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What is Gene Addition 

Therapy

•Adds functional gene to 
supplement faulty or missing 

gene



How  it Works: Vectors 

and Delivery
DHL Trucks:

Viral vectors 

Non-viral Vectors: 

-plasmids 

-nanoparticles

The Package: The Gene (Transgene) Delivered

Delivery Address: Cell Nucleus



What is Really Happening 

Functional gene delivered 

>>> taken up by cells and 

installed >>> a protein 

produced >>> that protein 

restores or enhances 

cellular function



Real Life Scenario

Let Us Explore Follistatin Gene 

Therapy

1. Follistatin builds muscle

2. Follistatin lowers 

cholesterol

3. Follistatin helps reduce 

arterio- sclerotic 





Age and Muscle: Sarcopenia and 

Dynapenia

 Muscle mass declines 0.5–1.0% per year after 
age 50

 Accelerates to 0.8–1.0%/year in men and 0.6–
0.7%/year in women after 70

 Strength declines 2.5–4%/year — 2–5× faster 
than mass loss

 Accelerated after age 60 due to NMJ degeneration 
and motor unit loss



Aging and The Neuromuscular 

Junction

 Structural decline: axonal thinning, synaptic 
fragmentation, reduced endplate density

 Functional decline: impaired acetylcholine 
transmission, increased jitter, partial 
denervation

 Compensatory sprouting slows early loss but 
fails with age

 Clinical result: loss of motor units → 
weakness > atrophy



Pathophysiology of Muscle 

Aging

 Myosteatosis: infiltration of fat into and between 
muscle fibers

 Anabolic resistance: reduced protein synthesis 
response to nutrition/exercise

 Neural remodeling failure: incomplete motor 
unit reinnervation

 Combined → loss of quality > loss of quantity



The Myostatin Molecular Axis

 Myostatin (GDF-8) → 
binds ActRIIB/ALK4-5 receptor 
complex

 Activates Smad2/3 → 
suppresses PI3K/Akt/mTOR signaling

 Inhibits myofibrillar protein synthesis, 
satellite cell proliferation

 Follistatin: neutralizes Myostatin, 
Activin A, and GDF11 → restores 
anabolism



Follistatin is a 

Multifunctional Regulator
Pathologic state:

 Myostatin & Activin A bind ActRIIB → 
Smad2/3 activation → inhibits mTOR

 Label: “Suppression of muscle synthesis”

Follistatin binding:

 Follistatin binds Myostatin/Activin → 
neutralizes receptor interaction

 Label: “Follistatin blockade of TGF-β 
ligands”

Restored anabolic pathway:

 PI3K → Akt → mTOR activation → ↑ 
protein synthesis, ↑ NMJ stability

 Label: “Anabolic restoration and 
hypertrophy”



Species Ratio Table and 
Translational Implications

Species differences in Myostatin : Activin A ratio determine 
therapeutic response

 Rodents: ≈10 : 1 → exaggerated hypertrophy

 Non-human primates: ≈1 : 1 → partial translational match

 Humans: ≈0.46 : 1 → Activin predominance, attenuated 
response

 Implication: FST’s multi-ligand blockade is essential for 
human efficacy





Extrapolating from Mice

Translational Limitations of Rodent Data and 

Human Receptor Sensitivity

 Rodent models overestimate response due to:

o High ActRIIB receptor density

o Dominant myostatin signaling vs activin A

o Shorter neuromuscular conduction 
distances

 Humans: lower receptor expression, mixed 
ligand signaling, slower turnover

 Implication: need for multi-ligand and NMJ-
supportive therapy for efficacy



Age and Anabolic Resistance and Nutritional Thresholds

 Aging muscle shows reduced sensitivity 
to amino acids → “anabolic resistance”

 Requires ~1.2–2.0 g protein/kg/day (vs 
0.8 g/kg/day RDA) to stimulate synthesis

 Leucine is the key trigger for mTOR 
activation (threshold ≈ 2.5 g per meal)

 Exercise + protein timing → synergistic 
rise in MPS (≈ +60 %)

 Anabolic resistance blunts FST 
response unless nutrition is optimized



Multi-Omic Determinants of Muscle Aging
 Integrated transcriptomic, proteomic, and 

metabolomic data reveal complex regulation

 Key disrupted pathways: mitochondrial 
energetics, inflammation, protein turnover

 Network analysis (2025): central hubs = 
IGF-1, FOXO3, SIRT1, FST, and PGC-1α

 Aging muscle = pro-inflammatory, 
hypoanabolic, oxidatively stressed state

 Therapeutic implication: multi-target 
modulation (e.g., FST + metabolic support) 
outperforms single-gene therapy



Systemic vs Targeted Follistatin Delivery

 Two main delivery systems:
o Minicircle DNA FST: systemic, non-targeted expression
o AAV-FST (AAVX, FS344): skeletal muscle–restricted expression

 Systemic exposure → circulating FST, broad TGF-β suppression → 
cardiac risk

 Muscle-targeted AAV-FST → localized hypertrophy, preserved cardiac 
function

 Key safety differentiator: promoter specificity (MCK, desmin)





