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Figure 1 Disruption of motor circuitry following spinal cord injury (A) Schematic showing the different elements of the 
motor circuitry involved in the generation of movement. The spinal circuits integrate neuronal information from supraspinal 
centers and from the periphery. (B) A spinal cord injury at the thoracic level disrupts the communication between the brain 
and the lumbosacral spinal cord leading to hindlimb paralysis. (C) After SCI and the loss of supraspinal inputs, proprioceptive 
afferent input from muscles becomes very important in providing information to spinal circuits. Panel C adapted from Imai 
and Yoshida, 2017. 
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Figure 2 Sensory afferent pathways Schematic showing the different peripheral streams of sensory afferents projecting 
towards the central nervous system. Figure from Lallemend and Ernfors, 2012. 
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Figure 3 The organization of cutaneous mechanoreceptors in the skin (A) In glabrous (nonhairy) skin, innocuous touch is 
mediated by four types of mechanoreceptors (Merkel cells, Meissner corpuscles, Ruffini endings and Pacinian corpuscles). 
(B) In hairy skin, tactile stimuli are transduced through three types of hair follicles (guard, awl/auchenne and zigzag). Figure 
from Abraira and Ginty, 2013. 
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Sensory fiber 
type 

Class/ 
Group 

Fiber diameter 
(μm) 

Receptor supplied Myelination 

     
Aα Ia and Ib 12-20 Primary muscle 

spindle afferents, 
Golgi tendon organ 

Myelinated 

     
Aβ II 6-12 Secondary muscle 

spindle afferents, skin 
mechanoreceptors 

Myelinated 

     
Aδ III 1-5 Skin mechanorecep-

tors, thermo- and 
nociceptors 

Lightly 
myelinated 

     
C IV 0.2-1.5 Thermo- and 

nociceptors 
Non-myelinated 

Table 1 Sensory afferent pathways Table showing different streams of sensory pathways involved in the transmission 
of afferent information. 
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DRAGGING STANCE 
Ankle  
Extensor (mV) 

Ankle  
Flexor (mV) 

