
Spinal Cord Injury
Prospects for Repair and Recovery 

Disclosure:  I am a participant in a company, Nanotope, that 
hopes to use our nanoengineered materials for human SCI.

May 2, 2010



What is Spinal cord Injury?





Anatomy of the Spine
ÅVertebrae
ïBody
ÅFront section, shaped like drum

ÅSupports weight

ïLamina
ÅTowards the back

ÅBoney arch surrounds spinal canal

ïSpinous process
ÅBoney process from arch

ÅPoints of attachment for muscles and 

ligaments

ÅDiscs
ÅCushions between vertebrae





Spinal cord injury



Spinal cord injury
ÅAcute phase 
ïUp to 24 hrs post injury

ïNecrotic cells

ï1st wave of apoptosis

ÅSubacute phase
ï24 hrs to 2 weeks

ï2nd wave of apoptosis:ODCs

ïAxon sprouting

ïBeginning of scar formation

ÅChronic phase
ïGlial scar progresses

ïDemyelination

ïAxons retract





ASIA Impairment Scale

ïASIA A: Complete:no motor or sensory function is 
preserved in the sacral segments S4-S5

ïASIA B: Incomplete:sensory but NOT motor function is 
preserved below the neurological level and includes 
the sacral segments

ïASIA C: Incomplete:motor function is preserved below 
the neurological level and more than half of key 
muscles below the neurological level have a muscle 
grade <3

ïASIA D: Incomplete:motor function is preserved w/ 
muscle grade > 3

ïASIA E: Normal



SCI Statistics
Å250,000 in USA

ÅParaplegic: 52%

ÅQuadriplegia: 47%

ÅNew SCI/yr: 12,000

ÅMale: 82%

Å16yr-30yr: 56%

ÅCauses

ïMVA: 37%

ïViolence: 28%

ïFalls: 21%

ïSports: 6%

ïOther: 8%

A more recent study suggests that as many as 

1,275,000 people in the United States live with some 

from of spinal cord injury.



Spinal Cord Injury ςWhat are the issues?
Issues:  Presence of molecules inhibitory to axon growth (NOGO,  

MAG and others)
Lack of ECM molecules that promote axon growth

Demyelination and focal loss of neurons

Dƭƛŀƭ ǎŎŀǊ ŀƴŘ ōǊƛŘƎƛƴƎ ǘƘŜ άƎŀǇέ



Tools of Regenerative Medicine
Å Cells

Any class of cell, such as stem cell or parenchymal cell, 

which provides for the regeneration of lost tissue and lost 

function

Å Scaffolds

Biomaterial, derived from natural or synthetic sources, 

which  provides a platform for cell adhesion, cell function, 

and cell  transplantation - an artificial extracellular matrix

Å Signals

Typically proteins, and most predominately growth factors, 

which drive the cellular functions of interest.  Includes 

delivery by ñgene therapy.ò

Å Living, Cellular Constructs

Contain a viable and transplantable cell population which 

facilitates tissue regeneration

Å Functional, Acellular Constructs

Do not contain a cellular component, but rely upon  the 

functionality of the constructs to initiate the host to

regenerate tissue

Matrix/
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Restorative Principles

Å ά/ƻƳǇƭŜǘŜέ ƛǎ ƴƻǘ ŎƻƳǇƭŜǘŜ
ï Severance or transections of the cord are very rare

ï <10% of axons can support substantial function, adding 5-10% sufficient

Å Accelerating and extending recovery processes
ï Continued recovery in chronic SCI over many years

ï Spontaneous regeneration may occur in some people

Å Surviving axons need to be myelinated
ï 4-aminopyridine improves conduction

ï Cell transplantation to remyelinate spinal axons

Å {Ǉƛƴŀƭ ŎƻǊŘ ŎŀǇŀōƭŜ ƻŦ ǊŜƳŀǊƪŀōƭŜ άǇƭŀǎǘƛŎƛǘȅέ
ï Detailed specificity of reconnection is not necessary

ï Local sprouting can restore functions across the midline

Å wŜǾŜǊǎƛƴƎ ƭŜŀǊƴŜŘ άƴƻƴ-ǳǎŜέ
ï Even a short period of non-use can turn off circuits

ï LƴǘŜƴǎƛǾŜ άŦƻǊŎŜŘ-ǳǎŜέ ŜȄŜǊŎƛǎŜ Ŏŀƴ ǊŜǎǘƻǊŜ ŦǳƴŎǘƛƻƴ



Methylprednisolone

Å NASCIS 3
ïIƛƎƘ ŘƻǎŜ όол ƳƎκƪƎ ōƻƭǳǎ ŦƻƭƭƻǿŜŘ ōȅ рΦп ƳƎκƪƎκƘǊ ω ноƘ ƛǾύ

ÅMP vs. Placebo: 75% vs. 59% (incomplete), 21% vs. 8% (complete)

ï More effective when started within 3 hours after injury
Å48h MP more effective than 24h MP when started >3h after injury

ï >24h therapy may be associated with more severe pneumonia

Å Mechanisms of action
ï Anti-inflammatory (glucocorticoid receptor mediated mechanisms)

ï Immunosuppression (suppresses cytokine & antibody production)

