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HSA-Related Compositions and Methods of Use

1 Cross Reterence to Related Applications

[0001] This application claims priority to PCT Application No.:PCT/US2011/24855
filed February 15, 2011 which 1s incorporated by reference 1n 1ts entirety.

2 Reference to the Sequence Listing

[0002] This application incorporates by reference a Sequence Listing submitted with
this application via EFS-Web as text file entitled “MED0554 PCT2 ST25” created on August 7,
2011 and having a size of 45,056 bytes.

3 Background of the Invention

[0003] The neonatal Fc receptor (FcRn) prolongs the lifespan of both IgG and human
serum albumin (HSA), by a pH dependent mechanism, specifically binding both molecules at
the acidic pH of the endosome and recycling them back to the cell surface, thus diverting
both molecules away from the default lysosomal degradation pathway. It has been shown

that FcRn binding capacity 1s intrinsic to domain-III of albumin.
4 Summary of the Invention

[0004] The disclosure provides HSA-related compositions and methods of use. The
present disclosure provides chimeric polypeptides comprising a human serum albumin (HSA)
portion which comprises a neonatal FcRn binding fragment and a heterologous polypeptide
or a bioactive fragment thereof, as well as compositions comprising the chimeric
polypeptides in combination with a pharmaceutical carrier. Also disclosed are constructs
useful for producing such chimeric polypeptides. Further, the present disclosure teaches
methods of making the chimeric polypeptides and constructs that encode them. The
disclosure further provides polypeptides comprising a human serum albumin (HSA) portion,
which HSA portion comprises HSA domain III, or a neonatal Fc receptor (FcRn) binding
fragment thercof wherein the HSA domain 111 comprises one to eighteen amino acid
substitutions to increase one or both of affinity for FcRn and serum half-life of the
polypeptide relative to a control polypeptide in which the HSA portion does not include said
amino acid substitutions. The disclosure also provides chimeric polypeptides comprising a
human serum albumin (HSA) portion, which HSA portion comprises HSA domain III, or a

neonatal Fc receptor (FcRn) binding fragment thercof, and a heterologous protein, wherein
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the chimeric polypeptide retains a functional activity of the heterologous protein and can bind
to an FcRn, and the HSA domain III comprises at least one amino acid substitution to
increase one or both of affinity for FcRn and serum half-life of the chimeric polypeptide
relative to a control chimeric polypeptide in which the HSA portion does not include said
amino acid substitutions. Additionally, disclosed herein are methods of using the chimeric
polypeptides, for example, to increase the serum half-life of a protein. Also disclosed are
methods and vectors useful for the generation of adenovirus libraries useful for screening
large diverse populations of polypeptides. Such methods are useful for the screening and
identification of HSA domain IIT amino acid substitutions that increase one or both of affinity
for FCRn and serum half-life.

[0005] In certain embodiments, the chimeric polypeptide has one or both of increased
affinity for FCRn and increased serum half-life relative to a control polypeptide which does
not comprise the HSA portion. In certain embodiments, the chimeric polypeptide has an
increased serum half-life. In certain embodiments, the chimeric polypeptide has both
increased affinity for FCRn and increased serum half-life. In certain embodiments, the
chimeric polypeptide has increased affinity for FcRn at acidic pH (e.g., pH of approx 5.5). In
other embodiments, the chimeric polypeptide has increased FcRn at acidic pH (e.g., pH of
approx 3.5) the affinity of the chimeric polypeptide for FcRn at neutral pH (e.g., pH of
approx 7.4) 1s not substantially altered.

[0006] The disclosure contemplates all combinations of any of the foregoing aspects
and embodiments, as well as combinations with any of the embodiments set forth 1n the

detailed description and examples.
5 Brief Description of the Drawings

[0007] For the purpose of illustrating the invention, there are depicted in the drawings
certain embodiments on the invention. However, the invention 1s not limited to the precise
arrangements and instrumentalities of the embodiments depicted in the drawings.

