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The glycocalyx 



Universal Characteristics of All Living Cells 

•  Genetic Code Based on DNA (Genome) 

•  Diverse RNAs: mRNA, miRNAs etc. (Transcriptome) 

•  Structural and Functional Proteins (Proteome)  
 
•  Energy Flux and Signaling Molecules (Metabolome) 

•  Lipid-based Membranes (Lipidome)   

•  Cell Surface/Secreted/Intracellular Glycans (Glycome)  

Modified from: Varki A. Cold Spring Harbor Perspectives in Biology, 2011 

Based on Karolinska Institut 200th. Anniversary Symposium Lecture 
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Potential Complexity of Macromolecules 

Macromolecule Building Block Aproximate 
Mass 

Possible 
Variations in a 

Trimer 
Protein Amino acids 125 → 104-105 6  

Nucleic Acid Nucleotides 330 → 103-109 6  

Lipid Fatty acids 250 → 103 NA 

Carbohydrate 

(Glycan) 

Monosaccharides 200 → 102-106 1,056 to 27,648! 

 

Further complexity in glycans generated by Alpha/
Beta linkages and by branching 



Chapter 1, Figure  6 

Common classes of animal glycans  

Essentials of Glycobiology  

Second 
Edition 



Chapter 1, Figure  6 

Common classes of animal glycans  

Essentials of Glycobiology  

Second 
Edition 



The N-linked pathway and associated 
CDGs 



DPK	  and	  DPM1,2,3	  Complex	  
Lefeber	  et	  al.	  2009	  Am.	  J.	  Hum.	  Genet.	  85,	  76	  





The	  Dystrophin-‐Associated	  Glycoprotein	  
(DAG)	  complex	  

MDC1A 

LGMD2C-F 

DMD/BMD 

Ervasti et al. 
1993 J. Cell Biol. 
122, 809 
 



Dystroglycanopathies 
Congenital and Limb Girdle Muscular 

Dystrophies 

Diseases 
WWS 
MEB 
FCMD 
MCD1C 
MCD1D 
LGMD2I 
LGMD2K 
LGMD2L 
LGMD2M 
LGMD2N 
 

Genes 
POMT1 
POMT2 
POMGnT1 
Fukutin (FCMD) 
Fukutin-related  
Protein (FKRP) 
LARGEmyd 
DAG1 
DOLK 
DPM1,2, 3 
GTDC2/AG061 
GMPPB 
TMEM5 
ISPD 
B3GNT1 
B3GALNT2 
SGK196 
 Neu5Ac/Gcα2,3Galβ1,4GlcNAcβ1,2Manα-O-Ser/Thr 

Xylα1,3GlcAβ1,3 GalNAcβ1,3GlcNAcβ1,4Man(6PO4)α- 

GlcNAcβ1,3Galβ1,4 



IIH6, a glycosylation-dependent 
function blocking mAB  

(Michele et al. 2002 Nature 418,417) 



Reduced	  expression	  of	  αDG	  glycosyla(on	  in	  
pediatric	  cancers	  (RMS)	  

LT	  Mar(n	  et	  al.	  (2007)	  Hum.	  Pathol.	  38,	  1657-‐68	  	  



Reduced	  αDG	  glycosyla(on	  (with	  or	  without	  
reduced	  βDG)	  correlates	  with	  worsened	  tumor	  stage	  

and	  survival	  
•  Breast	  
•  Prostate	  
•  Colon	  

•  Eosophogeal	  
•  Pancrea2c	  

•  Rhabdomyosarcoma	  
•  Neuroblastoma	  
•  Medulloblastoma	  



From Vester-Christensen et al. (2013) Proc. Natl. Acad. Sci USA 110, 21018 

Multiple O-mannose-linked glycans on alpha DG 



Goddeeris et al. (2013) Nature 503, 136 

Glycans made by LARGE are sufficient to generate 
high affinity laminin binding 



Are CMD cellular defects dystroglycan-
specific? 

 
•  Glycosyltransferases usually alter 

glycosylation of multiple substrate proteins and 
lipids 

•  In this instance, one can phenocopy 
dystroglycanopathies by making DAG1-KO 
cells in vivo (Moore et al. 2002 Nature 418, 
422; Cohn et al 2002 Cell 110(5), 639) 

•  Other proteins, however, are glycosylated by 
these disease genes (Feizi, Chai et al. 1999 
Eur. J. Biochem. 263, 879) 



O-‐linked	  mannose	  structures	  are	  the	  same	  in	  
Dag1-‐deficient	  brain	  

Stalnaker et al. 2011 
J. Biol. Chem.  286,  
21180 

Other O-Man 
Proteins: E-
cadherin, CD24, 
PTPRZ1, 
neurofascin 186, 
neurocan, 
versican 



New, more clinically-driven, definition of 
dystroglycanopathy subtypes 



Walker-Warburg Syndrome (WWS) 







Muscle Eye Brain Disease (MEB) 







Limb Girdle Muscular Dystrophy 2I 



Still undefined dystroglycanopathy 
mutations 

Vuillaumier-Barrot et 
al. 2012 
Am J. Hum. Genet. 
91, 1135 



Using patient-derived fibroblasts to define 
new disease mutations by gene rescue 

Willer et al. (2012) Nature Genetics 44, 575-80  



Fibroblast fusion genetic complementation 
assay defines five new disease genes 



Targets for Therapy in 
Dystroglycanopathies 

Gene Replacement (FKRP, Fukutin, Large) 
 
