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1-Summer School refers to the didactic nature of the meeting, not the calendar 2



Common goals for the Summer School.

To advance the current clinical treatment of SCI.
To review the potential value of experimental therapies..

To discuss functional surgery of the human spinal cord.

U O Chs

To demonstrate the significance of neurophysiological
assessment in developing treatment programs for individuals
with SCI.

d NOTE: The meeting was not intended to adjudicate which
Intervention was better; indeed realistic intervention
approaches will likely require a cocktail approach.
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» Requires objective measures for optimum treatment implementation.

O Recovery trials are underway.:
» Preclinical experimental work must be adequate;

= Only incremental changes are expected; and

» Therole of rehabilitation must be clarified
O Multiple challengesto recovery call for

=  Advanced treatment designs.

=  Careful monitoring






Three Typesof Attendees; Three Types of
Presentations— and framework for this
presentation

1 Neuroscientists involved in the basic science of movement (locomotion).
= Described complex capabilities of the spinal cord (SC)

* |n both experimental and clinical models

(J Human Neuroscientists & Professionalsinvolved in assessment of motor
control and monitoring spinal cord functions.

= Demonstrated objective, neurophysiological methods of documenting
functional status of the SC

= Objectively documented changesin early recovery after SCI

» Characterized their efforts, describing (published) results
[ Surgeons and Physicians attempting experimental therapy.



Basic Science of M ovement




Sten Grillner: Spinal Locomotor CPG: From
|on Chann_elsto Neuronal Networks

A con‘rmuous hain of events from

Receptors

Presenter: Grillner
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locomotion after
partial spinal cord
lesions

Presenter: Rossignol
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reflexes: CNS
mechanisms and

therapeutic uses

Presenter: Wolpaw







I vitro locomotion can be produced by stimulation of
brainstem 5-HT neurons in the parapyramidal region

spinal neur
systems for
the initiation
of locomotion

Presenter; Jordan
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‘{ﬁ-reﬂexes are smaller in dancers from The Royal Danish Ballet
E than in welldrained athletes ;
JB Nielsen. C Crone, H Hultborn Eur J Appl Physiol 1993, 66:116-121
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The locomotor “gtate”
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control
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http://www.youtube.com/watch?v=UXPJJeISuXo
http://www.youtube.com/watch?v=UXPJJeISuXo
http://www.youtube.com/watch?v=odWg1dUWCaA&NR=1
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INal COor unctions

Brain Motor Control Assessment (BMCA)*, Posterior Root Muscle (PRM)
Reflexes*, and Intraoperative Monitoring

* Demonstration workshops on these topics were

held each afternoon (Mon-Thur)
17
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Presenter: Minassian ) 18



0 C. Unconditioned and
volitional conditioning.

O D. Conditioned amplitude.

O Legend
» Q- Quadriceps
» H- Hamstrings
= TA- Tibialis Anterior
» TS Triceps Surae

Presenter: Minassian
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O B. Unilateral multijoint flexion
and extension (black and white,

resp.)

O C. Leaning back (black) and
forward (white)

O Legend: as prev.

Presenter: Minassian

N
w

(-] -
w - w N

normalized amplitudes

(-]

E3
<3 *
Q 'Ham TA ' TS
15
| )
*
o. - v
Q TS

Ham TA

normalized amplitudes

a5,
3 :
'-g 25 z
€ ,|
i -
B 15
'g 1' * *
Eo.s-

Q Ham TA TS

Hofstoetter , Artif. Organs, 2008 20



Assessment of Spinal Cord Injury Using the
Brain Motor Control Assessment (BMCA)
Protocol

Purpose: to develop and validate a tool that will

] Uncover and characterize

= clinically unrecognizable evidence of translesional connections
between the brain and brainstem, and spinal cord motor networks

] Track

= Recovery,
= Progression, and

= |ntervention effect.

