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WELCOME TO PROTEOGLYCANS FUTURE LEADERS 
SYMPOSIUM 2019 

 

We are delighted to welcome you the Proteoglycans Future Leaders Symposium 2019. 

The symposium will be held in Kanazawa from Saturday 28 September to Sunday 29 

September 2019.  

This meeting is a chance for graduate research students and early career researchers 

with a common interest in proteoglycans to come together, and we hope that you find 

many interesting research presentations during this meeting. We also hope this will 

see delegates interact with each other, and from this form new friendships, which will 

lead to future research collaborations. We would also like to thank our two invited 

speakers, Professor Hideto Watanabe and Professor Catherine Merry who will provide 

delegates with information and insight into becoming a future leader in the field of 

proteoglycans. 

We would like to extend a special welcome and convey our deepest gratitude to 

attendees who have travelled long distances to be here with us – your contributions 

are critical to the success of this meeting. 

We look forward to your participation and wish you an excellent stay in Kanazawa. 

 
Brooke Farrugia & Shuji Mizumoto 
Co-chairs  
Organising Committee 
proteoglycansFLS2019@gmail.com 
 
 
SCIENTIFIC COMMITTEE 

Tabea Dierker Uppsala University, Sweden 

Brooke Farrugia (co-chair) The University of Melbourne, Australia 

Kyohei Higashi Tokyo University of Science, Japan 

Takashi Kobayashi Kyoto Sangyo University, Japan 

Marissa Maciej-Hulme Radboud University Medical Center, The Netherlands 

Shuji Mizumoto (co-chair) Meijo University, Japan 

RyanWeiss University of California, San Diego, USA 
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GENERAL INFORMATION 
Date 
28-29 September 2019 
 
 
Venue 
IT Business Plaza Musashi, Kanazawa, Japan 
6th Floor 
(14-31 Musashi-cho, Kanazawa, 920-0855) 
Tel: +81-76-224-6340 

 
 
 
Registration Desk Hours 
Saturday: 13:00-19:30 
Sunday: 8:30-12:00 
 
 
Public Transports (From Tokyo, Osaka, Kyoto etc.) 
We have found a helpful website. Please see below. 
https://www.japan-guide.com/e/e4208.html 
 
From Kanazawa Sta. to the Venue 

10 min by walk 
   3 min by Taxi (700JPY) 
   2 bus stops from Kanazawa station (200 JPY) 
   (Kanazawa Station East Exit, Platform No. 3, 8, 9, 10 ––> Musashigatsuji-Omi-cho 
Market) 
 
 

Symposium Venue 

Kanazawa Station 
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Parking Facility 
No parking facility at the venue. 
 
 
Credit Cards & ATM 
All major credit cards are accepted generally. 
ATM machines are available throughout the city. 
 
 
Electricity 
AC 100volts, 60 cycles; plugs are 2-pin type A. 
 
 
Information for Speakers and Oral Presentations 
Please bring your presentation on a USB thumb drive/ memory stick, in advance of 
your session. 
We will put on Windows 8 & 10 Laptop computers. 
If you use your laptop computer including Macintosh, please bring it with adaptor to 
connect to VGA. 
Presentations have been allocated 15 minutes (10 minute presentation + 5 minute 
questions). 
 
 
A light meal will be provided on September 28 
If you have food allergies, please contact k6357@cc.kyoto-su.ac.jp (Dr. Takashi 
Kobayashi) by September 22nd. 
Please understand that we cannot deal with all food allergies. 
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PROGRAM 
Saturday 28 September 

13:00 – 13:30     Registration 

13:25 – 13:30 Welcome remarks – Shuji Mizumoto and Brooke Farrugia 

13:30 – 14:00 Plenary: Catherine Merry – A roundabout tour of heparan sulphate 
structure and function studies. Chair: Brooke Farrugia 

14:00 – 
15:30  

PGs in Regenerative Medicine and Emerging Therapeutics. 
Chair: Tabea Dieker 

14:00 – 14:15 Ha Na Kim Bioengineered serglycin as a bioactive molecule for 
growth factor delivery applications 

14:15 – 14:30 Sandeep 
Gopal 

Syndecan-mediated transcriptional regulation of 
germline stem cell development 

14:30 – 14:45 Sean 
Ashworth 

Identifying Chondroitin Sulfate Substrates for the 
Cultivation of iPSC-derived Corneal Epithelium 

14:45 – 15:00 Andrew Hook High throughput screening of polymer-
glycosaminoglycan interactions utilizing time-of-flight 
secondary ion mass spectrometry 

15:00 – 15:15 Krithika 
Ramakrishnan 

Inhibitors of heparan sulfate sulfotransferases 

15:15 – 15:30 Asha Levann Generation of an Organotypic Platform to Dissect the 
Biological Functions of Glycosaminoglycans in 
Human Epithelial Homeostasis and Pathology 

15:30 – 15:50 Tea Break 

15:50 – 
17:20 

PGs in Neural Biology Chair: Ryan Weiss 

15:50 – 16:05 Keisuke 
Kamimura 

Drosophila Glypican Regulates Experience-
dependent Synaptic and Behavioral Plasticity 

16:05 – 16:20 Luke Souter Insights into perineuronal net formation: HAPLN1 
irreversibly stabilises the interaction of hyaluronan 
and aggrecan 

16:20 – 16:35 Shinji Miyata Formation of a ternary complex of 
hyaluronan/neurocan/tenascin-C during embryonic 
cortical development 

16:35 – 16:50 Kazuma 
Sakamoto 

Enoxaparin promotes recovery after nerve injury by 
antagonizing PTPRσ 

16:50 – 17:05 Yuji Suzuki Chondroitin sulfate chain: a new marker for immature 
oligodendrocyte in the brain 

17:05 – 17:20 Kyohei 
Higashi 

Impairment of heparan sulfate during the acute 
cerebral infarction 

17:20 – 17:30 Group photo 

17:30 – 18:30  Light Meal Break 

18:30 – 19:30  Life as a scientist-A- Hideto Watanabe 
Perfecting your research pitch- Brooke Farrugia 

19:30– Networking 
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Sunday 29 September 

09:00 – 10:00 PGs in Development, Musculoskeletal and Aging Biology. Chair: 
Shuji Mizumoto 

09:00 – 09:15 Jamie 
Thompson 

Investigating glycosaminoglycans in development 
and disease using fully defined 3D cell culture 
environments and human pluripotent stem cells 

09:15 – 09:30 Sarah 
Delbaere 

Loss of galactosyltransferase II, encoded by b3galt6, 
causes musculoskeletal abnormalities in a zebrafish 
model for spondylodysplastic Ehlers-Danlos 
syndrome and reveals the presence of a trisaccharide 
proteoglycan linker region 

09:30 – 09:45 Shuji 
Mizumoto 

Defects in biosynthesis of glycosaminoglycan side 
chains of proteoglycans cause hereditary bone, skin, 
heart, and immune disorders 