Overexpression of glycosyltransferases 

  Large, Large2, B3GnT1 
 
Inhibit protein misfolding, localization or 
degradation.  FKRP,Fukutin 
 
 

 
 



Baressi et 
al 
2004 
Nature 
Med. 
10, 696 



LARGE overexpression in FCMD patient myoblasts 
reglycosylates αDG and yields functional laminin 

binding 

Baressi et 
al 
2004 
Nature 
Med. 
10, 696 



LARGE overexpression in WWS patient myoblasts 
reglycosylates αDG and yields functional laminin 

binding 

Baressi et 
al 
2004 
Nature 
Med. 
10, 696 



LARGE	  Tg	  mice	  show	  increased	  glycosyla(on	  as	  per	  
IIH6	  blot,	  but	  lower	  specific	  force	  

Brockington	  et	  al.	  (2010)	  PLOS	  ONE,	  5,	  e14434	  



LARGE	  Tg	  increases	  high	  MW	  laminin	  binding	  
in	  skeletal	  muscle	  and	  heart,	  but	  not	  brain	  



LARGE overexpression increases muscle pathology in 
FKRP mutant mice (Whitmore et al. (2013) Hum. Mol. 

Genet.In Press ) 



LARGE overexpression increases loss of muscle strength 
in FKRP mutant mice 



Dystroglycanopathies 
Congenital and Limb Girdle Muscular 

Dystrophies 
Genes 
B3GNT1 
 

GlcNAcβ1,3Galβ1,4GlcNAcβ1,3Galβ1,4- 

Potential 
disaccharide poly 
(diLacNAc) 
synthase 
 
Can co-IP with  
LARGE and can 
increase 
DG glycosylation 
in cancer cells 
 



b3GnT1	  increases	  IIH6	  in	  prostate	  cancer	  cells	  
Bao	  et	  al.	  (2009)	  PNAS	  29,	  12109	  

Red-2nd 
Blue-βDG 
Green-IIH6 



b3GnT1	  si	  RNAs	  decrease	  IIH6	  in	  prostate	  
cancer	  cells	  

Bao	  et	  al.	  (2009	  PNAS	  29,	  12109)	  

aDG 
Largemyd 
Control siRNA 
b3GnT1 siRNA1 
b3GnT1 siRNA2 



Laminin	  G4-‐G5	  Crystal	  structure,	  combined	  with	  
mutagenesis	  data	  on	  ligand	  binding,	  suggests	  a	  long	  
(6.5nm),	  charged	  (basic)	  and	  narrow	  binding	  pocket	  

spanning	  both	  domains	  

LNα2 G4-G5  
Domain structure 
Tisi et al. 2000 
EMBO J. 19(7), 1432  



Recent	  ideas	  about	  surrogate	  genes	  in	  CMDs	  

•  HNK-‐1	  ST	  –	  Inhibits	  LARGE	  glycosyla2on	  in	  CHO-‐K1	  
cells	  	  

•  Fer	  Kinase	  –	  Downregula2on	  increases	  expression	  
of	  B3Gn3T1	  and	  Large2	  in	  prostate	  tumor	  cells	  

•  Increase	  Galgt2	  –	  Induce	  ectopic	  expression	  of	  
synap2c	  DAG	  complex	  



What puts on the breaks? 
Genes that may counterbalance CMD genes 

FucT3s  Galβ1,4[Fucα1,3]GlcNAcβ1,2Manα-O 

GnTIX/Vb  Neu5Ac/Gcα2,3Galβ1,4GlcNAcβ1,6Manα-O 

HNK-1 ST  SO4-GlcAβ1,3Galβ1,4GlcNAc 

O-GalNTs  Galβ1,3GalNAcα-O-Ser/Thr 

LARGE      GlcAβ1,3Xylα1,3GlcAβ1,3Xylα1,3 



HNK-‐1	  Sulfotransferase	  overexpression	  
inhibits	  LARGE	  ac(vity	  

CHO-‐K1	  cell	  transfec(ons	  

Nakagawa et al. 
(2013)  
Glycobiology 
23, 1066 



Fer	  kinase	  affects	  Stat3	  expression	  and	  
b3GnT1,	  LARGE2	  in	  prostate	  cancer	  cell	  

DU145	  

Yoneyama et al 
2012 Mol. Biol. 
Cell 23, 771 



The	  synap(c	  utrophin-‐associated	  
glycoprotein	  complex	  

Neu5Ac/Gcα2,3[GalNAcβ1,4]Galβ1,4GlcNAcβ1,2Manα-O-Ser/Thr 

B4GALNT2  
(GALGT2) 



Galgt2	  transgenic	  muscles	  overexpress	  
synap(c	  αDG	  binding	  partners	  	  



Upregula(on	  of	  the	  DAG	  complex	  at	  the	  
sarcolemmal	  membrane	  



Galgt2	  (b4Galnt2)	  shows	  broad	  therapeu(c	  
poten(al	  in	  the	  muscular	  dystrophies	  

MDC1A 
dyW 

DMD 
mdx 

LGMD2D 
Sgca-/- 

Nguyen et al (2002) Proc. Natl. Acad. Sci. USA 99, 5616-21 
Hoyte et al. (2004) Am. J. Pathol. 164, 711-18 
Xu et al. (2007) Neuromusc. Disord. 17, 209-20 
Xu et al. (2007) Am. J. Pathol. 171, 181-99 
Xu et al. (2009) Am. J. Pathol., 175, 235-47 
Martin et al. (2009) Am. J. Physiol. 296,C476-88 
Chicoine et al. (2013) Mol, Ther. In Press 