Presenter: Sherwood
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H Have avocabulary (phenomenology)

(J Become interesting only when used to tell a story or
even better, write a poem, to describe, e.g.,

= what isavoluntarily triggered spasm?

Presenter; Sherwood
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BM CA Protocol

Relaxation
Relnforcement
M aneuvers
Voluntary maneuvers
Passive maneuvers SN
Tendon taps Sl rEies
M anual clgnus el el Let
Vibration
Plantar stimulation Quadriceps (Q)
Volitional suppression of ﬁg?nus?r?rr]é?()H 5
withdrawal reflex Tibialis Anterior (TA)
Transcranial Magnetic Triceps Surae (TS)
Stimulation Abdominal (Abdom)

Paraspinal (Parasp)

Presenter. Sherwood Sherwood Muscle Nerve, 1996 24



Sampling rate:
2000 Hz 4

4. TibialisAnterior

5. Triceps surae —-— 0.8 m
| 2%
- £
Ankle angle \

Event mark S \

Surface electromyographic (SEM G) activity example:
of voluntary ankle dorsiflexion and plantar flexion in a healthy subject

Presenter: Sherwood 25
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Presenter: Sherwood
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d

“killed end” injury
potential after SCI (human)

Opportunity to examine
function of cord in
Immediate post-injury state

Ascending, descending
tracts

Presenter: Deletis




Experimental Therapies

Lammertse Zhang Dimitrijevic Young Huang Sherwood o



= peripheral nerves,
= Schwann cells,

= embryonic CNS tissue;

= embryonic/progenitor cells;

= adult stem/progenitor cells;

» engineered stem/progenitor cells;

= activated macrophages;

Presenter: Dimitrijevic
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enhancing conduction;

= growth factors.

= cAMPor small GTPases; and

= Extracellular matrix
modifiers.

Presenter: Dimitrijevic
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CarlosLima: Olfactory Mucosa Autograftsin
Human Spinal Cord Injury: A Pilot Clinical
Study

Presenter: Lima Lima et al.: J Spinal Cord Med. 2006 33



ASIA Scores (SensoryLight Touch)
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Mackay-Sim: Autologous olfactory
ensneathing cell transplantation in human
paraplegia: a 3 year clip

O Sagittal MR imaging of patients
at 36 months after olfactory
ensheathing cell transplants

O Images from the three implanted
subjects are shown in pairs, T1-
weighted on the left, T2-
weighted on the right

Presenter. Mackay-Sim Mackay-Sim Brain, 2008
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J 11/2001 to 12/2003, 300 patients (222 complete, 78
Incomplete, 6 months — 31 years, avg. 3.1 years) received
fetal OEC transplantation

 Injectionsinto the SC at the upper and lower ends of the
Injury site..

Presenter: Huang
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Spinal Cord (2006) 44, 135-142
© 2006 international Spindl Ooed Socey Al sghts resenved 1362433306 $30.00
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Case Report
Rapid recovery of segmental neurological function in a tetraplegic patient
following transplantation of fetal olfactory bulb-derived cells

J Guest*'**, LP Herrera® and T Qian>*

“Th( D¢ epartment nf No vl Qs af Mis Pane T IFF (Conts Mimmi FI. USA:

e Mol 2 T flrst and third authors of this **

s case report acted as observers of
2= this transplant series'* over a 12-

5‘1': day period and wrote this report. &
= These authors systematically rack
T €xamined the patient prior to > ot
1’? surgery, observed the operative
1::; procedure, and followed the s
t patient clinically for 8 days post- .

