
INTRODUCTION
The anti-Nogo-A antibody treatment has shown improvement of the recovery of hand dexterity in non-human primate following 
spinal hemisection. Such improvement of recovery parallels enhanced sprouting of CS axons caudal and rostral to the lesion in anti-
Nogo-A treated animals. In clinical practice, motor evoqued potential (MEP) induced by transcranial electric stimulation (TES) is 
commonly used to document changes in conduction time of motor tracts in neurological diseases. Using TES, the present study aimed 
to assess the functional properties of this CS sprouting. Moreover, in this study, we used anti-Nogo-A treatment combined with brain-
derived neurotrophic factor (BDNF).

Anti-Nogo-A 
antibody and 
BDNF treated 

monkeys 

Control 
monkeys 

Electrophysiology 

ACKNOWLEDGMENT
Supported by: SFN grants (T. Wannier: No 3100A0-104061/1, No 310000-118357 and A. Belhaj-Saif: 310030-
120411); The National Center of competence in Research (NCCR): “Neuronal plasticity and repair”; Novartis 
Pharma.

METHODS
Experiments were conducted on four adult monkeys (macaca 
fascicularis)
. Behavioural assessment: Functional recovery of the manual dexterity 

was investigated using a modified version of the Brinkman Board task. 
. Hemisection of the spinal cord in the four monkeys at the cervical 

segment C7.
. Four weeks intrathecal treatment with anti-Nogo-A antibody and 

BDNF in two monkeys (MK-ABMa and MK-ABB) and control 
antibody in the other two (MK-CGa and MK-CBo). Treatment starts 
immediately after the spinal hemisection. 
. TES starts few weeks before and after the lesion. One session a week. 
. TES was done under anesthesia (a mixture of Ketamine and Domitor). 

TES consisted of a single pulse (0.2 ms duration) starting at 50 volts up 
to 500 volts. Subjects were placed in ventral decubitus inside a Faraday 
cage. A custom software program (Neural Average, University of 
Washington, Seattle, WA) was used for data acquisition and averaging. 
 EMG was recorded from intrinsic hand muscles (FDI: first dorsal 

interosseus,  and APB: abductor polliciss brevis) and intrinsic foot 
muscle (FHB: flexor halluciss brevis), using pairs of multi-stranded 
stainless steel wires.  
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In our next study, we will investigate the functional role of 
these new projections in anti-Nogo-A antibody treated 
monkeys compared to untreated monkeys, using 
sophisticated methods:
stimulus triggered averaging of EMG activity from 
chronically recorded forelimb muscles, during a behavioural 
task: the Klüver board. We will correlate these results to the 
behavioral recovery. 
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Reconstruction of coronal sections of the 
spinal cord at the level of the lesion site.
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Stimulus Triggered 
Averaging of EMG 
activity method.

Klüver Board.
Depending of the size of the slots the subject needs to use different 
manual strategies to retrieve the reward.
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Manual dexterity 
assessed using  
t h e  B r i n k m a n  
board.

RESULTS 

These preliminary data show that:
1- The inter-sessions variability is considerable when using data derived from a limited number of muscles. Moreover, the TES effect may 
be influenced by other parameters such anaesthesia for example. 
2- At the present state of the analysis, no significant electrophysiological differences were found between treated and untreated monkeys. 
3- A comparison with monkeys treated only with anti-Nogo-A antibody will be of interest.

CONCLUSION 
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Exemple of recovery of the manual 
dexterity in the Brinkman board 
test, in an a

treated animal before 
and after lesion. 
It was assessed by counting the 
number of pellets retrieved from 
vertical and horizontal slots during 
the first 30sec of the task, before 
and after the lesion.
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The anti-Nogo-A antibody treatment has shown improvement of the recovery of hand dexterity in non-human 
primate following spinal hemisection, making the lesioned environnement permissive to axonal growth. In order to increased beneficial effect, brain-derived 
neurotrophic factor (BDNF) have been combined with anti-Nogo-A antibody treatment for it´s stimulating effect on axonal growth. 
Which effect these two possible treatments could be have on the sensory pathway? Using transganglionic tracer and histochemistery labelling, the aim of this 
study was to assess the integrity and the possible recovery of the dorsal column pathway of the medial lemniscal system.