Figure 4 Electrochemical modulation of spinal circuits. (A) Electrochemical neuroprosthesis that transforms lumbar 
locomotor circuits from dormant to highly functional states. (B) Stick diagram decomposition of hindlimb movements and 
EMG activity from ankle muscles during locomotion without and with electrochemical stimulation in a rat with complete 
SCI. Figure from van den Brand et al., 2015. 
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Figure 5 The noradrenergic receptor families. (A) 3 receptor families (α1, α2 and β) can be differentiated among 
the noradrenergic receptor superfamily. Within each receptor family, several receptor subtypes exist. For the α2 
receptor family, three receptor subtypes (α2A, α2B and α2C) can be defined. (B) Once activated, all α2 receptor 
subtypes mediate a decrease of neuronal activity, i.e. by opening inwardly rectifying potassium channels (inhibitory 
Gi-protein signaling). 
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Figure 6 Characterization of alpha2a and alpha2c receptors in the rat spinal cord. Immunoreactivity for 
alpha2a (A) and alpha2c (C) receptors were observed in the superficial dorsal horn. Alpha2a immunoreactivity 
was observed in the area surrounding the central canal. Alpha2c labelling was more prevalent in deeper layers 
of the dorsal horn than alpha2a labelling. (B,D) Staining was blocked in both cases by pre-incubation of 
antiserum with the cognate peptide. Figure from Stone et al., 1998. 
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Figure 7 Comparison of responses to electrical stimulation of the superficial peroneal nerve 
in a cat at rest (standing). (A) Averaged response of 20 and 10 stimuli before and after clonidine 
injection, respectively. Electrical current delivered before clonidine injection was 0.75mA and 
was 3.0mA after injection. No response can be seen even at this current. (B) Averaged response 
of 9 and 10 stimuli before and after methoxamine injection, respectively. Current of the 
stimulation stayed the same (0.6mA) before and after drug injection. (C) Averaged response to 
10 and 15 stimuli before and after NE injection, respectively. Current before and after drug 
injection was 0.5mA. Figure from Chau et al., 1998. 
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Figure 8 Computational model of muscle spindle feedback circuits (A) Biologically realistic neural network of muscle 
spindle feedback circuits of two antagonist muscles involved in the reciprocal recruitment of agonist muscles. This neural 
network includes Ia-inhibitory interneurons, group-II excitatory interneurons, and group-Ia and group-II afferents. (B) 
Musculoskeletal model of the rat hindlimb, prediction of the muscle stretch during locomotion for antagonist ankle muscles, 
and resulting firing rates using a muscle spindle model. (C) Simulations based on type Ia/II afferents were able to replicate 
the spinal reflex recruitment curves. This was verified by electrophysiological experiments in rats showing that each pulse 
of stimulation elicits well-defined mono- and polysynaptic reflex responses in hindlimb muscles. Figure adapted from 
Moraud et al., 2016. 
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Figure 9 The concept of enriched environment and its anatomical consequences (A) Enriched environment is defined by a 
bigger cage size with more toys and nesting material compared to standard housing conditions. (B,C) Comparison of BrdU 
labelling in the hippocampus of control (SH) and enriched mice after 4 weeks of SH or EE. (D) Number of BrdU-positive cells 
per hippocampal granule cell layer (GCL) (E) Volume of the dentate gyrus. After 4 weeks of EE, the volume of the hippocampal 
dentate gyurs was significantly increased in the enriched group (P<0.005). Panels adapted from Kempermann et al., 1997. 
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Figure 10 Epidural electrical stimulation (EES) recruits proprioceptive neurons in DRG (A) Cleared lumbosacral spinal cord 
with attached DRGs of a PVCre:R26LSL-tdTomato mouse. Insets show proprioceptive afferent fibers and neurons in DRGs. Scale 
bars, 2mm (overview), 500μm (a), 500μm (b), 50μm (c) and 25μm (single plane) for the insets, respectively. (B) Timeline 
summarizing calcium imaging experiments. Experiments were conducted on PVCre:R26LSL-tdTomato mice under three 
experimental conditions: no stimulation (n=5), EES at 1.2x motor threshold (n=5) and EES at 3x motor threshold (n=5). (C) 
Representative images of intracellular calcium release in L2 DRG for each experimental condition. Asterisks indicate double-
labelling between the released intracellular calcium and PVON and/or PVOFF neurons. Scale bar, 50μm. (D) Bar plots reporting 
calcium release in L2 DRGs for each experimental condition. EES at 1.2x motor threshold led to an increase in calcium release 
in PVON neurons. In contrast, PVOFF neurons did not release significantly more intracellular calcium at this stimulation 
intensity. **P = 0.0031. ns, not significant. Two-way ANOVA followed by Tukey’s post-hoc test. 
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Figure 11 EES engages proprioceptive feedback circuits to facilitate walking after SCI (A) Scheme summarizing chemogenetic 
