[ Scientific Review Synthesis J

Aging Insights
from the Chronic

Parabiosis Model / //

Unlocking systemic regeneration through young plasma | .-~ _
factors, molecular pathways, and tissue penetrance. : N7

| Chronic parabiosis models demonstrate that circulating factors

in young blood can reverse aging markers, rebuild tissue
architecture, and restore homeostasis in aged organs.




Systemic Regeneration Through Young Plasma Factors

Primary Target Systems:

The model demonstrates profound
dual-pronged regeneration in both
Skeletal Muscle architecture and the

Hematopoietic Stem Cell (HSC) niche.
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Systemic factors in young plasma
/7 possess the capacity to override
SYStEI'nIE on dormant or dysfunctional tissue.
Plasma Factors
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The Paradigm:

age-related decline, acting directly

The Mechanistic Balance:

Regeneration relies on two
distinct actions: aggressively

/_ activating myogenic proliferation
while simultaneously suppressing
inflammatory senescence (SASP).
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Mapping the Rejuvenation Targets

Skeletal Muscle Hematopoietic & Inmune System

Objective: Structural Rebuilding. Objective: Immune Homeostasis.

Action: Activation of dormant satellite cells, robust myogenesis, Action: Targeting HSCs, B cells, and NK cells to reverse dysfunction.
and extracellular matrix (ECM) remodeling.

- Notable Exception: T-Cells and the broader lymphatic system
- show no direct impact or alteration in this specific model. :




The Three Pillars of Muscle Regeneration

Phase 1:
Satellite Cell
Proliferation

Waking the dormant progenitors.

Expanding the pool of myogenic
stem cells to initiate the repair
the repair cascade.

Phase 2:

Myogenic
Differentiation

Cellular maturation.

Transitioning proliferating
progenitors into mature,
functional muscle cells.

Phase 3:

Tissue Repair
& Remodeling

Structural integration.
Increasing overall muscle mass,

volume, anc
new cel
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physically integrating
s into the existing
ular Matrix (ECM).



Systemic Activators of Myogenesis

Intravascular Space
Plasma Hormones Cytokines & Ligands
Testosterone circulates in high concentrations Plasma factors including LIF, ADM, ADAMTS1,
in young blood, acting as a direct systemic IL-27, IL-10, IL-22, and LTA bind to specific
driver for satellite cell proliferation. cellular receptors. (Note: ADM/ADAMTS1 and

LIF drive critical IGF1 and Notch signaling).

Cell Membrane

Intracellular Space

|_Th+e.~ Master Requlator j

These converging extracellular signals
activate PGC1q, the master
intracellular transcription factor that
serves as the engine for robust

| downstream myogenic activity. I




Intracellular Effectors and Inflammatory Blockades
I |

Driving Myogenesis

Transcription factors MyoD1 and Myf5 are
mobilized. These are the primary myogenic
differentiation factors that transform

megeniturs into mature muscle tissue.

Inflammation

Differentiation

I_Suppressing Inﬂ:enmm:atin::mj

Intracellular factors sFRP1, Crypto, and
DKK1 are activated specifically to block
TGF-B and Wnt pathways. Without this
blockade, TGF-B and Wnt would trigger

chronic inflammation and halt the repair

I_ process. _l



Remodeling the Cellular Microenvironment

E Neural Reinnervation

GDF5 specifically enhances motor

neuron reinnervation. Structural repair
is useless without restoring functional
electrical movement, 7

Cell-to-ECM Adhesion

CDH5 and VCAM1 proteins increase
physical interaction between new
cells and the Extracellular Matrix,
allowing aged or damaged tissue to
physically remodel. 7

Angiogenesis

O 7 /. Systemic plasma factors (including
SRS ' Collagens and Thrombospondins)
force vascular remodeling to
establish new blood flow, feeding
the high metabolic cost of tissue
regeneration.
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Protecting Hematopoietic Stem Cells from Senescence

SASP & Chronic
Inflammation
The Aging Threat _I '_

The Plasma Intervention

Biological aging drives
profound HSC dysfunction,
triggering cell cycle arrest and
the Senescence-Associated
Secretory Phenotype (SASP).

Young blood factors including
G-CSF, SCF, IL-7, and IL-10
target the HSC niche directly.

