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ERYTHROCYTE-BINDING THERAPEUTICS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Serial No. 13/397,202 filed February 15,

2012, which 1s hereby incorporated by reference herein.

TECHNICAL FIELD OF THE INVENTION
The Technical Field relates to medical compositions and uses for ligands or antibodies
that bind erythrocytes. Specific uses include immunotolerization, drug delivery, and cancer

therapies.

BACKGROUND

The rejection of transplanted tissue and autoimmune diseases are pathological
conditions that involve an immunorejection of a foreign biomolecule because of its antigenic
nature. Many drugs and clinical processes are involved in suppressing or treating
immunorejection. Vaccines take advantage of this process by stimulating an immune
response to antigens on pathogenic biomolecules to build up the immune system response

against proteins or other biomolecules that carry the antigen.

SUMMARY OF THE INVENTION

Tolerogenesis is a process of creating immunological tolerance to a substance. A
patient, either human or non-human, that is treated to create tolerance of a substance will
have a reduced adapative immune response to the substance. The reduction in an adaptive
immune response can be measured by analyzing the amounts of circulating antibodies
reactive to the substance, or by analyzing T-cell reactions to the substance and tolerizing
agent. Compositions and methods for tolerization are provided herein. Many of the
embodiments involve administering a fusion molecule that has a tolerizing antigen combined
with an erythrocyte binding moiety. The fusion molecule binds to erythrocytes and begins a
process of presenting the tolerizing aﬁtigen to the immune system in a manner that creates
tolerance.

Peptides that specifically bind to erythrocytes (also known as red blood cells) have
been discovered. These peptide ligands are erythrocyte-binding moieties that bind
specifically to erythrocytes even in the presence of other factors present in blood. These

ligands may be used in a variety of ways.
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An embodiment of the invention is a pharmaceutically acceptable composition
comprising a molecular fusion that comprises a tolerogenic antigen and an erythrocyte-
binding moiety that specifically binds an erythrocyte in the patient, wherein the erythrocyte-
binding moiety specifically binds to a biomolecule chosen from the group consisting of Band
3 (CD233), aquaporin-1, Glut-1, Kidd antigen, RhAg/Rh50 (CD241), Rh (CD240), Rh30CE
(CD240CE), Rh30D (CD240D), Kx, glycophorin B (CD235b), glycophorin C (CD235c¢),
glycophorin D (CD235d), Kell (CD238), Duffy/DARCi (CD234), CR1 (CD335), DAF
(CDSS5), Globoside, CD44, ICAM-4 (CD242), Lu/B-CAM (CD239), XG1/XG2 (CD9Y9),
EMMPRIN/neurothelin  (CD147), JMH, Glycosyltransferase, Cartwright, Dombrock,
C4A/CAB, Scianna, MER2, stomatin, BA-1 (CD24), GPIV (CD36), CD108, CD139, and H
antigen (CD173).

An embodiment of the invention is a pharmaceutically acceptable composition
comprising: an erythrocyte-binding moiety joined to a domain that specifically binds a target,
e.g., a protein that comprises a tolerogenic antigen. One or both of these domains may be a
peptidic ligand or an antibody or antibody fragment.

Another embodiment is a pharmaceutically acceptable composition for use in
antibody depletion or otherwise removing antibodies from circulation in a patient. The
composition has an erythrocyte-binding moiety joined to an antigen, e.g., a native auto-

antigen.or an antigen for a therapeutic protein.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the experimental scheme and results for the molecular fusion of ERY
1 and ovalbumin (OVA), wherein the ERY1-OVA fusion binds the equatorial periphery of
mouse erythrocytes with high affinity; Panel (a) Schematic of conjugation of ERY1 peptide
to ovalbumin (OVA), resulting in binding to erythrocyte-surface glycophorin-A; Panel (b)
Binding of each OVA conjugate and intermediate, characterized by flow cytometry; black
filled histogram, ERY1-OVA; empty histogram, SMCC-OVA,; dotted histogram, MIS-OVA;
ERY1 = erythrocyte-binding peptide WMVLPWLPGTLD (SEQ ID NO:1), MIS = mismatch
peptide PLLTVGMDLWPW (SEQ ID NO:2), SMCC = sulfosuccinimidyl-4-(N-
maleimidomethyl) cyclohexane-1-carboxylate, used to conjugate ERY1 to OVA; Panel (c)
Equilibrium binding of ERY1-OVA to erythrocytes demonstrating the low dissociation
constant of ERY1-OVA (R” = 0.97, one-site binding), determined by flow cytometry.
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Figure 2 is a montage of results showing that erythrocyte-binding induces tolerance to
antigen challenge: Panel (a) The OTI CD8" T cell adoptive transfer tolerance model,
displaying experimental protocol for experimental as well as challenge and naive control
groups (n = 5); Panel (b) Flow cytometric detection of OTI CD8" T cell populations (CD3g"
CDS8a" CD45.2"); Panel (c) OTI CD8" T cell population quantification in the draining lymph
nodes (inguinal and popliteal) 4 d following antigen challenge in CD45.1" mice (** P <
0.01); Panel (d) Flow cytometric detection of IFNy-expressing OTI CD8" T cells; Panel (e)
[FNy-expressing OTI CD8" T cells in the draining lymph nodes 4 d following antigen
challenge and restimulation with SIINFEKL peptide (SEQ ID NO:3) (** P < 0.01); Panel (f)
IFNy concentrations in lymph node cell culture media 4 d following restimulation with
SIINFEKL peptide (SEQ ID NO:3), determined by ELISA (** P < 0.01); Panel (g) IL-10