inactivation of proprioceptive neurons in DRG. (B) Functional and electrophysiological experiments were performed before 
and after CNO-mediated silencing of PVON neurons. (C) Photograph showing DRG neurons double-labelled for PV and 
mCherry. Scale bar 10 μm. DRG reconstruction displaying the ratio of PVON/mCherryON labelled neurons. 44 ±4.3% of all PVON 
neurons were infected by mCherry. (D) Image showing a representative coronal section through a contusion epicenter (GFAP, 
Glial fibrillary acidic protein). Scale bar 200μm. Bar plot reporting the area of spared tissue at the lesion epicenter for PVCre 
(n=4) and wild-type (n=4) rats. ns, not significant. Non-paired Student’s t-test. (E) Scheme illustrating reflex recordings in leg 
flexor muscles in response to EES at L4 spinal level. Representative reflex curves of a wild-type and a PVCre rat, pre- and 55 
minutes post-CNO. (F) Bar plot showing normalized reflex responses 55 minutes post-CNO in PVCre and wild-type rats. CNO 
injection led to a decrease of reflex responses in PVCre rats. CNO had no influence on reflexes in wild-type rats. ***P = 0.0004, 
Two-way ANOVA followed by Bonferroni’s post-hoc test. (G) PVCre and wild-type rats were tested during bipedal locomotion 
on a treadmill. Stick diagram decompositions of the right leg movements and activity of extensor and flexor muscles of the 
ankle. The grey and white backgrounds correspond to stance and swing phases of gait, respectively. Snapshots showing a 
PVCre rat walking bipedally under EES 55 minutes after NaCl-injection and dragging 55 minutes after CNO administration. EMG 
insets show motor responses evoked in extensor and flexor muscles at distinct moments of the gait cycle. (H) PC analysis 
applied on 129 gait parameters averaged for each rat and condition (small circle). Large circles show the average per group. 
Bar plot showing average scores on PC1, which quantifies locomotor performance of PVCre rats (n=4) and wild-type rats (n=4) 
compared to non-injured rats (n=10). Inactivating proprioceptive feedback circuits following CNO resulted in diminished 
locomotor outcomes in PVCre rats. CNO had no influence on locomotor outcomes in wild-type rats. ***P < 0.0001. Two-way 
ANOVA followed by Bonferroni’s post-hoc test. (I) Bar plots showing average values of single gait parameters extracted from 
the PCA for each experimental condition. ***P = 0.0003 for step height, ***P < 0.0001 for dragging duration. Two-way 
ANOVA followed by Bonferroni’s post-hoc test. 
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Figure 12 Targeted modulation of noradrenergic alpha2a and alpha2c receptors restores locomotion enabled by EES (A) 
Noradrenergic receptor families (alpha1, alpha2, beta) and alpha2 receptor subtypes (alpha2a, alpha2b, alpha2c). (B) 
Snapshots showing alpha2a KO mice stepping in a coordinated manner while alpha2c KO mice dragged both hindlimbs post-
clonidine under EES Bar plot showing the average scores on PC1 for alpha2a (n=5) and alpha2c KO mice (n=5) compared to 
uninjured mice (n=6). ***P < 0.0001. Two-way ANOVA followed by Tukey’s post-hoc test. (C) Inactivation of alpha2a and 
activation of alpha2c receptors using a dual alpha2a antagonist/alpha2c agonist. Reflex curves showing a significant increase 
of reflex curves after delivery of this agent. Bar plot reporting increased reflexes for flexor and extensor muscles for all tested 
animals. *P < 0.05, bootstrapping, two-sided. (D) Rats with a complete SCI were tested on a treadmill during bipedal 
locomotion under electrochemical neuromodulation. Stick diagram decompositions of right leg movements and EMG activity 
of ankle extensor and flexor muscles. Grey and white backgrounds correspond to stance and swing phases of gait, 
respectively. (E) Snapshots showing hindlimb dragging in a rat after injection of the dual alpha2a antagonist/alpha2c agonist. 
Gait was immediately activated when EES was switched on. (F) PC analysis on 129 gait parameters averaged for each rat and 
condition (small circle). Large circles show the average per group. Bar plot showing the average scores on PC1, which 
quantifies the locomotor performance of injured rats (n=6) under different experimental conditions compared to intact (non-
injured) rats (n=10). ***P < 0.0001. One-way ANOVA followed by Tukey’s post-hoc test. (G) Bar plots showing average values 
of single gait parameters for each experimental condition extracted from the PCA. ***P < 0.0001 for dragging duration. ***P 
< 0.0001 for step height. One-way ANOVA followed by Tukey’s post-hoc test. (H) Stick diagram decomposition reporting the 
direct electro-chemical interaction on producing locomotion. (I) Scheme showing mice with (wild-type) and without 
functional muscle spindle feedback (Egr3KO). (J) Snapshots showing stepping in wild-type mice under the dual alpha2a 
antagonist/alpha2c agonist and EES. Egr3KO mice were dragging under the same intervention. (K) Bar plot showing the 
average scores on PC1, which quantifies the locomotor performance of injured wild-type (n=5) and Egr3KO (n=4) mice under 
different experimental conditions compared to uninjured mice (n=5). ***P < 0.0001. One-way ANOVA followed by Tukey’s 
post-hoc test. 