09:45 – 10:00 Yusuke Mii Two types of heparan sulfate clusters differently 
regulate Wnt distribution and signaling in Xenopus 
embryos 

10:00 – 10:20 Tea break 

10:20 – 11:20 PGs in Cancer and inflammation. Chair: Marissa Maciej-Hulme 

10:20 – 10:35 Anastasia 
Suhovskih 

The interrelation between heparanase and heparan 
sulfate content in glioma 

10:35 – 10:50 Masao 
Nakamura 

Endocytic mechanism of lactoferrin N-lobe: 
Regulation of anticancer activity via glycan 
recognition and lipid raft formation 

10:50 – 11:05 Gregory 
Golden 

Undersulfation of heparan sulfate protects against 
hepatic damage from Staphylococcus aureus sepsis 

11:05 – 11:20 Takato Hara Cadmium elongates the dermatan sulfate chains of 
biglycan in vascular endothelial cells 

11:20 – 11:50 Plenary: Hideto Watanabe – Life as a scientist-B. Chair: Shuji 
Mizumoto 

11:50 – 12:00 Closing remarks – Brooke Farrugia and Shuji Mizumoto 
Group photo 
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ABSTRACT: ORAL PRESENTATIONS 
Saturday 28 September 
 
1) Bioengineered serglycin as a bioactive molecule for growth factor delivery applications 
Ha Na Kim, John Whitelock, Megan Lord 
(Graduate School of Biomedical Engineering, UNSW Sydney, Sydney, NSW 2052 Australia) 
 
Regenerative medicine strategies that promote robust angiogenesis remain elusive and have 

the potential to enable the treatment of a range of diseases. Growth factors are key signalling 
molecules in angiogenesis, however they are in low abundance and when delivered 
exogenously are rapidly cleared by proteolytic processes. The glycosaminoglycan chains of 
proteoglycans are the natural binding, protective and signalling partners for growth factors. 
However, the yield of proteoglycans isolated from natural sources is low, supporting the 
alternative approach of recombinant production. Serglycin has no cell interactive properties 
ascribed to the protein core, however it is densely decorated with eight glycosaminoglycan 
attachment sites that may be decorated with heparin, heparan, chondroitin and/or dermatan 
sulphate and thus an ideal molecule for growth factor delivery and signalling applications. 
Thus, the aim of this project was to bioengineer serglycin and assess its ability to support 
growth factor 
binding and signalling for angiogenesis. 
 Bioengineered serglycin was expressed in HEK-293 cells and biochemically characterised 
for its protein and glycosaminoglycan components to examine the effect of different culture 
environments. Serglycin was analysed for its ability to support growth factor binding and 
signalling in solid-phase and cell-based assays and for its ability to support angiogenesis in 
the chicken chorioallantoic membrane (CAM) assay. 
Bioengineered serglycin was produced as a proteoglycan with extensive post-translational 
modification with chondroitin, dermatan and heparan sulphate/heparin. Cells grown in 
suspension cultures in defined medium produced the higher yield of protein decorated with 
heparan sulfate/heparin compared to cells grown in fetal bovine serum supplemented medium. 
Bioengineered serglycin supported vascular growth 
factor (FGF2 and VEGF165) binding in vitro via its heparan sulfate/heparin chains. In addition, 
the bioengineered serglycin supported FGF2 signalling via FGF receptor 1c and heparan 
sulphate/heparin in vitro in the Baf32 cell assay and in vivo in the CAM assay. 
Together, these data demonstrate the potential of bioengineered serglycin to support 

growth factor binding and signalling for regenerative medicine applications. 
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2) Syndecan-mediated transcriptional regulation of germline stem cell development. 
Sandeep Gopal and Roger Pocock 
(Biomedicine Discovery Institute, Monash University, Australia) 
 
At least 14 proteoglycans are encoded in mammals, where several of them have redundant 

functions. This makes mammalian knockout studies challenging due to functional 
compensation. Therefore, our laboratory adopted Caenorhabditis elegans to study the role of 
proteoglycans, specifically syndecans in germline stem cell development. C. elegans genome 
encodes a single syndecan (SDN-1), thereby providing an ideal model for knockout studies. 
Our research focuses on the function of sdn-1 in transcriptional regulation during germline 
stem cell development. Previous studies have shown that germline stem cell number in C. 
elegans is maintained by notch signaling. We and others have shown that the notch receptor 
(glp-1) deletion mutation leads to significantly reduced number of stem cells in C. elegans 
germline. Our recent analysis of sdn-1 mutant hermaphrodite C. elegans showed a reduced 
number of germline stem cells. We analyzed the transcriptome of sdn-1 mutant germlines and 
found that multiple stem cell proliferation and meiosis promoting genes are downregulated in 
the absence of sdn-1. In particular, glp-1 mRNA was reduced. Our most recent data suggest 
that SDN-1 controls glp-1 expression through a highly conserved AP transcription factor 
binding motif. This identifies a novel regulatory mechanism that controls Notch Receptor 
expression in germline stem cells. 
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3) Identifying Chondroitin Sulfate Substrates for the Cultivation of iPSC-derived Corneal 
Epithelium 
Sean Ashworth1, Greg M Hammond1, Jodie Harrington1,2, Ryuhei Hayashi2, Kohji Nishida3, 
Bruce Caterson4, Robert D Young1, Clare E Hughes4, Andrew J Quantock1 
(1 School of Optometry and Vision Sciences, Cardiff University, Cardiff, UK; 2 Department of 
Stem Cells and Applied Medicine, Graduate School of Medicine, Osaka University, Osaka, 
Japan; 3 Department of Ophthalmology, Graduate School of Medicine, Osaka University, 
Osaka, Japan; 4 School of Biosciences, Cardiff University, Cardiff, UK) 
 
Proteoglycans and their associated glycosaminoglycan (GAG) side chains play a key role in 

the extracellular matrix (ECM), which includes maintenance of the stem cell niche within 
various tissues. Certain GAG species can be differentially sulphated and exhibit specific 
sulphation motifs or patterns. Previous studies have shown that the distributions of chondroitin 
sulphate (CS) motifs, amongst other GAGs, are specifically associated with the development 
and maintenance of various stem cell niches within different tissues. In this study, a panel of 
monoclonal antibodies recognizing distinct CS sulphation motifs has been employed to identify 
moieties associated with the stem cell niche of the corneal limbus. Herein reside limbal 
epithelial stem cells, which are responsible for the regeneration and homeostasis of the 
corneal epithelium. When these resident limbal stem cells are lost, corneal blindness can 
occur, which currently has limited treatment options, and thus represents a promising target 
for regenerative cellular therapies through the replacement of native cells. Our novel approach 
to investigate the proteoglycans and GAGs of the corneal limbus has identified two candidate 
sulphation motifs associated with the limbal stem cell niche, recognized by the monoclonal 
antibodies designated 6C3 and 7D4. After extraction and purification of these epitopes, these 
motifs could aid the expansion of induced pluripotent stem (iPSC)-derived corneal epithelia, 
which has major clinical potential for sight-restoring in models of corneal blindness. 
Improvement of the in vitro production and expansion of iPSC-derived corneal epithelium 
through the use of CS/GAG substrates would be of great benefit for furthering the potential of 
this regenerative technology, as well as allowing elucidation of the specific roles of CS/GAG 
in corneal epithelial maintenance. 
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4) High throughput screening of polymer-glycosaminoglycan interactions utilizing time-of-flight 
secondary ion mass spectrometry 
Andrew Hook1 
(1 University of Nottingham, United Kingdom Advanced Materials and Healthcare 
Technologies, University of Nottingham, Ng7 2RD, United Kingdom) 
 