concentrations in lymph node cell culture media 4 d following restimulation with OVA,

determined by ELISA (* P < 0.05). Data represent median + min to max; Panel (h) OVA-

specific serum IgG.titers at day 19, (* P < 0.05) data represent mean + SE; Panel (i) The
combination OTI and OV A-expressing EL4 thymoma (E.G7-OVA) tumor tolerance model,
displaying experimental protocol for experimental as well as control groups (n = 4, 3,

respectively); Panel (j) Quantification of non-proliferating (generation 0) OTI CD8" T cells

circulating in blood 5 d following adoptive transfer; data represent median + min to max (**

P < 0.01); Panel (k) Growth profile of E.G7-OVA tumors, subcutaneously injected 9 d

tollowing OTT adoptive transfer, data represent mean + SE (* P < 0.05).

Figure 3 is a bar graph showing how erythi*ocyte binding attenuates antigen-specific

humoral responses in C57BL/6 mice. OVA-specific IgG detection in serum 19 days
following two administrations of 1 ug OVA or 1 ug ERY1-OVA 6 d apart in C57BL/6 mice
(* P <0.05).

Figure 4 presents experimental results wherein 8-arm PEG-ERY1 binds erythrocytes
in vitro and in vivo; Panel (a) 8-arm PEG-ERY1 (black filled histogram), but not 8-arm PEG-
MIS (grey filled histogram) or 8-arm PEG-pyridyldisulfide bind to mouse erythrocytes
following in vitro incubation; Panel (b) 8-arm PEG-ERY1 (black filled histogram), but not 8-
arm PEG-MIS (grey filled histogram) bind to circulating erythrocytes upon intravenous
Injection.

Figure 5 presents experimental results depicting erythrocyte cell-surface half-life of 8-
arm PEG-ERY1 (filled circles) and 8-arm PEG-MIS (empty boxes), determined by flow
cytometry.

Figure 6 presents experimental results as a bar graph showing binding of peptidic



10

15

20

25

CA 02864432 2014-08-12

WO 2013/121296 PCT/1B2013/000684
4

ligands to human erythrocytes.

Figure 7 presents experimental results as a flow cytometry histogram. Mouse
erythrocytes were incubated with TER119-SIINFEKL (grey filled histogram) or albumin
(empty histogram). Fluorescent signal comes from the anti-6xHis-PE antibody used in
detection of the scFv.

Figure 8 1s a plot of experimental results showing proliferating OT-I CD8 T cells in
the spleen following intravenous administration of: saline, OVA, ERY1-OVA, or TER119-
SIINFEKL. **P<0.01, ***P<0.001

Figure 9 is a plot of experimental results showing phenotypic characterization of OTI
CD8 T cells following adoptive transfer and intravenous administration of: saline, OVA,
ERY1-OVA, or TER119-SIINFEKL. Left panel: apoptotic OTI cell inductioﬁ marked by
Annexin-V binding in flow cytometry; Right panel: exhausted OTI cell induction marked by
expression of PD-1 in flow cytometry. '

Figure 10 1s a plot of experimental results showing characterization of inflammatory
(IFNy+) OTI T cells in lymph nodes draining the site of challenge from mice tolerized with
various injection formulations, as analyzed by flow cytometry.

Figure 11 1s a plot of experimental results showing asparaginase (ASNase)-specific
serum IgG titers from mice receiving 2 or 6 doses of ERY1-ASNase or wild-type ASNase, 21
days following administration, as determined by ELISA.

Figure 12 1s a plot of experimental results showing proliferation of CD4 T cells from
the transgenic NODBDC2.5 mouse in co-culture with splenic DCs, with various media
additives.

