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Treatment of Acute Spinal Cord Injury
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A therapy to treat injuries to the central nervous system is, to date, a major clinical challenge. The devastating functional
consequences they cause in patients have encouraged many scientists to search, in animal models, for a repair strategy that
could, in the future, be applied to humans.

To highlight the current understanding of traumatic spinal cord injury, we provide information regarding state-of-the-art care
for the acute spinal cord injured model, and explore future treatments aimed at neural preservation and reconstruction.

This article also reviews recent phase | clinical trials in neural and nonneural cell transplantation, stressing that the transition
from basic science to clinical applications.
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Table 1. AIS grade changes from admission to 1year.”“(AlS: American spinal

injury association impairment scale)
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1~-year AIS grade

Admission AIS grade A B C

A(n=482) 84.6% 7.3% 5.8%
B(n=129) 7.8% 19.4% 38.0%
C(n=159) 3.1% 1.3% 251%
D(n=72) 0% 0% 1.4%

Total(n=842) (n=423)  (n=62) (n=118)

(n=228)
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Fig. 1. Three basic steps are required to translate basic science into
effective treatment for humans. A: Classical concept of serial steps
required to clinical study(eg. Xenial®, Viagra®). B: Three steps must ocour
in parallel, if rapid transition to potential clinical therapies is desired(eg.
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Gleevec®). Spinal cord injury research is close to parallel study rather than =98] 7% F4Ea A122 25EA) )
e

serial study.
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Treatment of Acute Spinal Cord Injury
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Fig. 2. Pathologic findings of chronic stage spinal cord
injury. Glial scar and cystic degeneration block axonal rege—
neration.
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Table 2. Groups evaluating the safety of neurotransplantation

Purpose Cellular Source Outcome Centers
Safety of human fetal spinal cord Human fetal spinal cord(embryonic Safe - Gainseville, FL
transplantation in chronic SCI week 6~9) - Thompson et al., 1998
with progressive syringomyelia - Wirth et al., 1999
Safety of stem cell Porcine fetal spinal cord In progress — Washinton University, St. Louis,
transplantation in chronic SCI  oligodendrocyte progenitor MO
- Albany,NY
Safety of macrophage Autologous activated macrophage In progress - Proneuron biotechnology
transplantation in acute SCI (phase 1I) - Craig Hospital, Denver, CO
- Mount Sinai Hospital, New York
- Kessler Institute, New Jersey
Safety of OEG transplantation in Autologous peripheral OEG and In progress — Carlos Lima, Lisbon, Protugal
chronic SCI Schwann cell
Safety of OEG transplantation in Autologous central OEG cells In progress  —Brisbane, Australia
Chronic SCI
Safety of Bone marrow cells Autologous bone marrow cells and In progress - Yonsei University, Seoul, Korea

transplantation in acute SCI GM-CSF

- Inha Univerisity, Inchon, Korea

SCl: spinal cord injury, OEG: olfactory ensheating glial cells, GM-CSF: Granulocyte macrophage colony stimulating factor
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Fig. 3. Therapeutic principles of autologous bone marrow cell transplantation

with GM-CSF treatment.

Fig. 4. Expression of anti-human nuclear antibody(MAB
1281), nestin, glial fibrillary acidic protein(GFAP) and
microtubule-associated protein 2(MAP-2) in the injured
spinal cord[transplanted with bromodeoxyuridine (BrdU)
incorporated HUCB]. a) MAB1281 antigens are found
in injured spinal cord tissue suggesting transplanted
HUCB cells are integrated well in rat spinal cord. b)
Double immunohistochemical staining with MAB1281

and anti-nestin antibody shows transplanted HUCB wus

form nestin expressing cell clusters. ¢) Double immu-
nohistochemical staining with MAB1281 and anti-
GFAP anti-body shows some transplanted HUCB diffe—
rentiate astrocytes. d—i) Immunofluorescent Rhoda-
mine(red) shows that anti-BrdU-reactive HUCB(e, h)
express phenotypes of astrocytic marker GFAP(d) and
neuronal marker MAP-2(g) in the recipient rat spinal !

cord. Laser confocal image shows that colocalization "4

of immunofluorescent labels GFAP and BrdU(f), MAP-2

and BrdU(i). Approximately 2% of BrdU-reactive cells
expressed GFAP(astrocytes) and less than 1% expre-
ssed MAP-2(neurons). Bar=10 um
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Table 3. Inclusion and exclusion criteria of autologous bone marrow cell transplantation with GM-CSF treatment for
spinal cord injury patients.(modified from ProNeuron© study)

Inclusion Criteria
- Traumatic spinal cord injury(within 14 days)
- Age between 16 and 65
- Complete spinal cord injury(ASIA Grade A)

- A single spinal cord lesion with last fully preserved neurological level from C-5 to T-11

- Informe consent obtained and consent form signed

Exclusion Criteria
- More that 14 days have elapsed since the injury
- Women who are pregnant or lactating
- Coma
- penetrating trauma
- Fever(temp. above 38.4T) within the last 24 hours
- Ventilator assistance within the last 24 hours
- Anatomic transection of the cord visualized by MRI

The location and size of the injury can be determined by MRI

- The longitudinal dimension of the injury determined by MRI is larger than 3 centimeters

- Serious pre—existing medical conditions

- Any disease, concomitant injury, condition or treatment that interferes with the performance or interpretation of the

neurological examinations

- Patient is unlikely to be available for follow—up as specified in the protocol
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Fig. 5. Follow-up MRI findings of the patients
treated with autologous bone marrow cell trans—
plantation(a, b) and GM-CSF(c). (a—1) Sagittal
TIW MRI, (a—2) corresponding postcontrast image
and(a-3)sagittal T-W MRl images at 5 months
postoperatively in case 1, showing a small patch
enhancement in the bone marrow cell transplan—
tation area. (b—1) Sagittal T\W MRI, (b—2) corres—
ponding postcontrast image and (b—3) sagittal
. TW MRI images at 4 months postoperatively in
case 2, showing a small linear enhancement in the
bone marrow cell transplantation area. (c—1) Sa-
gittal TW MRI, (¢c—2) corresponding postcontrast
image and (c—3) sagittal T-W MRI images in case
T 3(GM-CSF treatment only), showing a small non-
enhanced well defined cyst in the cord, which is
associated with a slight cord expansion and adja—
cent myelomalacia.
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