Spinal Cord Injury
Prospects for Repair and Recover

Disclosure: | am a participant in a company, Nanotope, that
hopes to use our nanoengineered materials for human SCI.
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I 1stwave of apoptosis
ASubacute phase
I 24 hrs to 2 weeks
i 2ndwave of apoptosis:ODCs
I Axon sprouting
I Beginning of scar formation
AChronic phase
I Glial scar progresses
I Demyelination
I AXons retract
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- ASIA B: Incompletesensory but NOT motor function is
preserved below the neurological level and includes
the sacral segments

- ASIA C: Incompletenotor function is preserved below
the neurological level and more than half of key
muscles below the neurological level have a muscle
grade <3

" ASIA D: Incompletemotor function is preserved w/
muscle grade > 3

" ASIA E: Normal



A Quadriplegia: 47%

Violence: 28%

.I.

A New SCl/yr: 12,000 i Falls: 21%

A Male: 82% i Sports: 6%
I Other: 8%

A 16yr-30yr: 56%

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.






A Cells

Biomaterial, derived from natural or synthetic sources,
which provides a platform for cell adhesion, cell function,
and cell transplantation - an artificial extracellular matrix

Typically proteins, and most predominately growth factors,
which drive the cellular functions of interest. Includes
delivery by figene therapy. o

Contain a viable and transplantable cell population which
facilitates tissue regeneration

Do not contain a cellular component, but rely upon the
functionality of the constructs to initiate the host to

regenerate tissue




A Cells

A Scaffolds

Biomaterial, derived from natural or synthetic sources,
which provides a platform for cell adhesion, cell function,
and cell transplantation - an artificial extracellular matrix

Typically proteins, and most predominately growth factors,
which drive the cellular functions of interest. Includes
delivery by figene therapy. o

Contain a viable and transplantable cell population which
facilitates tissue regeneration

Do not contain a cellular component, but rely upon the
functionality of the constructs to initiate the host to

regenerate tissue



A Accelerating and extending recovery processes
I Continued recovery in chronic SCI over many years
I Spontaneous regeneration may occur in some people
A Surviving axons need to be myelinated
I 4-aminopyridine improves conduction
i Cell transplantation to remyelinate spinal axons
A{LAYFtf O2NR OFLIoftS 2F NBYFINJlFIofS aLJ
I Detailed specificity of reconnection is not necessary
I Local sprouting can restore functions across the midline
A WSOSNBAY 3 -dz58NYSR ayz2y
I Even a short period of nease can turn off circuits
i LYGSyaAr @& SeT SEBNDAAS Oy NBAG2NB Fdzy Ol A



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

I More effective when started within 3 hours after injury
A 48h MP more effective than 24h MP when started >3h after injury

I >24h therapy may be associated with more severe pneumonia
A Mechanisms of action

I Anti-inflammatory (glucocorticoid receptor mediated mechanisms)
I Immunosuppression (suppresses cytokine & antibody production)
I Anti-oxidant & lipid peroxidation inhibitor (high dose only)

A Cellular effects
I Reduces necrosis and edema
I Suppresses prmflammatory gene expression
I Prevents apoptosis in white matter



A GM1 (Fidia)

A AIT082 (Neotherapeutics)

A AC electrical currents (Purdue)
i Cell transplants
Fetal spinal cord transplants (UFG)
Macrophages (Proneuron)
Porcine fetal stem cells (Diacrin)
Human fetal stem cells (Russia, China)
Peripheral nerve grafts (Taiwan)
Olfactory ensheathing glia (Beijing)
Nasal mucosa autografts (Lisbon, Brisbane)
Neurotrophinsecreting fibroblasts (UCSD)

i Locomotor training

A Supported ambulation treadmill training
(Bonn, Zurich, UCLA, etc)

A Locomotor FES (Arizona, Vienna)

To To o To o Do o Do

A
i Anti-growth inhibition therapies

A
A
A
A
A

A
A
A

To o o o I

Copolymer Copaxone (Teva)

Humanized INL (Novartis)

Rollipram (PDH# inhibitor)

C3 Rho Kinase inhibitor (BioAxone)
Chondroitinase ABC (Seigaku)
Nogo receptor blocker (Biogen)

T Growth factors

Neurotrophins (Regeneron)
Inosine (BLSI)
Neuregulins (CENES)

i Cell Transplants

Adult olfactory ensheathing glia
Bone marrow stem cells
Human neural stem cells
Genetically modified stem cells
Enteric glial stem cells



A Bridging the injury site
A Growth factors
A Overcoming inhibition
A Guiding axons to target
I Remyelination
A Stimulating remyelination

A Remyelinating with Schwann,
OEG, O2A, stem cells

I Restoration
A 4-aminopyridine
A Biofeedback therapy
A Forced use therapy
A Activity induced plasticity

A Regenerative vaccines
A Neuroprotective vaccines
A Remyelinative vaccines

T Stem cells

A Neuronal replacement
A Reversing atrophy
A Replacing motoneurons

I Guiding axons

A Gene therapy to express
guidance molecules

A Cell adhesion molecules direct
axonal growth

A Use of ephrins to control axonal
pruning



Hermann in Tucson and Dimitrijevic in Vienna

A Experlmental surgical approaches

Omentum transplants (U.S., Cuba, China, and Italy)

Nerve bridging of spinal cord (University of Sao Paulo)

Fetal stem cell transplants (Moscow, Novosibirsk, Beijing)

Peripheral nerve bridging to spinal cord (Brunelli in Brescia)
Peripheral nerve bridging to bladder and muscle (Zhang in Shanghai)

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

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

Shark embryonic transplants (Tijuana)



T Better tissue culture models
T More efficient animal models

A Gene expression studies

I ldentification of endogenous repair &
regenerative factors

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

A Endogenous stem cells

I The genes responsible for converting
any cell into stem cells

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

immune cells (macrophages an
lymphocytes) are reparative

I Therapeutic vaccines to stimulate

antibody production

I Use of cytokines (i.e.-&) to

stimulate repair and regeneration

A Molecular and Gene Therapies
I Exvivo gene therapies

A Genetically modified progenitor or
stem cells

A Stem cells and lymphocytes seem to
know where to go

I In vivo gene therapy

A Viral vectors
A Nonviral vectors for gene delivery



A Cells

Biomaterial, derived from natural or synthetic sources,
which provides a platform for cell adhesion, cell function,
and cell transplantation - an artificial extracellular matrix

Typically proteins, and most predominately growth factors,
which drive the cellular functions of interest. Includes
delivery by figene therapy. o

Contain a viable and transplantable cell population which
facilitates tissue regeneration

Do not contain a cellular component, but rely upon the
functionality of the constructs to initiate the host to

regenerate tissue
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Adapted from Caltech 2000



Adapted from NIH.gov



