EXECUTIVE SUMMARY — SCI
REGENERATIVE PROTOCOL (VERSION
3.1)

A Translational, Multi Modal Regeneration Strategy for High Cervical
Spinal Cord Injury (C1-C4)

1. The Unmet Medical Problem

High-cervical spinal cord injury (C1-C4) remains one of the most devastating neurological
conditions known. These injuries disrupt not only motor and sensory pathways but also
respiration, autonomic stability, bladder control, cardiovascular regulation, and temperature
homeostasis. Despite decades of research, there are currently no approved therapies
capable of regenerating the spinal cord or restoring meaningful neurological function.
Existing treatments are limited to stabilization, rehabilitation, and chronic assistive
technologies. Patients frequently remain permanently ventilator-dependent, paralyzed, and
at high risk of life-threatening complications.

A regenerative therapy that re-establishes functional neural architecture in the injured
cervical spinal cord would address a profound unmet clinical need and transform long-term
outcomes.

2. Core Scientific Concept: Re creating an Embryonic
Permissive State

Version 3.1 introduces an integrated regenerative strategy based on a simple biological
insight: during early development, the spinal cord possesses the ability to grow, guide, and
connect axons across long distances — an ability that is lost in adults.

The objective is to reconstruct this embryonic permissive state, but only locally and
temporarily, at the injury site, using three converging technologies:

1. Molecular Reset (Gene Reprogramming + Morphogens)



e SOX2 + NeuroD1 convert glial scar cells into neurons.
e SHH, Wnt, RA, FGF, BMPs, and neurotrophins re-establish developmental gradients.
e This reconstructs a pro-growth molecular environment similar to embryonic spinal

cord formation.

2. Structural Guidance (Autologous Graphene Enhanced Matricelf
Scaffold)

e Provides physical alignment channels.
e Conductive graphene improves axon directionality and supports electrical activity.
e Scaffold stiffness, pore geometry, and curvature are engineered to match native

spinal ECM.

3. Closed Loop Electrical & Plasma Stimulation
e Al-guided stimulation reinforces correct synaptic connections (Hebbian timing).
e Non-thermal plasma provides bioelectric fields + ROS signaling to enhance regrowth.
e Real-time EMG, fMRI, and scRNA-seq feedback allows fully adaptive dosing and

stimulation.

Together, these components rebuild the neurodevelopmental program inside an adult spinal
cord, then guide the tissue forward through structured motor —» sensory - autonomic
reintegration phases.

3. Safety Innovations and Readiness for
Compassionate Use

This protocol incorporates more safety systems than any comparable experimental
neuroregenerative therapy. It includes:

Genetic Safety



e Dual suicide genes (iCasp9 + HSV-TK) ensure elimination of off-target
reprogrammed cells.

e AAVrh.10 vector chosen for low immunogenicity; controlled by Tet-On promoter.

Physiological Safety

e Biomarker thresholds (NfL >1500 pg/mL or miR-124 | 40%) automatically halt
treatment.

e N-acetylcysteine (NAC) infusion protects against oxidative plasma effects.

e Glycopyrrolate prevents neostigmine-induced bradycardia.

Al & Device Safety

e FDA-style fallback algorithms ensure safe stimulation if Al fails.
e Blockchain-verified decision logging provides medical-legal traceability.

e Human-override capability remains available at every stage.

Immunological & Oncological Safety

e Corticosteroid pulses minimize AAV immune response.

e Monthly PET-MRI scans screen for any abnormal proliferative activity.

Because all major risks have corresponding, validated mitigation strategies, Version 3.1 is
structurally compatible with compassionate-use frameworks for otherwise fatal or irreversible
high-cervical SCI cases.

4. Components with Existing Human Data or Imminent
IND Status

Below is a list of the protocol’s elements that have already achieved human trial data, active
INDs, or late-stage preclinical readiness, meaning they can realistically be assembled into a
near-term clinical pipeline:



1. ONWARD ARC EX/ARC IM Electrical Stimulation System

Human trials show recovery of hand and trunk function in chronic SCI patients.

Directly compatible with paired motor/sensory stimulation phases.

2. Matricelf Autologous ECM Scaffold

Already implanted in humans for cardiac and ocular indications; spinal IND filing

planned 2026.

Personalized scaffold technology appropriate for spinal application.

3. AAVrh.10 Gene Delivery Platform

Already used in human CNS gene therapy trials (late-phase).

Low immunogenicity makes it suitable for glial reprogramming in SCI.

4. Chondroitinase ABC (ChABC)

Used in multiple large-animal SCI models.

Human clinical testing anticipated soon (strong translational data).

5. Anti Nogo A Antibodies

Tested in human clinical trials in Europe for SCI.

Showed encouraging signs of improved motor recovery.

6. Cold Atmospheric Plasma (CAP)

FDA-cleared for wound healing;

Recent animal studies demonstrate nerve regeneration safety and efficacy.



These components provide the regulatory backbone for a near-term IND application and
offer ethical justification for compassionate-use treatment in ventilator-dependent cervical
SCI patients.

5. Conclusion

Version 3.1 of the SCI Regeneration Protocol represents the first comprehensive,
multi-modal, safety-engineered attempt to restore function in high-cervical spinal cord injury
by re-activating the body’s early developmental machinery, guiding reconnection with
Al-supported stimulation, and stabilizing outcomes through autologous biomaterials and
precision biomarker monitoring.

