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Background and Aims. Recombinant activated factor VII
(rFVIIa) is the most common by-passing agents (BPA) li-
censed for the treatment of HA and HB patients with inhibi-
tors, and it has proven to be safe and efficacious, but its dos-
ing remains problematic. In this view, a hyperactive and/or
longer acting rFVIla variant is highly desirable. Here, we
propose novel rFVIla variants with improved specific activi-
ty.

Materials and Methods. We collected FVII homologues of
a broad range of species from sequence databases
(n=5000), used to perform multiple-sequence alignments.
Through the GRASP tool, we inferred a phylogenetic tree
considering all species, namely Ancestral Sequence Recon-
struction (ASR) approach, mapping the evolutionary relation-
ships among FVII homologs. F7 sequences were restricted
to species (n=61) whose evolutionary context suggests po-
tential favored coagulation system. Selected rFVIla se-
quences (n=20) were transiently expressed in HEK293
lines, and protein levels analyzed by ELISA and PT/FXa gen-
eration assays.

Results. The rFVIIa variants were selected (n=20) from phy-
logenetic trees composed by 61 contemporary F7 sequences
and 59 ASR sequences based on i) structural features
(n=12) and ii) ASR-derived sequences (n=8), considering
basal and divergency nodes among species. Among expres-

sion data of contemporary rFVIla variants, we identified
four out of 12 (var3 FVII:C 148% of WT, var6 FVII:C 66%,
var9 FVII:C 360% and varl0 FVII:C 110%) showing remark-
able higher coagulant activity (3-fold) in PT assays. Evalua-
tion of antigen levels of novel variants (var3 FVII:Ag 123%
of WT, var6 FVII:Ag 36%, var9 FVII:Ag 300%, var10 FVII:Ag
59%) clearly demonstrated significantly higher (var3
Sp.Ac:2.0; var6 3.1; var9 2.0;varl0 3.2) specific activity com-
pared to rFVIla WT (1.6). These data were further con-
firmed by the highly sensitive FXa generation assay result-
ing in comparable fold (ratio Sp.Ac. variants/Sp.Ac. rFVIla
WT) with PT. Data obtained from expression of ASR variants
showed 5 out of 8 nodes with marked coagulant hyperactivi-
ty (N10, N11, N18, N28; N30) and significantly higher spe-
cific activity compared to rFVIla WT. Interestingly, we
found out that the F7 sequences that one exist in the past
with hyperactive features ensue from a basal node between
carnivores and cetaceans or primates. In-silico immunogenic-
ity studies are ongoing.

Conclusions. Our data, through the innovative ASR ap-
proach, revealed hidden FVII variants with improved fea-
tures that once existed in the past and promises to redefine
the landscape of hemophilia treatment. Importantly, the de-
velopment of novel rFVIla variants will enable the explora-
tion of new molecular insights, considering the FVII involve-
ment in several hemostatic pathways.
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