The surface analysis of glycosaminoglycans (GAGs), which is necessary for the development 

of these molecules as a biomaterial component, is limited to vibrational spectroscopy 
techniques where the surface sensitivity cannot readily be reduced below hundreds of 
nanometres, or X-ray photoelectron spectroscopy, which cannot readily assess the subtle 
chemical differences between different types of GAGs. 
In this study time-of-flight secondary ion mass spectrometry (ToF-SIMS) (1) was used to 

assess the surface attachment of GAGs hyaluronic acid (HA), heparan sulphate (HS), 
chondroitin sulphate (CS) and dermatan sulphate (DS) to a variety of different surface 
chemistries as both homogeneous and mixed samples. Polymer microarrays (2, 3) were 
utilized to assess the interaction of GAGs with hundreds of different polymers containing 
hundreds of different chemical moieties in parallel. 
This study demonstrated the surface information that ToF-SIMS analysis can provide for 

assessing the interaction of GAGs with materials, which is complimentary to existing surface 
chemical analyses. Significantly, ToF-SIMS was able to discern the subtle chemical 
differences between different GAGs and various polymer surfaces without requiring labelling, 
enabling the surface adsorption properties of GAGs within mixed samples to different polymer 
surfaces to be accurately assessed. Moreover, use of high throughput screening allowed for 
the rapid identification of materials that can adsorb different GAGs, both providing insight into 
GAG-surface interactions and discovering new materials that could be utilized to incorporate 
GAGs into biodevices. 
1. A. L. Hook, D. J. Scurr, Surface and Interface Analysis 48, 226-236 (2016). 
2. A. L. Hook et al., Nature Biotechnology 30, 868-875 (2012). 
3. A. L. Hook et al., Biomaterials 31, 187-198 (2010). 
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5) Inhibitors of heparan sulfate sulfotransferases 
Krithika Ramakrishnan1, Yong Li1, Dominic P. Byrne1, Patrick A. Eyers1, David G. Fernig1 
(1Department of Biochemistry, Institute of Integrative Biology, University of Liverpool, L69 7ZB 
Liverpool, United Kingdom) 
 
Protein and glycan sulfation are critical for a vast array of biological processes pertaining to, 

but not restricted to, chemical defence, hormone biosynthesis and bioactivation. Study of 
sulfotransferases, which catalyse the sulfation reaction, have shed light on their involvement 
in various diseases, one of them being Alzheimer’s disease (AD). AD is a neurodegenerative 
disease, which progresses slowly with symptoms spanning over several years. The most 
prominent indicators are the deposition of amyloid plaques and neurofibrillary tangles, causing 
degeneration in the different regions of the brain. Evidences suggest that heparan sulfate 
sulfotransferases, particularly the 3-O sulfotransferases (HS3STs), are involved in the 
modification of heparan sulfate (HS), which cause it to become a key factor in the development 
of taupathy type Alzheimer’s disease, by promoting hyperphosphorylation of TAU, leading to 
the formation of neurofibrillary tangles. Immunostaining studies have led to the discovery of 
HS glycosaminoglycans localised specifically in amyloid deposits in neuritic plaques.  
Our work aims to produce ‘tool compounds’ or inhibitors that are useful to unravel how 

sulfation of HS affects biological function. The strategy is to identify compounds that will inhibit 
PAPS binding competitively. This is entirely analogous to the extremely successful approach 
used to identify kinase inhibitors that compete for ATP binding. High throughput screens have 
been developed based on differential scanning fluorimetry and on the EZ Reader (lab on a 
chip) platform. Initial screens used the PKIS library of kinase inhibitors, compounds previously 
indicated as sulfotransferase inhibitors. A subset of RAF inhibitors from the PKIS library, 
suramin, rottlerin and aurintricarboxylic acid, which likely act as PAPS mimetics, were found 
to inhibit heparan sulfate 2-O-sulfotransferases (HS2ST) and HS3ST1. Moreover, some dye 
compounds with some chemical relation to aurintricaboxylic acid and suramin were also found 
to be inhibitors of these enzymes. 
These data highlight that HSSTs are druggable and they also demonstrate that a degree of 

selectivity between sulfotransferases is possible. 
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6) Generation of an Organotypic Platform to Dissect the Biological Functions of 
Glycosaminoglycans in Human Epithelial Homeostasis and Pathology 
Asha Rudjord-Levann1, Sally Dabelsteen2, Richard Karlsson1, Hans Wandall1 
(1 University of Copenhagen, Copenhagen Center for Glycomics, Denmark; 2 University of 
Copenhagen, Department of Oral Pathology, Denmark) 
 
Glycosaminoglycans (GAGs) are long, linear, polysaccharide chains of alternating 

disaccharide units covalently linked to a protein core to form diverse proteoglycans. Variations 
in GAG chain length, disaccharide composition and residue modifications confer a high degree 
of heterogeneity to GAGs. Distinct structural motifs of GAGs, specified by chain structure and 
modifications, are believed to serve as recognition motifs for binding between GAGs and 
numerous small molecules and their cognate receptors. In this manner, GAGs regulate 
processes involved in development, growth, aging and the associated pathologies such 
wound healing and cancer. In this project, we employ CRISPR-Cas9 genetic engineering to 
deconstruct and dissect the molecular functions of the main GAG types in a human tissue 
model. We have generated a 3D organotypicplatform to systematically probe into the functions 
of different GAG chains in human tissue formation, homeostasis and associated pathologies. 
Our tissue library demonstrates distinct phenotypes with impact on general tissue 
homeostasis and barrier formation associated with loss of GAG chain initiation and elongation. 
Our platform provides an approach to define the functions of specific GAG structures in human 
epithelial biology with a broad discovery potential. 
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7) The HSPG Glypican Regulates Experience-dependent Synaptic and Behavioral Plasticity 
by Modulating the Non-canonical BMP Pathway 
Keisuke Kamimura, Aiko Odajima, Yuko Ikegawa, Chikako Maru, and Nobuaki Maeda 
(Neural Network Project, Department of Brain Development and Neural Regeneration, Tokyo 
Metropolitan Institute of Medical Science, Setagaya, Tokyo 156-8506, Japan) 
 
