
• Neuroplasticity is the ability of the brain to adapt and form new neural connections

• Neuroplasticity is critical in processes related to learning, memory, aging, injury, and

disease

• CSPGs and other ECM components form perineural nets (PNNs) around neurons

• CSPGs are a major component of the ECM in the brain and regulate neuroplasticity

• Molecular mechanisms involved remain elusive

UNDERSTANDING THE ROLE OF CS IN NEUROPLASTICITY

CHONDROITIN SULFATE (CS) GLYCOSAMINOGLYCANS

CHEMICAL APPROACHES TO STUDY CHONDROITIN SULFATE IN NEUROPLASTICITY AND NEURODEGENERATION
Hsieh-Wilson Laboratory*

California Institute of Technology, Division of Chemistry & Chemical Engineering, 1200 E. California Blvd, Pasadena CA 91125  

CS BIOLOGY INFLUENCED BY ‘SULFATION CODE’ 

CHEMICAL TOOLBOX 
FOR STUDYING CS BIOLOGY

CSPGs CLUSTER AND ACTIVATE CELL-SURFACE RECEPTORS

Chondroitin Sulfate Regulates Important Neuronal Processes

Chondroitin Sulfate is a Sulfated Polysaccharide Found in the Extracellular Matrix

CSPGs in Perineuronal Nets (PNNs) CSPG Sulfation Regulates PNNs and BehaviorDifferent Sulfation Patterns Elicit Different Outcomes CS-Binding Proteins Recognize Specific Sulfation Motifs

Cell-Surface Receptor EphA4 Binds CS and Induces Clustering

Loss of EphA4 CS-Binding Capacity Promotes Axon Regrowth

• Provides guidance cues

during development

• Regulates dendritic spine mobility  

and dynamics

• Stabilizes synapses

• Restricts neuronal plasticity

• Limits regrowth of spinal cord nerves

• Major component of the glial scar

• CS glycosaminoglycans (GAGs) are 

attached to proteoglycans (CSPGs)

• CSPGs are a major component of the 

extracellular matrix (ECM)

• Diverse patterns of sulfation and 
macromolecular structures

• Functions of specific sulfation motifs
unclear

• Difficult to obtain molecules of defined 

size and sulfation motif from natural

sources

• Important for brain development, neural

regeneration, cancer metastasis, and 

stem cell differentiation
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• Sulfation Patterns Influence Neurite Outgrowth

• CS-D promotes dendritic growth, whereas CS-E promotes axonal growth

GAG Binding Proteins

• chemokines & cytokines (∼60)

• growth factors and morphogens 

(∼50)

• blood coagulation factors (∼25)

• extracellular structural proteins 

(∼25)

• complement pathway proteins 

(∼20)

• single-transmembrane signaling 

receptors (∼15)

• cell adhesion proteins (∼10)

CSPGs +

ChABC

CSPGs

EphA4

CS-EEphrinA5control

Microfluidic Axotomy Assay

• CS-E inhibits axon regeneration

• Ablation of CS binding in EphA4 mitigates inhibitory 

effects of CS-E

• Currently using CS-E inhibitors and blocking 

antibodies to stimulate neuroregeneration in vivo

• Extracellular domain of EphA4 binds CSPGs • Treatment with CS-E clusters EphA4

Proposed Molecular Mechanism:

• CS-E sulfation motif binds EphA4

• CS binding is independent of soluble protein 

ligands

• CS chains cluster EphA4 and induce 

auto-phosphorylation

• Downstream signaling is activated

Developing Multi-Functional Chemical Probes

• Probes will enable imaging and proteomic studies of CS-binding proteins

• Conditional KO of Chst11 results in mice 

lacking CS-A and CS-E  motifs 

• These mice exhibited denser PNN structures

• Mice also displayed social anxiety and memory 

deficits
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