Figure 13 1s a plot of experimental results showing quantification of non-proliferating
NODBDC2.5 CD4 T cells following adoptive transfer and intravenous administration of
TER119-ChrA, free 1040-p31 peptide, or saline, as determined by flow cytometry.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Molecular designs are provided for tolerogenesis. The protein or other molecular
antigen to which tolerance is sought is formed as a conjugate with an erythrocyte binding
molety. The moiety may comprise a peptide ligand, an antibody, an aptamer, or an antibody
fragment. The conjugate, also referred to as a molecular fusion, may be a fusion protein or
may involve a linker, e.g., a polymer or polymer micelle or polymer nanoparticle conjugate.
Peptides that specifically bind erythrocytes are described herein. These are provided

as peptidic ligands having sequences that specifically bind, or as antibodies or fragments
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thereof that provide specific binding, to erythrocytes. The peptides may be prepared as
molecular fusions with therapeutic agents, tolerizing antigens, or targeting peptides. The
therapeutic agents may .advantageously have an increased circulating half-life in vivo when
they are part of the fusion. Immunotolerance may be created by use of the fusions and choice
of an antigen on a substance for which tolerance is desired. The term antigen, in this context,
means the full size antigen, an antigenic fragment thereof, or a mimetic of the tolerogenic
antigen. Fusions with targeting peptides direct the fusions to the target, for instance a tumor,
where the erythrocyte-binding ligands reduce or entirely eliminate blood flow to the tumor by

recruiting erythrocytes to the target.

Peptidic sequences that specifically bind erythrocytes

Peptides that specifically bind erythrocytes have been discovered and reported by the
Applicant in PCT/US2011/047078., included a peptide referred to as ERY1 that specifically
binds to an erythrocyte. Six peptides (ERY19, ERY59, ERY64, ERY123, ERY141 and
ERY162) that bind specifically to human erythrocytes were also reported. Example 9 details
how peptidic ligands (ERY64, ERY123, and ERY141) were made part of a fusion protein
with a fluorescent protein reporter and retained their specific binding properties.  An
embodiment of the invention is a substantially pure polypeptide comprising an amino acid
sequence of ERY1, or one of the human erythrocyte binding peptides, or a conservative
substitution thereof, or a nucleic acid encoding the same. Such polypeptides specifically bind
erythrocytes and are a ligand for the same. Ligand is a term that refers to a chemical moiety
that has specific binding to a target molecule. A target refers to a predetermined molecule,
tissue, or location that the user intends to bind with the ligand. Thus targeted delivery to a
tissue refers to delivering a molecule or other material such as a cell to the intended target
tissue. Accordingly, embodiments include molecules or compositions comprising at least one
of the ligands disclosed herein that are used to bind an erythrocyte. The binding activity of a
polypeptide to an erythrocyte may be determined simply by following experimental protocols
as described herein. Using such methods, the binding strengths of polypeptide variants
relative to ERY1 or a human erythrocyte binding peptide under given physiological
conditions can be determined, e.g., sequences made using conservative substitutions, addition
or removal of flanking groups, or changes or additions for adjusting sequence solubility in
aqueous solution. Peptidic ligands may be generated specifically for one or more of the
following targets or group of targets: an erythrocyte surface molecule (protein, glycoprotein),

Band 3 (CD233), a glycophorin, more particularly glycophorin A (CD235a), glycophorin B
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(CD235b), glycophorin C (CD235¢) & glycophorin D (CD235d), aquaporin-1, Glut-1, Kidd
antigen, RhAg/Rh50 (CD241), Rh (CD240), Rh30CE (CD240CE), Rh30D (CD240D), Kx,
Kell (CD238), Duffy/DARC (CD234), CR1 (CD35), DAF (CDS55), Globoside, CD44,
ICAM-4 (CD242), Lu/B-CAM (CD239), XG1/XG2 (CD99), EMMPRIN/neurothelin
(CD147), IMH, Glycosyltransferase, Cartwright, Dombrock, C4A/CAB, Scianna, MER2,
stomatin, BA-1 (CD24), GPIV (CD36), CD108, CDI139, and H antigen (CD173).
Frythrocytes cell-surface proteins, either purified preparations or a mixture of them, can be
screened for peptidic ligands. Erythrocyte cell-surface proteins may be recombinantly
expressed in their full form or as partial domains fused to tags that enhance expression or
stability of the protein. The recombinant protein target may then be immobilized on a plate
or bead, and used as the affinity target for the library screening process. Erythrocyte cell-
surface proteins may also be isolated from cellular preparations of whole blood, from which
puritied or complex mixtures of membrane proteins may be immobilized on a solid matrix
(bead, plate, or other), and used as affinity targets for the screening process. The entire
screening process may be performed in the presence of a high concentration of serum
albumin (e.g., 50 mg/mL) and at 37°C to reduce non-specific binding events and to select for
peptides with favorable binding characteristics in blood serum. Peptidic ligands are most
preferably selected from Band 3 (CD233), glycophorin B (CD235b), glycophorin C
(CD235c¢) and glycophorin D (CD2354d). '