Under food deprivation conditions, Drosophila larvae exhibit increases in locomotion speed 

and synaptic bouton numbers at neuromuscular junctions (NMJs). Octopamine, the 
invertebrate counterpart of noradrenaline, plays critical roles in this process; however, the 
underlying mechanisms remain unclear. We herein demonstrated that a glypican (Dlp) is 
required for this experience-dependent behavioral and synaptic plasticity. Dlp is expressed by 
postsynaptic muscle cells, and suppresses the noncanonical BMP pathway, which is 
composed of the presynaptic BMP receptor Wit and postsynaptic GluRIIA-containing 
ionotropic glutamate receptor. As a result, Dlp negatively regulates type I synaptic bouton 
formation, the postsynaptic expression of GluRIIA, and larval locomotion speed. Starvation-
induced octopaminergic signaling decreases Dlp expression, and, thus, its negative activities 
are repressed, leading to the stimulation of synapse formation and locomotion. The present 
results revealed that Dlp regulates starvation-induced neural plasticity as a downstream 
mediator of octopamine signaling, providing insights into proteoglycan-mediated behavioral 
and synaptic plasticity. 
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8) Insights into perineuronal net formation: HAPLN1 irreversibly stabilises the interaction of 
hyaluronan and aggrecan 
Luke Souter1,2, Richard Hall2, Ralf P Richter1,3,4, Jessica CF Kwok1,2,5 
(1 School of Biomedical Sciences, Faculty of Biological Sciences, University of Leeds, Leeds, 
UK.; 2 School of Mechanical Engineering, Faculty of Engineering, University of Leeds, Leeds, 
UK.; 3Astbury Centre for Structural and Molecular Biology, University of Leeds, Leeds, UK.; 
4School of Physics, Faculty of Mathematics and Physical Sciences, University of Leeds, 
Leeds, UK.; 5Institute of Experimental Medicine, Czech Academy of Science, Prague, Czech 
Republic.) 
 
A perineuronal net (PNN) is a layer of condensed pericellular matrix molecules that forms 

around the soma and proximal dendrites of sub-populations of neurons in the central nervous 
system (CNS). PNNs have been implicated in a variety of biological functions including: 
reducing synaptic plasticity, increasing synaptic stability and as a neuroprotective layer 
against toxic molecular species. PNNs are primarily made up of hyaluronan, link proteins, 
chondroitin sulfate proteoglycans (CSPGs) and tenascin-R. Currently there is a proposed 
model for the assembly of this extracellular matrix (ECM) structure, but the detailed 
mechanism for the stabilization of the PNNs’ morphologies (i.e. granular and reticular, 
depending on maturation state) is not yet known. Using hyaluronan (HA), a representative link 
protein (HAPLN1) and CSPG (aggrecan) the aim was to model the molecular interactions that 
form this PNN surface in a cell free in vitro system. Using an acoustic surface measurement 
technique called quartz crystal microbalance (QCM-D) we probed the molecular interactions 
of aggrecan and HAPLN1 to surfaces of hyaluronan sequentially. While the binding of 
HAPLN1 to HA films was fully stable, the binding of aggrecan to the HA films was reversible. 
Sequentially adding aggrecan to HAPLN1-presenting HA films caused aggrecan to bind stably. 
This demonstrates that HAPLN1 is able to bind aggrecan when pre-bound to HA. The same 
phenomenon is observed when aggrecan is bound to HA films first, followed by HAPLN1, 
indicating HAPLN1 stabilises the aggrecan-HA interactions irrespective of the order of 
encounter.  Interestingly, only a low coverage of the HA films with HAPLN1 is required to 
cause this stabilisation to occur. Adding more HAPLN1 does not result in more aggrecan 
binding. Equally, creating denser HA films did not increase the amount of aggrecan binding. 
This would suggest that steric hindrance may play an important part in assembling these films. 
Mechanistically, our findings imply that both aggrecan and HAPLN1 could potentially trigger 
PNN formation if the other molecules in the ECM are present. The density and size of the HA 
chains are likely important regulators in determining the morphology ofPNNs being formed. 
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9) Formation of a ternary complex of hyaluronan/neurocan/tenascin-C during embryonic 
cortical development 
Shinji Miyata1, 2, Mina Takechi2, Kenzi Oshima2, Daita Nadano2, Chihiro Sato3, Ken Kitajima3, 
Tsukasa Matsuda2, Hiroshi Kitagawa4 
(1 Faculty of Agriculture, Tokyo University of Agriculture and Technology, 3-5-8 Saiwaicho, 
Fuchu, Tokyo, 183 -8509, Japan; 2 Graduate School of Bioagricultural Sciences, Nagoya 
University, Furocho, Chikusa-ku, Nagoya, 464-8601, Japan; 3 Bioscience and Biotechnology 
Center, Nagoya University, Furocho, Chikusa-ku, Nagoya, 464-8601, Japan; 4 Laboratory of 
Biochemistry, Kobe Pharmaceutical University, 4-19-1 Motoyamakitamachi, Higashinada-ku, 
Kobe, 658-8558, Japan.) 
 
A six-layered laminar structure of the cerebral cortex, a hallmark feature of the mammalian 

brain, is formed by neuronal migration during embryonic cortical development. Newborn 
neurons generated in the ventricular zone migrate along radial glial fibers toward the cortical 
plate (CP) to populate the cerebral cortex. This radial glial fiber-guided migration is initiated 
by adhesion of migrating neurons to radial glial fibers in the intermediate zone (IZ); however, 
the underlying molecular mechanisms are only partially understood. The IZ is a cell-sparse 
area filled with large amount of the extracellular matrix (ECM) molecules such as chondroitin 
sulfate proteoglycans (CSPGs). Therefore, we hypothesized that CSPGs may play an 
important role in neuronal migration during cortical development. First, we found that sulfation 
patterns of CSPGs markedly differ between the IZ and the CP: the IZ is rich in 4-sulfated 
chondroitin sulfate, whereas the CP is rich in non-sulfated chondroitin. We identified neurocan, 
a central nervous system-specific secreted CSPG, as a major carrier protein of 4-sulfated 
chondroitin sulfate in the IZ. The N-terminal region of neurocan was tethered to the neuronal 
surface through binding to hyaluronan produced by migrating neurons, which express 
hyaluronan synthases 2 and 3. Meanwhile, the C-terminal region of neurocan interacted with 
tenascin C produced by radial glial cells. The ternary complex of 
hyaluronan/neurocan/tenascin-C was localized at the contact sites of migrating neurons and 
radial glial fibers. Our results suggest that neurocan acts as an adhesive bridge between 
migrating neurons and radial glial fibers. 
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10) Enoxaparin promotes recovery after nerve injury by antagonizing PTPRσ  
Kazuma Sakamoto1, Sadayuki Ito1, Tomoya Ozaki1, Kenji Kadomatsu1 
(1Nagoya University Graduate School of Medicine, Japan) 
 
Receptor type protein tyrosine phosphatase σ (PTPRσ) regulates axonal 

regeneration/sprouting and its inhibition as a molecular switch through its clustering and 
dissociation in response to glycan ligands. Cell surface heparan sulfate (HS) oligomerlizes 
PTPRσ and inactivate its enzymatic activity, leading to axonal growth promotion. Contrary, 
matrix-associated chondroitin sulfate (CS) monomerlizes PTPRσ and activates it. That leads 
to dephosphorylation of its specific substrates such as cortactin, resulting in axonal 
regeneration failure after injury. However, these molecular switch model has never been 
challenged or utilized in clinical situation.  

