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A novel therapeutic strategy (and drug candidate) for treating SCI

1. Abstract
The limited ability of the central nervous system (CNS) to regenerate damaged axons strongly 
restricts recovery from spinal cord injury (SCI) and other CNS trauma. Regeneration is 
suppressed by the lack of neuron-intrinsic regenerative capacity and by the neuron-extrinsic 
inhibitory environment of the injured CNS. To address this problem, we developed a therapeutic 
strategy that co-targets kinases in both extrinsic and intrinsic signaling pathways. We identified a 
kinase inhibitor (RO48) with advantageous polypharmacology (co-inhibits multiple intended 
targets and avoids detrimental off-targets). RO48 strongly promoted neurite outgrowth in 
cultured primary neurons in vitro and axon sprouting in a pyramidotomy model of spinal cord 
injury (SCI) in vivo. We then showed that RO48 promotes corticospinal tract (CST) sprouting 
and/or regeneration in multiple mouse models of SCI. Notably, these in vivo effects were seen in 
several independent experimental series performed in distinct laboratories at different times. 
Finally, in a cervical dorsal hemisection model, RO48 not only promoted growth of CST axons 
beyond the lesion, but also improved behavioral recovery in the rotarod, gridwalk, and pellet 
retrieval tasks. Hit-to-lead studies of RO48 revealed a clear structure-activity relationship (SAR), 
underscored the importance of its polypharmacology profile, and identified a lead candidate that 
is currently in preclinical development. Our results suggest that co-targeting protein kinases is a 
promising therapeutic strategy for SCI and related disorders. 

2. Machine learning and phenotypic screening identify a compound that strongly 
promotes neurite outgrowth
a) Drug targets were identified in both extrinsic and intrinsic signaling pathways of axon growth control (red 
circles). b) Co-inhibiting targets has a synergistic effect on neurite outgrowth promotion. c) Structure of 
RO48, a kinase inhibitor with favorable polypharmacology (strongly inhibits S6K1 and ROCK2). d) RO48 
promotes substantial neurite outgrowth in vitro. e) RO48 shows target engagement (TE) within live neurons 
in the concentration range where its effects on neurite outgrowth are observed. g) RO48 promotes robust 
neurite outgrowth in human iPSC-derive glutamatergic neurons. f) RNAseq reveals downstream pathways 
upregulated by RO48.
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iPSC-derived human glutamatergic neurons

Multipronged mechanism of action

3. RO48 promotes axon growth in multiple models of SCI and functional 
recovery after severe dorsal hemisection 
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a) Transverse sections of cervical spinal cord 7 weeks after unilateral pyramidotomy (PyX) or sham surgeries 
and co-injection of AAV8-GFP and test compounds into the sensorimotor cortex show 
increased contralateral axon sprouting in animals treated with RO48 for both Sham and PyX. b) 
Quantification of contralateral axon sprouting index in animals injected with RO48 or DMSO. Graph 
represents one data point per animal, mean, and 95% CI of sprouting index for animals with or without 
pyramidotomy (N = 12/group). *p < 0.05, ***p < 0.001. c) Representative sagittal sections (red line indicating 
C5 dorsal hemisection injury epicenter, 10 weeks post injury) show BDA-labeled CST axonal terminals at or 
beyond the lesion gap in animals that received DMSO vehicle, PF (~2 mg/kg), low dose RO48 (~1 mg/kg, 
RO_lo), or high dose RO48 (~7.5 mg/kg, RO_hi). d) Quantification of CST axons at different distances from 
the lesion site. Data are expressed as mean ± SEM. N = 6–8/group. ***p < 0.001, ****p < 0.0001, RO_hi vs 
DMSO; #### < 0.0001 RO_hi vs PF. e) Results for rotarod fall latency test. f) Results for pellet retrieval test. 
Data are expressed as mean ± SEM, N = 8, DMSO; N = 5, PF; N = 8, RO_lo; N = 6, RO_hi. ****p < 0.0001, 
*p < 0.05, RO_lo, RO_hi vs PF and DMSO; ++++p < 0.0001, ++p < 0.01, +p < 0.05, RO_lo, RO_hi vs PF; 
###p < 0.001, #p < 0.05, RO_lo, RO_hi vs DMSO; ^p < 0.05, RO_lo vs RO_hi.
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SCI model Question asked / 
Answer found