[0008] Figure 1 provides kinetic and equilibrium analysis of human FcRn binding to
domain III of human serum albumin (HSA). Presented here are the SPR-derived association,
dissociation kinetics and equilibrium binding constant for human FcRn binding to
immobilized domain III at pH 5.5. Figure 1A represents a Coomassie stained PAGE gel
documenting the successful expression and purification of domain III of HSA from Pichia
Pastoris (indicated by arrow). Figure 1B represents a binding sensorgram generated by

injecting a range of FcRn concentrations over domain III immobilized on a CM35 chip.
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Figure 1C represents a plot of binding response at equilibrium versus FcRn concentration fit
to steady state affinity model.

[0009] Figure 2 provides a schematic representation of various construct designs, as
well as information regarding purification and characterization of IgG fused to HSA and IgG
fused to domain III. Figure 2A represents the DNA construct of the heavy chain of the
recombinant IgG-HSA or IgG-domain III fusion protein, as well as the YTE variant. Figure

2B represents SDS PAGE analysis of purified fusion proteins (Sug/lane) under reducing and
non reducing conditions. Figure 2C represents analytical size exclusion chromatography of
purified IgG-fusion proteins.

[0010] Figure 3 provides SPR-derived equilibrium constants for human FcRn binding
to IgG fused with HSA and IgG fused with domain III. The RU at equilibrium (Req) for each
FcRn injection were plotted versus the human FcRn concentration, and the data were fit to a
steady-state atfinity model to calculate Kp for immobilized IgG (panel A), IgG fused to HSA
(panel B) and IgG fused to domain III (panel C). The sensorgrams 1n the insets show the
mass (resonance units) of FcRn bound to immobilized ligand on the Y-axis after blank
subtraction versus time on the X-axis.

[0011] Figure 4 provides evidence indicating that the epitope on HSA for FcRn 1s a
conformational epitope. Sepharose (S)-HSA, S-IgG or S-Tris treated 1n three different ways
was Incubated with human FcRn at pH 5.5. Bound FcRn was cluted and quantified by

immunoblotting with anti-B2microglobulin antibody. The positions of molecular weight

markers (M, in kD) are shown. Lane 1 contains 20 ug human FcRn, the amount added to
every adsorbent sample.

[0012] Figure 5 shows that HSA and domain III displayed on the surface of yeast
cells (8. Cerevisiae) retain FcRn binding capacity. Figure 5A represents flow cytometry
detection of HSA or domain III on §. Cerevisiae cells transformed with a galactose inducible
pYDI1 cell surface display plasmid using FITC conjugated anti-HSA antibody. The cells
were induced with galactose for the indicated times. Panel B represents the binding of
biotinylated human FcRn to HSA or domain III displayed on S. Cerevisiae cells induced for
48 hrs and visualized by anti-Streptavidin Phycoerythrin using flow cytometry. Yeast cells
transformed with a scfv were used as a control for background fluorescence for FITC as well
as phycoerythrin. Experiments are expressed as histograms of fluorescence intensity (log

scale) versus the number of cells.
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[0013] Figure 6 provides an amino acid sequence alignment of domain III from
different species (human, pig, rat, mouse, dog, rabbit, cow, chicken, donkey, Mongolian
gerbil, sheep, cat, and horse). The alignment 1n panels A-D includes chicken while panels
EH- excludes chicken. Amino acid residues conserved amongst different species are marked
with a solid line and the conserved cysteine residues are marked with a dotted line. The
shaded amino acid residues are not conserved amongst species. Note that the amino acid
numbering in Figure 6 1s only with respect to human domain III, rather than shown with
respect to the numbering of domain III relative to full length mature HSA.

[0014] Figure 7 shows that fusion of HSA to an IgG having a wild type increases
serum persistence to a similar level as seen for the IgG-YTE variant. The % of the injected
sample remaining in the serum 1s plotted over time (1 to 240 hours).

