic characteristics such as ligaments, blood vessels, and bladder. 
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In this study, we have evaluated the wound-healing effects of unrestricted somatic stem cells loaded in cross linked 

PHBV nanofibrous scaffold, implanted into the full thickness skin defects of rats. Afterwards, the scaffolds were 

evaluated by structural, microscopic, physical and mechanical assays and cell culture analyses. Defects were treated 

with the scaffolds without and with USSCs. MTT assay, immunostaining, and wound pathology were performed for 

groups twenty one days after implantation. SEM images showed the average diameter of about 100 nm for the 

nanofibrous scaffolds, increasing up to 500 nm after crosslinking. Results of physical and mechanical analyses also 

showed a good resilience and compliance with movement as a skin graft. Cellular experiments showed a better cell 

adhesion, growth and proliferation inside the cross-linked nanofibrous scaffolds compared to un-cross linked ones. In 

animal models, all groups, excluding the control group, exhibited the most pronounced effect on wound closure, with the 

statistically significant improvement in wound healing being seen at post-operative day 21. Histological and 

immunostaining examinations of healed wounds from all groups, especially the groups treated with stem cells. Thus, the 

grafting of cross-linked nanofibrous scaffold loaded with USSC showed better results during the healing process of skin 

defects in rat models. 
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Nanofibrous poly(3-hydroxybutyrateco-3-hydroxyvalerate) conduit can be used to repair 30-mm-long sciatic nerve 

defects. However, the repair effects on rat behaviors remain poorly understood. In this study, we used nanofibrous 

poly(3-hydroxybutyrate-co-3-hydroxyvalerate) conduit and autologous sciatic nerve to bridge 30-mm-long rat sciatic 

nerve gaps. Within 4 months after surgery, rat sciatic nerve functional recovery was evaluated per month by behavioral 

analyses, including toe out angle, toe spread analysis, walking track analysis, extensor postural thrust, swimming test, 

open-field analysis and nociceptive function. Results showed that rat sciatic nerve functional recovery was similar after 

nanofibrous poly(3-hydroxybutyrate-co-3-hydroxyvalerate) conduit and autologous nerve grafting.These findings 

suggest that nanofibrous poly(3-hydroxybutyrate-co-3-hydroxyvalerate) conduit is suitable in use for repair of long-

segment sciatic nerve defects. 
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The interest for hydrogels in tissue engineering has been growing due to their close properties to native ECM. Besides 

biocompatibility, a new major issue in biomaterial science is to generate engineered tissues that will undergo remodeling 

similarly to functional tissues. For this purpose, a crucial issue is the ability of biomaterials to support both cell invasion 

for ECM remodeling and angiogenesis for providing nutrients and oxygen. Whereas collagen has been extensively used 

in tissue engineering for soft tissue replacement, collagen hydrogels suffer from poor mechanical properties and often 

need non physiological crosslinking or increased concentrations in order to be handled. In both cases, these hydrogel 

modifications decrease their capacity for cell invasion and delay angiogenesis. 

The aim of this study is thus to synthesize a type I collagen matrix biomimetically crosslinked by LOXL2 that could 

reconcile hydrogel stiffness and efficient cell invasion and capillary formation. LOXL2 belongs to the family of a copper-

dependent secreted lysyl oxidase enzymes that physiologically cross-link collagens and elastin. We have developed a 

eukaryotic expression system that allows purification of mg amounts of recombinant human LOXL2 and characterized 

its enzymatic activity. We found that LOXL2-mediated cross-linking of type I collagen hydrogels at 2.5mg/mL increases 

their thermal stability as measured by differential scanning calorimetry (DSC). We also investigated their mechanical 

properties by oscillatory rheology. LOXL2 mediated cross-linking increased the elastic moduli of hydrogels by 2.5 fold 

over a wide spectrum of fibrillogenesis conditions (20 to 37°C and pH 7.4 to 9). Modifications of the hydrogel structure 

were also studied using multiphoton microscopy and second harmonic generation. We found that LOXL2 affects 

collagen fibrillogenesis by increasing fiber length and diameter. Finally, LOXL2-mediated cross-linking of collagen 

hydrogels improved capillary formation by HUVEC entrapped in hydrogel co-cultured with fibroblasts. 

In conclusion, we are able to synthesize collagen hydrogels biomimetically cross-linked by LOXL2 with tunable 

properties. These hydrogels display increased angiogenic properties in vitro. They thus constitute promising hydrogels 

for generating prevascularized biomaterials for tissue engineering applications. 
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Background 

Ageing represents a huge challenge for society as whilst lifespan increases the quality of life is often poor, in part due to 

a progressive loss of mobility. Alterations in tendon properties contribute to muscle weakness and thus reduced mobility 

in old age as well as an increased risk of injury .The cellular and molecular mechanisms behind these changes in 

tendons are not understood. RNA-Seq has been demonstrated to be an effective approach for gene expression profiling 

in ageing tissues with a greater dynamic range than microarrays and the ability to detect non-coding RNAs. Therefore 

we undertook an RNA-Seq experiment on young and old human Achilles to characterize molecular mechanisms 

associated with age-related changes in gene signatures. 

Methods 

RNA was extracted from young (n=4) and old (n=5) tendon from macroscopically normal Achilles tendon. Ribosomal 

RNA depleted samples were used for RNA-Seq library preparation and sequencing using the Illumina HiSeq 2000 

platform and 100bp paired-end reads. The Bioconductor package edgeR was used to identify differential gene 

expression (DGE) and genes deemed differentially expressed between age groups with a Benjamini-Hochberg false 

discovery rate corrected P-value < 0.05 and a log2fold change ≥ 1.4. Gene ontology investigations were undertaken 

using Ingenuity Pathway Analysis. 

Results 

Analysis identified 42,830 genes expressed in tendon. Data clustered into groups relating to old and young using 

principal component analysis. DGE demonstrated significant age-related changes. There were 325 genes differentially 

expressed; 191 were higher in the older tendon and 134 were lower in the older tendon. There was a reduction in DGE 

of 15 genes relating to matrix proteins, degradative proteases, cytokines and growth factors in tendon derived from older 

donors compared to young. IPA indicated top scoring networks from DGE were from cell growth and proliferation and 

muscular system development. The top canonical pathways demonstrated were hepatic fibrosis and transcriptional 

regulatory network in stem cells. A number of long and short non-coding RNAs were differentially expressed. 

Conclusions 

The age-related DGE changes identified most notably involved reduced gene expression in older cartilage. The reduced 

gene expression of matrix proteins, degradative proteases, cytokines and growth factors identified in tendon derived 

from older donors points a more quiescent phenotype in tendon ageing. However this subset of genes was not as 

extensive as similar studies we have undertaken in cartilage ageing. Additionally in tendon ageing there appears to be a 

disregulation of a number of transcription factors. 
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Purpose:Cranial cruciate ligament (CCL) rupture is a common orthopaedic condition indogs, which can be due to 

trauma (least common) or by non-contact injury (mostcommon). Rupture of the CCL has serious functional implications, 

leading toosteoarthritis.The aetopathogenesis of canine cruciate rupture is unknown but changes in 

CCLextracellularmatrix metabolism have been identified in dog breeds with differing risks ofligament rupture. 

Proteoglycans (PGs) are one of the unique components oftendon andligament extracellular matrix, consisting of one or 

more polysaccharideglycosaminoglycan side chains and a unique core protein. Decorin and biglycan, are members of 

thesmall leucine rich PGs, that bind to collagen fibrils and organise collagenfibrillogenesis.Aggrecan and versican are 

two large PGs which maintain tendon and ligament andhave a capacity to withstand compressive forces associated with 

loading. Wehypothesise that PGs are key components of the CCL ECM and therefore may have arole in determining 

risk of CCL rupture in susceptible dog breeds.Methods:CCls were harvested from canine crossbreds (n=6 Staffordshire 

bull terriercross)with no macroscopic evidence of stifle joint pathology. Each CCL was dividedinto three sections (origin, 

middle, and insertion). For western blot analysis,ligament samples were pulverized with a mortar and pestle using liquid 

nitrogenand proteins were extracted with a 4 M guanidinium chloride extraction buffer.For immunohistochemistry, 

longitudinal sections were cut to immunolocalisePG-core proteins and glycosaminoglycans side chain using antibodies 

tochondroitin sulphate stubs, chondroitin-0- sulphate (1-B-5)chondroitin-4-sulphate(2-B-6).Results:Western blot 

analysis confirmed that all PGs/glycosaminoglycans were expressedin eachregion in CCL. Immunohistochemical 

analysis demonstrated that each proteoglycanhad a unique localisation within the CCL. Decorin, lumican, 1-B-5 and 2-

B-6wereevident mostly in collagen fibre bundles and interfacicular regions. Incontrast, biglycan appeared to be localised 

to the cells. Versican wasimmunopositivein all interfacicular, interbundle and cellular regions.Conclusion:Overall, the 

distribution of extracellular matrix constituents within the CCLprovidesan insight into the regional differences in tissue 

structure, which are likelyto provide essential functionality in the healthy ligament. Future work willinclude semi-

quantitative immunohistochemical analysis of CCL proteoglycans ina low (greyhound) and high (Labrador) risk breeds 

to ligament degeneration andrupture. 
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Introduction: Here, we aim to understand the role of the catecholaminergic neurotransmitter norepinephrine (NE) in 

human osteoarthritic chondrocytes in the context of inflammation and its impact on metabolic activity. 

Methods: Chondrocytes were isolated from post-surgery discarded human osteoarthritic articular cartilage. Expression 

of adrenergic receptors/tyrosine-hydroxylase (TH) in articular cartilage chondrocytes was tested with standard PCR and 

immunohistochemical methods. Employing 3D cell cultures embedded in fibringel, effects of NE on interleukin-1β (IL) 

induced expression of pro-inflammatory cytokines and matrix metalloproteinases (MMP) and on extracellular matrix 

components were analyzed with real-time PCR, ELISA and DMMB-Assay. The impact of NE on cell metabolism was 

determined in 3D-cultured chondrocytes with PCNA/TUNEL immunohistochemistry. To specify adrenergic receptors, 

specific adrenergic receptor antagonists were included in BrdU/caspase3/7-ELISAs. Cell cycle analyses with FACS 

were performed to determine impact of NE on cell population distribution. 