Mechanistic Comparison: Systemic vs Targeted Outcomes

 Systemic (Minicircle) FST:

o Circulating FST → global activin/TGF-β 
blockade

o ↑ muscle mass, but off-target suppression in 
cardiac tissue

o Risk: fibrosis, hypertrophy, arrhythmia

 Targeted (AAV-FST):

o Promoter-constrained to skeletal muscle 
(MCK, desmin)

o Maintains cardiac signaling balance

o ↑ strength & hypertrophy with preserved 
ejection fraction

 Outcome: Localized = safe; systemic = risky



Cardiac Safety and Functional Outcomes in 
Preclinical Studies

 Systemic FST exposure (minicircle): cardiac hypertrophy, fibrosis, 

arrhythmogenic potential

 AAV-FST (skeletal-restricted): preserves ejection fraction, normal wall 

thickness

 Non-human primate (AAV1-FS344): ↑ muscle mass 15–30% with no 

cardiac remodeling

 Histopathology: absence of collagen deposition or myocardial disarray

 Supports tissue-specific expression as key to safety





AAV Clinical Efficacy Data: Functional and 
Structural Gains

 AAV1-FS344 (non-human primates): ↑ muscle size 
+ strength sustained >15 months

 Becker MD (Phase I/II, Mendell 2015):

o 6MWT: +58–125 meters

o ↑ torque, no hormonal or cardiac changes

 Inclusion Body Myositis (NCT02500017):

o +56 m/year vs –25.8 m/year in controls

 Effect durability: persistent expression without 
immune rejection

 Confirms functional as well as morphological 
benefit



Follistatin vs Myostatin and 

Testosterone Therapies
• Meta-analysis (n=15,432): FST 
outperforms other anabolic 
interventions in mass & strength 
gains 

• Muscle Mass (SMD):

• FST (innervated): 2.3

• Myostatin inhibitors: 0.68

• Testosterone: 0.82

• Strength (SMD):

• FST (innervated): 1.8

• Myostatin inhibitors: 0.22

• Testosterone: 0.54

• FST advantage: multi-ligand 
inhibition, NMJ preservation, 
endocrine neutrality

• Testosterone: improves strength but 
with higher CV risk



Mechanistic Synergy: FST + Exercise and IGF-1 
Pathway Integration

 Exercise + FST → synergistic activation 
of PI3K/Akt/mTOR and satellite-cell 
proliferation

 Exercise elevates endogenous FST and IGF-
1 → amplifies AAV-FST effects

 IGF-1 and insulin signaling required for full 
hypertrophic response

 Clinical data: exercise + FST → >2× muscle 
protein synthesis (MPS) vs either alone

 Practical implication: physical activity = 
essential cofactor for FST therapy



Neuromuscular Junction Preservation: FST’s 

Unique Neuroprotective Role

• Aging: NMJ instability → 
denervation, jitter, 
transmission block

• FST therapy enhances NMJ 
integrity even without 
preventing neuron loss

• Aged mice: ↓ jitter (10 μs
vs 16.5 μs), ↓ blocking (4% 
vs 25%) after AAV-FST 

• Improved synaptic fidelity → 
proportional gains in 
strength and coordination

• Suggests FST supports both 
muscle and motor neuron 
signaling units



Timing of Intervention: The NMJ Integrity 

Window (Ages 50–80)

• NMJ deterioration is progressive but 
predictable

• Preclinical timeline:
• 50–60 y: <5% denervation → optimal prevention window

• 60–70 y: 10–15% failure → early intervention

• 70–80 y: >25% denervation → limited efficacy

• >80 y: therapeutic resistance (>20% denervated fibers)

• FST efficacy highest when NMJ intact (RR 0.32 
prevention vs 0.89 post-denervation) 

• Timing = cornerstone of translational success





Comparative Safety Analysis: FST 

vs Other Gene Therapies

• AAV-FST (muscle-targeted): benign AE 
profile; cardiac neutrality when expression is 
skeletal-restricted

• Systemic FST (minicircle): off-target TGF-β 
suppression → hypertrophy/fibrosis risk (cardiac)

• Other AAVs (e.g., micro-dystrophin, SMA): dose-
linked transaminitis, thrombocytopenia, rare 
TMA/myocarditis events

• Risk mitigators: muscle-specific promoters 
(MCK/desmin), dose banding, brief steroids, APC 
detargeting (miR-142/223), serotype rotation



Translational Outlook: 

Comparative Toxicity and 

Regulatory Readiness
• Toxicity summary: FST ≤10% adverse 

events vs 60%+ for systemic 

myostatin blockade 

• Serious AE rates:

• FST 2% | Myostatin inhibitors 8% 
| Testosterone 6%

• No hepatotoxicity, coagulopathy, 
or vector-related deaths in AAV-FST 

studies

• Regulatory trajectory: parallels 

SMA and DMD programs (Phase I → 

pivotal in 4–6 yrs)

• Primary gating factor: immunologic 

monitoring, not transgene safety



How do we improve on this data –

Therapy Design

• Increase targeting

• Decrease off targeting

• Reduce dose = Reduce cost 

• Reduce dose = Reduced toxicity

• Reduced dose = Increased safety

This is where Triple Helix 

Leads



















Design Makes a Difference

Minicir

cle 

Follist

atin

Tripleh

elix 

Follist

atin







Gene Expression Levels: Plasmid vs AAV

PLASMID: AAV:

WWW.TRIPLEHELIXSCIENCE.COM



Minicircle Results









Triple Helix Gene 

Therapies

Follistatin

Klotho

hTERT

FGF21 

PGC1A

FOXO3

Others – 68 additional 
genes
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