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Recombinant Factor VIII (FVIIl) therapies were first approved by the FDA

in 1992, yet the need for frequent infusions, appearance of neutralizing FVI"-BDD vVa ria ntS display imprOVEd exprESSiOn

antibodies in patients, and limited efficacy has led to continued research
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vitro screening with patient-derived samples, next-generation
sequencing, and bioinformatics, we screened >12,000 variants of a B-
domain deleted FVIII (FVIII-BDD) over eight rounds of iterative evolution.
Our screens identified mutant FVIII transgenes with superior properties
as compared to wild-type FVIII-BDD. Whereas wild-type FVIII-BDD loses
>50% of its activity in Hemophilia A patient plasma within 48 hours,
engineered FVIII-BDD variants retain >80% activity after 4 days.
Furthermore, the engineered FVIII-BDD variants show >30-fold increased
expression from HepG2 liver cells and >20-fold improved potency in a
chromogenic FXa generation assay. During our directed evolution

The immunogenic hit count (IHC) is a predicted value that reflects the number of

regions across a protein sequence that are at risk for being particularly immunogenic

due to their predicted ability to bind to a large number of MHC class Il alleles. If a

Relative activity using chromogenic assay peptide is predicted to bind to at least 50% of these alleles, it is counted toward the
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program, to address concerns around the risk of patients generating FVIII Factor Xa generation using the Factor VIII likely has evolved in nature to be transiently expressed as needed in
neutralizing antibodies, we targeted in silico-predicted major chromogenic  BIOPHEN™  FVIII:C response to bleeds. However, the protein suffers from low yield, poor stability,
histocompatibility complex (MHC) class Il epitopes, reducing the number assay (HYPHEN BioMed). Compared and fast clearance from the blood, causing challenges for the treatment of
of predicted epitopes by 30%. Our results show the promise of protein to rhFVIII-BDD, varu:ants FVIII-BDD HemA using protein replacement and gene therapy.

lution when applied to transgenes and gene therapy technologies ‘ Y8'3 through v8.7 display ~50-fold
=vo ' & improved cofactor potency. Using directed evolution, we discovered variants of FVIII-BDD, containing up to

with the goal of improving outcomes for patients suffering from HemA

o 31 amino acid modifications, that overcome the fundamental biophysical
and other genetic disorders.

limitations of the native rhFVIII-BDD sequence and have:
* Improved expression & secretion
* Improved stability in HemA patient plasma at physiological conditions
 Improved cofactor potency (i.e., greater enhancement of Factor IXa

Therapeutic Blueprint: Design the optimal therapeutic

* Improve specific
potency of WT protein
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The CodeEvolver® directed evolution platform is a suite of technologies
comprising protein library design, construction, high-throughput FVI"_BDD Variants display improved clotting times
expression & screening, next-generation sequencing, and bioinformatics,

used to identify protein variants with superior properties (4).
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