Here, we show that Enoxaparin, world-widely approved anticoagulant consisting of heparin 
(an over-sulfated type of HS) oligosaccharides with an average 45 kDa of molecular weight, 
induced clustering and inactivated PTPRσ in vitro. It counteracted PTPRσ-mediated 
dephosphorylation of cortactin which was shown to be important for axonal regeneration 
inhibition. The systemic administration of Enoxaparin successfully restored anatomical 
recovery both after optic nerve and spinal cord injury (SCI) in rats at clinical tolerable dosages. 
Moreover, it also promoted motor function recovery without any obvious hemorrhage. Taken 
together, our data provide a new drug repositioning strategy to treat traumatic axonal injury. 
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11) Chondroitin sulfate chain: a new marker for immature oligodendrocyte in the brain 
Yuji Suzuki, Kana Kato, Miwako Toyoda, Aurelien Kerever, Eri Arikawa-Hirasawa 
(Research Institute for Diseases of Old Age, Juntendo University Graduate School of Medicine, 
2-1-1 Hongo, Bunkyo, 113-8421, Japan) 
 
The chondroitin sulfate (CS) chain that composes CS proteoglycans (CSPGs), is one of the 

major sulfated glycosaminoglycans in the brain. CSPGs play important roles in the 
development, aging and pathological conditions in the central nervous system. The 
perineuronal net (PNN), a well-known extracellular matrix structure containing CSPGs, 
surrounds a subset of neurons. PNNs gradually appear in the critical period of postnatal brain 
development, during which the neuronal plasticity becomes strongly enhanced. Maturation of 
PNNs is thought to restrict the plasticity, leading to the closure of the critical period. NG2, 
another type of CSPG not included in the PNN, is known as a marker for oligodendrocyte 
precursor cells (OPCs). Recently, the functions of the PNN and NG2 are well studied. However, 
the roles of CS chains in the maturation/function of oligodendrocytes (OLs) are still poorly 
understood. In this study, we investigated the relation between CS expression and OL lineage 
in the somatosensory cortex of mouse brain, where OLs in various differentiation/maturation 
stages can be observed in both developmental and adult stages. We performed 
immunohistochemistry on 10-week mouse brain sections using CS56, an anti-CS antibody, 
together with markers of OL lineage in various stages. We observed a unique patch-like 
staining pattern displayed by the CS56 antibody in multiple regions of the brain. Similar to the 
PNN, CS56 positive patches gradually appeared during the critical period. We found that cells 
at the center of CS56 positive patches expressed immature OL markers in the somatosensory 
cortex. Although further investigations are required to understand its biological functions, 
those observations suggest that CS56 positive CS chains could be a marker specific to 
immature OLs in the brain. 
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12) Impairment of heparan sulfate during the acute cerebral infarction 
Kyohei Higashi1,2, Kenta Ko1, Natsuko Hattori1, Ryota Ishikawa1, Kenta Umehara1, Tomomi 
Furihata1, Kazuei Igarashi1,3, Toshihiko Toida1 
(1 Graduate School of Pharmaceutical Sciences, Chiba University; 2 Faculty of 
Pharmaceutical Sciences, Tokyo University of Science; 3 Amine Pharma Research Institute) 
 
Glycocalyx is composed of heparan sulfate (HS), chondroitin sulfate (CS) and hyaluronic acid 

(HA) and they are found on the surface of vascular endothelial cells and regulates neutrophil 
adhesion. However, glycocalyx degradation was caused by heparanase (HPSE) and 
hyaluronidase (HYAL) in sepsis-associated acute lung injury and proteinuria, and symptom 
relief was observed when its degradation was inhibited in mice model. Recently, the 
mechanism that activates infiltrating macrophages in the brain infarction was reported. Thus, 
relationship of ischemic lesion and glycocalyx degradation was investigated using the 
photochemically induced thrombosis (PIT) model mice. We found that the levels of HS and 
CS but not HA in infarct region was decreased. In addition, expression level of HYAL1 and 
activity of heparanase (HPSE) in infarct region were increased. These results suggest that HS 
and CS in infarct region were degraded by their degradation enzymes. Effect of intraperitoneal 
administration of low molecular weight heparin (LMWH) and low molecular weight CS 
(LMWCS) on the size of brain infarction was next examined. As a result, the size of brain 
infarction was decreased in the order N-acetylcysteine (NAC) + low molecular weight heparin 
(LMWH) + low molecular weight CS (LMWCS) > NAC+LMWH > NAC. This result suggests 
that glycocalyx on the surface of vascular endothelial cells is degraded during the acute brain 
infarction. We also found that acrolein, a highly reactive unsaturated aldehyde generated 
during the brain infarction, induce the activities of HPSE and pro-HPSE, resulting in the 
degradation of HS of the endothelial cells. These results suggest that heparanase and pro-
heparanase induced by acrolein are important for the severe inflammation of brain infarction. 
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13) Investigating glycosaminoglycans in development and disease using fully defined 3D cell 
culture environments and human pluripotent stem cells 
Jamie L Thompson1,2, Sara Pijuan-Galitó1,2, Bashayer Ahmed1, Jennifer C Ashworth1, Tessa 
Wilpshaar3, Judith Boveé3, Morgan R Alexander2, Lena Kjellén4, Catherine L R Merry1 
(1 Division of Cancer & Stem Cells and 2 School of Pharmacy, University of Nottingham, UK; 
3 LUMC, Netherlands; 4 Department of Medical Biochemistry and Microbiology, Uppsala 
University, Sweden) 
 