Peptidic ligands were observed to bind the erythrocyte cell surfaces without altering
cell morphology and without cytoplasmic translocation. The ligands distributed across the
cell surface and were free of clustering. Glycophorin-A (GYPA) was a specific protein
indentified as the target of ERY-1. ERY-1 was reactive only with mouse and rat species.
Peptidic ligands that specifically bound human erythrocytes were determined to be specific
for human erythrocytes and not other speciesA phage clone displaying a high-affinity
peptide, WMVLPWLPGTLD (SEQ ID NO:1 herein termed ERY1) towards the mouse
erythrocyte cell surface was reported . Other experiments identified binding ligands for
human erythrocytes as shown in Tables 1-2. Six sequences bound specifically to human
erythrocytes. A seventh sequence, named ERY50, bound human erythrocytes and also bound

epithelial/endothelial cells.
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Table 1: Peptidic ligands that bind human erythrocytes

PCT/IB2013/000684

Peptide Human Erythrocyte Binding Sequence Identifier
Name Peptide Seqguence

ERY19 GQSGOPNSRWIYMTPLSPGIYRGSSGGS SEQ ID NO:4

ERYSO0 GQSGOSWSRAILPLFKIQPVGSSGGS SEQ ID NO:o

BERYS59 GQSGQY ICTSAGFGEYCEFIDGSSGGS SEQ ID NO:6

BERY64 GOSGQTYFCTPTLLGQYCSVGSSGGS SEQ ID NO: 7/

FERY123 GQSGHWHCQGPFANWVGSSGGS SEQ ID NO:38

FERY141 GQSGQFCTVIYNTYTCVPSSGSSGGES SEQ ID NO:9

ERY162 GOQSGQSVWYSSRGNPLRCTGGSSGGS SEQ ID NO:10
Underlined sequence portions indicate linker sequences

Table 2: Peptidic ligands that bind mouse or human erythrocytes

Peptide Sequence Identifier
ERY19' PNSRWIYMTPLSPGIYR SEQ ID NO:1:

ERYS0 * SWSRALILPLFKIQPV SEQ ID NO:12

ERYS 9 YICTSAGEGEYCELID SEQ ID NO:13

ERYo4’ TYFCTPTLLGQYCSV SEQ ID NO:14
BERY123” HWHCQGPFANWYVY SEQ ID NO:1b5
ERY141"7 FCTVILYNTYTCVPSS SEQ ID NO:16
ERY162’ SVWYSSRGNPLRCTG SEQ ID NO:17

ERY1** WMVLPWLPGTLD SEQ ID NO:1

*not specific for erythrocytes
**for mouse

Embodiments of the invention include peptides that that specifically bind the surface
of erythrocytes. The sequences were not optimized for minimum length. Such optimization
1s within the skill of the art and may be practiced using techniques described herein. For
example, Kenrick et al. (Protein Eng. Des. Sel. (2010) 23(1):9-17) screened from a 15 residue
library, and then identified minimal binding sequences 7 residues in length. Getz (ACS
Chem. Biol., May 26, 2011 identified minimal binding domains as small as 5 residues in
length. The erythrocyte binding peptides may be present in repeats of the same sequences,
e.g., between 2 and 20 repeats; artisans will immediately appreciate that all the ranges and
values within the explicitly stated ranges are contemplated. Moreover, the peptides may be
present in combination, with two or more distinct sequences being in the same peptide or
being part of a single molecular fusion.

The number of consecutive residues that provide specific binding is expected to be

~ between about 4 and 12 residues. Accordingly, all peptides of four consecutive residues in

length found in Table 2 are disclosed, as well as all peptides of, e.g., 5, 6, 7, or 8 consecutive
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residues. This number is based on the number of residues for other peptidic protein-binding
ligands. Embodiments of the invention include minimum length sequences for one of the
erythrocyte-binding SEQ IDs set for the herein, including Table 1. Accordingly, certain
embodiments are directed to a composition comprising a peptide, or an isolated (or purified)
peptide, comprising a number of consecutive amino acid sequences between 4 and 12
consecutive amino acid residues of a sequence chosen from the group consisting of SEQ ID
NO:11, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17,
SEQ ID NO:1, and conservative substitutions thereof, wherein said sequence specifically
binds an erythrocyte. Alternatively the number of consecutive residues may be chosen to be
between about 5 and about 18; artisans will immediately appreciate that all the ranges and
values within the explicitly stated ranges are contemplated, e.g., 7, 8, 9, 10, or from 8§ to 18.
T'he erythrocyte-binding sequence may have, e.g., a conservative substitution of at least one
and no more than two amino acids of the sequences, or 1, 2, or 3 substitutions, or between 1
and 5 substitutions. Moreover, the substitution of L-amino acids in the discovered sequence
with D-amino acids can be frequently accomplished, as in Giordano. The peptide or
composition may, in some embodiments, consist essentially of a sequence chosen from the
group consisting of SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ
ID NO:16, SEQ ID NO:17, SEQ ID NO:1. The peptide may be limited in length, e.g., having
a number of residues between about 10 and about 100; artisans will immediately appreciate
that all the ranges and values within the explicitly stated ranges are contemplated, e.g., about
10 to about 50 or about 15 to about 80. A peptide erythrocyte-binding moiety may be
provided that comprises a peptide ligand that has a dissociation constant of between about 10
uM and 0.1 nM as determined by equilibrium binding measurements between the peptide and
erythrocytes; artisans will immediately appreciate that all the ranges and values within the
explicitly stated ranges are contemplated, e.g., from about 1 uM to about 1nM. The peptide
may further comprise a therapeutic agent. The therapeutic agent may be, e.g., a protein, a

biologic, an antibody fragment, an ScFv, or a peptide. The peptide may further comprise a