Results: Chondrocytes cultured in monolayer and in 3D under non- and inflammatory conditions expressed TH, α1D-, 

α2A/B/C- and β2-adrenergic receptors. TH, α1D- and ß2-adrenergic receptors were detected on protein level in human 

osteoarthritic cartilage explants as well. Stimulation with NE significantly reduced IL1ß induced expression of IL8 and 

MMP-13 in human osteoarthritic chondrocytes cultured in fibringel. NE also mitigated IL1ß induced decrease in 

extracellular glycosaminoglycan and collagen II concentrations. Additional, NE (10
-8

 M) can increase number of TUNEL-

positive and decrease (10
-6

 M) number of PCNA-positive chondrocytes cultured in 3D. Apoptosis induction was 

reversed after addition of α1-adrenergic receptorantagonist doxazosin. Proliferation decrease was reversed with β1-3-

adrenergic receptor antagonist nadolol in. Cell cycle analyses revealed an increase in G0/1-phase cell population and a 

decrease in S-phase population after treatment with NE (10
-6

 M) compared to untreated controls. 

Conclusion: Neurotransmitters of the sympathetic nervous system like norepinephrine presumably mediate an anti-

inflammatory / chondroprotective effect in human osteoarthritic chondrocytes via opposing IL1β induced increase of IL8 

and MMP-13 and decrease of glycosaminoglycan and collagen II concentrations. Furthermore, norepinephrine is able to 

modulate metabolic activity of chondrocytes by a cell cycle slow down via β2-adrenergic receptor signaling and by 

induction of apoptosis via α1D-adrenergic receptor signaling. We therefore assume a yet unknown function of 

catecholaminergic neurotransmitters in adult human cartilage that might have an impact on osteoarthritis pathology. 
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Background 

Integrins are transmembrane receptors composed of α- and β-subunits, which mediate mechanical linkage and 

bidirectional signalling between the cell and extracellular matrix. Integrin α11β1 is a collagen-binding integrin and the 

most recent addition to the integrin family. Little is known about the signalling function of α11β1, and these are 

investigated mainly through studies of knock-out mice. Recent developments indicate that the zebrafish, danio rerio, 

may be an alternative model organism for integrin function in health and disease. In order to increase our understanding 

of the function of integrin α11 in zebrafish, we attempt to characterize one of the two isoforms of zebrafish α11 and 

compare its function with that of mammalian orthologues. 

Methods 

Purified RNA from zebrafish PAC2 fibroblasts allowed us to isolate full-length integrin α11a cDNA, and an EGFP-tagged 

variant was transfected into mouse C2C12 cells lacking endogenous collagen receptors. Immunocytochemistry was 

performed in order to localize the protein to the focal adhesions, and immunoprecipitation confirmed heterodimerization 

with the endogenous mouse β1-subunit. Finally, functional assays were performed, including cell migration and 

attachment on collagen I-coated surfaces and contraction of collagen gels. 

Results 

Our results indicate that the zebrafish integrin α11a is capable of forming heterodimers with the mouse β1 integrin chain, 

and also demonstrates that the resulting chimeric heterodimers appear functionally equivalent to the endogenous 

mouse α11β1 receptor. 

Conclusions 

We have isolated a zebrafish orthologue of integrin α11 and demonstrate that when the zebrafish protein is expressed in 

mouse cells, it is a functional collagen I receptor. By looking at conserved residues in the cytoplasmatic tail of zf α11a, 

we intend to characterize the importance of individual amino acids for integrin α11 function in vitro and in vivo. 
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Various structural variants of latent transforming growth factor β 4 (LTBP4) exist in humans and in mice. The main forms 

are one long (LTBP4L) and one short (LTBP4S) form, which differ in their N-terminal parts. Using two independent 

promoters both forms are differentially expressed in a tissue-specific manner and secreted into the ECM with different 

kinetics (Kantola et al., 2010). The N-terminal part of LTBP4 is particular important in initiating ECM targeting. It contains 

fibronectin binding sites and is thought to interact with fibronectin to guide LTBP4 accumulation into early ECM 

structures (Kantola et al., 2008). 

We analyzed the expression of both Ltbp4 variants in different tissues from wild type (WT), short variant (Ltbp4S
-/-

; 

Sterner-Kock et al., 2002), and Ltbp4 knockout (Ltbp4
-/-

) mouse mutants, using two independent, novel and highly 

sensitive, quantitative qPCR-assays in combination with immunohistochemical staining. 

While in the aortae of WT mice comparable amounts of Ltbp4S and Ltbp4L mRNA were expressed, Ltbp4L was 

significantly reduced in the aortae of Ltbp4S
-/-

 mice, suggesting that the lack of Ltbp4S has an impact on Ltbp4L 

expression. In terms of tissue distribution, Ltbp4 is expressed in the vicinity of the aortic elastic lamellae throughout the 

entire aortic wall. However, in Ltbp4S
-/-

 mice, Ltbp4 is only detectable in the vicinity of the adventitia and the luminal 

elastic membrane. Because the Ltbp4 form detected in Ltbp4S
-/-

 mice is Ltbp4L, the data suggest that Ltbp4L 

expression is restricted to luminal and extraluminal borders of the aortic wall. 

Unlike the aortae, the major Ltbp4 variant expressed in the heart is Ltbp4S. In WT mice Ltbp4 immunoreactivity is 

present throughout the whole heart including myo-, endo-, and epicard. However, in Ltbp4S
-/-

 mice Ltbp4 is detectable 

exclusively within the endocard, suggesting that the expression of Ltbp4L is restricted to this region. 

Overall, our data show that Ltbp4L and Ltbp4S are distributed differently within the aortic and cardiac tissues, supporting 

the variant specific functions. 

 

 

 



149 

 

113 Tenascins in whiskers follicles: modulators of Wnt signaling in stem cell niches? 
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Tenascins are a family of glycoproteins found in the extracellular matrix (ECM) of many tissues. They support tissue 

structure and also regulate the fate of different cell types populating the ECM. Interestingly, tenascin-C (TNC) is found in 

many stem cell niches, including the subventricular zone of the central nervous system, hematopoietic stem cell niches 

in bone marrow, the corneal limbus and dental pulp (Chiquet-Ehrismann et al., 2014). We recently showed that both 

TNC and tenascin-W (TNW) were expressed in the CD34-positive stem cell niche in the trabecular region of mouse 

whiskers (Tucker et al., 2013). Here, we analyzed whisker follicles from TNC knockout (KO) mice and found ectopic 

intrafollicular adipocytes and supernumerary mast cells. According to the literature, Wnt/β-catenin signaling suppresses 

adipocyte and mast cell differentiation. Therefore, we tested the effects of tenascins on Wnt/β-catenin signaling. We 

found that both TNC and TNW bind Wnt3a. If added in solution, both TNC and TNW inhibited β-catenin induced 

transcription probably by sequestering Wnt3a. However, when cells were plated on TNC or TNW in the presence of 

Wnt3A, β-catenin mediated transcription was increased, presumably due to the sequestration and concentration of 

Wnt3a in the vicinity of the cells and presenting the Wnt ligand for signaling. In whiskers in situ, we found cytoplasmic 

and nuclear β-catenin in the CD34-postive stem cell niche of wild type mice reflecting active Wnt/β-catenin, whereas β-

catenin in the TNC-/- mice was mostly cell membrane-associated and thus transcriptionally inactive. We conclude that 

the presence of TNC in whiskers assures active Wnt/β-catenin signaling, thereby maintaining the stem cell pool, while in 

the TNC-/- mice with reduced Wnt/β-catenin signaling, CD34-positive stem cells can differentiate into adipocytes and 

mast cells. Taken together, these results strongly suggest that TNC and TNW are important for the microenvironmental 

effect on Wnt signaling in stem cell niches during normal development and tissue homeostasis. 

Chiquet-Ehrismann, R., Orend, G., Chiquet, M., Tucker, R. P. and Midwood, K. S. (2014). Tenascins in stem cell 

niches. Matrix Biol. (2014), http:\\dx.doi.org/10.1016/j.matbio.2014.01.007 

Tucker, R. P., Ferralli, J., Schittny, J. C. and Chiquet-Ehrismann, R. (2013). Tenascin-C and tenascin-W in whisker 

follicle stem cell niches: possible roles in regulating stem cell proliferation and migration. J. Cell Sci. 126, 5111-5115. 
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114 The predicted secretomes of Monosiga brevicollis and Capsaspora owczarzaki, close unicellular 

relatives of metazoans, reveal new insights into the evolution of the metazoan extracellular matrix 

JC Adams, F Williams, HA Tew, CE Paul 

University of Bristol, BRISTOL, United Kingdom 

 

Background. The extracellular matrix (ECM) is important for the multi-cellularity of metazoa. Multiple ECM proteins 

constitute part of the “core adhesome”that is conserved from sponges to human. This raises questions about the 

evolutionary origin of ECM. Choanoflagellates are the closest unicellular relatives of the metazoa. Proteins with domains 

characteristic of metazoan ECM proteins have been identified from the genome-predicted proteome of the 

choanoflagellate Monosiga brevicollis. However, systematic analysis for M. brevicollis secretory signal peptide-

containing proteins with ECM domains has been lacking. In addition, the filasterean (an independent lineage of 

unicellulotes within the Holozoa), Capsaspora owczarzaki, is of great interest because it has multiple integrins, whereas 

the choanoflagellates studied to date all lack integrins. 

Materials and Methods. We analysed, in silico, all predicted secretory signal-peptide-containing proteins, encoded in the 

M. brevicollis and C. owczarzaki genomes, for ECM domains. Proteins with internal transmembrane domains, as 

predicted by THMM v2.0, were removed from the datasets. Domains in the remaining proteins were identified by batch 

searches against CDD (NCBI) and individual searches against SMART and InterProSco (EBI), all at default parameters. 

Proteins with one or more domains characteristic of metazoan ECM proteins were retained in the dataset. Any 

homologous proteins in other eukaryotes were identified by BLASTP searches of GenBank. 

Results. In M. brevicollis, nine domains that are widespread in metazoan ECM proteins are represented. EGF, 

fibronectin III, laminin G, and von Willebrand Factor_A domains were the most numerous. Three proteins contain more 

than one category of ECM domain. Glycosaminoglycan-binding motifs that are important for binding of animal 

thrombospondin type 1 domains to proteoglycans are conserved in some M. brevicollis representatives of this domain. 

In contrast, the laminin G domains did not show conservation of identified functional motifs of the laminin alpha subunit. 