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Figure 13 Noradrenergic alpha2a and alpha2c receptors are located on neuronal pathways activated by EES (A) 
Noradrenergic receptor families (alpha1, alpha2, beta) and alpha2 receptor subtypes (alpha2a, alpha2b, alpha2c). (B) 
Overview showing the location of cells expressing alpha2a or alpha2c receptor subtypes in spinal cord and DRGs. (C) In-situ 
hybridization. (D) Representative images of GFP, PKC-γ, CGRP and Ib4 labelled dorsal horns display the distinct laminar 
location of alpha2aON and alpha2cON neurons. Scale bar 50μm for the overview, 25μm for the insets. (E) Images showing the 
expression of alpha2a and alpha2c receptor subtypes in DRGs. Scale bar 100μm for the overview, 20μm for the insets. (F) 
Phenotype of cells expressing alpha2a or alpha2c receptors located in spinal cord and DRGs. Polar plots displaying overlap of 
alpha2aON and alpha2cON with parvalbumin (PV), Ib4 or CGRP in DRGs.  Scale bar 10μm. (G) Polar plots displaying overlap of 
alpha2aON and alpha2cON neurons in the spinal cord with various neurotransmitter markers. Scale bar 10μm. (H) Scheme 
illustrating the cfos experiment. Images showing alpha2cON/ cfos double-labelling in laminae III/IV after EES. Scale bars 5μm. 
Bar plot reporting the percentage of alpha2cON neurons co-localising with cfos after EES versus no EES. ***P < 0.0001. Non-
paired Student’s t-test. (I) Photographs showing co-localization between alpha2cON and RORαON interneurons in laminae III/IV. 
Scale bars 10μm. Bar plot reporting co-labelling between alpha2cON and RORαON interneurons. ***P < 0.001. Non-paired 
Student’s t-test. (J) Single-cell sequencing experiments confirming alpha2c/RORα co-expression (Glut_Elavl4_Meis2). (K) Key 
molecular markers defining alpha2c and RORα. 
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Figure 14 Intraspinal circuits involved in the transmission of LTM feedback in response to EES (A) Scheme illustrating 
proprioceptive and LTM feedback circuits and downstream connections. (B) Scheme showing the network used for modeling 
experiments. LTM feedback circuits were modeled either with or without inhibitory interneuron. (C) Modeled motoneuron 
membrane potential in response to a single pulse of EES, based on a model containing an inhibitory interneuron or not. (D) 
Modeled muscle reflex curves in response to EES for different experimental conditions, based on a network without 
inhibitory interneurons located on the downstream pathway of LTMs. Scale bar 5mV. (E) Modeled muscle reflex curves in 
response to EES for different experimental conditions, based on a network containing inhibitory interneurons located on 
the downstream pathway of LTMs. Scale bar 2mV. (F) Scheme summarizing the experimental approach to visualize premotor 
interneurons. (G) Reconstruction showing the location of inhibitory pre-motor interneurons. (H) Image showing a rabiesON 
pre-motor interneuron co-localizing with parvalbumin (PV). This interneuron receives synaptic inputs (vGlut2) from RORαON 
interneurons. Scale bar 4μm. (I) 3D reconstruction of the same inhibitory pre-motor interneuron showing several synaptic 
contacts from RORαON interneurons. In average, each rabiesON/PVON neuron receives 6±2 synaptic contacts from RORαON 
interneurons. Scale bar 4μm. 
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Figure 15 Voluntary control of locomotion in rats with a severe contusion injury (A) Scheme illustrating tracing strategy to 
label descending noradrenergic axons and synapses in THCre rats. (B) 3D image showing the injection site in the ventral 
brainstem (rostral ventrolateral medulla, RVLM). Scale bar 300μm. (C) Images showing virus-infected neurons (mRuby) co-
localising with TH in RVLM. Scale bar 10μm. (D) 3D rendering showing the interruption of noradrenergic descending fibers by 
the contusion. Scale bar 1.5mm. 3D insets above the contusion showing details about the anatomical arrangement of the 
noradrenergic tract. Scale bars 500μm and 300μm, respectively. (E) Spinal cord reconstructions of descending projections 
above (T3) and below (L3) the contusion. Bar plot showing the quantification of axon density of noradrenergic fibers above 
and below injury (n= 4 rats). Scale bar 500μm. ***P < 0.0001, paired Student’s t-test. (F) Reconstruction of alpha2cON cells at 
brainstem level. Scale bar 500μm. Images showing alpha2cON cells co-localising with glutamate in the ventral gigantocellular 
nucleus (vGi). Scale bars 20μm. (G) Rats with a severe contusion (250kdyn) were tested during bipedal locomotion on a 
runway with gravity-assist under various experimental conditions. Stick diagram decompositions of the right leg movements 
and activity of extensor and flexor muscles of the ankle. The grey and white backgrounds correspond to the stance and swing 
phases of gait, respectively. (H) PC analysis applied on 129 gait parameters averaged for each rat and condition (small circle). 
Large circles show the average per group. The bar plot shows the average scores on PC1 (locomotor performance) of injured 
rats (n=6) under different experimental conditions compared to uninjured rats (n=7). ***P < 0.0001. One-way ANOVA 