~ tolerogenic antigen, e.g., a human protein used in a human deficient in that protein (e.g.,

blood factors such as factor VIII or factor IX), proteins with nonhuman glycosylation,
synthetic proteins not naturally found in humans, human food allergens, or human
autoimmune antigens.

Polypeptides of various lengths may be used as appropriate for the particular
application. In general, polypeptides that contain the polypeptide ligand sequences will

exhibit specific binding if the polypeptide 1s available for interaction with erythrocytes ir
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vivo. Peptides that have the potential to fold can be tested using methods described herein.
Accordingly, certain embodiments are directed to polypeptides that have a polypeptide ligand
but do not occur in nature, and certain other embodiments are directed to polypeptides having
particular lengths, e.g., from 6 to 3000 residues, or 12-1000, or 12-100, or 10-50; artisans will
immediately appreciate that every value and range within the explicitly articulated limits is
contemplated.

Certain embodiments provide various polypeptide sequences and/or purified or
1solated polypeptides. A polypeptide is a term that refers to a chain of amino acid residues,
regardless of post-translational modiﬁcatioh (e.g., phosphorylation or glycosylation) and/or
complexation with additional polypeptides, synthesis into multisubunit complexes, with
nucleic acids and/or carbohydrates, or other molecules. Proteoglycans therefore also are
referred to herein as polypeptides. As used herein, a "functional polypeptide” is a
polypeptide that is capable of promoting the indicated function. Polypeptides can be
produced by a number of methods, many of which are well known in the art. For example,
polypeptides can be obtained by extraction (e.g., from isolated cells), by expression of a
recombinant nucleic acid encoding the polypeptide, or by chemical synthesis. Polypeptides
can be produced by, for example, recombinant technology, and expression vectors encoding
the polypeptide introduced into host cells (e.g., by transformation or transfection) for
expression of the encoded polypeptide.

There are a variety of conservative changes that can generally be made to an amino
acid sequence without altering activity. These changes are termed conservative substitutions
or mutations; that is, an amino acid belonging to a grouping of amino acids having a
particular size or characteristic can be substituted for another amino acid. Substitutes for an
amino acid sequence may be selected from other members of the class to which the amino
acid belongs. For example, the nonpolar (hydrophobic) amino acids include alanine, leucine,
1soleucine, valine, proline, phenylalanine, tryptophan, methionine, and tyrosine. The polar
neutral amino acids include glycine, serine, threonine, cysteine, tyrosine, asparagine and
glutamine. The positively charged (basic) amino acids include arginine, lysine and histidine.
The negatively charged (acidic) amino acids include aspartic acid and glutamic acid. Such
alterations are not expected to substantially affect apparent molecular weight as determined
by polyacrylamide gel electrophoresis or isoelectric point. Conservative substitutions also
include substituting optical isomers of the sequences for other optical isomers, specifically D
amino acids for L amino acids for one or more residues of a sequence. Moreover, all of the

amino acids in a sequence may undergo a D to L isomer substitution. Exemplary conservative
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substitutions include, but are not limited to, Lys for Arg and vice versa to maintain a positive
charge; Glu for Asp and vice versa to maintain a negative charge; Ser for Thr so that a free --
OH 1s maintained; and Gln for Asn to maintain a free NH,. Moreover, point mutations,
deletions, and insertions of the polypeptide sequences or corresponding nucleic acid
sequences may in some cases be made without a loss of function of the polypeptide or nucleic
acid fragment. Substitutions may include, e.g., 1, 2, 3, or more residues. The amino acid
residues described herein employ either the single letter amino acid designator or the three-
letter abbreviation. Abbreviations used herein are in keeping with the standard polypeptide
nomenclature, J. Biol. Chem., (1969), 243, 3552-3559. All amino acid residue sequences are
represented herein by formulae with left and right orientation in the conventional direction of
amino-terminus to carboxy-terminus.

