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Hemophilia A is a Rare Disease Amenable to Gene Therapy
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• Hemophilia A is an X-linked bleeding disorder caused 
by deficiency in coagulation factor VIII

⎼ Large cDNA (~7.1 kb) and complex protein

• Severity of hemorrhagic episodes tends to correlate 
directly with the plasma FVIII concentration, with the 
majority of patients with severe disease (<1% FVIII 
activity)

• Gene Therapy has the potential to deliver functional 
cures for Hemophilia A, however, current solutions 
only treat a subset of patients:

⎼ Utilize Adeno-associated virus (AAV)

⎼ Inability to re-dose with current technology

⎼ Not appropriate for use in juvenile patients

⎼ Challenges with safety, toxicity and immunogenicity

Palliative
• Factor Replacement
• Bi-specific antibodies

Curative
• Gene Therapy
• Liver Transplant

Spontaneous Bleeding
• Joint Disease
• Brain/GI BleedClotting 

Cascade Successful Hemostasis

FVIIIX

…
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Super piggyBac® (SPB) Is a Highly Efficient System for 
Transposing Transgenes into the Genome
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Co-delivery of both transposon and transposase required for genomic insertion

3rd Generation Super piggyBac (SPB) 
Transposase

ITRITR Cargo

Transposon

GOIPromoter pA

• Formulated as double-
stranded DNA

• Cargo comprises 
promoter, gene(s) of 
interest (ORF), and 
regulatory elements

• Formulated as mRNA

• Transient expression is 
adequate for high-
efficiency transposition; no 
concerns from persistent 
transposase expression

• SPB-mediated genomic insertion of 
genetic cargo to address early-onset 
genetic deficiencies



Lipid Nanoparticles Enable In Vivo Use of SPB for 
Gene Therapy
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• Biodegradable lipid nanoparticles (LNPs) deliver 
SPB transposase and human FVIII (hFVIII) 
transposon (therapeutic transgene)

• Very large cargo capacity for SPB and LNP

• Stable integration of functional hFVIII gene into 
genome

• Durable hFVIII expression in growing liver

• Possibility of repeated dosing to efficacy

hFVIII
Transposon LNP

Super piggyBac 
Transposase LNP

+

Therapeutic Transgene (DNA)

mRNA

Super piggyBac (SPB) mRNA Transposase LNP

FVIII DNA Transposon LNPSPB Dual LNP Approach



Biodegradable Lipid Nanoparticles Enable Liver Delivery

A m e r i c a n  S o c i e t y  o f  H e m a t o l o g y  ( A S H )  6 4 t h A n n u a l  M e e t i n g  2 0 2 24

Transposase Expression

• Poseida LNP platforms comprise biodegradable ionizable lipids which are rapidly 
cleared from the liver 

• The SPB transposase protein is expressed only transiently in hepatocytes

Transposase Expression

SPB protein expression following LNP 
delivery in WT mouse liver by 
immunofluorescence

Vehicle SPB

• SPB expression in liver measured by ELISA in WT mice

• Cationic lipid concentration in liver measured by LC-
MS/MS (0.5 mg/kg) in WT mice

Cationic Lipid Clearance

mRNA Lipid Nanoparticle

• mRNA comprising SPB 
transposase

• Liver-tropic LNP 
composition 

• Biodegradable ionizable 
lipid
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LNP Platform Is Unconstrained by Cargo Capacity Limitations
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• Panel of hFVIII transposons with 
variable promoter, UTR, coding 
sequence, and other regulatory 
elements  (>7Kb)

• Transposons formulated as LNP

• Transposon LNP co-administered with 
SPB LNP as single dose IV to juvenile 
BALB/c mice (n=5-7)
⎼ Transposon DNA-LNP: 0.25 mg/kg

⎼ Transposase mRNA-LNP: 0.5 mg/kg

• hFVIII plasma levels measured by 
ELISA after 1 week

FVIII Expression in Juvenile WT Mice
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SPB Significantly Increases Expression of hFVIII Transgene
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• Dual-LNP co-administered as single 
dose IV to juvenile BALB/c mice (n=4)
⎼ Transposon DNA-LNP: 0.25 mg/kg 

⎼ Transposase mRNA-LNP: 0.35 mg/kg 

• hFVIII plasma levels measured by 
ELISA after 1 week

• Results:

⎼ Significantly (>10X) greater hFVIII
antigen levels measured with 
integrating piggyBac system compared 
to non-virally delivered DNA alone

FVIII Expression in Juvenile WT Mice

Untreated FVIII DNA FVIII DNA +
Catalytically-Dead

SPB mRNA

FVIII DNA +
Functional
SPB mRNA
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SPB Enables Durable Activity of hFVIII in Mouse Model of 
Hemophilia A
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FVIII Activity in HemA Mice

• Dual-LNP co-administered as single 
dose IV to juvenile HemA (FVIII-/-CD4-

/-) mice
⎼ Transposon DNA-LNP: 0.25 mg/kg 

⎼ Transposase mRNA-LNP: 0.5-0.75 
mg/kg

• Serial FVIII activity measurements by 
tail-vein collection 

• Results: 

⎼ Therapeutic levels of FVIII activity 
observed over 31 weeks

⎼ FVIII activity proportional to SPB 
transposase dose
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FVIII Expression in Adult WT Mice

• Dual-LNP co-administered as single 
dose IV to adult (10wk) BALB/c mice 
on day 0, 3, 8, and 10

⎼ Transposon DNA-LNP: 0.25 mg/kg

⎼ Transposase mRNA-LNP: 0.5 mg/kg

• hFVIII plasma levels measured by 
ELISA on day 13

• Results:

⎼ Dose-proportional increase in hFVIII
antigen level was observed

⎼ Data supports concept of repeat 
dosing of non-viral piggyBac system

Non-Viral Nanoparticle Delivery System Facilitates 
Repeat Dosing
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Summary and conclusions
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• A non-viral, liver-specific gene therapy utilizing SPB achieved and sustained 
normalized (>50%) hFVIII activity following a single dose

⎼ Demonstrated repeat dosing, indicating potential for dose titration in mice

⎼ Delivered therapeutic FVIII activity in mice following single and repeat doses

⎼ Durability observed at least 6 months following a single dose in mice

• Data establishes proof of concept for treating Hemophilia A across all ages, 
which could lead towards a functional cure
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