followed by Tukey’s post-hoc test. (I) Snapshots showing a rat unable to initiate stepping after systemic injection of the dual 
alpha2a antagonist/alpha2c agonist in combination with EES. In contrast, after intrathecal injection of the same 
pharmacological agent, rats exhibited voluntary leg movements that allowed them initiate locomotion along the runway. 
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Figure 16 General methods and experimental groups. Summary of the experimental procedures and timeline for the main 
groups of animals. (Step 1) Surgical implantation of chronic epidural electrodes over the midline of L2 and S1 spinal cord 
segments to deliver electrical stimulation. Bipolar electrodes are inserted into a pair of flexor (tibialis anterior) and extensor 
(medial gastrocnemius) muscles of the ankle to record electromyographic activity. A severe contusion (250 kdyn) was 
performed at the mid-thoracic level. (Step 2) Leg kinematics and muscle activity is shown for a rat tested on a treadmill 1 
week after contusion, both without and with electrochemical neuromodulation. (Step 3) Design of the task-specific training 
regimen throughout the period of recovery, including the transition from automatic stepping on a treadmill to voluntary 
overground walking with robotic assistance. The features and time-dependent adaptations of the electrochemical 
neuromodulation therapy are shown. Briefly, the type and concentration of administered chemicals is constantly adjusted to 
the current motor performance of the rats. (Step 4) Behavioral tasks to evaluate leg motor control. 
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Table 2 Kinematic, kinetic and EMG parameters 
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Figure 17 Behavioral evaluation of gross and detailed motor performance. (Step 1) Rats were evaluated during overground 
locomotion in a bipedal posture with robotic assistance. They were tested under different experimental neuromodulation 
conditions. Stepping performance (kinematics, muscle activity and ground reaction forces) was evaluated for different testing 
conditions and compared to the motor output of non-trained and non-injured rats. (Step 2) A PC analysis was applied on a 
total of 129 parameters characterizing gross and detailed motor performance. The gait cycles of each rat under each 
neuromodulation condition (single dot, averaged of 10 to 20 gait cycles per rat) and averaged per group and conditions (large 
dots) are represented in new space defined by PC1 and PC2 (% of explained variance). PC1 differentiated the effects of 
training, distinguishing the ability to move forward (walking) versus movements in place or falling backward (no walking). 
PC2 distinguished the effects of the neuromodulation conditions on leg motor control. (Step 3) The score of each rat on PC1 
was extracted to quantify motor performance. The parameters that correlated highly with PC1 were extracted and regrouped 
in functional clusters that we named for clarity (# refers to Table 2). The bar plots report the mean values for one parameter 
per cluster, highlighted in yellow in the cluster. (Step 4) The same procedure was applied for parameters correlating with 
PC2. *P < 0.05; **P < 0.01; ***P < 0.001. One-way ANOVA followed by Bonferroni’s post-hoc test.  
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Figure 18 Lesion size quantification. (A) Severe contusion injuries (250 kdyn) were applied at spinal level T8. B) Photograph 
of a coronal section at the contusion epicenter (GFAP, Glial fibrillary acidic protein), which was used to trace the contour 
of the contusion cavity and to measure the spared intact tissue, as illustrated below. Scale bar 250μm. The reconstructions 
of the lesion cavity at the epicenter are shown for PVCre (n=4) and wild-type (n=4) rats used for behavioral and anatomical 
evaluations. Scale bar 500μm. (C) The bar graph reports the area of spared tissue at the lesion epicenter for PVCre and wild-
type rats. ns, not significant; Non-paired Student’s t-test. 
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Figure 19 Environmental enrichment induces a lasting increase in the regenerative potential of sensory neurons. a, 
Cultured mouse sciatic DRGs after exposure to EE, stained for Beta-III-tubulin. Scale bar 100 μm. b, Quantification of neurite 
outgrowth (mean ± SEM, Unpaired Student’s t-tests ***P<0.001, n = 4/group). c, Diagram illustrating the experimental 
design, sciatic DRGs were cultured from mice that had been placed in EE for 10 days and then returned to SH for up to 5 
weeks. d, Example images of sciatic DRGs from mice that had been in SH or EE for 10 days and then SH for 5 weeks. Scale 
bar 100 μm. e, Quantification of neurite outgrowth indicated that DRGs from mice that had been exposed to EE still had 
significantly increased neurite outgrowth compared to SH controls (mean ± SEM, unpaired Student’s t test *** P<0.001, n = 
4/group).f, Sciatic nerves immunostained for SCG10 after transection and re-anastomosis, Scale bar 500 μm. g, 
Quantification of regenerating axons (mean ± SEM, Two-way ANOVA, Holm-Sidak post-hoc, ***P<0.001, **P<0.01, *P<0.05 
n = 6/group). h, CTB-traced (red) dorsal column axons after injury, DAPI (blue), lesion site (dashed line). Scale bar, 200 μm. 