Mutations in EXT1 and EXT2 heparan sulphate (HS) co-polymerases disrupt normal 

glycosaminoglycan (GAG) production and GAG-related signaling. In humans, mutations in 
these genes are associated with Multiple Osteochondroma (MO) a rare developmental 
disease with a poorly understood mechanistic basis. To address the need for defined, GAG-
free culture conditions with which to investigate GAG-regulated signalling in developmental 
diseases such as MO, we have combined human induced pluripotent stem cell (hiPSC) 
models and an optimised “blank slate” 3D culture environment [1]. Disease model hiPSCs 
were generated by reprogramming MO patient-derived fibroblasts (MO-hiPSCs, EXT1+/-) and 
by CRISPR/Cas9 gene editing of WT hiPSCs (EXT1+/- and EXT2-/-). All hiPSCs were 
maintained in defined, GAG-free conditions (vitronectin coating, E8 medium, serum-free). 
AMAC-labelling HS compositional analysis identified a less sulphated variant of HS being 
produced and secreted by EXT1+/- cells whereas there was no detectable HS from EXT2-/- 
cells. Flow cytometry using 10e4 antibody (HS) and metabolic radiolabeling with 
35Ssulphatewere used to confirm lack of HS in EXT2-/- cells, of which the latter also highlighted 
an increase in levels of non-HS/CS sulphated GAG (potentially KS) in EXT2-/- hiPSCs (figure 
1). Immunofluorescence imaging and flow cytometry using ScFv antibodies were used to 
further characterise the GAGs produced by these cells. To demonstrate that we can detect 
matrix changes during differentiation in 3D, wild-type (control) hiPSCs were successfully 
cultured and differentiated to neural progenitor cells in self-assembling peptide hydrogels, 
without the need for serum, matrix addition or co-culture. Here, we demonstrate generation of 
novel cell tools and a defined, GAG-free 3D biomaterial to probe the role of GAGs in hiPSC 
differentiation and disease modelling, broadening our understanding of cellmatrix interactions. 
[1] Ashworth, J C, Thompson, J L, et al, Peptide Gels of Fully-Defined Composition and 
Mechanics for Probing Cell-Cell and Cell-Matrix Interactions In Vitro, Matrix Biology, (In Press 
June 2019) 
 
 

  



 - 19 - 

14) Loss of galactosyltransferase II, encoded by b3galt6, causes musculoskeletal 
abnormalities in a zebrafish model for spondylodysplastic Ehlers-Danlos syndrome and 
reveals the presence of a trisaccharide proteoglycan linker region. 
Sarah Delbaere1, Shuji Mizumoto2, Shuhei Yamada2, Fredrik Noborn3,4, Goran Larson3,4, Jan 
Willem Bek1, Phil L. Salmon5, Paul Coucke1, Andy Willaert1, Fransiska Malfait1 
(1 Center for Medical Genetics, Ghent University and Ghent University Hospital, Ghent, 
Belgium; 2 Department of Pathobiochemistry, Faculty of Pharmacy, Meijo University, 150 
Yagotoyama, Tempakuku, 
Nagoya, Aichi 468-8503, Japan; 3 Department of Laboratory Medicine, Sahlgrenska Academy 
at the University of Gothenburg, Gothenburg, Sweden; 4 Laboratory of Clinical Chemistry, 
Sahlgrenska University Hospital, Gothenburg, Sweden; 5 Bruker microCT, Kontich, Belgium) 
 
Biallelic mutations in B3GALT6, the gene encoding galactosyltransferase II (b3GalT6) which 

is an essential enzyme for the biosynthesis of the linker region in proteoglycans, are the cause 
of the rare autosomal recessive variant of the Ehlers-Danlos syndrome (EDS), currently known 
as ‘spondylodysplastic EDS (spEDS-B3GALT6)’. This disorder is mainly characterized by 
short stature, hypotonia, spondyloepimethaphyseal bone dysplasia, bone fragility with 
fractures and bowing of the limbs, joint hypermobility and joint contractures, peculiar 
craniofacial features and dysplastic teeth. Hitherto, no animal model has been generated for 
spEDS-B3GALT6 to further investigate the pathogenesis of this disabling disease. Therefore, 
we developed and characterized the first viable knock-out zebrafish model for spEDS-
B3GALT6 by using the CRISPR/Cas9 gene editing technique targeting b3galt6. 
Homozygous adult b3galt6-/- zebrafish had a reduced body length, lower weight and smaller, 

misshapen fins compared to their wild-type siblings. μCT scanning of the vertebral column 
showed diminished volume and thickness, but increased tissue mineral density in the vertebral 
centra. Investigating mineralized bone in b3galt6-/- zebrafish by Alizarin red staining revealed 
general skeletal dysplasia such as mild kyphoscoliosis, bowed and kinked ribs, ectopic bone 
growth, misshapen cranial bones and teeth deformities, mimicking the clinical findings in 
spEDS-B3GALT6 individuals. Next, transmission electron microscopy (TEM) was performed 
to examine the connective tissue ultrastructure. A disturbed fibrillar organization of type I 
collagen in b3galt6 mutant zebrafish bone was noted. Skin of b3galt6-/- adult zebrafish 
showed a thick epidermis, extrafibrillar crystals in the scales and loosely packed collagen 
fibrils in the dermis. Furthermore, indications for muscle hypotonia were noted in b3galt6-/- 
zebrafish as mutants had a lower endurance, shown by an effort test in a swim tunnel, and 
had a higher sarcomere length, observed via TEM analysis. To examine the level of 
glycosaminoglycans (GAGs) in adult wild-type and b3galt6-/- zebrafish, quantification of 
disaccharides from CS, DS and HS was carried out by combination of enzymatic digestion 
with an anion-exchange HPLC. A strong decrease in CS, DS and HS levels was observed in 
dissected bone, muscle and skin from b3galt6 mutants. As GAGs were still produced, the 
proteoglycan linker region was investigated by LC-MS-MS revealing a trisaccharide linker 
region, consisting of only one galactose instead of two, exclusively found in b3galt6 mutants. 
Taken together, the generated b3galt6 knock-out zebrafish is a promising model for further 

elucidation of the underlying pathogenetic mechanisms leading to spEDS-B3GALT6 in human. 
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15) Defects in biosynthesis of glycosaminoglycan side chains of proteoglycans cause 
hereditary bone, skin, heart, and immune disorders 
Shuji Mizumoto  
(Department of Pathobiochemistry, Faculty of Pharmacy, Meijo University, 150 Yagotoyama, 
Tempaku-ku, Nagoya, Aichi 468-8503, Japan) 
 