Experimental Result Species N per 
group

Outcome measure(s) Delivery method
Time of 

treatment 
onset

Dose Experiment 
duration

Pyramidotomy
Does delivering RO48 
into the CSF promote 

axon growth? YES
~200% relative to control Mouse 9

Sprouting of axons labeled 
with AAV8-GFP (injected 

intracortically)

Continuous infusion 
into the lateral ventricle 
from an osmotic pump

Day of 
injury 

(acute)
10 mg/Kg 4 weeks

Pyramidotomy
Does injecting RO48 

into the cortex promote 
axon growth? YES

250-300% relative to control Mouse 12
Sprouting of axons labeled 
with AAV8-GFP (injected 

intracortically)

Intracortical injection 
(compound mixed with 

the labeling virus)

Day of 
injury 

(acute)

0.125 
mg/Kg 4 weeks

Pyramidotomy 
(sham)

Is a recent injury event 
required for RO48’s 

effect? NO
250-300% relative to control Mouse 12

Sprouting of axons labeled 
with AAV8-GFP (injected 

intracortically)

Intracortical injection 
(compound mixed with 

the labeling virus)

Day of 
injury 

(acute)

0.125 
mg/Kg 4 weeks

Dorsal 
funiculotomy

Does RO48 promote 
axon growth after 

cervical spine injury? 
YES

Axon growth across lesion 
site, extensive sprouting 

rostral to lesion site, relative 
to control. 

Mouse 5-6
Axon growth rostral and 
caudal to lesion (CTB 

labeled). 
Intracortical injection

Day of 
injury 

(acute)

0.25 
mg/Kg 8 weeks

Severe Dorsal 
hemisection

Does RO48 promote 
functional recovery 
after cervical spine 

injury? YES

Axon growth across lesion 
site, extensive sprouting 

rostral to lesion site, relative 
to control. Significant 
behavioral recovery

Mouse 6-8

Axon growth rostral and 
caudal to lesion (BDA 

labeled). Behavioral outcomes 
(pellet retrieval, gridwalk, 
adhesive removal, etc)

Intracortical injection 
Day of 
injury 

(acute)

1 mg/Kg 
and 

7.5 mg/Kg
10 weeks

Jae Lee Lab (University of Miami)       Lemmon/Bixby/Ali lab (University of Miami)       Xiao-Ming Xu lab (Indiana University)

Summary of in vivo efficacy testing of RO48 (color-coded by performance site) 

4. Drug development efforts are ongoing in partnership with NIH/NINDS
RO48 is currently being developed into a clinical drug candidate in partnership with NINDS/NIH, under the 
Blueprint Neurotherapeutics Network (BPN) program. If all milestones are crossed, the candidate is 
projected to enter a Phase 1 clinical trial in 2025-2026. a) Example chemistry strategy. b) BPN 
organizational structure.

a. b.

RO48

5. In vitro and in vivo target engagement assays to enable development

NIH (NS124630-01, R01NS100531, R41TR002293, R01NS103481, R01NS111776), the Indiana 
Department of Health's Indiana Spinal Cord and Brain Injury Research Grant (ISDH58180), the University of 
Miami’s Wallace H Coulter Center, the State of Florida, and the Miami Project to Cure Paralysis.
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6. Summary and conclusions
1. We identified a small molecule compound that addresses multiple sources of CNS regeneration failure.
2. This molecule co-inhibits kinases that repress axon growth and activates multiple pathways that lead to 
striking neurite outgrowth in vitro and axon re-growth in vivo. The effect on axon regrowth is accompanied 3. 
by substantial functional recovery following SCI injury. We are developing this unique kinase inhibitor into a 
drug candidate in partnership with NINDS/NIH.
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a) NanoBRET in-cell Target Engagement profiling of RO48 analogs with ROCK2 and S6K1. Several analogs 
from our med chem program were selected to cover a range of neurite outgrowth promoting activity, 
represented as %DES. %DES is the normalized effect on neurite outgrowth promotion (relative to the parent 
compound, set to 100%) in the primary screening assay. In-cell target inhibition is expressed as pKD (pKD= -
log10[KD]), whereby higher pKD indicates stronger inhibition. Scatter plots depict the correlation between 
%DES and inhibition of S6K1, ROCK2, or PKCγ. %DES shows the highest correlation with combined 
engagement of S6K1 and ROCK2. b) Lumit add-mix-read immunoassay is being developed by Promega in 
collaboration with our lab to measure p-S6 (as a marker for S6K1 inhibition) in vivo. This assay will be used to 
track target engagement within the rat CNS in efficacy testing experiments.  
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