[0015] Figure 8 depicts the plasmid maps of the scFv-Fc cell surface display library
entry vectors. Panel A depicts the plasmid map of the pENDisplay vector containing an
scFv-Fc-GPI-anchor cassette operably linked to a promoter (here a CMV promoter) and
terminating with polyA sequence (here the BGH polyA sequence). The scFv portion 18
flanked by Sfi I and Not I restriction enzyme sites to facilitate cloning of diverse scFv
sequences. The attlL1 and attL2 sites flank the scFv-Fc-GPI-anchor expression cassette.
Panel B depicts the plasmid map of the pENDisplay-OriP vector which 1s based on the vector
shown 1n Panel A but incorporates the OriP sequence (see Figure 9C) after the polyA tail of
the scFv-Fc-GPI-anchor cassette.

[0016] Figure 9 provides representative for EBNA-1 and OriP. The amino acid and
nucleotide sequences for an EBNA-1 are provided 1n Panels A and B, respectively. The
sequence of an Or1P 1s provided in Panel C.

[0017] Figure 10 provides a schematic of a representative generic adenovirus
expression vector for expression of protein(s) of interest. The vector as depicted includes: a
DNA sequence of interest which encodes for one or more proteins of interest; an OriP
sequence and optionally an EBNA-1 coding region. These components are optionally
flanked by att recombination sites which may have been used for construction of the vector.
These components are flanked on one side by an adenovirus genome, 1n this case having a
deletion of the E1 and/or E3 gene and by an ITR sequence. The 3 and 5° ITR sequences are
indicated. The vector also provides sequences for replication (e.g. E. coli origin) and
antibiotic selection (e.g. ampicillian resistance) 1n a bacterial cell for ease of construction,
propagation and selection, these components are located such that they will not be

incorporated nto rescued adenovirus.
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[0018] Figure 11 shows that HSA displayed on the surface of mammalian cells (293F
cells) retains FcRn binding capacity. Panel A depicts the mammalian expression construct
designated pEN-HSA-GPI comprising a CMV promoter (thick line), a signal sequence (thick
dotted line), an N-terminal Flag tag (thin dotted line), (G4S); linkers (thin solid line) flanking
the HSA portion (hatched box) and the DAF-GPI sequence. Panel B represents tflow
cytometry detection of HSA on the surface 293-F cells infected with adenovirus generated
from pEN-HSA-GPI after 16 and 24 hours, or a control plasmid encoding a control scFv-Fc¢
fusion protein using FITC conjugated anti-HSA antibody (panel A). Panels C and D
represent the binding of biotinylated human FcRn (25 ng/ml and 5 pg/ml, respectively) to
HSA displayed on the 293F cells visualized by anti-Streptavidin Phycoerythrin using flow
cytometry. Experiments are expressed as histograms of fluorescence intensity (log scale)
versus the number of cells.

[0019] Figure 12 shows changes 1n the binding profiles of biotinylated human FcRn
to wildtype HSA (HSA-wt) and the two HSA mutant libraries (HSA-DIII-lib1 and HSA-
DIII-11b2) displayed on 293F cells. Panel A represents flow cytometry detection of HSA on
the surface of 293-F cells infected with wildtype and mutant HSA-DIII libraries. Panel B
represents flow cytometry detection of biotinylated human FcRn bound HSA on the cell
surface visualized by anti-Streptavidin Phycoerythrin. Experiments are expressed as
histograms of fluorescence intensity (log scale) versus the number of cells.

[0020] Figure 13 shows the FACS sorting profiles of cells expressing wild type HSA
(HSA-wt, Panel A) and the two HSA mutant libraries (HSA-DIII-lib1l and HSA-DIII-lib2,
Panels B and C, respectively) stained biotinylated human FcRn (10 pg/ml) detected with anti-
Streptavidin Phycoerythrin.