C. owczarzaki encodes fewer secretory, ECM domain-containing proteins with only EGF, fibronectin type III and laminin 

G domains being represented. 

Conclusions. The M. brevicollis and C. owczarzaki proteins are of different domain architectures. All proteins are also 

different in their domain composition and organisation to metazoan ECM proteins. The data support the view that ECM 

proteins are metazoan-specific.  
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115 Glycine Substitutions within COL4A1 Cause Systemic and Allele-specific Phenotypes in Drosophila*  
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*Supported by OTKA, contract nr. NN 108283 to M.M. 

We have recently identified conditional, dominant temperature-sensitive mutations in an allelic series of the type IV 

collagen (col4a1) gene of the fruit fly. All the mutations were G-A transitions causing glycine substitutions in the COL4A1 

protein. The mutations resulted in systemic effect, affecting both the striated and smooth muscles, the epithelial cells of 

the gut and the Malpighian tubules. N-terminal mutations that disrupt integrin binding sites in the COL4A1 chain, or 

interfere with the opposite integrin binding site of the COL4A2 protein cause severe myopathy with a rapid progression. 

In these mutants, the striated muscle fibers of the common oviduct have central nuclei, round up at their angular ends, 

detach laterally with emerging spaces that are gradually filled by type IV collagen. Necrotic fibers expand to smaller 

areas including 5-10 myofibers, and an increasing number of regenerating myofibers. Integrin expression in muscle 

fibers is uneven with intracellular accumulation of the protein. Genetic variants with affected glycines between amino 

acid positions 1025 and 1393 develop slowly progressing severe myopathy. Myofibers in these mutants maintain their 

angular ends, central nuclei appear at ~30% frequency, and fiber degeneration covers large interrelated areas involving 

10-20 muscle fibers that keep their angular type IV collagen scaffold. In integrin binding site col4a1 mutants, the 

underlying biochemical mechanism proved to involve lysis and clearance of myofibrillar proteins and cleavage of 

myosin, actin and tropomyosin. These genetic variants also expressed ~50% less COL4A1 protein owing to reduced 

protein synthesis. 

Importantly, the pathology includes massive cell degradation following detachment from the basement membrane, and 

the capacity of the scavenger system, and/or the kinetics of the cell renewal and regeneration may fail to keep up with 

the ongoing, en gross cell degeneration. We therefore hypothesized that the mutants may suffer from chronic 

inflammation and demonstrate a robust immune response. Accordingly, we demonstrate overexpression of antimicrobial 

peptide genes Metchnikowin, Diptericin, Diptericin B, Attacin C, and Attacin A in the col4a1G552D2mutant in a range of 

5-35-fold. In this mutant, we identified Acetobacter persicus and Lactobacillus plantarum as cultivable members of the 

gut flora with dramatically increased CFU values under restrictive condition. The col4a1 mutation caused intestinal 

dysfunction, the onset of SMURF phenotype, and reduced longevity. In a translational study we demonstrate the 

beneficial effect of the osmolyte glycerol on the longevity of the mutants, elevating their life span comparable with the 

wild-type animals. 
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BACKGROUND: ADAM28, a member of the ADAM (a disintegrin and metalloproteinase) gene family, is composed of 

prototype membrane form ADAM28m and its splice variant secreted form ADAM28s. Both are overexpressed by 

carcinoma cells in human non-small cell lung and breast carcinomas, and the expression correlates with carcinoma cell 

proliferation and progression. We have developed human anti-ADAM28 neutralizing antibodies and examined 

inhibitory effects on cancer cell proliferation and metastasis. 

 

METHODS: Human Combinatorial Antibody Library was screened by phage display panning, and specificity of the 

antibodies was examined by immunoprecipitation, immunoblotting and immunohistochemistry. Inhibitory activity was 

analyzed by an cleavage assay of insulin-like growth factor binding protein-3. Mitogenic effects of IGF-I on MDA-MB231 

and MCF-7 breast carcinoma cells were measured by BrdU incorporation. For in vivo analysis, breast and lung 

carcinoma cell lines expressing a chimera gene of Venus and luciferase (MDA-MB231ffLuc-cp156 and PC-9ffLuc-cp156 

cells) were established, and inhibitory effects of the antibodies on tumor growth and metastasis were tested by two 

different metastasis mouse models. 

 

RESULTS: Among the 6 candidate antibodies, antibodies 211-14 and 211-12 could immunoprecipitate ADAM28 from 

the culture media. Antibody 211-14 was immunoreactive specifically with ADAM28s but not other ADAMs (ADAM9, 10, 

12 and 17), ADAMTSs (ADAMTS1, 4, 5) or MMPs (MMP-1, 2, 3, 7, 9, and 13). On the other hand, antibody 211-12 

immunoreacted with ADAM28m and ADAM28s by recognizing 3-dimensional conformation of ADAM28. These 

antibodies potently inhibited ADAM28 activity in a 1:1 molar ratio. Biacore analysis of antibody 211-14 demonstrated 

high affinity binding to ADAM28 (Kd = 94.7 pM). Proliferation of ADAM28-expressing MDA-MB231 cells was effectively 

inhibited by treatment with these antibodies, but no effect was observed with MCF-7 cells, which showed negligible 

ADAM28 expression. Tumor growth and metastasis of MDA-MB231ffLuc-cp156 breast carcinoma cells after injection 

into mammary fat pads of NOD/SCID mice were significantly suppressed in the group treated with antibody 211-14 as 

compared with that injected with control IgG. Tumor growth and metastasis of the lung tumors after intravenous injection 

of PC-9 ffLuc-cp156 lung carcinoma cells were significantly inhibited by the antibody treatment, improving survival rate 

of the mice. 

 

CONCLUSIONS: These data indicate that our antibodies 211-14 and 211-12 neutralize ADAM28 activity and antibody 

211-14 inhibits cancer cell proliferation and metastasis in vivo. The antibodies could be used as an ADAM28 inhibitor for 

clinical application to treat the patients with lung or breast carcinoma in the future. 
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Metaphyseal Chondrodysplasia type Schmid is an inherited dwarfism which is caused by mutations in collagen X. 

Mutant collagen X protein becomes misfolded and is retained within the ER of chondrocytes, inducing an unfolded 

protein response. Recent studies have shown that the MCDS pathology is a direct result of the increased ER stress 

caused by the misfolding of mutant collagen X. Reducing this ER stress may therefore decrease the severity of the 

MCDS pathology. 

Previous work on the Col10a1.pN617K mutation has shown that treatment with the autophagy stimulating drug 

Carbamazepine (CBZ) reduces ER stress levels in vitro. The aim of this study was to investigate whether CBZ is able to 

reduce the ER stress induced by other MCDS- causing collagen X mutations and also to clarify the mechanisms 

involved. 

HeLa cells were transfected with one of four full length human collagen X constructs expressing MCDS-causing 

mutations (N617K/Y598D/G618V/NC1del10) and treated in the presence or absence of CBZ (20 µM) for 24 hours. RNA 

and protein was then collected and used for qPCR analysis of stress markers and western blotting for collagen X protein 

levels. To determine the mechanism by which CBZ was acting in vitro, HeLa cells were transfected with the collagen X 

constructs and treated in the presence of absence of CBZ for 16 hours to allow for protein expression. After 16 hours a 

lysosomal (autophagy) inhibitor (chloroquine 50 µM) or a proteasomal inhibitor (PSII 10 µM) were added to cells for a 

further 8 hours. Protein was then extracted and analysed by western blotting for collagen X protein. 

Treatment with CBZ reduced the intracellular accumulation of collagen X protein for all four mutations tested, and was 

accompanied by lower BiP, CHOP and sXBP1 mRNA levels (indicative of a reduced ER stress response) compared to 

untreated cells. Interestingly CBZ reduced the accumulation of mutant collagen X by catalysing both autophagic and 

proteasomal degradation but the proportion of each varied in a mutation-specific manner. For instance the soluble 

N617K mutant was degraded almost exclusively by the proteasome whereas the aggregate-prone NC1del10 was 

degraded largely by autophagy. 

Due to its ability to stimulate the degradation of mutant collagen X proteins via both autophagic and proteasomal routes 

and its well documented safety record in humans Carbamazepine remains a potential treatment strategy for MCDS. In 

vivo experiments using CBZ in our MCDS mouse model are ongoing and will be presented at the meeting. 

 

 

118 Collagen XVI fragments in oral squamous cell carcinoma: a new matrikine/matricryptin? 
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Background:Collagen XVI overexpression was observed in oral squamous cell carcinoma (OSCC) and glioma. 

Induction of collagen XVI expression in the human OSCC cell line PCI13 disclosed a dose dependent impact on cell 

proliferation and invasion. Moreover, enhanced collagen XVI expression caused an up-regulation of MMP-9 and 

invasion of collagen XVI overexpressing OSCC cells compared to mock control cells. Apart from full-length collagen XVI 

we observed specific truncated forms of collagen XVI in vitro and in vivo. 

Methods:Immunoblot analysis; immunohistochemistry/immunocytochemistry; quantitative real-timePCR; BrdU 

proliferation assay, migration assay, invasion assay. 

Results:We found so far unidentified processed fragments of collagen XVI with molecular weights of 100kDa, 60 kDa 

and 40 kDa, as well as a fragment with the size of the NC11 domain of collagen XVI (ca.35 kDa, confirmed by mass 

spectrometry). Furthermore, we detected the 100 kDa and the 30-35 kDa fragments of collagen XVI in sera of OSCC 

patients. 

Overexpression of the NC11 domain in the human OSCC cell line PCI13 (NC11 cells) resulted in increase of migration 

compared to mock control cells (mock controls). Comparing growth patterns cultured in polystyrene cell culture flask, 

NC11 cells exhibit cell patches whereas mock controls grow as coherent monolayer. Cultured on Matrigel®, NC11 cells 

are organized in a cord-like net structure in contrast to mock controls which form a coherent monolayer. Underlining 

these data, NC11 overexpression resulted in increased VEGFR1, VEGFR2 and MMP-9 gene expression. Furthermore, 

we observed induction of integrin alpha1 protein expression compared to mock controls. 

