IPSC-Derived
Neural Therapies:
From Spinal Cord
Repair to Systemic
Rejuvenation

Synthesizing in vivo outcomes,
manufacturing bottlenecks, and novel
frameworks for cell-mediated repair.




Executive Summary:
The Bench to Bedside Translation
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(The Bench) (The Bottleneck)
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Progenitor Cells (NPCs) ) constrained by extended
consistently restore motor T differentiation timelines,
function, myelination, and high costs, and the biolo-
immunobalance in SCID spinal gical ‘quantum measurement’
cord injury models. problem of stage-locking.
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- Future therapeutic scale
relies on manipulating the |
intravascular-to-interstitial
signaling axis via soluble |
factors and autologous
trigger mechanisms.



Target |dentity:
Engineering the Neural Lineage
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Target State: Neural Progenitor
Cells (NPCs)

Target Purity: >80-90% isolation
required for therapeutic efficacy

Multipotency Functional Ratio: Physiological
(Progenitors) symptom control requires specific
neural-to-glial ratios (commonly
\ \ 1:10, up to 1:1 depending on
target)
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Experimental Architecture:
The Spinal Cord Injury (SCI) Model
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In Vivo Outcomes: Local Integration and Motor Recovery

Functional Recovery Cellular Engraftment
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Mice treated with day-30 NPCs demonstrated Immunofluorescence tracking at 5 weeks
statistically significant recovery in post-injection confirms robust cell
motor function, measured via quantifiable survival. Transplanted cells successfully
reflex and grip strength metrics compared engrafted at the local lesion site, creating

to the untreated control group. the foundation for tissue repair.




Mechanism I: Restoring the Electrical Architecture
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1. Action Potentials h

o

Transplanted cells are
electrophysiologically active.

Patch-clamp data confirms mature sodium and
potassium channel activity at Days 15 and 20,
proving the cells act as functional neurons
capable of signal transmission.

2. Myelination Recovery i

Functional signal transmission relies
entirely on intact myelin sheaths.

The in vivo model demonstrates localized myelin
repair at the lesion site, directly correlating
with the restored action potentials and
subsequent motor recovery.




Mechanism |l: Transcriptomics and Microenvironment Modulation

scRNA-seq Data b

Cellular profiling confirms the
Vifug  TUEeEnaLEn differentiation of specific
interneuron subsets, acting as the
crucial ‘bridges’ for neural circuitry

Markers

repair.
Immunomodulation via Wnt Pathway
n . \
Pro i[n_fllgmma., Anti-Inflammatory Transplanted NPCs actively
:\-'-::;,_,‘-‘e + ARG1 alter the local immune

microenvironment,
suppressing hostile
inflammation and creating a
permissive zone for neural
regeneration.
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The Translation Bottleneck: Friction in Commercialization

= = /\ 1. Time & Cost:

Culturing iPSCs through multi-stage dif-
ferentiation requires 12 to 30 continuous
days. Extended in vitro timelines expon-

Academic Discovery entially increase operating costs and
| . contamination risks. r

r& 2. Impurity Clearance:

Eradicating undifferentiated or improperly
P staged cells is highly complex. Achieving
the strict >80% purity threshold required
for human trials remains a massive
engineering hurdle.
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. AX 3. Stage Instability:
Commercial Cells are highly sensitive to their culture
Manufactu ring media. Changing conditions can cause
intended NPCs to spontaneously

differentiate into unintended lineages.




The “Ouantum Measurement” Problem of Cell OC

The Commercial Reality

/I\ The Amplification Dilemma

Scaling to millions of cells requires rigorous
Quality Control (QC).

The Identity Shift

Extracting a sample from a T75 flask to verify
its differentiation markers removes it from its
specific media environment.

The Insight: In biology,
measurement alters the subject.
You cannot verify a living
cell’s state without altering
its environment.

& The Frozen State

It is exceptionally difficult to “stage-lock”
cells—holding them in the exact Neural Progenitor
state—while conducting necessary QC, without the
cells differentiating further or degrading.




Systemic Rejuvenation: The Intravascular-Interstitial Axis

Intravascular Space (The Delivery Route) Interstitial Space (The Target)
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This is the only space The local microenvironment

of specific organs. Direct
intervention here is largely
The Strategy: Systemic repair impossible outside of

requires altering the accessible HAghiy  invasive SUrgery.

Intravascular compartment in order =
to influence and reprogram the

inaccessible Interstitial compartment.

clinicians can easily access
and manipulate directly.




The Soluble Factor Challenge: The Gradient of Efficacy

The Mechanism: MSCs and
EPCs secrete powerful repair
factors (soluble factors, EVs).
Utilizing conditioned media
bypasses the risk of

whole-cell engraftment.

The Question: How can we
achieve a biologically active,
localized therapeutic dose of
non-specific factors at a
target organ when systemic
delivery mandates massive
dilution?
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The "Spark” Hypothesis: Triggering Autologous Repair

Biological Activity
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Breaking Arrest: Aged tissue cells
are stuck in cell-cycle arrest (GO).
The goal is not continuous
supplementation, but an initial
biological activation.

Time

The Engine Metaphor: Like starting

a car engine, continuous key-turning
is not needed. A single, highly
potent stimulus can knock local
cells out of arrest.

Autonomous Healing: Once activated
by systemic factors, the body's
autonomous healing mechanisms take
over, making continuous dosing
redundant.




Strategic Synthesis
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1PSC-derived neural .~ The biological reality of Moving beyond localized
progenitors successfully — the “observer effect” makes — injection requires mastering
engraft, restore myelination, cell QC and stage-locking intravascular delivery of
and drive functional motor the primary commercial soluble factors and
recovery in complex in vivo hurdle, overshadowing basic leveraging the “Spark
models. . research challenges. Hypothesis” to trigger
I autonomous rejuvenation.
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