[0021] Figure 14 shows changes in the binding profiles of biotinylated human FcRn
to 293F cells expressing on their cell surface wildtype HSA (HSA-wt), the HSA-DIII-libl
mutant library prior to sorting and after a first and second round of sorting. Panel A
represents flow cytometry detection of HSA on the surface of 293F cells expressing wildtype,
the HSA-DIII-lib1 prior to sorting and after a first and second round of sorting. Panels B and
C represent the binding of biotinylated human FcRn (1 ug/ml and 0.1 png/ml, respectively) to
the same set of cells visualized by anti-Streptavidin Phycoerythrin using flow cytometry.
Experiments are expressed as histograms of fluorescence intensity (log scale) versus the
number of cells.

[0022] Figure 15 shows that binding of FcRn to mutant HSA displayed on the cell
surface 1s pH dependent. Panels A and B show flow cytometry detection of biotinylated

5.
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human FcRn detected with anti-Streptavidin Phycoerythrin on the surface of 293F cells
expressing a control scFv-Fc¢ fusion protein, wildtype HSA, and three representative
mutations (See Table 5) at pH 5.5 (0.1 ng/ml FcRn, panel A) and pH 7.2 (10 nug/ml, panel B).
Panel C shows flow cytometry detection of HSA on the surface of these cells using FITC
conjugated anti-HSA antibody.

[0023] Figure 16 shows that most 1solated HSA mutations have higher affinity for
FcRn as measured by flow cytometry. Wildtype HSA and a panel of selected mutants was
analyzed for binding biotinylated human FcRn at different concentrations by flow cytometry.
The data are plotted as MFI over FcRn concentration.

[0024] Figure 17 depicts the location of a number of variants on solved structure of
HSA (PDB Accession No. 1BMO0). The bulk of the structure 1s represented as a ribbon
diagram with residues L463, E495, T508, 1523 and K534 represented by sticks and indicated
with arrows. Loops 6 and 7 and helicies 7 and 8 encompassing residues 492-536 are circled.
The majority of the hotspots and preferred spots are found 1n this region.

[0025] Figure 18 shows the half-life curves of several combiatorial mutant HSA 1n

human FcRn transgenic mice. These results are also summarized in Table 11 of Example

8.14.
6 Detailed Description of the Invention
6.1 Introduction

[0026] Nconatal Fc receptor (FcRn) prolongs the lifespan of both IgG and human
serum albumin (HSA), by a pH dependent mechanism, specifically binding both molecules at
the acidic pH of the endosome and recycling them back to the cell surface, thus diverting
both molecules away from the default lysosomal degradation pathway. It has been shown
that FCRn binding capacity 1s intrinsic to domain-III of albumin. As demonstrated herein,
addition of the FcRn binding fragment of HSA can be used to increase the serum half-life of
protein and/or the FcRn binding affinity of therapeutics such as antibodies, antibody
alternatives, proteins, protein scaffolds, and peptides. In particular, as demonstrated herein
the FCRn binding affinity at acidic pH (e.g. pH of approx 5.5) 1s increased while the affinity
at neutral pH (e.g., pH of approx 7.4) 1s not substantially altered. Chimeric polypeptides
comprising the FCRn binding domain variants of the disclosure may increase serum half-life
or FcRn binding affinity of the protein even further than the wild type FcRn binding domain.
HSA variant polypeptides of the invention may serve as scaffolds for binding to a therapeutic

target or may be coupled to therapeutic agents.
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[0027] The disclosure provides variants of domain III. Such variants of domain III
can be used alone or can be used 1n the context of additional HSA sequence to increase serum
half-life and/or FcRn binding affinity of a heterologous protein and/or a non-protein agent.