Conclusions:These findings lead to the assumption that overexpression of the COLXVI-NC11 domain has an impact on 

neovasculogenesis in OSCC tumor cells. 
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ADAMTS2 is mainly known for its ability to cleave the amino-propeptide of type I and III fibrillar collagens [1]. The lack of 

ADAMTS2 leads tothe dermosparactic type of Ehlers-Danlos Syndrome (EDS type VIIC) in humans which is 

characterized by extremeskin fragility due to highly disorganized collagen fibrils [2]. Recent data imply ADAMTS2 in 

pathologies related to defects in coagulation, such as thrombosis like pediatric stroke and adult myocardial infarction [3, 

4]. These data together with the male infertility observed in ADAMTS2
-/-

 mice suggest the existence of substrates other 

than fibrillar collagens. N-terminomics [5] analysis performed on culture conditioned medium containing or not 

ADAMTS2 has revealed three new candidate substrates that were further biochemically validated: procollagen III 

(pCIII), fibronectin (FN) and dickkopf-related protein 3 (DKK3). 

A recombinant “mini”pCIII is efficiently cleaved by purified ADAMTS2. This cleavage is inhibited by TIMP3, an inhibitor 

of several ADAMTS, but is not regulated by a biological enhancer (PCPE) or a synthetic inhibitor (UK-383,367) of 

BMP1, an enzyme known for its ability to cleave the C-propeptide of fibrillar procollagens. As additional evidence, the 

conditioned media of human and mouse fibroblasts lacking ADAMTS2 activity are characterized by increased 

concentrations of uncleaved pCIII as compared to their respective controls. All these data demonstrate that pCIII is a 

direct substrate of ADAMTS2. 

Incubation of cellular FN with recombinant ADAMTS2 leads to the release of a 35kDa N-terminal fragment as 

determined by WB. This fragment is also present in the conditioned medium of control fibroblasts. It is absent from the 

conditioned medium of dermatosparactic fibroblasts but can be produced upon addition of recombinant ADAMTS2. 

Finally, human plasmatic fibronectin is also cleaved in vitro by ADAMTS2 and this cleavage could be linked to the 

implication of ADAMTS2 in blood coagulation. 

DKK3 is cleaved in vitro by recombinant ADAMTS2. Immunohistochemical staining of DKK3 was performed on paraffin 

section of testis from wild type and ADAMTS2-KO mouse. Modifications of DKK3 abundance were observed within the 

seminiferous tubules when ADAMTS2 is lacking. 

This study provides new insights into the various roles of ADAMTS2 in pathophysiology including the improper collagen 

fibril assembly observed in the dermatosparactic type of EDS, the male infertility observed in ADAMTS2
-/-

 mice and its 

implication in pediatric stroke and adult myocardial infarction. 

[1] Colige A et al., JBC (2005) 280(41): 34397-34408 

[2] Colige A et al., Am J Hum Genet (1999) 65: 308-317) 

[3] Arning A et al., Blood (2012) 120: 5231-5236 

[4] Lee CW et al., J Thromb Thrombolysis(2012) 33: 362-370 

[5] Kleifeld O et al., Nature Protocols (2011) 6(10):1578-1611 

  

  

Picture 1: 

  
Caption 1: Previously known (white) and new (grey) substrates and functions of ADAMTS2  
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ADAMTS2, 3 and 14 are known for their ability to cleave the amino-propeptide of fibrillar collagens but their efficiency 

and relative contributions depend on their spatial and temporal distribution during development and adult life [1]. 

ADAMTS2 deficiency leads to the dermatosparactic type of Ehlers-Danlos syndrome, a human disease characterized 

by highly disorganized collagen fibrils, mainly in the dermis [2]. Recent data also implicate ADAMTS2 in pathologies 

related to blood coagulation such as pediatric stroke and myocardial infarction [3, 4]. In addition, genetic correlations 

associate ADAMTS14 to subtypes of osteoarthritis and to multiple sclerosis [5, 6], while ADAMTS14 KO mice tend to be 

smaller than their wild type littermates. Finally, ADAMTS3 deficiency leads to embryonic lethality at day 14.5 post-

fertilization. In this work, N-terminomics approaches (iTRAQ-TAILS) [7] were applied to identify new potential substrates 

of ADAMTS2, 3 and 14 by comparing the secretome of control HEK cells with the secretome of HEK overexpressing 

ADAMTS2, 3 or 14. Co-cultures with dermatosparactic or normal skin fibroblasts were also evaluated in order to expand 

the repertoire of potential substrates. 

In addition to fibrillar collagen, we identified 15 new potential substrates for ADAMTS2. Three substrates have been 

biochemically validated: dickkopf-related protein 3 (DKK3), the C-propeptide of type III collagen and fibronectin. 

ADAMTS14 analysis has led to the identification of 87 potential substrates including fibronectin and DKK3 as for 

ADAMTS2, which suggests some functional redundancy between these two related enzymes. Cleavage of DKK3 by 

ADAMTS14 has been further validated in vitro and its implication in prostate development is currently being assessed 

by immunohistochemistry on paraffin sections from 8 week-old wild type and ADAMTS14-KO mice. Biochemical 

validations of the other potential substrates are under progress. 

N-terminomics applied to ADAMTS3 has led to the identification of 15 potential substrates with a ratio protease/control 

above 2. Among them, latent transforming growth factor beta binding protein 1 (LTBP1, the highest protease/control 

ratio) has been validated by western blot. LTBP1 is also cleaved by ADAMTS14 but at a different position. Fibronectin 

cleavage, common to ADAMTS2 and ADAMTS14, is also observed while the cleavage of DKK3 is not, again illustrating 

that the substrate repertoires of these three procollagen aminopeptidases are not identical. 

This work expands our dogmatic knowledge of the procollagen aminopeptidases and suggests that they could 

participate in the regulation of key signaling processes such as those depending on Wnt/β-catenin or TGF-β. 

[1] Le Goff C et al., Development (2006) 133, p. 1587-1596 

[2] Colige A et al., Am J Hum Genet (1999) 65: 308-317 

[3] Arning A et al., Blood (2012) 120: 5231-5236 

[4] Lee CW et al., J Thromb Thrombolysis (2012) 33: 362-370 

[5] Rodriguez-Lopez J et al., Osteoarthritis and Cartilage (2009) 17: 321-327 

[6] Goertsches R et al., Journal of Neuroimmunology (2005) 164: 140-147 

[7] Kleifeld O et al., Nature Protocols (2011) 6(10):1578-1611 
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Caption 1: New substrates of ADAMTS2, 3 and 14 and their biological implications  
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BMP-1/tolloid-like proteinases (BTPs) play crucial roles in embryogenesis and tissue repair through the maturation of 

several extracellular matrix components and the release of growth factors and anti-angiogenic fragments. Because of 

their implication in collagen deposition and TGF-b activation, they are also seen as promising therapeutic targets to treat 

fibrotic and scarring disorders. BTPs are present in humans under four main isoforms (BMP-1, mTLD, mTLL-1, mTLL-2) 

which differ by their tissue distribution and their catalytic efficiency. 

In this study, we used the iTRAQ-TAILS (isobaric Tags for Relative and Absolute Quantification - Terminal Amine 

Isotope Labeling of Substrates) N-terminomics approach to further probe BTP functions in various cellular contexts and 

to better evaluate the relative efficiencies and specificities of the BTP isoforms. 

More than twenty new extracellular candidate substrates of BTPs could be identified in cell-based assays, thereby 

potentially doubling the number of known substrates for this protease family. Among these candidates, nine have 

already been biochemically validated. They confirm the strong links between BTPs and TGF-b evidenced in a previous 

proteomic study and suggest new roles for BTPs in inflammation, nervous system development and cell adhesion. The 

latter result fits well with the observation that HT1080 cells transfected with a construct encoding BMP-1 show 

decreased adhesion and increased migration when they are compared to control cells. Interestingly, we have 

preliminary results showing that new BTP substrates play an important role in this adhesion phenotype and their relative 

contributions are now being evaluated. 

In parallel, cell secretomes were also used as libraries of potential substrates and submitted to digestion with 

recombinant BMP-1 and mTLL-1. Altogether, more than 350 cleavage sites were identified and the substrate specificity 

of these two BTP isoforms could be assessed, confirming that they have identical specificities and very similar 

efficiencies. In addition, both enzymes show a very strong preference for acidic residues in the position just C-terminal 

to the cleavage site (P1’) but additional features in positions P2 to P3’ were also observed. From these results, pseudo-

peptides of the phosphinic type were designed and proved to be very efficient inhibitors of BMP-1 and mTLL-1 with 

nanomolar potencies. These inhibitors were found to be less toxic in cell cultures than classical hydroxamates and could 

efficiently revert the adhesion phenotype observed in HT1080 cells overexpressing BMP-1. Based on these results, they 

seem to be interesting tools to treat fibrosis and will be tested in animal models. 
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122 Treatment of chronic kidney disease with siRNA nanoparticles targeting MMP-2 
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Background 

Extracellular matrix (ECM) deposition (fibrosis) is a hallmark in chronic kidney disease (CKD) and the best described 

profibrotic factor is transforming growth factor-beta 1 (TGF-β1). Matrix metalloproteinase-2 (MMP-2) belongs to a family 

of enzymes that is involved in ECM turnover, but MMP-2 is also known to cleave latent TGF-β1 into the active form. The 

effect of MMP-2 on the balance between ECM deposition and ECM degradation in vivo is therefore multifaceted and 

may be difficult to predict. The purpose with the present study is to examine the role of MMP-2 in a transgenic mouse 

model for CKD that overexpresses TGF-β1 locally in the kidneys. 

Methods 

The efficiency of siRNA to knockdown MMP-2 mRNA expression and potential effect on fibrotic markers of MMP-2 

knockdown is tested by in vitro transfections of a murine mesangial cell line. The in vivo intervention experiments are 

preceded by in vivo optical imaging experiments with Cy5-labeled siRNA to clarify the distribution and excretion rate of 

siRNA particles. The mRNA expression of MMP-2 and fibrotic markers is tested by RT-PCR. The MMP-2 protein level is 

tested by gelatin zymography. Sex- and age-matched transgenic and wildtype mice are used for the experiments. 

Modified chitosan/siRNA particles against MMP-2 are administered in vivo to knockdown MMP-2. 