With its heavy reliance on technologies that already have human safety data, and a risk
mitigation framework tailored to neurosurgical and gene therapy standards, this protocol
stands as a credible candidate for preclinical large-animal trials, Phase 0 exploratory IND, or
compassionate-use implementation in catastrophic SCI cases.

Regenerative Protocol for Spinal Cord Injury (SCI) - Version 3.1: Translational Clinical
Framework

Obijective:

To develop a clinically viable, safety-optimized, and biomolecularly precise regenerative
therapy for high cervical spinal cord injury (C1-C4) using gene therapy, neurotrophic
modulation, Al-guided stimulation, plasma-enabled neuroregeneration, and biomaterial
engineering.



1. Chemical Dosing Summary (Revised for Safety)

Compound Role Daily Dose  Administration Notes

Folinic Acid  DNA repair & cell division 1 mg/day Intrathecal Catheter Replaces
folic acid; superior CNS uptake

Sonic Hedgehog (Shh) Motor neuron induction 100 pg/day Intrathecal
Catheter Tapers after Day 7

BMPs Sensory neuron induction 3.5 ng/day Intrathecal Catheter Constant dosage
Retinoic Acid (RA)  Spinal identity 3.0 ng/day Intrathecal Catheter Peak at Day 5-7
Wnt  Axon guidance 1.2 ng/day Intrathecal Catheter Parabolic trend

FGF Neural elongation 2.4 ng/day Intrathecal Catheter Stable

Estrogen/Progesterone Neuroprotection 10 yg/day Intrathecal Catheter
REDUCED DOSE; nanoparticle encapsulated

IGFs Neuron/glia survival 2.5 ng/day Intrathecal Catheter Peak Days 6-8
BDNF Synaptic plasticity 2.0 ng/day Intrathecal Catheter Supports recovery
NT-3 Axon growth 1.5 ng/day Intrathecal Catheter Corticospinal emphasis
GDNF Motor neuron repair 1.0 ng/day Intrathecal Catheter Mid-phase peak

NGF Sensory pathway repair 0.5 ng/day Intrathecal Catheter Reduces dorsal
horn pain risk

CNTF Glial support 0.2 ng/day Intrathecal Catheter Astrocytic healing

2. Stimulation Schedule (Aligned with Phasing)



Day(s) Target Area Purpose

1-2 Ventral horn + Phrenic Initiate motor/respiratory pathways
3-6 Facial to hand musculature Map motor cortex to periphery
7-10 Trunk/core  Posture/respiratory support

11-28 Full motor cycling Lock in motor circuits

29-56 Whole-system low freq. Active rest phase

60-98 Dorsal sensory tracts Sensory reintegration

99-112 Paired sensorimotor zones  Final coordination

113-140 Baroreflex + pelvic nerves  Autonomic restoration

3. Administration Method

. All compounds via programmable intrathecal catheter

. Cold plasma via endoscopic applicator (<40°C, 5 W/cm? pulsed)

. Electrical stimulation via Al-modulated EMG/fMRI feedback

. ROS mitigation via 10 mg intrathecal N-acetylcysteine (NAC)

. Dosing adjusted in real-time using 10x Genomics & NanoString CosMx
scRNA-seq

4. Protocol Phasing (Clinical Translation)



Phase 0: Glial Reprogramming (Days 0-2)

. AAVrh.10 vector: SOX2 + NeuroD1, iCasp9 + HSV-TK suicide genes
. Tet-On control + magnetic nanoparticle targeting
. Cold plasma ablation of glial scar

Phase 1: Motor Regeneration (Days 1-28)
. SHH, RA, FGF, BDNF + cold plasma (2 min/day)

. Ventral stimulation + Hebbian reinforcement

Phase 2: Sensory Integration (Days 60-98)

. BMPs, NGF, NT-3
. Week 1: Light touch only
. Weeks 2-4: Temp/pressure exposure

Phase 3: Sensorimotor Fusion (Days 99-112)
. Paired zone stimulation + Al refinement

. Final cold plasma mapping

Phase 4: Autonomic Restoration (Days 113-140)
. Neostigmine 0.02 ug/day + Glycopyrrolate 0.01 mg IT

. Pelvic reflex & bladder control retraining



5. Risk Mitigation Matrix

Risk  Mitigation Strategy

Tumorigenesis Suicide genes + monthly PET-MRI
Immune reaction AAVrh.10 + corticosteroids
Bradycardia Glycopyrrolate co-administration

ROS damage Real-time glutathione/NAC infusion

Axon misguidance  Al-controlled morphogen gradients
Autonomic dysreflexiaNO-releasing nanoparticle system

Al failure Blockchain logs + FDA fallback algorithms

HALT if:
. Serum NfL >1,500 pg/mL
. Exosomal miR-124 drops >40% from baseline

6. Biomaterial Specification

. Scaffold: Graphene-enhanced Matricelf
. Pore: 20-40 ym (vascularization)
. Curvature Activation: 32°C

Stiffness: 0.5-1.5 kPa



7. References (Key Citations)

. Estrogen: PMID 28979667

. Folinic Acid: PMID 15293274

. Neostigmine: Anesthesiology. 2018;129:435-441
. Plasma: Sci Adv. 2022;8:eabn3298

. Autonomic Priority: J Neurotrauma. 2023;40:1021-1034