In some cases a determination of the percent identity of a peptide to a sequence set
forth herein may be required. In such cases, the percent identity is measured in terms of the
number of residues of the peptide, or a portion of the peptide. A polypeptide of, e.g., 90%
identity, may also be a portion of a larger peptide

- The term purified as used herein with reference to a polypeptide refers to a
polypeptide that has been chemically synthesized and is thus substantially uncontaminated by
other polypeptides, or has been separated or purified from other most cellular coniponents by
which it is naturally accompanied (e.g., other cellular proteins, polynucleotides, or cellular
components). An example of a purified polypeptide is one that is at least 70%, by dry
weight, free from the proteins and naturally occurring organic molecules with which it
naturally associates. A preparation of a purified polypeptide therefore can be, for example, at
least 80%, at least 90%, or at least 99%, by dry weight, the polypeptide. Polypeptides also
can be engineered to contain a tag sequence (e.g., a polyhistidine tag, a myc tag, or a FLAG®
tag) that facilitates the polypeptide to be purified or marked (e.g., captured onto an affinity
matrix, visualized under a microscope). Thus a purified composition that comprises a
polypeptide refers to a purified polypeptide unless otherwise indicated. The term isolated
indicates that the polypeptides or nucleic acids of the invention are not in their natural
environment. Isolated products of the invention may thus be contained in a culture
supernatant, partially enriched, produced from heterologous sources, cloned in a vector or
formulated with a vehicle, etc.

Polypeptides may include a chemical modification; a term that, in this context, refers
to a change in the naturally-occurring chemical structure of amino acids. Such modifications

may be made to a side chain or a terminus, €.g., changing the amino-terminus or carboxyl



10

15

20

23

30

CA 02864432 2014-08-12

WO 2013/121296 PCT/IB2013/000684
11

terminus. In some embodiments, the modifications are useful for creating chemical groups
that may conveniently be used to link the polypeptides to other materials, or to attach a
therapeutic agent.

Specific binding, as that term 1s commonly used in the biological arts, refers to a
molecule that binds to a target with a relatively high affinity compared to non-target tissues,
and generally involves a plurality of non-covalent interactions, such as electrostatic
interactions, van der Waals interactions, hydrogen bonding, and the like. Specific binding
interactions characterize antibody-antigen binding, enzyme-substrate binding, and
specitically binding protein-receptor interactions; while such molecules may bind tissues
besides their targets from time to time, such binding is said to lack specificity and is not
specific binding. The peptide ERY1 and its derivatives and the human erythrocyte binding
peptides and their derivatives may bind non-erythrocytes in some circumstances but such
binding has been observed to be non-specific, as evidenced by the much greater binding of

the peptides to the erythrocytes as opposed to other cells or proteins.

Thus, embodiments include a ligand that binds with specificity to an erythrocyte and
does not specifically bind other blood components, e.g., one or more of: blood proteins,
albumin, fibronectin, platelets, white blood cells, substantially all components found in a
blood sample taken from a typical human. In the context of a blood sample, the term
“substantially all” refers to components that are typically present but excludes incidental
components in very low concentrations so that they do not effectively reduce the titer of

otherwise bioavailable ligands.

Antibody peptides

In addition to peptides that bind erythrocytes, proteins are also presented herein,
specifically antibodies and especially single chain antibody fragments. Techniques for
raising an antibody against an antigen are well known. The term antigen, in this context,
refers to a site recognized by a host immune system that responds to the antigen. Antigen
selection is known in the arts of raising antibodies, among other arts. Embodiments include
use of these peptides in a molecular fusion and other methods presented herein. Antigens
may be recombinantly expressed in their full form or as partial domains fused to tags that
enhance expression or stability of the protein. The recombinant protein antigen may then be
immobilized on a plate or bead, and used as the affinity target for the library screening
process. Antigens may also be isolated from cellular preparations of whole blood, from

which purified or complex mixtures of membrane proteins may be immobilized on a solid
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matrix (bead, plate, or other), and used as affinity targets for the screening process.

Artisans reading this disclosure will be able to create antibodies that specifically bind
erythrocytes. Examples 4-6 relate to making antibodies or fragments thereof.  Numerous
parallel techniques are used to discover new antibodies or antibody fragments or to make
compositions comprising such fragments active towards erythrocytes, including but not
limited to phage display, yeast display, and bacterial display. Additional erythrocyte binding
antibodies or antibody fragments, or scFvs may be generated specifically for one or more of
the following targets or group of targets (collectively referred to herein as the Erythrocyte

Target Group) chosen from the group consisting of Band 3 (CD233), aquaporin-1, Glut-1,
Kidd antigen, RhAg/Rh50 (CD241), Rh (CD240), Rh30CE (CD240CE), Rh30D (CD240D),

Kx, glycophorin A (CD235a), glycophorin B (CD235b), glycophorin C (CD235c),
glycophorin D (CD235d), Kell (CD238), Duffy/DARC (CD234), CR1 (CD35), DAF (CD55),
Globoside, CD44, ICAM-4 (CD242), Lu/B-CAM (CD239), XG1/XG2 (CD99),
EMMPRIN/neurothelin  (CD147), JMH, Glycosyltransferase, Cartwright, Dombrock,
C4A/CAB, Scianna, MER2, stomatin, BA-1 (CD24), GPIV (CD36), CD108, CD139, and H
antigen (CD173).