[0028] The chimeric polypeptides and HSA variants disclosed herein have numerous
uses. It 1s appreciated that proteins and other molecules are sometimes cleared from a human
or animal body relatively quickly. Rapid clearance can undermine the ability to study
proteins and other molecules 1n animal models and can undermine the ability to use them
cttectively for therapeutic purposes. In some instances, a protein 1s cleared so quickly that 1t
has no therapeutic effect. In other instances, a protein 1s cleared at a rate that necessitates
frequent dosing. Frequent dosing adds to the costs associated with therapies, and also
increases risk of non-compliance with a therapeutic regimen. In some instances, a protein 18
cleared at a rate that necessitates administering a larger dose. Larger doses of an active agent
may 1ncrease the risk of side-effects, including immune reactions.

[0029] The chimeric polypeptides and variant HSA polypeptides of the instant
disclosure help address the problems associated with rapid or relatively rapid protein
clearance by increasing serum half-life and/or atfinity for FcRn. Similarly, non-protein agent

can be conjugated to variant HSA polypeptides of the instant disclosure to increase serum-

half and/or affinity for FcRn.
6.2 Terminology

[0030] Before continuing to describe the present invention in further detail, 1t 18 to be
understood that this invention 1s not limited to specific compositions or process steps, as such
may vary. It must be noted that, as used 1n this specification and the appended claims, the
singular form “a”, “an” and “the” include plural referents unless the context clearly dictates
otherwise.

[0031] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
invention 1s related. For example, the Concise Dictionary of Biomedicine and Molecular
Biology, Juo, Pe1-Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular
Biology, 3rd ed., 1999, Academic Press; and the Oxford Dictionary Of Biochemistry And
Molecular Biology, Revised, 2000, Oxford University Press, provide one of skill with a
ogeneral dictionary of many of the terms used 1n this invention.

[0032] Amino acids may be referred to herein by either their commonly known three

letter symbols or by the one-letter symbols recommended by the IUPAC-IUB Biochemical
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Nomenclature Commission. Nucleotides, likewise, may be referred to by their commonly
accepted single-letter codes. As used herein "amino acid substitution” 1s meant the
replacement of an amino acid at a particular position 1n a parent polypeptide sequence with
another amino acid. For example, the substitution L463N refers to a variant polypeptide in
which Leucine at position 463 1s replaced with Asparagine.

[0033] The numbering of amino acids 1n the variable domain, complementarity
determining region (CDRSs) and framework regions (FR), of an antibody follow, unless
otherwise indicated, the Kabat definition as set forth in Kabat et al. Sequences of Proteins of
Immunological Interest, Sth Ed. Public Health Service, National Institutes of Health,
Bethesda, MD. (1991). Using this numbering system, the actual linear amino acid sequence
may contain fewer or additional amino acids corresponding to a shortening of, or insertion
into, a FR or CDR of the variable domain. For example, a heavy chain variable domain may
include a single amino acid insertion (residue 52a according to Kabat) after residue 52 of H2
and 1nserted residues (e.g. residues 82a, 82b, and 82c¢, etc according to Kabat) after heavy
chain FR residue 82. The Kabat numbering of residues may be determined for a given
antibody by alignment at regions of homology of the sequence of the antibody with a
"standard" Kabat numbered sequence. Maximal alignment of framework residues frequently
requires the insertion of “spacer’” residues 1n the numbering system, to be used for the Fv
region. In addition, the 1dentity of certain individual residues at any given Kabat site number
may vary from antibody chain to antibody chain due to interspecies or allelic divergence.