Results 

Transgenic mice express more MMP-2 mRNA than wildtypes (P < 0.001, n = 6-8/type) and both wildtype and transgenic 

females express more MMP-2 mRNA versus males (both P ≤ 0.01, n = 6-8/gender and type). However, MMP-2 activity 

does not significantly differ between transgenic male and females (P > 0.05, n = 6-8/type), but we find a tendency to 

more activity in wildtypes females versus transgenic males (P = 0.052, n = 7-8/gender). Transfection with 

chitosan/siRNA nanoparticles against MMP-2 in vitro inhibits MMP-2 mRNA expression with more than 80% (P < 0.001, 

n = 6 wells/treatment) and collagen α1(IV) mRNA is significantly upregulated (P < 0.001, n = 6 wells/treatment) 

compared to transfections with non-relevant chitosan/siRNA particles. Cy5-labeled siRNA particles can be detected in 

the kidneys for more than 48 hours after injections and are predominantly accumulated in proximal tubular cells in 

kidneys (fig. 1, black arrows). 

Conclusion 

In ongoing intervention studies only transgenic male mice will be used and a number of profibrotic factors will be 

investigated. These in vivo studies will, hopefully, clarify if inhibition of MMP-2 by chitosan/siRNA nanoparticles will be 

beneficial or detrimental on ECM depositions in the kidneys. 

  
Caption 1: Imaging for detection of nanoparticle localization.  
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Background & Aims: ADAMs (a disintegrin and metalloproteinases) are responsible for the ectodomain shedding of 

transmembrane proteins. ADAM17, also called tumor necrosis factor-α converting enzyme (TACE), is involved in 

various inflammatory diseases. Although ADAM17 activity is increased in the colonic mucosa from ulcerative colitis (UC) 

patients, its precise roles remain to be elusive. The aim of this study was to underpin the roles of ADAM17 in the 

development of UC. 

Methods: Dextran sodium sulfate (DSS)-induced colitis model was investigated in two different conditional Adam17-

deficient mice, <ie. mice with systemic deletion of Adam17 or deletion in myeloid cells, and their control mice. Colonic 

epithelial cell lines were used for ADAM17 knockdown and inhibition experiments. Protein expression and localization in 

mouse tissues and cell lines were analyzed by immunohistochemistry and immunoblotting. Cell proliferation was 

measured by bromodeoxyuridine (BrdU) incorporation assay in vivo and real-time cell analysis in vitro. Gene expression 

was analyzed by real-time PCR. Human colon tissues from UC patients were subjected to immunohistochemical 

analysis. 

Results: Mice with systemic deletion of Adam17 (Adam17flox/flox/MX1-Cre+) developed severer colitis after oral DSS 

administration than mice with deletion in myeloid cells (Adam17flox/flox/LysM-Cre+) or control mice, as evidenced by 

marked weight loss, high mortality rate and enlarged ulcer lesions. ADAM17 was immunohistochemically up-regulated 

in DSS-induced inflamed epithelia in control mice, and genetic depletion of ADAM17 in Adam17flox/flox/MX1-Cre+ mice 

showed increased permeability of FITC-dextran and decreased epithelial cell proliferation and mucus production, both of 

which provide colonic epithelial barrier functions. Since these data suggested a potential protective role of epithelial 

ADAM17 against colitis, we further studied the ADAM17-dependent activation of epidermal growth factor receptor 

(EGFR) by using isolated colonic crypts and human intestinal cell lines. The isolated colonic crypts from DSS-induced 

colitis in Adam17flox/flox/MX1-Cre+ mice showed low-level expression of phosphorylated EGFR (pEGFR) and Muc2, 

mucin polypeptides specific for goblet cells, compared to those from control mice. In addition, specific inhibition of 

ADAM17-EGFR signaling or ADAM17-knockdown by siRNAs in intestinal cell lines reduced pEGFR expression, leading 

to decreased cell proliferation and Muc2 expression. We also uncovered the correlation between immunohistochemical 

ADAM17 expression and epithelial regenerative activity in UC patients. 

Conclusion: Our data have demonstrated that the ADAM17-EGFR signaling plays an important role in the process of 

colonic epithelial barrier maintenance and suggested that ADAM17 contributes to the protection against intestinal 

inflammation. 
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124 The chondroitin sulfate variant of osteoglycin increases cardiac inflammation upon viral myocarditis by 
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Background: 

Acute viral myocarditis (VM) is an important cause of heart failure in young adults lacking specific therapy. Our previous 

work revealed that proteoglycan osteoglycin (OGN) enhances collagen maturation and prevents cardiac dilatation after 

myocardial infarction. Here we show that differentially glycosylated variants appear in distinct cardiac pathologies where 

the 72 kDa OGN variant -predominantly present in viral myocarditis- modulates the cardiac inflammatory response to 

viral infection. 

Methods/Results: 

We show that the 34kDa variant of OGN predominates in myocardial infarction and the 72kDa OGN variant in human 

coxsackie virus-B3 (CVB3) induced myocarditis (VM) in mice. Enzymatic treatment of protein lysates reveals a distinct 

glycosylation pattern for each variant; attachment of the glycosaminoglycan dermatan sulfate to the 34kDa OGN variant, 

whilst chondroitin sulfate is attached to the 72kDa OGN variant. In human myocarditis, immunostaining of OGN 

increases in endomyocardial biopsies of VM compared to normal hearts. Absence of OGN in CVB3-induced myocarditis 

in mice significantly reduces cardiac inflammation (8%±1.89% in OGN WT n=11 vs. 1.9%±0.4% in KO mice n=9, 

p=0.01). In these inflamed WT hearts, leukocytes clearly stain positive for OGN on in situ hybridization and for both 

chondroitin sulfate and OGN on immunohistochemistry, supporting a role for this variant in inflammation. Indeed, our 

data indicates that OGN increases cardiac inflammation upon viral infection by activating Toll Like Receptor-4 (TLR4) 

signaling. First, the 72kDa OGN is present on the cell membrane, as demonstrated by cell fractionation, and co-

immunoprecipitates with TLR4 in bone marrow derived macrophages (BMDM), in line with their co-localization at 

immunofluorescence. Second, stimulation of WT and KO BMDMs with LPS (10ng/ml) increases NFkB phorphorylation 

and significantly increases cytokine production in WT cells compared to KO (0.52±0.08 IL6 mRNA expression, fold 

change of WT; n=6 p<0.001). Finally, in the endotoxic shock mouse model, where TLR4 signaling is critical, absence of 

OGN increases survival (3 surviving out of 11) as compared to their wild type littermates (1/12 surviving). 

Conclusion: 

In conclusion, glycosylation is crucial for the final protein function where OGN in viral myocarditis (72kDa, chondroitin 

sulfate) and in myocardial infarction (34kDa, dermatan sulfate) appear to have very distinct functions. The 72kDa OGN 

increases in both human and mouse myocarditis. It directly activates the TLR4, and thereby increases cardiac 

inflammation in viral myocarditis, and enhances the mortality upon LPS-induced sepsis in mice.  
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BACKGROUND: Collagen types XV and XVIII are structurally homologous proteoglycans found in association with 

most vascular and epithelial basement membranes (BM). Besides providing structural integrity for the BMs, these 

collagens are thought to regulate many crucial functions, such as angiogenesis and tumorigenesis. However, their 

involvement in the pathogenesis of various cancers remains largely unknown. To elucidate the role of these collagens 

during malignant processes of the human skin, we compared their expression and localisation in normal human skin 

and in different disease stages of the cutaneous squamous cell carcinoma (cSCC). 

METHODS: We have analysed microarray data of primary human cell lines of normal epidermal keratinocytes and 

cSCC cells as well as studied the expression patterns of the collagens in different compartments of normal human skin 

and in pre-malignant and malignant skin lesions by immunohistochemistry using a large collection of tissue microarrays 

(TMAs) and whole tissue sections. 

RESULTS: Microarray data of cell lines indicated different expression of the two homologous collagens. The expression 

of collagen XVIII varied a lot in SCC cell lines when compared to normal keratinocytes, while collagen XV was not 

expressed in any of the analysed cell lines. 

In the normal skin, immunohistochemical staining showed faint and focal expression of collagen XV but strong and 

continuous expression of collagen XVIII in the epidermal BM. The normal vascular BMs were strongly positive for both 

collagens whereas only collagen XVIII was expressed around the lymphatic vessels. The signal for collagen XVIII 

started to disappear from the epidermal BM at a very early stage of malignancy, already in some cases of pre-

cancerous actinic keratosis (AK) that is well in advance of the invasive stages of SCC when tumour cells penetrate 

through the BMs. In SCC, the signal for collagens XV and XVIII was completely absent from the invasive areas of the 

epidermal BM. Furthermore, collagen XVIII showed strong cytoplasmic signal in the SCC cells, while collagen XV 

appeared instead as deposits in tumour stroma and localised with cancer associated fibroblasts and certain 

inflammatory cells. 

CONCLUSIONS: Our results demonstrate that the expression patterns of these two homologous collagens differ at 

some compartments in the normal skin as well as in malignant skin lesions. Both collagens are expressed in SCC 

tumours, but in different sites of the malignant lesions, suggesting different ways of action for them during SCC skin 

carcinogenesis. 

 

 

 



162 

 

126 Role of heparan sulfate in tumor stromal interactions 
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Background: Cancers can be defined as a non-homogenous collection of cells, which consist of neoplastic malignant 

tumor cells and stromal cells. Fibroblasts and the extracellular matrix are the major components of the stroma. The 

interactions between tumor cells and the stromal fibroblasts play crucial role in developing tumor microenvironment. 

Heparan sulfate proteoglycans are ubiquitously present on the cell surface and in extra cellular matrix and mediate cell-

cell and cell-matrix interactions. We hypothesize that tumor cells and fibroblast heparan sulfate proteoglycans and their 

ability to interact with myriad of ligands play major roles in tumor microenvironment. 

Methods: EXT1 or EXT2 are two genes that encode glycosyltransferases carrying out heparan sulfate chain elongation. 

Mouse embryonic fibroblasts (MEFs) from mice with a gene trap mutation in Ext1 (Ext1gt/gt) has low expression of Ext1, 

and as a consequence short heparan sulfate chains. In an attempt to try to dissect the influence of heparan sulfate 

chains on the bi-directional communication that occurs between stromal fibroblasts and tumor cells we have also 

established an in vitro model based on mixed multicellular spheroids composed of human tumor cells and Ext1wt/wt or 

Ext1gt/gt fibroblasts. In another approach, conditioned media from Ext1gt/gtand Ext1wt/wt MEFs were used to search 

for soluble factors that were affected by the Ext1-mutation and may influence tumor cell proliferation and migration. 