ï Anti-oxidant & lipid peroxidation inhibitor (high dose only)

Å Cellular effects
ï Reduces necrosis and edema

ï Suppresses pro-inflammatory gene expression

ï Prevents apoptosis in white matter



Generations of SCI Therapies

Å First Generation Therapies
ï 4-Aminopyridine (Acorda)

ï Growth stimulators
Å GM1 (Fidia)

Å AIT-082 (Neotherapeutics)

Å AC electrical currents (Purdue)

ï Cell transplants
Å Fetal spinal cord transplants (UFG)

Å Macrophages (Proneuron)

Å Porcine fetal stem cells (Diacrin)

Å Human fetal stem cells (Russia, China)

Å Peripheral nerve grafts (Taiwan)

Å Olfactory ensheathing glia (Beijing)

Å Nasal mucosa autografts (Lisbon, Brisbane)

Å Neurotrophin-secreting fibroblasts (UCSD)

ï Locomotor training
Å Supported ambulation treadmill training 

(Bonn, Zurich, UCLA, etc) 

Å Locomotor FES (Arizona, Vienna)

Å Second Generation Therapies
ï Immune therapies

Å M1 antibody (Acorda)

Å Copolymer Copaxone (Teva)

ï Anti-growth inhibition therapies
Å Humanized IN-1 (Novartis)

Å Rollipram (PDE-4 inhibitor)

Å C3 Rho Kinase inhibitor (BioAxone)

Å Chondroitinase ABC (Seigaku)

Å Nogo receptor blocker (Biogen)

ï Growth factors
Å Neurotrophins (Regeneron)

Å Inosine (BLSI)

Å Neuregulins (CENES)

ï Cell Transplants
Å Adult olfactory ensheathing glia

Å Bone marrow stem cells

Å Human neural stem cells

Å Genetically modified stem cells

Å Enteric glial stem cells



Third Generation Treatments

Å Combination therapies
ï Regeneration

ÅBridging the injury site

ÅGrowth factors

ÅOvercoming inhibition

ÅGuiding axons to target

ï Remyelination
ÅStimulating remyelination

ÅRemyelinating with Schwann, 
OEG, O2A, stem cells

ï Restoration
Å4-aminopyridine

ÅBiofeedback therapy 

ÅForced use therapy

ÅActivity induced plasticity

Å Others
ï Vaccine 

ÅRegenerative vaccines

ÅNeuroprotective vaccines 

ÅRemyelinative vaccines

ï Stem cells
ÅNeuronal replacement

ÅReversing atrophy

ÅReplacing motoneurons

ï Guiding axons
ÅGene therapy to express 

guidance molecules

ÅCell adhesion molecules direct 
axonal growth

ÅUse of ephrins to control axonal 
pruning



Other Types of Clinical Studies

Å Supported treadmill ambulation training to reverse learned non-use

Å Spinal cord L2 stimulation to activate locomotor generator
ï Hermann in Tucson and Dimitrijevic in Vienna

Å Experimental surgical approaches
ï Omentum transplants (U.S., Cuba, China, and Italy)

ï Nerve bridging of spinal cord (University of Sao Paulo)

ï Fetal stem cell transplants (Moscow, Novosibirsk, Beijing)

ï Peripheral nerve bridging to spinal cord (Brunelli in Brescia)

ï Peripheral nerve bridging to bladder and muscle (Zhang in Shanghai)

ï Bridging spinal cord injury site with peripheral nerves & growth factor cocktail 
(Cheng in Taiwan)

ï Untethering, peripheral nerve transplants, omentum transplant, hyperbaric 
oxygen, and 4-aminopyridine (Carl Kao in Ecuador)

ï Shark embryonic transplants (Tijuana)



Emerging Trends

Å High-volume drug screening
ï Systematic drug design

ï Better tissue culture models

ï More efficient animal models

Å Gene expression studies
ï Identification of endogenous repair & 

regenerative factors

ï Use of gene expression as an 
outcome measure for assess 
therapeutic effects

Å Endogenous stem cells
ï The genes responsible for converting 

any cell into stem cells

ï Drugs to stimulate endogenous stem 
cells to proliferate and to go into 
reparative mode

Å Immunotherapies
ï Some evidence indicates that 

immune cells (macrophages and 
lymphocytes) are reparative

ï Therapeutic vaccines to stimulate 
antibody production

ï Use of cytokines (i.e. IL-6) to 
stimulate repair and regeneration

Å Molecular and Gene Therapies
ï Ex vivo gene therapies

Å Genetically modified progenitor or 
stem cells

Å Stem cells and lymphocytes seem to 
know where to go

ï In vivo gene therapy
Å Viral vectors

Å Non-viral vectors for gene delivery
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STEM CELLS HAVE 3 

BASIC PROPERTIES

1 2

3

D1 D2
........ Dn

CAPABLE OF 

SELF-RENEWAL

UNDIFFERENTIATED  

AND ABLE TO DIVIDE 

INDEFINITELY              

CAPABLE OF DIFFERENTIATION INTO

DIFFERENT CELL TYPES
Adapted from Caltech 2000



Types of Stem Cells

Adapted from NIH.gov