i, Quantification of CTB positive regenerating axons (mean ± SEM, Two-way repeated measures ANOVA, Tukey’s post-hoc 
**P<0.01, ***P<0.001, n = 10/group). j, Electrophysiological setup. k, Compound action potentials recorded below (blue) 
and above (black) injury. l, Quantification of compound action potentials above the lesion (mean ± SEM, One-way ANOVA, 
Fisher’s LSD post-hoc ***P<0.001, n = 6/group). 
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Figure 20 Proprioceptive afferent feedback is required for EE-mediated increase in DRG regenerative growth. a, Schematic 
of the experimental design, after EE and SH exposure mice underwent sciatic nerve crush injury and CTB injection distal to 
the crush site, axons that regenerate across the injury site take up CTB and retrogradely transport it to the soma. b, 
Representative images of co-localization between parvalbumin, substance P or isolectin B4 (green) and CTB (red) in DRGs 
from EE mice that had undergone a sciatic nerve crush. Scale bar, 50 μm. c, Quantification of the number of CTB positive 
DRG neurons suggests EE significantly enhances axon regeneration compared to SH (mean ± SEM, unpaired Student’s t test, 
** P<0.01, n = 3/group). d, Quantification of the percentage of CTB positive neurons that co-localized with parvalbumin, 
substance P or isolectin B4 demonstrates high levels of co-localization between CTB and parvalbumin after exposure to EE. 
e, Schematic showing Egr3 mutation resulting in degeneration of muscle spindles. f, Beta-III-tubulin stained sciatic DRGs 
from WT or Egr3-/- mice after exposure to SH or EE .Scale bar 100 μm. g, Quantification of neurite outgrowth. (mean ± SEM, 
One-way ANOVA, Tukey’s post-hoc, ***P<0.001, n = 4/group). h, Example images of tdTomato (red) positive or tdTomato 
negative DRGs co-stained with beta-III-tubulin (green) cultured from PV-cre x tdTomato mice that had been exposed to 
either SH or EE for 10 days. Scale bar 100 μm. i, Quantification of neurite outgrowth showed EE significantly increased 
outgrowth of PV-tdTomato+ DRGs compared to PV-tdTomato- DRGs (mean ± SEM, One-way ANOVA, Tukey’s post-hoc, ** 
P<0.01, *** P<0.001, n = 5/group). 
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Figure 21 EE induces signalling pathways involved in neuronal activity, calcium mobilization and the regenerative program 
of large-diameter DRG neurons. a, Heatmap of the differentially expressed (DE) genes in whole-DRG and LDN RNA-seq 
(P<0.05). Color scale represents arbitrary expression units (lowest, blue; highest, red). b, Pie chart of genes in each functional 
group identified by GO analysis of DE genes in LDN. Functional groups are color-coded. c, Sciatic nerves transduced with 
AAV5-GFP, AAV5-hM4Di-mCitrine or AAV5-hM3Dq-mCitrine labeled with mCitrine/GFP after sciatic nerve crush. Arrow-
head: lesion site. Scale bar, 500 μm. d, Quantification of axon regeneration (mean ± SEM, Two-way repeated measures 
ANOVA, Tukey’s posthoc, ***P<0.001, n = 6/group). e, Time-lapse images of intracellular calcium release from whole-mount 
PV-GCaMP DRGs before and after addition of 150 mM KCL. Scale bar, 50 μm. f, Quantification of F/Fo ratio after 50 mM, 
100 mM and 150 mM KCl (mean ± SEM, Two-way ANOVA, Sidak’s post-hoc **P<0.01, ***P<0.001, n = 4/group).  
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Figure 22 CBP is required for EE-dependent increase in regeneration potential. a, DRGs stained for H4K8ac (green), 
parvalbumin (red) and DAPI (blue). Scale bar, 50 μm. b, Quantification of H4K8ac intensity (mean ± SEM, unpaired Student’s 
t test *** P<0.001, n = 6/group). c, Examples images of DRGs from mice housed in SH or EE, which were double stained for 
pCREB (green) and parvalbumin (red). Scale bar, 50 μm. d, Quantification of the fluorescence intensity of pCREB in the nuclei 
of parvalbumin positive DRGs show as significant increase 10 days after EE compared to SH (mean ± SEM, unpaired Student’s 
t test *** P<0.001, n = 4/group). e, Immunoblotting analysis for H4K8ac from protein extracts from whole sciatic DRGs after 
10 days exposure to SH or EE. Shown is a significant increase in the expression of H4K8ac following exposure to EE (mean ± 
SEM, unpaired Student’s t test, ** P<0.01, n = 3/group). H4K8ac was normalised the levels of H4, while GAPDH was used as 
a loading control. f, Immunoblotting analysis for pCREB from protein extracts of whole sciatic DRGs revealed that exposure 
to EE significantly increased levels of pCREB compared to SH (mean ± SEM, unpaired Student’s t test ** P<0.01, n = 3/group).  
pCREB was normalised to levels of CREB, while GAPDH was used as a loading control. g, DRGs stained for acCBP (green) and 
total CBP (red). Scale bar, 50 μm. h, Quantification of acCBP intensity (mean ± SEM, unpaired Student’s t test *** P<0.001, 
n = 11/group). i, Cultured DRG neurons from WT x CBPf/f or CaMKIIa-creERT2 x CBPf/f mice (Beta-III-tubulin, red and H4K8ac, 
green). Scale bar, 200 μm. j, Quantification of neurite outgrowth (mean ± SEM, One-way ANOVA, Tukey’s post-hoc *** 
P<0.001, n = 5/group). k, Quantification of H4K8ac intensity (mean ± SEM, One-way ANOVA, Tukey’s post-hoc *** P<0.001, 
n = 5/group).  