Additionally, new erythrocyte-specific antibodies may be generated by immunization
of mice with intact, or protein preparations of, human erythrocytes. Following immunization
with the target formulated in adjuvant, mice are sacrificed at pre-determined time points and
their antibody repertoires are sequenced and/or their B cells isolated for hybridoma-based
screening.  These antibodies or antibody fragments may be optimized by several
atorementioned in vitro techniques, for improved binding and/or stability parameters.
Additional erythrocyte binding antibodies or antibody fragments may be generated by using
antibody hybridoma clones previously discovered to bind erythrocytes. They may be
generated, for instance, by using the method used to generate the TER119 scFv. As a
template, or as an antibody source, the following hybridoma clones may be used, among
others: BRIC 4, 5, 6, 10, 14, 18, 39, 66, 68, 69, 87, 108, 110, 111, 125, 126, 128, 145, 155,
157, 163, 170, 198, 203, 216, 220, 221, 222, 229, 230, 231, 235, or 256; BRAC 17, 18;
BGRL 1,2, 11, 100; BRAD 3; BIRMA D6, D10, K3, 84B; 6A7; COE; or KZ1.

The term peptide 1s used interchangeably with the term polypeptide herein.
Antibodies and antibody fragments are peptides. The term antibody fragment refers to a
portion of an antibody that retains the antigen-binding function of the antibody. The
fragment may literally be made from a portion of a larger antibody or alternatively may be

synthesized de novo. Antibody fragments include, for example, a single chain variable
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fragment (scFv) An scFv is a fusion protein of the variable regions of the heavy (VH) and
light chains (VL) of immunoglobulin, connected with a linker peptide, e.g., about 10 to about

530 amino acids. The linker can either connect the N-terminus of the VH with the C-terminus

of the VL, or vice versa. The term scFv includes divalent scFvs, diabodies, triabodies,

tetrabodies and other combinations of antibody fragments. Antibodies have an antigen-
binding portion referred to as the paratope. The term peptide ligand refers to a peptide that is
not part of a paratope.

The binding of erythrocytes, by antibodies and fragments thereof, by peptidic binding
ligands, and by aptamers, may be performed without covalent bonding to the erythrocytes.
The binding may be performed in vivo and without an ex vivo erythrocyte binding event.
This binding event, including the resultant association of an antigen with the erythrocyte, can
be performed without causing the erythrocytes to be apoptotic. The process may be
performed so that the surface molecules of erythrocytes are not crosslinked to each other by a

crosslinking agent and/or the binding event, and are not crosslinked by covalent bonds.

Bi-specific protein constructs to bind antigens to erythrocytes

When creating protein constructs that bind to erythrocytes, a main design option is to
create a single protein or molecular fusion that contains both the antigen of interest and the
erythrocyte-binding moiety.

An alternative design that may be more efficient in production aﬁd use 1s a bi-specific
protein or molecular construct that contains one domain that binds to erythrocytes fused to an
additional domain that binds directly or indirectly to the antigen of interest. The actual
antigen of interest is not included in this molecular fusion, only a moiety that binds directly
or indirectly to the antigen of interest. As such, there is no requirement to modify or engineer
the antigen of interest. One example of such a design is a bi-specific antibody or antibody
fragment, with one antibody domain specific for erythrocytes recombinantly fused to a
second antibody domain that specifically binds a biomolecule having the antigen of interest.
Multiple different bi-specific antibody constructs are implemented, including but not limited
to tandem scFv’s, diabodies, and tandem scFv-IgG molecules (62). Other non-proteinaceous
scaffolds are also used, including polymeric nanoparticles or other multivalent polymer
conjugates, which are engineered for dual specificity by harboring a domain that binds to the
antigen of interest, and another domain that binds to erythrocytes.

The affinity moieties of the bi-specific construct may be any combination of peptide

domains and/or antibody fragment domains. Peptides that bind to erythrocytes or the target
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protein antigen are obtained with conventional peptide library screening techniques,
including, e.g., bead or multiplexed peptide library screening, phage display, bacterial
display, and yeast display. The engineered peptide is characterized for specificity and
affinity to its binding target using standard biochemical assays, e.g., ELISA, surface plasmon
resonance, and flow cytometric-based methods. Antibodies or antibody fragments that bind
to erythrocytes or the target protein antigen are obtained using conventional techniques, e.g.,
hybridoma-based selection methods, phage display, yeast display, bacterial display,
ribosomal display, or direct antibody gene or proteomics-based sequencing methods of
immunized animals. The engineered antibody or antibody fragment is characterized for
specificity and affinity to its binding target using standard biochemical assays, e.g., ELISA,
surface plasmon resonance, and flow cytometric-based methods.