[0034] As used herein, the terms “antibody’ and “antibodies”, also known as
immunoglobulins, encompass monoclonal antibodies (including full-length monoclonal
antibodies), polyclonal antibodies, multispecific antibodies formed from at least two different
epitope binding fragments (e.g., bispecific antibodies), human antibodies, humanized
antibodies, camelised antibodies, chimeric antibodies, single-chain Fvs (scFv), single-chain
antibodies, single domain antibodies, domain antibodies, Fab fragments, F(ab')2 fragments,
antibody fragments that exhibit the desired biological activity (e.g. the antigen binding
portion), disulfide-linked Fvs (dsFv), and anti-idiotypic (anti-Id) antibodies (including, ¢.g.,
anti-Id antibodies to antibodies of the invention), intrabodies, and epitope-binding fragments
of any of the above. In particular, antibodies include immunoglobulin molecules and
immunologically active fragments of immunoglobulin molecules, 1.¢., molecules that contain
at least one antigen-binding site. Immunoglobulin molecules can be of any 1sotype (e.g., 1gG,
IgE, IgM, IgD, IgA and IgY), subisotype (¢.g., IgG1, 1gG2, 1gG3, IgG4, IgA1 and IgA2) or
allotype (¢.g., Gm, ¢.g., GIm({, z, a or x), G2m(n), G3m(g, b, or ¢), Am, Em, and Km(1, 2 or

8-
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3)). Antibodies may be derived from any mammal, including, but not limited to, humans,
monkeys, pigs, horses, rabbits, dogs, cats, mice, etc., or other animals such as birds (e.g.
chickens).

[0035] As used herein, the term "full length HSA" refers to the mature full length
human serum albumin protein or to a nucleotide sequence that encodes such a protein. The
full length HSA protein 1s approximately 585 amino acids (following removal of N-terminal
pro- and prepro-sequence). Mature full length HSA (also referred to as full length mature
HSA) protein 1s set forth in SEQ ID NO: 2. In certain embodiments, full length HSA refers
to the mature full length form of HSA without pro-sequences. The sequence of prepro HSA
(prior to removal of the N-terminal pro and prepro sequences) 1s 609 amino acids and 1s set
forth in GenBank Accession number NP 000468. In addition, the identity of certain
individual residues may vary from those presented in SEQ ID NO: 2 due to allelic
divergence. Allelic variations which occur in domain III of HSA include: R — C at residue
410; K — E at residue 466; E — K at residue 479; D — N at residue 494; E — K at residue
501; E — K at residue 505; V — M at residue 533; K — E at residue 536; K — E at residue
541; D — A or D — G at residue 550; K — E at residue 560; D — N at residue 563; E — K
at residue 565; E — K at residue 570; K — E at residue 573; K — FE at residue 574;
GKKLVAASQAALGL — PTMRIRERK at residues 572-585; and LVAASQAALGL —
TCCCKSSCLRLITSHLKASQ PTMRIRERK 575-585, as numbered relative to the position
in full length mature HSA.

[0036] As used herein, the term "domain III of HSA" refers to the conventional
domain IIT of HSA spanning amino acids 381-585 of the full length mature HSA,
approximately 205 amino acids, or a nucleotide sequence that encodes such a protein.
Domain I1I of HSA 1s also abbreviated herein as domain III or stmple DIII. The amino acid
sequence for the domain III polypeptide is set forth in SEQ ID NO: 1. As noted above, the
identity of certain individual residues may vary from those presented in SEQ ID NO: 1 due to
allelic divergence.

[0037] As used herein, the term "chimeric polypeptide” refers to a polypeptide
comprising at least two portions that are not heterologous with respect to each other. For
example, a chimeric polypeptide, also referred to as a fusion polypeptide or fusion protein,
compriscs at least an HSA portion joined to a heterologous protein portion. The HSA portion
and heterologous protein portion can themselves be fusions to, for example, Fc or other
moictics. The HSA portion and heterologous protein portion may be joined via covalent or

non-covalent interactions. By way of example, the HSA portion and heterologous protein

0.
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portion may be chemically conjugated to each other or may be recombinantly fused (e.g., 1n-
frame translational fusion).

[0038] As used herein, the term "heterologous protein” refers to all or a portion of a
protein that 1s not HSA. Although the generic term "heterologous protein” 1s used herein, the
term 1s intended to encompass bioactive peptides of varying lengths, as well as full or
substantially full length proteins, including antibodies and antibody fragments. Preferred
heterologous proteins can be used or studied for therapeutic purposes. Exemplary classes of
heterologous proteins include, but are not limited to, enzymes, cytokines, and growth factors.