Results: Microarray analysis of differentially expressed genes in mixed fibroblast/tumor spheroids identified a few genes 

suggested to be involved in tumor cell proliferation and invasion (for example, CXCL5 and TFF3) that were up-regulated 

in tumor cells in tumor cell/Ext1gt/gt spheroids. In contrast, several genes found in the extracellular matrix and genes 

involved in regulation of cell motility were suppressed in the tumor cells. 

Real time PCR revealed that the tgf-β mRNA expression levels were lower in Ext1gt/gt MEFs as compared to Ext1wt/wt 

MEFs. TGF-β reporter assay showed that Ext1gt/gt MEFs secreted decreased amounts of soluble active TGF-β 

compared to the Ext1wt/wt fibroblasts. 

Conclusions: Our data suggest that fibroblast Ext1 levels influences TGF-β expression and the number of active TGF-

β molecules in an autocrine manner. Our data further imply that fibroblast Ext1 levels, and thus the length of heparan 

sulfate chains, regulate the expression levels of various genes involved in tumor cell proliferation and migration. 
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Proteoglycans are important components of cell plasma membranes and extracellular matrices of connective tissues. 

They consist of glycosaminoglycan chains attached to a core protein via a tetrasaccharide linkage, whereby the addition 

of the third residue is catalyzed by galactosyltransferase II (β3GalT6), encoded by B3GALT6. 

Homozygosity mapping and candidate gene sequence analysis in three independent families, presenting a severe 

autosomal recessive connective tissue disorder characterized by skin fragility, delayed wound healing, joint hyperlaxity 

and contractures, muscle hypotonia, intellectual disability, and a spondyloepimetaphyseal dysplasia with bone fragility 

and severe kyphoscoliosis, identified biallelic B3GALT6 mutations. The mutations included homozygous missense 

mutations in family 1 (c.619G>C [p.Asp207His]) and family 3 (c.649G>A [p.Gly217Ser]) and bi-allelic mutations in family 

2 (c.323_344del [p.Ala108Glyfs(∗)163], c.619G>C [p.Asp207His]). The phenotype overlaps with several recessive 

Ehlers-Danlos variants and spondyloepimetaphyseal dysplasia with joint hyperlaxity. Affected individuals' fibroblasts 

exhibited a large decrease in ability to prime glycosaminoglycan synthesis together with impaired glycanation of the 

small chondroitin/dermatan sulfate proteoglycan decorin, confirming β3GalT6 loss of function. Dermal electron 

microcopy disclosed abnormalities in collagen fibril organization, in line with the important regulatory role of decorin in 

this process. A strong reduction in heparan sulfate level was also observed, indicating that β3GalT6 deficiency alters 

synthesis of both main types of glycosaminoglycans. In vitro wound healing assay revealed a significant delay in 

fibroblasts from two index individuals, pointing to a role for glycosaminoglycan defect in impaired wound repair in vivo. 

To further characterize the function of β3GalT6 we employed a zebrafish model. Whole mount in situ hybridization of 

zebrafish embryos showed high b3galt6 expression levels in brain, retina, pharyngeal arches and notochord epithelium, 

corresponding to tissues that are affected in the human patients. A morpholino-based approach was used to 

characterize the developmental effects of b3galt6 knockdown in zebrafish embryos. Complete knockdown of b3galt6 

was lethal, but partial knockdown resulted in an abnormal pharyngeal cartilage phenotype and a notably reduced head 

and eye size, and a significant reduction of the total amount of sulfated GAG chains. 

Ongoing and future zebrafish experiments aim to extensively analyze the changes in GAG composition as well as to 

further characterize the way in which these changes impact embryonic development using different fluorescent 

transgenic reporter lines. In conclusion, our results emphasize a crucial role for β3GalT6 in multiple major 

developmental and pathophysiological processes, both in vitro and in vivo. 
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Dermatan Sulphate involvement in inflammatory response and murine development. 

 Xanthi Stachtea, Jakob Axelsson, Marco Maccarana, Anders Malmström 

 Department of experimental medical science, Biomedical Center D12, Lund University, Sweden 

 e-mail: Anders Malmström 

Chondroitin sulfate (CS), dermatan sulfate (DS), and CS/DS copolymer chains are implicated in inflammation, cell 

proliferation, cell signaling, wound healing, blood coagulation, and neurite outgrowth. They exist at the cell surface and 

extracellular matrix in the form of proteoglycans (PGs). The enzymes responsible for the conversion of CS to DS are the 

dermatan sulfate epimerase-1 and -2, coded by DSE and DSEL genes, respectively. Our research is focusing on the 

modulatory impact of DS in murine innate immune response, macrophage function and in mouse development. For this 

purpose DSE
-/-

 and DSE
-/-

/DSEL
-/-

 mice in a mixed 129/Sv-C57BL/6 genetic background have been generated. Our data 

so far show that bone marrow derived macrophages of DSE
-/-

 mice show lower levels of secreted cytokines such as IL-

6, MIP and KC upon LPS stimulation. Additionally, our results suggest impaired neutrophil recruitment in inflammatory 

response in an in vivo peritonitis model. Regarding the developmental approach of our studies, DSE
-/-

/DSEL
-/-

mice will 

be used as a DS-free in vivo model to study of the role of DS in mouse development. Our preliminary findings have 

shown that DSE
-/-

/DSEL
-/-

 mice die perinatally without any gross phenotypic abnormalities. E18.5 embryos are of the 

expected Mendelian ratio (23%) without distinct anatomical and morphological anomalies. Summarizing, our results 

show that DS can regulate immune response and our current and future goals aim at elucidating which functions of the 

immune cells depend on DS and to provide new insights regarding involvement of DS in mouse development. 

 

 

129 N-Acetylcysteine treatment ameliorates the skeletal phenotype in a mouse model of diastrophic 

dysplasia. 
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Diastrophic Dysplasia (DTD) is an autosomal recessive disorder caused by mutations in the SLC26A2 gene encoding 

for a sulfate-chloride antiporter of the cell membrane. DTD patients show growth retardation, skeletal dysplasia, joint 

contractures and reduced viability. Functional impairment of the sulfate transporter causes low levels of intracellular 

sulfate leading to cartilage proteoglycan (PG) undersulfation. Previous work demonstrated that sulfur-containing amino 

acids have a potential role, through their catabolism, as intracellular sulfate sources when extracellular sulfate 

concentration is low or when its transport is impaired such as in DTD (Biochem J, 398, 509-514, 2006). 

In this work we used our mouse model of diastrophic dysplasia (dtd mouse) to evaluate the contribution of N-acetyl-L-

cysteine (NAC) as an intracellular sulfate source for cartilage proteoglycan sulfation in the foetal period. 

Since cartilage development and skeletal growth occur also in the fetal period we administrate 30 g/L NAC in the 

drinking water to pregnant mice from 0.5 day post-coitum to delivery; we demonstrated that NAC cross the placenta 

since the drug was detected in foetus homogenates by HPLC analysis. Wild-type and mutant newborns from mothers 

treated with the drug or the placebo were sacrificed and cartilage PG sulfation was evaluated. Glycosaminoglycans 

(GAGs) were recovered from cartilage of the femoral head by digestion with papain and subsequent precipitation with 

cetylpyridinium chloride. Purified GAGs were digested with both chondroitinase ABC and ACII and chondroitin sulfate 

disaccharide analysis was performed by HPLC. A marked increase in PG sulfation was observed in mutant mice treated 

with NAC compared to the ones treated with the placebo: the amount of mono-sulfated disaccharides (ΔDi-4S and ΔDi-

6S) relative to the total amount of disaccharides (ΔDi-0S, ΔDi-4S and ΔDi-6S) was 78% and 63% in treated and 

untreated dtd mice, respectively (wild-type value 83%). Furthermore double staining of the skeleton of newborn mice 

with alcian blue and alizarin red indicated an amelioration towards the normal bone morphology in the tibia and hip of 

mutant mice treated with NAC compared to pups treated with a placebo. Radiographic images of tibiae from newborns 

dtd mice confirm alcian blue and alizarin red skeletal staining. 

These data confirm that NAC, a sulphur-containing amino acid derivative, is a source of sulfate for PG sulfation in vivo 

and suggest potential therapies of DTD with thiol compounds. 

Work supported by the European Community (FP7, Sybil project, grant n. 602300). 
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Introduction; Epithelial ovarian cancer is the most lethal gynecologic malignancy. Efforts for early detection and new 

therapeutic approaches to reduce mortality have been largely unsuccessful and new biomarkers are urgently needed to 

improve clinical outcome of patients with ovarian cancer. The extracellular matrix of cancer cells may provide a number 

of potential biomarkers since multiple tumor-related alterations in the matrix have been described . Chondroitin sulfate is 

a class within the group of negatively charged polysaccharides, glycosaminoglycans, mainly located in the extracellular 

matrix of ovarian cancer. Chondroitin sulfate consists of alternating disaccharide units of glucuronic acid and N-acetyl-D-

galactosamine which are variously modified by sulfate groups. By binding to several effector molecules (e.g. growth 

factors), chondroitin sulfate is involved in the process of carcinogenesis. Structural alterations of chondroitin sulfate 

chains (i.e. sulfation pattern) seem to affect its biological properties. In this study we investigate the potential of 

chondroitin sulfate as a biomarker in ovarian cancer. 

Methods; Using the phage display technology, we selected a single chain variable fragment (ScFv) antibody strongly 

reacting with chondroitin sulfate (figure 1). The specificity of the single chain antibody was determined by an indirect 

ELISA. Normal rat tissue sections were analyzed for reactivity with the antibody by immunofluorescence. Paraffin 

embedded tissues of normal ovaries, benign ovarian cysts and ovarian carcinomas were assessed by 

immunohistochemistry for the expression of the CS epitope defined by the antibody (N = 263). By statistical analysis the 

expression pattern was correlated with pathological and clinical parameters. 

Results; The antibody showed specificity for the highly sulfated chondroitin sulfate subtype (chondroitin sulfate-E), rich 

in GlcA-GalNAc4S6S units. In normal rat tissue sections, very intense staining of cartilage was observed while no 

staining was observed in other tissues (liver, pancreas, intestine, kidney) except for small capillaries. In ovarian 

carcinomas, strong expression of the highly sulfated chondroitin sulfate epitope was found in the extracellular matrix 

while no or limited expression was found in normal ovaries and benign cystadenomas. Intense expression of highly 

sulfated chondroitin sulfated was correlated with the aggressive type II ovarian carcinomas and the serous subtype. 

Ovarian tumors with intense chondroitin sulfate expression were correlated with poor prognosis. 

