Part 5: HSA/hFcRn, a Powerful Model for Your PK/PD Studies
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The old adage “Begin with the end in mind” is particularly appropriate for preclinical drug development
because the choice of a preclinical model is key to support the intended clinical trial design. For the past
20 years, the chances of success for a compound entering phase | trials have been slightly under 10%,
which means that for every 20 compounds reaching clinical trials, only two have obtained clinical use
authorization. Notably, in 75-80% of cases, these failures appear to relate to the inability of drugs found
efficacious in animal models to translate to clinical trials, leading some researchers to call this translational
gap the “Valley of Death”."2 It is indeed difficult to find an animal model that not only delineates the safety
and toxicity of a potential drug candidate but accurately predicts its dose and efficacy, ultimately supporting
the intended clinical trial design.?

Another challenge is to select the best formulation of a drug to target precise regions of the body,
and maximize the quantity and duration of its exposure. As therapeutics are often low-molecular-weight
molecules, they have rapid renal clearance, short plasma circulatory time, and nonspecific distribution, all
contributing to a weak, short and diffuse therapeutic action.®* To overcome these obstacles, tremendous
efforts have been made to generate drug delivery systems, i.e., engineered technologies for the targeted
delivery and/or controlled release of therapeutic agents.

One example of such technologies is represented by human serum albumin (HSA), the most
abundant protein in the blood (60% by mass) that, over the past decades, has become a pivotal contender
as a molecular cargo and nano vehicle in biophysical, clinical and industrial fields due to its extraordinary
capacity to bind, store and transport a wide variety of endogenous and exogenous ligands, including
pharmacological drugs.*
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Interestingly, recombinant human albumins engineered for enhanced FcRn binding display protracted
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blood circulation profiles in mice, thereby representing excellent tools to deliver potential drugs at the
target site, at a concentration and frequency that maximize its therapeutic action.®
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Mice serve an important role in preclinical drug development, as they help to delineate the
pharmacokinetic (PK) and pharmacodynamic (PD) profiles of new potential therapeutic agents.® Historically,
two mouse models have been widely used to assess the PK properties of HSA-based drugs, Tg32 and
Tg276; however, due to cross-species differences in the albumin/FcRn interaction, the usefulness of these
models has been questioned in PK studies of HSA-based therapeutics. A study conducted by Jan Terje
Andersen and colleagues revealed that murine serum albumin (MSA) displays a higher affinity for hFcRn
than HSA, and competes with the latter by inhibiting receptor binding.' Both Tg32 and Tg276 mice express
the endogenous MSA but not the exogenous HSA, which almost certainly affects PK analyses of HSA-
based compounds.'®" Furthermore, both mice express the hFcRn alpha chain either under the control of
the native human promoter (for Tg32) or the ubiquitous CAG promoter (for Tg276), so the absence of an
endogenous mouse promoter-driven FCRn expression could lead to a nonnative distribution.®

To overcome the limits of these two models, a group of researchers led by Kenneth A. Howard
generated, in collaboration with genOway, a double humanized SA and FcRn alpha chain (HSA/hFcRn)

mouse model that displays physiological expression level of HSA (within the normal range of 1.5-6 g/
dL), and normal blood chemistry.® Moreover, since both HSA and hFcRn are controlled by their respective
endogenous mouse promoters, and the expression of MSA and mFcRn is abolished, this mouse represents
a physiologically relevant model for the preclinical study of albumin-based drugs, conventional drugs, and
biologics whose action is influenced by reversible binding to endogenous HSA.

Although the “Valley of Death” is far from bridged, optimized animal models such as HSA/hFcRn
certainly contribute to narrowing the translational gap. In this spirit, and to widen the fields of application
of the model, the HSA/hFcRn mouse is now also available on the immunodeficient background Rag1-null.
It can therefore be directly used in xenograft studies, and to assess the therapeutic efficacy of drugs in
primary immunodeficiency diseases, immuno-oncology, and infectious diseases.
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