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Anti-Nogo-A treatment enhances corticospinal tract
sprouting and functional recovery after unilateral
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Abstract

Introduction
Following injury, the adult mammalian central nervous system has limited capacity to repair. Transected
nerve �bers do not spontaneously re-grow, due in part to myelin-associated neurite growth inhibitors such
as Nogo-A. After section of the corticospinal \(CS) tract in adult rats, neutralizing Nogo-A with
monoclonal antibodies leads to enhancement of axonal re-growth and compensatory sprouting,
accompanied by increased motor recovery. The neutralization of Nogo-A represents a promising
approach for therapy after lesion if its enhancement of functional recovery can be transposed to
primates. The aim of our study was to extend these data in rodents to macaque monkeys and assess
whether neutralization of Nogo-A enhances motor recovery from spinal lesion in primates.

Reagents
**Anti-Nogo-A antibodies** Two monoclonal antibodies \(mAbs) against different sites of Nogo-A were
used: the mouse mAb 11C7 \[1] was raised against a 18 amino acid peptide of rat Nogo-A \(aa623 –
640), close to the most inhibitory region of the Nogo-A protein2, which cross-reacts with mouse and
monkey Nogo-A. The second antibody used, mAb hNogo-A is directed against the Nogo-A speci�c region
of the human Nogo-A sequence. Both antibodies recognize primate Nogo-A monospeci�cally on Western
blots \[2]. Both antibodies increase neurite outgrowth in vitro and penetrate deeply the CNS in vivo in
monkeys \[3]. The antibodies were puri�ed as IgGs and concentrated to 3.7-10 mg/ml in phosphate
buffered saline \(PBS). **Control antibodies** Puri�ed IgG of a mouse mAb directed against wheat auxin
\(AMS Biotechnology, Oxon/UK) was used as control antibody. **Muscimol \(GABA agonist)** for
reversible inactivation of motor cortex \(see Kermadi et al. 1997 for more information). **Biotinylated
Dextran Amine** \(=BDA; Molecular Probes) used as anterograde anatomical tracer.

Equipment
**Set-ups to perform behavioral assessment of manual dexterity in monkeys**; see
www.unifr.ch/neuro/rouiller/motorcontcadre.htm **Video recording system** **Osmotic pumps** to
deliver the antibodies

Procedure
1) Habituate the monkey to the primate chair 2) Train the monkey to the various motor tasks to assess
manual dexterity daily. Duration of a behavioral session is 30-60 minutes 3) Establish during 2 months
the pre-lesion behavioral scores 4) Perform the cervical hemi-section at C7 5) Place osmotic pump to
deliver the antibody during 4 weeks 6) Immediately after the lesion, test daily the motor performance to
establish the post-lesion behavioral scores \(2-3 months) 7) Injection of BDA at multiple sites in the



Page 3/4

contralesional motor cortex 8) Survival time \(60-70 days) 9) Sacri�ce of the animal 10) Histology:
sections \(50 microns thick) of the brain and spinal cord. Histochemistry.

Timing
6-12 months for each monkey

Critical Steps
The success of the procedure depends, among other things, on the complete transection of the
dorsolateral funiculus unilaterally. Incomplete transection of the dorsolateral funiculus may dramatically
affect the interpretation of the behavioral data and, even more prominently, the tracing data Make sure
that the antibodies have been delivered \(check volume of antibody left at removal of the osmotic pump
Although BDA is transported in intact macaque monkeys in about 20 days from motor cortex to cervical
cord, after a lesion of the corticospinal tract, the speed of transport is slower. Therefore, a survival time of
60 days was considered here. A double-blind procedure is required \(the experimenter testing the
monkeys behaviorally should not know which antibody was infused, e.g. anti-Nogo-A or control. Check
body weight of the animals daily.

Troubleshooting
Monkeys are not food deprived but the rewards received during the behavioral tests represent the �rst
access to food of the day. After the behavioral tests, additional food is given \(fruits, cereals).

Anticipated Results
Anti-Nogo-A treated monkeys recover manual dexterity faster and to a larger extent than control-antibody
monkeys. In parallel, corticospinal sprouting is enhanced in the anti-Nogo-A treated monkeys.
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