Conclusion; Specific highly sulfated chondroitin sulfate motifs expressed in the tumoral stroma hold biomarker value for 

patients with epithelial ovarian cancer. This new class of biomarkers may constitute diagnostic and therapeutic 

applications (e.g. targeted therapy) in management of ovarian cancer. 

  

  

Picture 1: 

 
Caption 1: The single chain variable fragment antibody GD3A11 binds to specific sulfated disaccharides (chondroitin 

sulfates).  
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Background: Serglycin has been initially characterized as an intracellular proteoglycan expressed by hematopoietic 

cells. All inflammatory cells highly synthesize serglycin and store it in granules, where it interacts with numerous 

inflammatory mediators. Recently it was shown that serglycin is highly expressed by tumor cells and promotes their 

aggressive phenotype and confers resistance against drugs and complement system attack. To further evaluate the role 

of serglycin, we established stably transfected MCF-7 cells overexpressing serglycin and compared expression profiles 

and functional properties between serglycin-overexpressing and control vector cell lines. 

Methods: For stable overexpression of serglycin in MCF-7, cells were transfected with either pEGFP-N3 vector carrying 

the serglycin cDNA or empty vector. Gene and protein expression analyses were performed by qPCR, western blot and 

gel-zymography. Cellular morphology was monitored by phase-contrast microscopy, whereas proliferation, migration 

and invasion assays were also performed 

Results: It is worth noticing, that in serglycin-overexpressing cells, a significant induction in the expression of the 

mesenchymal markers fibronectin and vimentin and transcription factor Snail-2, which is involved in epithelial to 

mesenchymal transition (EMT), was observed. These alterations in gene expression were accompanied by changes in 

cell phenotype and properties such as increased membrane ruffling, enhanced cell proliferation, migration and invasion. 

Serglycin-overexpressing MCF-7 cells showed also significantly elevated expression of inflammatory mediators such as 

IL-6, IL-8, CXCL-1 and receptor CXCR2. In addition, the expression of various matrix metalloproteinases (MMPs), such 

as MMP-1, MMP-2, MMP-7, MMP-9 and MT1-MMP was significantly up-regulated in these cells. This may well be 

related to the enhanced motility and invasive properties that the transfected cells exert. 

Conclusions: Our findings clearly suggest that serglycin promotes a mesenchymal phenotype in ERa positive breast 

cancer cells MCF-7 and modulates the biosynthesis of inflammatory mediators, which enhance the malignant properties 

of the cells. Apart from its direct beneficial role to tumor cells, serglycin may promote the inflammatory process in the 

tumor cell microenvironment thus enhancing tumor development. 
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Collagen V is a minor fibrillar collagen with a broad tissue distribution. Four different a-chains are known which 

assemble in different heterotrimer and a homotrimer of three α1(V)-chains. Typically collagen I and V co-assemble into 

heterotypic D-banded fibrils. Moreover, in interstitial tissues thin and unbanded collagen V containing fibrils were found 

close to basement membranes. Collagen VI is a ubiquitous component of connective tissues forming distinct matrix 

suprastructures such as beaded microfibrils and networks interacting with a wide spectrum of extracellular matrix 

proteins. Collagen VI is a heterotrimer of α1(VI)-, α2(VI)- and α3(VI)-chains. Three further chains (α4, α5 and α6 chains) 

were recently discovered but their supramolecular organization is unknown. In order to get new insights into their 

supramolecular composition human skin were analyzed. 

Authentic suprastructures were obtained from extracts of the dermo-epidermal junction zone by mechanical disruption of 

human skin after removal of the epidermis by an artificial epidermolysis. The morphology and composition of 

suprastructures, partly isolated by magnetic immunobeads, was analysed by immuno-gold electron microscopy, im-

munofluorescence and immunoblotting. 

Immunofluorescence of human skin revealed that the α5-chain of collagen VI and the α1-chain of collagen V are equally 

distributed in the upper dermis of human skin and co-localization was evident in the upper part of the papillary dermis. 

Analysis on the supramolecular level by immuno-gold electron microscopy demonstrated that α5- and α6-chains of 

collagen VI and the α1-chain of collagen V are constituents of network-like suprastructures distinct from electron-

dense and amorphous networks containing the old collagen VI chains. However, the dermal fibrils were always 

unlabelled and detection of the α1(V)-chain was possible without any pre-treatment for unmasking. Moreover, im-

munoblotting revealed the presence of the full-length α1(V)-chain within network-like suprastructures. 

The α1-chain of collagen V, a fibrillar collagen, was found as a component of non-fibrillar but network-like 

suprastructures. Furthermore, the new α5(VI)- and α6(VI)-chains were found in close vicinity to the α1(V)-chain 

whereas the old collagen VI chains were often more remote. However, it is still unclear if the α1-chain of collagen V is 

present as a homotrimer and the chain-composition of the collagen VI suprastructures is also not known. The answer 

to these questions will be elucidated in further experiments in which collagen V or collagen VI containing 

suprastructures will be isolated by magnetic immunobeads and analyzed by immunoblotting and immuno-gold 

electron microscopy. First experiments revealed a co-localization between the α1(VI) chain and the α5(VI)- and/or 

α6(VI) chains. 
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133 Structure and expression of collagen vi chains during zebrafish development 
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Collagen VI is an extracellular matrix (ECM) protein made of three major polypeptide chains – α1(VI), α2(VI), and 

α3(VI). Recent studies in mammals led to the identification of three other collagen VI subunits – α4(VI), α5(VI), and 

α6(VI), which may substitute for the α3 chain [1]. Collagen VI contributes to the properties of the local ECM 

microenvironment by forming a network of beaded microfilaments that interact with other ECM molecules and 

provide structural support for cells. Furthermore, it triggers signaling pathways that regulate different cellular 

processes. Expression of the three major collagen VI chains during mouse development has been well 

characterized, demonstrating that collagen VI is expressed in all mesoderm-derived tissues [2]. Studies in humans 

and in a Col6a1 knockout mouse model showed that collagen VI has a critical function for skeletal muscles during 

postnatal life [3], however the role(s) of this protein during development remains unknown. 

Danio rerio is a powerful model organism for studying vertebrate development. Moreover the availability of transgenic 

lines makes zebrafish an ideal tool for in vivo analysis of signaling pathways. Although a zebrafish morphant 

mimicking collagen VI-related myopathies was previously generated [4], no study on the structure, expression and 

function of the different collagen VI genes in zebrafish was yet performed.  

Here, we characterized the structure, genetic organization and expression of the zebrafish collagen VI chains, with 

the long-term goal of using this animal model to investigate the function of collagen VI during development. 

Sequence comparisons with GenBank and Ensembl databases allowed the identification of single orthologs for 

col6a1, col6a2, col6a3, col6a4 and col6a6 genes in the zebrafish genome. Interestingly, no ortholog for the 

mammalian gene coding for α5(VI) was identified in Danio rerio or in Takifugu rubripes genomes, suggesting that this 

gene originated later during vertebrate evolution. Bioinformatic analysis showed that zebrafish collagen VI chains 

have comparable degrees of sequence conservation and their domain structure largely resembles that of mammalian 

counterparts. 

To determine the expression of collagen VI during zebrafish development, we analyzed the spatio-temporal pattern 

of expression and distribution of the different fish chain orthologs at different developmental stages by real-time PCR, 

in situ hybridization, and immunofluorescence. These findings will be the basis for functional studies aimed at 

understanding the roles of collagen VI during embryogenesis and on the signaling pathways regulated by this ECM 

component. 

 

[1] Gara et al. (2008) J. Biol. Chem.  283, 10658–10670 

[2] Dziadek et al. (1996) Exp Cell Res. 226, 302–315 

[3] Bonaldo et al. (1998) Hum Mol Genet. 7, 2135-2140 

[4] Telfer et al. (2010) Hum Mol Genet. 19, 2433–2444 
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134 Silicon increases the proliferation of osteoblast-like cells via modulation of the cell cycle. 
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Evidence accumulated in the past 40 years suggests a beneficial role for dietary silicon (Si) in bone and connective 

tissue health. This has led to the development of biomaterials incorporating silicon to stimulate bone healing. 

However, despite much research the mechanism of action of Si remains elusive. Previous studies have reported 

effects on cell proliferation, collagen synthesis and osteoblast differentiation by soluble silicic acid (Si(OH)4). Recently 

published gene array data (Xynos et al, 2001) suggests that cell cycle may be modulated by silicon. However, this 

work used dissolution products of biomaterials which contain, in addition to soluble Si, high concentrations of other 

solubilised compounds such as phosphate and calcium ions. Our aim was to elucidate the potential role of soluble Si 

(i.e. Si(OH)4) alone on the cell cycle.  

Si(OH)4 was prepared from sodium silicate solution and an ion-matched solution without silicon was used as the 

control. Cell proliferation was measured by FACS analysis of CFSE stained cells, with further confirmation by 

assessment of cell confluence by IncuCyte
TM

 and DNA content using the CyQuant® Cell Proliferation Assay. 

Soluble Si stimulated cell proliferation in a dose-dependent manner in MG-63 cells, with the optimal concentration 

found to be 100 µM (10.7 ± 3.6% increase compared to control; p = 0.017). This concentration was subsequently 

used in cell cycle analysis by flow cytometry using bromodeoxyuridine incorporation and DNA staining. Soluble Si led 

to a 5 ± 2.2% (p = 0.029) decrease in cells in the G1/G0 phase and 12.8 ± 4.8% (p = 0.004) increase in cells in the S 

phase compared to the control, while no change was observed in the G2/M phase. We then examined the 

expression of cell cycle genes, cyclin A1, cyclin B1, cyclin D1 and cyclin E1, but preliminary results show no change 

compared to control. Our results suggest that Si does indeed modulate the cell cycle in osteoblast-like cells but 

without direct effect on the cyclins tested. Other molecules in the cell cycle, e.g. cyclin-dependent kinases, may be 

targets of Si and these will be investigated. These findings will also be confirmed in human primary osteoblast cells.  