 Glycosaminoglycans (GAGs), including chondroitin sulfate (CS), dermatan sulfate (DS), and 
heparan sulfate (HS), are linear polysaccharides, and are covalently attached to the core 
proteins that form proteoglycans (PGs), through the common linker region tetrasaccharide, 
(GlcA-Gal-Gal-Xyl). This presentation provides an overview of genetic diseases caused by 
disturbance in the biosynthesis of GAGs [1]. Mutations in genes encoding 
glycosyltransferases, which are responsible for the biosynthesis of the common linker region 
tetrasaccharide, cause the hereditary disorder, “PG linkeropathy”. It is characterized by bone, 
skin, connective tissue, and heart defects. Mutations in B3GALT6 encoding GalT-II cause 
spondylodysplastic Ehlers-Danlos syndrome and spondyloepimetaphyseal dysplasia with joint 
laxity type 1 [2]. Mutations in B3GAT3 encoding GlcAT-I cause Larsen syndrome [3], skeletal 
dysplasia including a short stature, kyphoscoliosis, and joint dislocation [4], and osteoporosis, 
hypotonia, joint laxity, fractures, scoliosis, and biscuspid aortic valve [5]. Mild skeletal 
dysplasia with joint laxity and spondyloepiphyseal dysplasia Omani type are caused by 
mutations in CSGALNACT1 and CHST3 encoding CS-N-acetylgalactosaminyltransferase and 
chondroitin 6-O-sulfotransferase-1, respectively [6-8]. Musculocontractural Ehlers-Danlos 
syndrome is caused by mutations in DSE and CHST14, which encode dermatan sulfate 
epimerase and dermatan 4-O-sulfotransferase-1, respectively [9, 10]. Mutations in EXTL3, 
which encodes HS-N-acetylglucosaminyltransferase, cause spondyloepimetaphyseal 
dysplasia with immunodeficiency [11].  
   These findings suggest that GAG side chains of PGs play important roles in connective 
tissue, heart development, and immune systems. Further elucidation of the molecular 
pathogenesis is required for development of novel therapeutics of these disorders. 
References: 1, Mizumoto Trends Glycosci. Glycotechnol.2018; 2, Nakajima, Mizumoto et al. 
Am. J. Hum. Genet. 2013; 3, Baasanjav et al. Am. J. Hum. Genet. 2011; 4, Budde, Mizumoto 
et al. Hum. Genet. 2015; 5, Job, Mizumoto et al. BMC Med. Genet. 2016; 6, van Roij, 
Mizumoto et al. Am. J. Med. Genet. A 2008; 7, Tuysuz, Mizumoto et al. Clin. Genet. 2009; 8, 
Vodopiutz, Mizumoto et al. Hum. Mutat. 2017; 9, Müller, Mizumoto et al. Hum. Mol. Genet. 
2013; 10, Miyake, Kosho, Mizumoto et al. Hum. Mutat. 2010; 11, Guo, Elcioglu, Mizumoto et 
al. J. Hum. Genet. 2017. 
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16) Two types of heparan sulfate clusters differently regulate Wnt distribution and signaling in 
Xenopus embryos 
Yusuke Mii1,2,3, Takayoshi Yamamoto3, Ritsuko Takada1, Shuji Mizumoto4, Makoto 
Matsuyama5, Shuhei Yamada4, Masanori Taira3, Shinji Takada1,2 
(1 National Institute for Basic Biology and Exploratory Research Center on Life and Living 
Systems 
(ExCELLS), National Institutes of Natural Sciences, 5-1 Higashiyama, Myodaiji-cho, Okazaki, 
Aichi 444-8787, Japan; 2 The Graduate University for Advanced Studies (SOKENDAI), 
Okazaki, Aichi 444-8787, Japan; 3 Department of Biological Sciences, Graduate School of 
Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan; 4 
Department of Pathobiochemistry, Faculty of Pharmacy, Meijo University, 150 Yagotoyama, 
Tempaku-ku, Nagoya, Aichi 468-8503, Japan; 5 Division of Molecular Genetics, Shigei 
Medical Research Institute, 2117 Yamada, Minami-ku, Okayama 701-0202, Japan) 
 
Wnt proteins direct embryonic patterning, but the regulatory basis of their distribution and 

signal reception remains unclear. HS proteoglycans (HSPGs) such as glypicans have been 
shown to be key components for the distribution and reception of signaling molecules, 
including Wingless/Wnt1 in Drosophila. However, the function of HSPGs in the regulation of 
signaling molecules has been poorly understood until now. One of the biggest reasons for this 
seems to be the lack of cytological analysis of HSPGs and the visualization of Wnt. In this 
research, we have shown that endogenous Wnt8 protein is distributed in a graded manner in 
Xenopus embryos. It is then accumulated on the cell surface in a punctate manner in 
association with “N-sulfo-rich HS,” and not with “Nacetyl-rich HS”. These two types of HS are 
differentially clustered according to their attachment to different glypicans as core proteins. N-
sulfo-rich HS is frequently internalized and associated with the signalling vesicle, known as 
the Frizzled/Wnt/LRP6 signalosome, in the presence of Wnt8. Conversely, N-acetyl-rich HS 
is rarely internalized and accumulates Frzb, a secreted Wnt antagonist. Upon interaction with 
Frzb, Wnt8 associates with N-acetyl-rich HS, suggesting that N-acetyl-rich HS supports Frzb-
mediated antagonism by sequestering Wnt8 from N-sulfo-rich HS. Thus, these two types of 
HS clusters may constitute a cellular platform for the distribution and signalling of Wnt8. 
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17) The interrelation between heparanase and heparan sulfate content in glioma 
Anastasia Suhovskih1,2,3, Svetlana Aidagulova4, Galina Kazanskaya1,3, Alexander Volkov3, 
Alexandra Tsidulko1, Elvira Grigorieva1,2 
(1 Institute of Molecular Biology and Biophysics FRC FTM, 2/12, Timakova str., Novosibirsk, 
630117, Russia; 2 Novosibirsk State University, 1, Pirogova str., Novosibirsk, 630090, Russia; 
3 Meshalkin National Medical Research Centre, 15, Rechkunovskaya str., Novosibirsk, 
630055, Russia; 4 Novosibirsk State Medical University, 52, Krasny Prospect, Novosibirsk, 
630091, Russia) 
 
Heparanase (HPSE) is an endoglycosidase that cleaves the heparan sulfate chains (HS) of 

proteoglycans and regulates the structure of the extracellular matrix. HS participates in cell 
signaling pathways and cell-microenvironment interactions and plays an important role in the 
brain development and glioma progression. HPSE expression in cancer cells affects tumour 
microenvironment although its relation to HS content in tumour tissue poorly understood. The 
aim of this work was to study potential relationship between HPSE expression and HS content 
in primary and recurrent glioblastoma.  
According to immunohistochemical analysis, HPSE was significantly decreased in tumour 

and paratumorous glioblastoma tissues compared with normal brain tissues. Comparative 
analysis of HPSE expression in primary and recurrent brain tumours demonstrated no 
significant differences. Decreased HPSE expression in gliomas was associated with 
significant increase of HS content in glioma tissue, especially in a relapse. HPSE expression 
and HS distribution are heterogeneous in glioma tissues possibly due to heterogeneity of 
glioma cell sub-populations. To analyze this phenomenon further, HPSE expression and HS 
content were studied in different glioblastoma cell lines (U87, U343, LN18, LN71, LN405). It 
was shown that HS was present in all cell lines while HPSE was expressed in few cell lines, 
supporting a hypothesis on contribution of different glioma cell sub-types to the intratumoural 
heterogeneity of glioblastoma tumours. 
In summary, obtained results demonstrated down-regulation of HPSE expression and 

increase of HS content in human gliomas. These changes might contribute to formation of 
favorable microenvironment for glioma progression and relapse of the disease. 
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18) Endocytic mechanism of lactoferrin N-lobe: Regulation of anticancer activity via glycan 
recognition and lipid raft formation 
Ami Iimori, Takumi Matsuzaki, Atsushi Sato, and Masao Nakamura     
(Graduate School of Bionics, Computer and Media Sciences, Tokyo University of Technology, 
1404-1 Katakura Hachioji, Tokyo 192-0982, Japan) 
 