Such improvement of recovery parallels enhanced sprouting of CS axons caudal and rostral to the lesion in anti-Nogo-A treated animals. In clinical practice, 
motor evoqued potential (MEP) induced by transcranial electric stimulation (TES) is commonly used to document changes in conduction time of motor tracts in 
neurological diseases. Using TES, the present study aimed to assess the functional properties of this CS sprouting. Moreover, in this study, we used anti-Nogo-A 
treatment combined with brain-derived neurotrophic factor (BDNF).

and enhancement of corticospinal sprouting 
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The anti-Nogo-A antibody treatment has shown improvement of the recovery of hand dexterity 
enhancement of corticospinal sprouting in non-human primate following spinal hemisection, making the 
lesioned environnement permissive to axonal growth. In order to increased beneficial effect, brain-derived 
neurotrophic factor (BDNF) have been combined with anti-Nogo-A antibody treatment for it´s stimulating 
effect on axonal growth. 
Which effect these two possible treatments could be have on the sensory pathway? Using transganglionic tracer 
and histochemistery labelling, the aim of this study was to assess the integrity and the possible recovery of the 
dorsal column pathway of the medial lemniscal system.
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Reorganization of sensory afferents in the dorsal column nuclei following spinal cord 
hemisection in monkeys
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Results obtained for the nucleus and tractus gracilis 
showed a significant correlation between the amount 
of myelinated fibres in the tractus and the area of 
labelled projections by sensory ascending pathways of 
the dorsal column in the nucleus. In light of this result 
we would include all others monkeys previously 
analysed for spinal cord lesion in order to compare 
anti-Nogo-A antibody treated group with the 
combined anti-Nogo-A antibody and BDNF treated 
group and the Control antibody group. For all these 
monkeys, we would like to analyze the proportion of 
myelinated fibres in the dorsal colmun pathway and 
assess the possible beneficial effect of our treatments 
on the sensory pathways.
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CB: nucleus cuneatus  METHODS
Experiments were conducted on eight adult monkeys (Macaca fascicularis) 
distributed in three groups: Intact (Mk-I); Control (Mk-C); combined anti-Nogo-
A antibody and BDNF treated group (Mk-AB)
. Hemisection of the spinal cord in the four lesioned monkeys at cervical segment 

C7-C8.
. Four weeks intrathecal treatment with anti-Nogo-A antibody combined with 

BDNF in three monkeys (MK-ABP, MK-ABB and Mk-ABS) and control 
antibody in one monkey (MK-CBo). Treatment started immediately after the 
spinal hemisection. 

. Subcutaneous injection of Cholera Toxin b (CB) in the five fingers of both 
hands and in the five toes of both feet in all eight monkeys.
. Sacrifice after at least one week of survival time after CB injections to allow 

transganglionic axonal transport (for reference see Darian-Smith 2004), by 
intracardial perfusion with a solution of paraformaldehyde under deep 
anaesthesia.

Brainstem were dissected and transversal frozen sections were cut at 50µm 
thickness.

Immunostaining of CB.
Histochemical staining of Myelin with gold reaction.
Analysis of the labelled area for CB and myelin using ImageJ software.
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Monkey lesioned on both sides of 
the tractus gracilis

Myelin  

Mk-ABB

Exemple of myelin labelling at C3 level in spinal cord. 

Exemple representing the lesion 
localization area in the tractus 
gracilis.

Dermatome: sensory projection 
of the different part of the skin on 
the spinal cord.

CB: nucleus gracilis

Representation in percentage of the labelling area for each side reference total amount of labelling on both sides

The anti-Nogo-A antibody treatment has been shown to improve the functional recovery of hand dexterity 
and to enhance corticospinal sprouting in non-human primate following spinal hemisection, making the peri-
lesion territory permissive to axonal growth (Freund et al., 2007; 2009). In order to tentatively increase 
beneficial effects, brain-derived neurotrophic factor (BDNF) has been combined with anti-Nogo-A antibody 
treatment, for its stimulating effect on axonal growth. 
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INTRODUCTION CONCLUSION 
These preliminary data show that:
1- Nucleus and tractus cuneatus were not affected by the lesion (in line with the cervical level of the lesion).
2- Lesion affected ipsilateral nucleus gracilis in its rostral portion and tractus gracilis. 
3- There is no observable impact of the combined treatment on sensory afferents in the dorsal column nuclei.

Anatomical reconstruction of the lesion territory

2r =0.74
p<0.001

Correlation Nucleus gracilis 
(CB)-Tractus gracilis (myelin)

Monkeys included in 
spinal cord hemisection 
study assessing motor 
pathway and could be 
included in the myelin 
analysis.
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The aim of the present study was to assess after a cervical hemisection (C7-C8) : 1)- effect on sensory 
afferents in the dorsal column nuclei (nucleus cuneatus and nucleus gracilis); 2)- effect on the tractus 
cuneatus and the tractus gracilis at C3 level; 3)- impact of the combined treatment (anti-Nogo-A 
antibody and BDNF).
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Caudorostral extent of nucleus cuneatus

Sum of differences between unlesioned side and lesioned side for the 3 zones

NS NS NS NS NS NS

NS NS p=0.03 p=0.005 p<0.001

Statistical comparison for paired values along caudorostral extent of nucleus

Statistical comparison for paired values along caudorostral extent of nucleus gracilis

Caudorostral extent of nucleus gracilis

Sum of differences between unlesioned side and lesioned side for the 2 zones

Injection Cholera toxine b (CB)

ImageJ software

Region Of Interest (ROI) surrounding the labelled area 
of the nucleus cuneatus and nucleus gracilis

Adjustment of threshold and estimating of the labelled 
area in pixels
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