[0039] As used herein, HSA polypeptides include various bioactive fragments and
variants, fusion proteins, and modified forms of the wildtype HSA polypeptide. Such
bioactive fragments or variants, fusion proteins, and modified forms of the HSA polypeptides
have at least a portion of the amino acid sequence of substantial sequence 1dentity to the
native HSA protein, and retain at Ieast the FcRn binding activity of the native HSA protein.
In certain embodiments, a bioactive fragment, variant, or fusion protein of an HSA
polypeptide comprises an amino acid sequence that 1s at least 80%, 85%, 90%, 95%, 97%.,
98%, 99% or 100% 1dentical to an HSA polypeptide. As used herein, "fragments” are
understood to include bioactive fragments or bioactive variants that exhibit FCRn binding
activity. Suitable bioactive fragments can be used to make chimeric polypeptides, and such
chimeric polypeptides can be used 1n any of the methods described herein.

[0040] As used herein, the terms “mutated”, “mutant” and the like refer to a molecule,
in particular an HSA polypeptide, which has undergone deletion, addition or substitution of
one or more amino acids using well known techniques for site directed mutagenesis or any

other conventional method.
6.3 HSA Domain 111

[0041] In certain aspects, the disclosure provides a human serum albumin (HSA)
variant polypeptide, comprising HSA domain III, or a neonatal Fc receptor (FcRn) binding
fragment thercof, wherein said variant polypeptide can bind to an FcRn, and wherein said
HSA domain III comprises one to eighteen amino acid substitutions to increase serum half-
life or to increase affinity of said variant polypeptide for FcRn relative to a control HSA
polypeptide lacking said amino acid substitutions.

[0042] In certain embodiments, the one to eighteen amino acid substitutions increases
affinity of the HSA variant polypeptide for FcRn. In certain embodiments, the one to

cighteen amino acid substitutions increases serum half-life of the HSA variant polypeptide.
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In certain embodiments, the one to eighteen amino acid substitutions increases both the
atfinity of the HSA variant polypeptide for FCRn and the serum half-life of the HSA variant
polypeptide. In certain embodiments, the one to eighteen amino acid substitutions increases
affinity of the HSA variant polypeptide for FcRn at acidic pH (¢.g., pH of approx 5.5). In
certain embodiments, the one to eighteen amino acid substitutions increases affinity of the
HSA variant polypeptide for FcRn at acidic pH (¢.g., pH of approx 5.5), but does not
substantially alter the affinity of the HSA variant polypeptide for FcRn at neutral pH (e.g., pH
of approx 7.4).

[0043] In certain embodiments, the HSA variant binds to FcRn and has an off rate or
on rate that differs from that of said control HSA polypeptide. For example, 1in certain
embodiments, the HSA variant binds to FcRn and has a faster on rate and/or a slower off rate.
In other embodiments, the on rate 1s slower and/or the off rate 1s faster.

[0044] In certain embodiments, the disclosure provides chimeric polypeptides that
include an HSA portion, which HSA portion comprises domain III, or an FCRn binding
portion thereof, and a heterologous protein, wherein the chimeric polypeptide retains a
functional activity of the heterologous protein. In certain embodiments the HSA portion
comprises the entire HSA polypeptide or a bioactive fragment comprising HSA domain 111,
or a nconatal Fc receptor (FcRn) binding fragment thercof. In certain embodiments, the HSA
portion comprises the HSA domain III, or a neonatal Fc¢ receptor (FcRn) binding fragment
thercof and at least a portion of another domain of HSA, for example at least a portion of
HSA domain I, or at least a portion of HSA domain II, or at least a portion of HSA domains I
and II. As used herein, HSA domain I comprises residues 1-197; HSA domain II comprises
residues 189-385; HSA domain II1 comprises residues 381-585 as numbered relat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>