The human innate immune activation factor lactoferrin (hLF) exerts direct pharmacological 

effects, including antitumor and anti-inflammatory effects. Therefore, there are expectations 
that hLF derivatives may represent promising leads for drug discovery. hLF consists of two 
globular domains, the N-lobe and the C-lobe. The antitumor activity of the N-lobe is controlled 
by sulfated glycosaminoglycans (sGAGs). In recent years, hLF has been reported to 
accumulate in cells and cause various pharmacological effects, but it is unclear how sGAGs 
present on the cell surface affects the internalization of hLF. In this study, we aimed to identify 
the structure of sGAGs recognized by the N-lobe of hLF and perform correlation analysis on 
the internalization of hLF. First, we used solid-phase binding assays to analyze the structure 
of sGAGs recognized by the N-lobe of hLF. Next, we used PC-3 lung cancer cells, in which 
the quantity of sGAGs on the cell surface had been changed by enzymological methods, to 
analyze the influence of the sGAG structure on the internalization of the N-lobe of hLF into 
PC-3 cell. We also used several inhibitors of membrane trafficking to further analyze the 
pathway of N-lobe internalization into PC-3 cell. As a result, we discovered that hLF 
recognizes a specific sGAG structure using a binding domain located within the N-lobe of hLF. 
The amount of N-lobe internalized into the cell increased in PC-3 cells with reduced heparan 
sulfate content. After being internalized into PC-3 cell, the N-lobe localized near the nucleus, 
and its quantity decreased significantly with the destruction of lipid rafts. These findings 
suggest that the internalization of the N-lobe of hLF into PC-3 cells is controlled by a specific 
sGAG structure and lipid raft endocytosis.  
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19) Undersulfation of heparan sulfate protects against hepatic damage from Staphylococcus 
aureus sepsis 
Gregory Golden1, Alejandro Gómez Toledo1, Hector Cuello2, Alexander Rosa3, Ingrid 
Cornax4, 
Nissi Varki5, Dzung Le5, Jeffrey W. Smith3, Victor Nizet4, Jeffrey D. Esko1 
(1 Department of Cellular and Molecular Medicine, University of California - San Diego, La 
Jolla, California, USA; 2 Department of Molecular Oncology, Quilmes National University - 
Buenos Aires, Argentina; 3 Sandford Burnham Prebys Medical Discovery Institute, San Diego, 
La Jolla, CA, USA; 4 Department of Pediatrics, University of California - San Diego, La Jolla, 
CA, USA; 5 Department of Pathology, University of California - San Diego, La Jolla, CA, USA) 
 
Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host 

response to infection and vascular pathology. Understanding the linkage of vascular pathology 
to organ failure could provide a strategy for treating the disease. Heparan sulfate 
proteoglycans (HSPGs), are critical components of the vascular endothelial glycocalyx, and 
play a key role in sepsis outcome in mice. To study how heparan sulfate modulates organ-
specific vascular pathology during sepsis, we induced sepsis in the Ndst1f/fTie2Cre mice, 
which express undersulfated heparan sulfate in endothelial and myeloid tissues. Hepatic 
coagulopathy and infarction induced by methicillin-resistant Staphylococcus aureus (MRSA) 
was reduced in Ndst1f/fTie2Cre mice, but not in Ndst1f/fLysMCre or Ndst1f/fPF4Cre mice, 
indicating that alteration of endothelial heparan sulfate specifically protected the liver. A novel 
approach that labels the vascular proteome was utilized to characterize vascular changes that 
may underlie these phenotypes. Labeled proteins were isolated from individual organs and 
subsequently identified via mass spectrometry. The liver vasculature proteomes of wild-type 
mice were enriched for coagulation, complement and neutrophil markers, consistent with the 
observed phenotype. Further studies will focus on the role of heparan sulfate in liver 
coagulopathy and neutrophil driven vascular dysfunction. 
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20) Cadmium elongates the dermatan sulfate chains of biglycan in vascular endothelial cells 
Takato Hara1, Shogo Matsuura1, Keita Aikawa1, Mai Yoshida1, Chika Yamamoto1, Toshiyuki 
Kaji2 
(1 Faculty of Pharmaceutical Sciences, Toho University, 2-2-1 Miyama, Funabashi, 274-8510, 
Japan; 2 Faculty of Pharmaceutical Sciences, Tokyo University of Science, 2641 Yamazaki, 
Noda, 278-8510, Japan) 
 
Cadmium is an environmental pollutant and we are exposed to it from foods and cigarettes. 

Although cadmium highly accumulates in the kidney, liver, and muscle of the human body, it 
is impossible for cadmium to reach the parenchymal cells of these organs without passing 
through blood vessels. For this reason, vascular endothelial cells can be a target of cadmium 
toxicity. In fact, epidemiological studies have shown that cadmium is a risk factor for 
atherosclerosis. On the other hand, dermatan sulfate chains accelerate the accumulation and 
oxidation of LDL cholesterol in the atherosclerotic intima. Biglycan is the major type of 
dermatan sulfate proteoglycans synthesized by vascular endothelial cells. The purpose of this 
study is to investigate the effect of cadmium on the synthesis of biglycan in vascular 
endothelial cells. Confluent cultures of vascular endothelial cells were incubated in a serum 
free medium containing [3H]glucosamine and [35S]sulfate with or without cadmium chloride at 
2 μM for 24 h. No morphological changes were observed under this experimental condition. 
After incubation, proteoglycans extracted from the cell layer and conditioned medium were 
separated by DEAE-Sephacel chromatography on the basis of differences in charge density. 
The radioactivity of [3H]glucosamine was increased in proteoglycan-containing peaks but that 
of [35S]sulfate was not affected by cadmium. The fractions of dermatan sulfate proteoglycan 
extracted from the conditioned medium were collected and further analyzed by Sepharose 
CL-4B and Sepharose CL-6B chromatographies. It was found that the dermatan sulfate chains 
were elongated by cadmium. Although cadmium did not affect biglycan mRNA and core 
protein expression, CHSY1, which is an elongation enzyme of chondroitin/dermatan sulfate 
chains, mRNA and protein expression were dose- and time-dependently upregulated by 
cadmium. The present results suggest that cadmium induces the CHSY1 expression that 
elongates the dermatan sulfate chains of biglycan without enhancing its core protein synthesis 
in vascular endothelial cells. 
 
 
 

 


