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            Abstract
Limited functional recovery can be achieved through rehabilitation after incomplete spinal cord injury. Eliminating the function of a repulsive Wnt receptor, Ryk, in mice and rats by either conditional knockout in the motor cortex or monoclonal antibody infusion resulted in increased corticospinal axon collateral branches with presynaptic puncta in the spinal cord and enhanced recovery of forelimb reaching and grasping function following a cervical dorsal column lesion. Using optical stimulation, we observed that motor cortical output maps underwent massive changes after injury and that hindlimb cortical areas were recruited to control the forelimb over time. Furthermore, a greater cortical area was dedicated to controlling the forelimb in Ryk conditional knockout mice than in controls (wild-type or heterozygotes). In the absence of weekly task-specific training, recruitment of ectopic cortical areas was greatly reduced and there was no significant functional recovery even in Ryk conditional knockout mice. Our study provides evidence that maximal circuit reorganization and functional recovery can be achieved by combining molecular manipulation and targeted rehabilitation.
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                    Figure 1: Ryk conditional deletion enhances motor function recovery from spinal cord injury.[image: ]


Figure 2: Ryk conditional deletion enhances corticospinal axon sprouting after spinal cord injury.[image: ]


Figure 3: Changes in corticospinal connectivity after C5 dorsal column lesion.[image: ]


Figure 4: A second injury at C3 eliminates enhanced recovery.[image: ]


Figure 5: Monoclonal Ryk antibody infusion promotes functional recovery from spinal cord injury.[image: ]


Figure 6: Cortical map reorganization during recovery from spinal cord injury.[image: ]


Figure 7: Forelimb motor map representations move into quiescent former hindlimb cortical areas.[image: ]


Figure 8: Cortical map reorganization and functional recovery from spinal cord injury are dependent upon rehabilitative training.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Full Western blots from Figure 1c and Supplementary Figure 3a.
(a) Specificity of Ryk monoclonal antibody from Supplementary Fig. 3a. (b) Western blot of postnatal day 7 motor cortex extract from mice infected at postnatal day 0 with AAV2/1 synapsin Cre from Figure 1c. E18.5 cortex from two separate Ryk KO embryonic mouse cortices as control in right two lanes. GAPDH loading control from same blot.


Supplementary Figure 2 Sample frames from forelimb reach video.
Example at 13 weeks after C5 dorsal column lesion (1 week after C3 sham operation) demonstrates the recovery of skilled forelimb grasp. Successful reach requires the use of a grasping motion as a sweeping motion would result in the pellet being dropped in either the gap between the food pellet platform (black) and the main enclosure, or through the wire-frame floor of the enclosure.


Supplementary Figure 3 Ryk monoclonal antibody infusion in rats.
(a) Specificity of Ryk monoclonal antibody. Full-length blot presented in Supplementary Fig. 1. (b) Timeline outlining experimental details of Ryk monoclonal antibody infusion after bilateral C5 dorsal column lesion in rats.


Supplementary Figure 4 Axon collateralization increased after Ryk monoclonal antibody infusion caudal to the injury.
Rats infused for 28 days with Ryk monoclonal antibody had greater levels of collateralization caudal to the lesion than control IgG infused rats (n = 6 (IgG control) 5 (Ryk monoclonal) rats, one-tailed t-test P = 0.0196 t(6) = 2.594, data presented as mean Â± s.e.m.). Injury site is at 0 Î¼m, caudal is represented with positive numbers. Axon index is thresholded pixels in sagittal spinal cord divided by thresholded pixels in transverse pyramids.


Supplementary Figure 5 Optogenetic mapping example.
Sedated mice with unilateral cranial windows were stimulated with 470nm LED by fiber optic cable to evoke muscle movements. Two examples of motor maps from one animal, pre- and 3 days post-C5 dorsal column lesion are shown.


Supplementary Figure 6 Optogenetic mapping after spinal cord injury in mice that received weekly training.
(a-b) Maps of evoked motor output in control (a) and Ryk conditional deleted mice (b) shift after spinal cord injury. Red corresponds to a larger number of mice responsive at a given location, blue to a smaller number (n = number of mice per condition/time point). (c) Proportion of motor cortex occupied by characterized motor output changes over time in response to weekly training and Ryk conditional deletion.


Supplementary Figure 7 Recovery of skilled forelimb reach for mice used in cortical mapping experiments.
Behavioral performance on skilled forelimb reach task shows enhanced recovery after Ryk conditional deletion in contralateral motor cortex (weeks 1-8 after C5 lesion, n = 10 (control) 11 (Ryk cKO) mice, repeated measures ANOVA P=0.0304 F(1,19)=5.472). Secondary C3 eliminates enhanced recovery after Ryk conditional deletion (n = 9 (control) 8 (Ryk cKO)), while unilateral pyramidotomy (n = 8 (control) 7 (Ryk cKO)) completely ablates the ability of mice to perform the task. Data presented as meanÂ±s.e.m.


Supplementary Figure 8 Optogenetic mapping after spinal cord injury without weekly training.
(a-b) Maps of evoked motor output in control (a) and Ryk conditional deleted mice (b) shift after spinal cord injury. Red corresponds to a larger number of mice responsive at a given location, blue to a smaller number. (c) Proportions of motor cortex occupied by characterized motor output are relatively stable in the absence of training after injury.
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