~ HSC
'Homeostasis

SASP & Chronic A\ SASP & Chronic
Inflammation : ; Inflammation

I_ The Primary Mechanism _I

Unlike skeletal muscle (which is primarily driven by activation),
immune rejuvenation relies overwhelmingly on the inhibition of

destructive, age-related inflammatory cascades.




Dismantling the Senescence-Associated Secretory Phenotype (SASP)

Molecular Blockade
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Halts the primary transcription Suppresses this histone By neutralizing these factors, the
factors responsible for demethylase, thereby preventing cell prevents the pathological
unleashing heavy inflammatory the activation of CDKN2A unspooling of compact DNA that
cytokines (IL-1B, IL-1q, IL-6, (p16/p14) which causes cell allows senescence-associated
TNF-a, CCL5). cycle arrest, and blocking genes to be expressed.
SMAD/TGF-B signaling.




Epigenetic and Mitochondrial Rescue
in Immune Cells

YY1 Inhibition Mitochondrial Reactivation
Young blood factors suppress YY1 By unblocking these pathways,
transcription activity. This prevents mitochondrial metabolic function is restored.
the downstream inhibition of This directly rescues NK cell motility and
SIRT6 and Tcf19. baseline HSC proliferation capacity.

Systemic Enhancers

The presence of circulating CCL3, CCL4, and VEGFA in the plasma
further acts to inhibit aging markers and lock in HSC homeostasis.




The Dual Mechanisms of Tissue Rejuvenation

Biological Dimension Skeletal Muscle System
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Primary Action Protocol Activation & Proliferation Inhibition & Suppression

Key Circulating Drivers Testosterone, LIF, ADM G-CSF, SCF, IL-10, CCL3/4

Master Regulators PGC1a, MyoD1, Myf5 ATF3/4, KDMG6B, YY1

Architectural Remodeling Homeostatic Rescue &

Itmets Qutcome & Volume Generation Senescence Blockade




The Translation Gap in Systemic Rejuvenation

The Physiological Question The Reality of Parabiosis

We know young plasma factors (like LIF or G-CSF) Systemic rejuvenation is not instantaneous. It
trigger transcription factors inside tissue cells. But requires proteins to physically navigate and
how do these large circulating proteins physically equilibrate across distinct, fluid-filled biological

reach the intracellular space of an organ? compartments over time.




The Three-Compartment Delivery Model
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Intravascular Space °

2. Interstitial Fluid
(Tissue Space)

3. Intracellular |
Space

1. Intravascular Space (Plasma)

~3 Liters. The initial delivery vector.
This is where young blood factors
(LIF, Testosterone) are introduced
via circulation.

2. Interstitial Fluid (Tissue Space)

~12 Liters. The critical, massive transit
zone. Plasma proteins must slowly
diffuse out of the blood and equilibrate
within the extracellular fluid surrounding
the organs.

3. Intracellular Space

The final destination. Factors bind
to cell surface receptors (e.g.,
triggering PGC1la or suppressing
KDMB6B) to enact genetic and
structural changes.




Quantifying Tissue Penetrance with In Vivo Microdialysis
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Inserting a semi-permeable microdialysis
capillary directly into the tissue space of
a live subject.
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The Application

Continuously sampling the interstitial fluid
to quantify the exact concentration and
diffusion rate of systemic factors as they
leave the bloodstream and arrive at the
tissue microenvironment.
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The Result

Bridging the gap between theoretical
biological pathways and measurable,
real-world pharmacokinetics.
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Core Principles of Parabiosis-Driven Regeneration
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Networked, Not Singular

Parabiosis relies on a vast, interconnected
cascade of systemic factors (hormones,
cytokines, ligands) acting in concert. There is
no single magic bullet protein for aging.
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Tissue-Specific Protocols

Young plasma acts contextually. It builds skeletal
muscle via aggressive progenitor activation,
while it rescues the immune system through

the targeted inhibition of senescence.
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Clearance Senescence Markers

The Penetrance Imperative

Real-world therapeutic application depends as
much on the physiological transport of factors
across fluid compartments (Intravascular -
Interstitial) as on the genetic factors themselves.

Intravascular Space | Interstitial Fluid | Intracellular

(Plasma) . (Tissue Space) | Space
Systemic Factors Transit Zone ‘ Tar;i]et Tissue /
Cell Receptor
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