90 
 



91 
 



92 
 

Figure 23 Pharmacological CBP/p300 activation enhances sprouting of both descending motor and ascending sensory 
axons leading to functional recovery after contusion SCI in rats. a, Image showing joints used for reconstruction of hindlimb 
movements b, Representative hindlimb kinematics after treatment with CSP or CSP-TTK21.  Black, orange and grey 
correspond to stance, drag and swing phases of gait, respectively. c, PC analysis of gait parameters averaged for each group 
at weeks 1, 4 and 8 and quantification of average scores on PC1, which quantify the locomotor performance of rats treated 
with CSP or CSP-TTK21 (mean ± SEM, Two-way ANOVA, Fisher’s LSD post-hoc * P<0.05, n = 10/group). d, Bar plots of drag 
duration and step height show significant improvements after CSP-TTK21 treatment (mean ± SEM, unpaired Student’s t test 
* P<0.05, **P<0.01, n = 10/group). e, Schematics showing strategy for tracing vGi axons, T9 contusion and the L4 ventral 
horn analyzed for vGi and 5HT sprouting. f, CSP-TTK21 increased sprouting of descending vGi axons (Red) observed around 
motoneurons (ChAT, Cyan) in the lumbar ventral horn. Scale bar, 50 μm. g, Quantification of vGi intensity in the ventral horn 
(mean ± SEM, unpaired Student’s t test, ***P<0.001, n = 10/group). h, CSP-TTK21 increased sprouting of descending 5HT 
axons (Magenta) was observed around motoneurons (ChAT, Cyan) in the lumbar ventral horn. Scale bar, 50 μm. i, 
Quantification of 5HT intensity in the ventral horn (mean ± SEM, unpaired Student’s t test, ***P<0.001, n = 10/group). j, 
Sagittal  sections  showing CSP-TTK21  increased  sprouting  of  descending  vGi  (Red)  and  5HT  (Green)  axons  around  
motoneurons  (ChAT,  White)  below  in  the  injury  in  the  lumbar  ventral  horn.  Scale  bar,  50  μm. K, vGluT1 positive 
boutons (yellow) from Group-Ia afferents in proximity to motoneurons (ChAT, Cyan) below the injury (L1-4). Scale bar, 25 
μm. l, Quantification of vGluT1 positive boutons opposed to motoneurons (mean ± SEM, unpaired Student’s t test 
***P<0.001, n = 10/group). m, The amplitude of the H-wave significantly increased after treatment with CSP-TTK21 (mean 
± SEM, One-way ANOVA, Tukey’s post-hoc * P<0.05, n = 10/group). 
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