Chapter 1 : Project Description

1.1 Specific Aims

Hemophilia B is a bleeding disorder that affects approximately 70,000 individuals
worldwide.! Hemophilia B is caused by a deficiency in or dysfunction of factor IX
(FIX), a complex plasma glycoprotein required for the formation and maintenance of
blood clots. Complications from hemophilia include bleeding into joints, swelling of
joints, hemorrhage in the gastrointestinal and urinary tracts, surgical complications, and
prolonged bleeding of cuts. Treatment for hemophilia B involves intra-venous infusion
of exogenous FIX, either purified from pools of human plasma (pd-FIX) or recombinant
FIX (rFIX) made in Chinese hamster ovary (CHO) cells. Safety issues with pd-FIX
products coupled with the high cost and low availability of these current FIX therapies
make treatment for most of the world’s hemophiliacs infeasible. Some 80% of
hemophiliacs remain untreated' because of the high cost of clotting factor, an average of
$130,000 per patient per year of life,” with even fewer receiving the most ideal form of
treatment, a prophylactic regimen with rFIX. Current FIX production methods are
insufficient and as a result, a cheaper, more abundant source of FIX could drastically
improve the life prospects of the world’s hemophiliac population.

The long-term goal of this research is to make a recombinant FIX product in the
milk of transgenic pigs (tg-FIX) at a low cost and high abundance that can be used for the
prophylactic treatment of hemophilia B patients. The objective of this project was to
determine both the structure and function of tg-FIX produced in the transgenic pig
bioreactor at 1-3 mg/ml. In contrast to other transgenic livestock, the transgenic pig has
been shown to have the capacity to produce active FIX at a level of 100-200 pg/ml
without obvious rate limitations in effecting the post-translational modifications (PTMs)
required for FIX activity.” It was hypothesized that production of recombinant FIX at 1-
3 mg/ml in the porcine mammary epithelium would result in unique FIX isoforms with
respect to post-translational modification structure, and thus yield unique functional
properties. The rationale for this project was that in order to progress to human clinical

trials, the structural isoforms that are produced must be fully characterized. This research



was a collaborative effort with ProGenetics LLC (contributing transgenic pig milk) and
Professor Paul Monahan at the University of North Carolina School of Medicine

(preclinical evaluation in hemophilia B mouse models).

The specific aims of this project were the following:

Specific aim # 1. Determine the PTM structure of tg-FIX when expressed at high
levels in the transgenic pig to see if unique isoforms are being produced. The working
hypothesis for this aim, based on preliminary data, was that unique tg-FIX structures are
produced as the result of rate limitations and/or species-specific differences in post-
translational processing enzymes in the transgenic pig bioreactor. To test this hypothesis,
a process for purifying and fractionating tg-FIX from pig milk was developed and the
resulting purified tg-FIX was then subjected to amino acid, propeptide processing, and

phosphorylation analysis.

Specific aim # 2. Characterize the in vitro and in vivo function of tg-FIX to determine
if these structures result in unique or advantageous properties. The working hypothesis
for this aim was that tg-FIX produced at high levels in the transgenic pig has different
properties with respect to enzymatic activity and pharmacokinetics. The approach used
to evaluate this hypothesis was the isolation of tg-FIX isoforms followed by testing in
vitro clotting activity, in vitro activation, and injection into animal models to determine in

vivo activity and pharmacokinetics.

This research is necessary for evaluating the potential of the porcine mammary
epithelium as an expression apparatus for large quantities of biologically active FIX, and
it represents a significant step in the process of reaching human clinical trials. The results
from this research indicate that the transgenic pig has the potential to generate active FIX
with potentially advantageous pharmacokinetic properties. By using the proficient
transgenic pig bioreactor and taking advantage of the pig’s demonstrated capabilities for
effecting that the necessary PTMs required for FIX function, we expect to make

significant progress in addressing the needs of the world’s hemophiliac population.



1.2 Significance of Research

If untreated, hemophilia B is a debilitating and eventually fatal disease. Current
treatment of patients with exogenous FIX greatly improves the life prospects for
hemophiliacs, especially on prophylactic regimens where bleeds are prevented, not just
treated, with weekly injections of clotting factor. On prophylaxis, the length and quality
of life are almost identical to the unaffected individual.* However, the needs of the
world’s hemophiliac population are not being met by the current methods of FIX
production. Both pd-FIX and rFIX produced in CHO cells are prohibitively expensive,
with the average cost per dose for a 70 kg (~150 Ib) person being over $7,000 for pd-FIX
and over $8,000 for rFIX.” Thus prophylaxis is impractical in most developed countries,
and impossible in lesser developed countries. In contrast to mammalian cell culture,
where only micrograms per liter are expressed, the transgenic pig bioreactor is producing
recombinant FIX at gram/liter/hour rates.® However, before the potential of the
transgenic animal bioreactor can be realized and clinical trials initiated, both the structure
and function of tg-FIX must be characterized in detail. The reported research is
significant, therefore, because we have determined the structure of tg-FIX with respect to
multiple post-translational modifications when produced at high expression levels in the
milk of transgenic pigs and the subsequent in vitro and in vivo functions. The
determined structure/function relationships may lead to future “designer” FIX molecules
with improved function. The abundance of the transgenic pig bioreactor coupled with the
low cost of transgenic animal production should significantly reduce the expense of FIX
clotting factor from the current $1.18 / IU” for CHO cell rFIX. In addition, because the
transgenic animal bioreactor is so proficient, other delivery mechanisms, including oral
administration, of FIX can now be investigated in animal models. These achievements
will revolutionize how hemophilia B is treated in infants, children, and in developing
countries. Aside from the production of FIX, this research also represents a further
characterization of the transgenic pig bioreactor which will help determine its potential

use for production of other recombinant proteins.
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