~cgperatively.
Presenter: L—I

ungds spinal cord injury; cell transplantation; olfactory ensheathing glia; stem cells



" 1488 ¢ Chinese Medical Jowrnal 2003 5 116C10) : 1488-1491

)
Influence of patients age on functional recovery after transplantation 011
olfactory ensheathing cells into injured spinal cord injury
HUANG Hongyun HZLZ, CHEN Lin P& 3, WANG Hongmei E¥EE, X1U Bo # ¥, 11 Bingchen FMIR
WANG Rui £ #, ZHANG Jian & #, ZHANG Feng & ¥, GU Zheng W 1E, 1] Ying ¥ XK
SONG Yinglun KHME, HAO Wei #  165, PANG Shuyi L and SUN Junzhao 7R

Keywords: cell transplantation * spinal cord injury * function recovery

Objective To evaluate the restoration of function after spinal cord injury (SCI) in patients of different
ages who have underwent intraspinal transplantation of olfactory ensheathing cells (OECs).

Methods One hundred and seventy-one SCI patients were included in this study. Of them, 139 were
male and 32 were female, with age ranging from 2 to 64 years (mean, 34.9 years). In all SCI
patients the lesions were injected at the time of operation with OECs. According to their ages, the
patients were divided into 5 groups: =20 years group (n=9), 21 -30 years group (n=54) , 31 =40
years group (n=60), 41 =50 years group (n=34) and >51 years group (n=14). The spinal cord
functPrese Rsetsskirarag on the American Spinal Injury Association (ASIA) Classification System
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POINT OF VIEW: DIRECTIONS FOR RESEARCH

Cellular Transplants in China:
Observational Study from the Largest
Human Experiment in Chronic Spinal Cord

Conclusions. The phenotype and the fate of the
transplanted cells, described as olfactory ensheathing
cells, are unknown. Perioperative morbidity and lack
of functional benefit were identified as the most

N€ serious clinical shortcomings. The procedures
Backaround. 1n China, fera. ODSEIVEd did not attempt to meet international
wansplanted into the lesic: standards for either a safety or efficacy trial. In the

patients with spinal cord i

reports have been the only - ghgence of a valid clinical trials protocol, physicians

the procedure is safe and ¢

BrRRS AT SRy should not recommend this procedure to patients.

Bruce H. Dol
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Planned ChinaSCINet Trials
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Presenter: Young



- ChinaSCINet Advantages
t_:-_ W. Capacity to random

i1ze as many

Presenter: Young
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Presenter: Young




Nogo inhibition to enhance regeneration
and functional recovery in SCI

Martin E. Schwab, Brain Research Institute. University and ETH Zurich

Recovery in SCI

Presenter: Schwab 45



Al trial for anti-Nogo-A antibodies In acut

Acute SC| patients, treatment start at
L 10-14 days after injury (stable, reliable
- diagnosis!)

:-Phase \: Safety, PK, dosage:
successtul so far (20 patients, ASIA A)
~ Currently: transition 1o P
efficacy/POC in man

AWy
B ‘?‘b‘; '\P’
hase 2 for 'Y

u\,
%+ %
-4

Presenter; Schwab 46



SCI Trial Pragmatics:
Key Issues

% Adequacy of Pre-clinical evidence foundation
* Adequacy of prior clinical evidence foundation
* Cell Therapy: design of delivery scheme (device,

dose, targeting, scale-
clinical work)

* Carefyl choice of [/E criteria
0‘ i » » 4

* Carefyl choice of Outcome Measures
“Powering calculations—-——can suffj

T : ‘ ICient numb 'rs l A
recruited? Realistic ppoioes: ol
Effect “Projections of the unne]

up calculations from pre-

Presenter: Lammertse




O Surgical intervention not
necessary

[ We need more monitoring —
especialy first 4 hours post
injury

Presenter: El Masri

15 L |
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Kakulas, EI Masry, Dimitrijevic
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Acute - conservative/intervention”
= Subacute- conservative/intervention?

= Chronic - conservative/intervention?

d Interventions
= Timing: acute/subacute/chronic
= Target:
= Above/at/below the lesion

= Long tract, cell body, myelin, synapse, environment

= Nature: biological/chemical/E.S./activity

49



" |ntensity

J Assessment
= Nature: clinical/functional/electrophysiological
= Timing: baseline/repetitions/feasibility/cost

50
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