Reference 

Xynos ID, Edgar AJ, Buttery LDK, Hench LL, Polak JM (2001) Gene-expression profiling of human osteoblasts 

following treatment with the ionic products of Bioglass
®
 45S5 dissolution. Journal of Biomedical Materials Research 

55: 151-157 
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Cell-matrix interactions are mediated by transmembrane receptors of the integrin family that are organized in highly 

complex structures called adhesome. These complexes contain a large number of different protein components that 

function either as adaptor proteins linking the integrin receptors to the actin cytoskeleton or as signaling proteins 

which regulate adhesion dynamics. But still little is known about the different molecular composition and their 

functions. We grew the fibrosarcoma cell line HT1080 cells on FC3 coated Ni-NTA-beads, for isolation of integrin-

mediated adhesomes, based on an isolation method established by Humphries et al. (2009). FC3 is a recombinant 

non-hydroxylated mini-collagen consisting of a foldon-stabilized host triple helix, into which the integrin binding motif 

is inserted. FC3 is avidly recognized by α2β1 integrin receptor (Niland et al., 2011). Isolated adhesomes were 

analyzed and characterized by several proteomic methods as for example 2D gel electrophoresis and mass 

spectrometry. We could confirm the presence of focal proteins like paxillin within the isolated structures by 

immunoblotting. This isolation method will be used for characterizing integrin-mediated adhesomes of endothelial 

cells under different conditions. A major point of interest is the influence of ROS (reactive oxygen species) on the 

assembly/disassembly of focal adhesions. Recent studies showed that ROS could modify amino acid residues, 

especially cysteine side chains, within several proteins and there is evidence for a crosstalk between ROS production 

and integrin mediated cell adhesion. In addition our group identified integrins as a target of ROS (de Rezende et al., 

2012). But also other focal adhesion components as e.g. integrin-associated proteins like Src kinase seem to be 

ROS regulated. Further, actin and actin-regulating Rho family members are modified in a redox dependent manner. 

To get a more detailed picture of adhesome components and to unravel their underlying redox dependent 

modifications we analyze isolated adhesomes from endothelial cells under different conditions concerning the ROS 

production and redox potential using the 2D Difference gel electrophoresis (2D-DIGE) and mass spectrometry. 

 

De Rezende et al. (2012), Free Radic Biol Med, 53: 521-531 

Humphries et al. (2009), Sci Signal, 2: ra51 

Niland S et al. (2011), Int J Biochem Cell Biol, 43: 721-731  



171 

 

136 Production of recombinant dermatan sulfate 
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Dermatan sulfate epimerases (DS-epi1 and 2), together with dermatan 4-O-sulfotransferase 1 are the only dermatan 

sulfate specific enzymes, i.e. they ultimately determine if the polysaccharide will be chondroitin sulfate or dermatan 

sulfate. Previously we have identified and cloned DS-epi1 and 2 - both of them able to convert glucuronic acid into 

iduronic acid.  

We have now generated milligram quantities of recombinant DS-epi1 and D4ST1 using a HEK293-EBNA expression 

system. DS-epi1 has 958 amino acids and the epimerase domain consists of 690 aa. However, additional parts of 

the protein are required for activity. In fact, the shortest active construct had 755 aa. Further, the enzyme, both 

recombinant and extracted from tissue, is cleaved in its C-terminus, producing an 88 kDa protein (~800 aa), as 

determined by SDS-PAGE. While several functions have been proposed, the role of the C-terminal domain is still 

unknown.  

Recombinant epimerase was incubated in deuterated water with chondroitin oligosaccharides from tetra to 

decasaccharide. The tetrasaccharide was the shortest attacked substrate. The product formation did increase from a 

tetrasaccharide to reach a maximal product formation with octa- and decasaccharide. Further, using a 

hexasaccharide we could show that the non-reducing terminal disaccharide was not attacked by the epimerase. 

Incubation of 5-
3
H chondroitin rapidly released all C-5 tritium but very few IdoA units were formed showing that the 

epimerization reaction is reversible and generates mostly GlcUA residues. By co-incubation of DS-epi1 and D4STI 

with cold chondroitin (de-fructosylated K4) recombinant dermatan sulfate was obtained (50 % yield after 24 h), 

composed of long IdoA and GalNac-4S building blocks accounting for 95 % of the whole chain. Recombinant 

dermatan sulfate is biologically active as judged by its binding capabilities. 
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137 Controlled and Uncontrolled Asthma Display Distinct Alveolar Tissue Matrix Compositions 
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OBJECTIVE: Conventional asthma therapies, such as inhaled corticosteroids (ICS), do not prevent airway tissue 

remodeling. This might partly explain that a significant proportion of the asthma patients have persistent symptoms 

despite conventional therapy. This phenomenon, called uncontrolled asthma represents a key challenge for 

increasing asthma control. Whether distal inflammation in asthmatics also leads to structural changes in the alveolar 

parenchyma remains poorly examined, especially in patients with uncontrolled asthma. We hypothesized that 

patients who do not respond to conventional inhaled corticosteroid therapy have a distinct tissue composition, not 

only in central, but also in distal lung.   

METHODS: Bronchial and transbronchial biopsies from healthy controls, patients with controlled atopic and patients 

with uncontrolled atopic asthma were processed for immunohistochemical analysis of fibroblasts and extracellular 

matrix molecules; collagen, versican, biglycan, decorin, fibronectin, EDA-fibronectin, matrix metalloproteinase 

(MMP)-9, tissue-inhibitor of matrix metalloproteinase (TIMP)-3 and Stabilin-2 (a fasciclin-like hyaluronan receptor 

homolog). 

RESULTS: In central airways we found increased percentage areas of versican and decorin in patients with 

uncontrolled asthma compared to both healthy controls and patients with controlled asthma. Percentage area of 

biglycan was significantly higher in both central airways and alveolar parenchyma of patients with uncontrolled 

compared to controlled asthma. Ratios of MMP-9/TIMP-3 were decreased in both uncontrolled and controlled asthma 

compared to healthy controls. In the alveolar parenchyma, patients with uncontrolled asthma had increased 

percentage areas of collagen, versican and decorin compared to patients with controlled asthma. Percentage of 

macrophages expressing the scavenger receptor stabilin-2 was significantly higher in alveolar parenchyma than in 

central airways, though there was no difference between healthy controls and patients with asthma. Patients with 

uncontrolled asthma had significantly higher numbers of myofibroblasts in both central airways and alveolar 

parenchyma compared to patients with controlled asthma. 

CONCLUSIONS: Tissue composition differs, in both central and distal airways, between patients with uncontrolled 

and controlled asthma on equivalent doses of ICS. This altered structure and proposed change in tissue elasticity 

may lead to abnormal mechanical properties, which could be a factor in the persistent symptoms for patients with 

uncontrolled asthma.  
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INTRODUCTION: Venous hypertension in the hepatic, splanchnic and peripheral circulation is associated with 

significant morbidity and mortality affecting a large population of patients comprised of liver, renal and pulmonary 

disease. To understand the pathogenesis of human venous hypertension, normal and varicose veins were evaluated 

using a novel proteomic discovery approach targeting the extracellular matrix (ECM) proteins (Didangelos et al, Mol 

Cell Proteomics 2010). 

RESULTS: Varicose saphenous veins removed during phlebectomy and normal saphenous veins obtained during 

coronary artery bypass surgeries were collected for proteomics analysis. ECM proteins were extracted from vascular 

tissues, deglycosylated, separated by SDS-PAGE and identified using liquid chromatography tandem mass 

spectrometry (LC-MS/MS). Our proteomic analysis of the human vein ECM revealed 84 proteins, of which 13 

proteins demonstrated significant differences in their quantity between the two types of venous tissue; 4 of which had 

not been previously detected in human venous tissue. Interestingly, chymase and tryptase beta-1, two mast cell 

proteases, were among the most differentially expressed proteins. To validate the LC-MS/MS data, the adjacent 

tissue from each sample was processed for histology (hematoxylin and eosin and Mason’s trichrome) and 

immunohistochemistry (IHC). Additional Western blot analysis were performed. Consistent with the proteomics data, 

IHC revealed both proteases to localize to the neointima of varicose veins. Western blotting further confirmed the 

proteomics findings. The effect of these mast cell protease on the vascular ECM have not been described so far. 

Incubation of normal veins with recombinant tryptase followed by LC-MS/MS analysis revealed extensive 

degradation of various ECM proteins including tenascin and fibronectin. In comparison, chymase was less potent, 

although degradation of periostin and tenascin was observed.  

CONCLUSION: Our proteomics discovery approach suggests that mast cells play a pivotal role in the pathogenesis 

of venous hypertension. Besides their roles in inducing inflammation and apoptosis of smooth muscle cells, mast cell 

proteases participate in the degradation of structural components of the vascular ECM, a critical step in the 

development of varicosis.  
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INTRODUCTION Psoriasis is a chronic inflammatory skin disease affecting 2-3% of the human population. Psoriatic 

skin is characterized by immunological, vascular and extracellular matrix alterations, as well as abnormal proliferation 

of keratinocytes. One of the most effective ways to investigate this complex disease is the proteomic analysis of skin 

biopsies. Therefore we have decided to investigate alterations of extra- and intracellular mechanisms simultaneously 

by biochemical subfractionation using a three-step sequential protein extraction and state-of-the-art nano-HPLC-

MS/MS proteomic analysis. 

METHODS To optimize the biochemical subfractionation, human skin biopsies were collected from healthy 

individuals. Samples were homogenized in liquid nitrogen, and proteins were extracted in Tris-buffered saline 

(extraction buffer I). Protein extracts were clarified by centrifugation and separated from the pellet. This step was 

repeated with the resuspended pellet in buffer II containing high salt and ethylenediaminetetraacetic acid. Finally, 

extraction buffer III containing 4M guanidine hydrochloride was applied. Extracts were subjected to one dimension 

sodium dodecyl sulfate polyacrylamide gel electrophoresis. Protein containing lanes were excised into 14 pieces and 

subjected to in-gel digestion followed by liquid chromatography and tandem mass spectrometry analysis for 

identification of tryptic peptides. 

RESULTS Following the three-step sequential extraction on healthy skin samples, we have identified over 700 

different proteins. Distribution pattern of the proteins in the three extracts is shown by Figure 1. All of the three 

extracts contained intracellular proteins; 19% of the identified proteins were extracellular and 8% of them were 

components of the extracellular matrix. 

 

Figure 1: Distribution pattern of identified proteins following three-step biochemical subfractionation 

 

CONCLUSION Based on the initial results, our approach is applicable to study psoriatic abnormalities at the 

proteome level, however, further optimizations have been introduced. Our method will likely reveal novel intra- and 

extracellular protein candidates playing a role in the pathomechanism of psoriasis. 



175 

 



176 

 

 