Following discovery and characterization of each affinity moiety (peptide, antibody,
and/or antibody domain), they are fused to form a bi-specific molecular construct using
standard recombinant DNA techniques such as assembly PCR or direct gene synthesis, then
the fusion protein is expressed in a suitable host. Bi-specific constructs are also created by
chemically conjugating two individual moieties together in any combination deemed suitable
for bi-specific binding (peptide-peptide, peptide-antibody fragment, etc). Two antibody
domains are used to create bi-specific antibodies using various state-of-the-art architectures
(1). Additionally, a synthetic polymeric scaffold (PEG, PPG, or other) is used to create stable
linkages between each binding moiety and improve flexibility of the construct. Branched
polymers are also used to increase the affinity of binding to the erythrocyte, to the protein
antigen, or both, by avidity effects.

Characterization of binding efficacy of the bi-specific construct is performed using
standard in vifro biochemical binding affinity assays, such as ELISA and surface plasmon
resonance. /n vivo performance of the bi-specific construct is performed by injecting the bi-
specific construct or the bispecific construct and the antigen into an animal model such as
mice or rats, then sampling blood and testing for both erythrocyte and antigen binding using
similar in vitro assays.

Embodiments include a pharmaceutically acceptable composition comprising: an
erythrocyte-binding moiety joined to a domain that specifically binds a target. The target
may comprise a protein, with the protein further comprising a tolerogenic antigen. The
erythrocyte-binding moiety may comprises a peptide ligand, an antibody, an antibody
fragment, a single chain antigen binding domain (ScFv) or an aptamer. The domain may be

chosen from the group consisting of an antibody, an antibody fragment, and a single chain
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antigen binding domain (ScFv), a peptide ligand, and an apatamer. An embodiment is a
composition that comprises a member of the group chosen from a molecular fusion, a tandem
sct'v, a diabody, and a tandem scFv-IgG molecule, with the erythrocyte-binding moiety and
the domain being part of said member. A single fusion protein or nucleic acid encoding the
same may comprise the erythrocyte-binding domain and the other domain that binds the

target.

- Therapeutic depletion of antigen-specific antibodies using erythrocyte-binding antigens

The induction of antigen-specific antibodies is detrimental to treatment and can cause
dangerous side-effects during protein replacement therapies, in the pathogenesis of
autoimmunity, and during biologics treatment in general (63-68). Therapeutic interventions
capable of depleting circulating antigen-specific antibodies in the blood would have positive
clinical impact, in that depletion of such drug-specific antibodies would enable future
treatment with the drug while diminishing the risk of adverse immunological side-effects due
to drug-antibody complexes. In the example case of hemophilia-A, approximately 30% of
patients induce anti-drug antibodies towards the standard therapeutic protein drug Factor
VIII, thus making further treatment with Factor VIII dangerous and inefficacious. A
therapeutic intervention depleting Factor VIII-specific circulating antibodies in such a patient
re-enables the therapeutic Factor VIII treatment regimen, and obviates the need to switch the
patient to other more expensive and less effective treatment alternatives. In the example case

of systemic lupus erythematosis (SLE, lupus), an autoimmune disease mediated mainly by

the induction of antibodies towards native auto-antigens in the body, a therapeutic treatment
capable of depleting auto-antigen-specific antibodies circulating in the blood would greatly
decrease the pathogenesis and progression of disease onset.

In order to deplete antigen-specific antibodies, antigens are engineered to bind to
circulating erythrocytes following administration. Molecular constructs of an erythrocyte-
biding moiety fused to the antigen of interest are created to form the erythrocyte-binding
antigen. Alternatively, a bi-specific construct may be implemented to create an erythrocyte-
binding formulation of the antigen, as described above. In this manner, upon injection of the
erythrocyte-binding antigen, any circulating antibody specific for the antigen will bind to the
engineered antigen, and thus be closely associated with a circulating erythrocyte in situ.
During the close physical association of an antigen-specific antibody to a naturally circulating
cell such as the erythrocyte, dangerous inflammatory immune effects are inhibited by

regulatory signals present on the erythrocyte. Erythrocytes express several regulatory
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molecules on their surface, including CDS55 and CDS59, among others (67). Thus, antigen-
specific antibodies remain bound to erythrocytes and traffic to zones of natural clearance of
erythrocytes, during which they are cleared as well. The antigen-decorated erythrocyte
serves as a cellular safe-deposit and a depletion carrier for the antigen-specific antibody.

Depletion of antigen-specific antibodies is characterized in vivo following
administration of the engineered antigen construct, by periodic sampling of blood from test
animals and performing antigen-specific antibody titration techniques, such as ELISAs.
Specitic deletion or inactivation of the antibody-secreting immune cell (B cell, plasma cell, or
other) 1s also characterized by isolation of immune cells from the blood, bone marrow,
spleen, or lymphatic syste.m of recipient mice and performing antigen-specific in vitro
restimulations B-cell ELISpots assays, and multi-parameter flow cytometry. In
autoimmunity-related studies, relevant mouse models of autoimmune disorders are used to
characterize the effects of erythrocyte-binding antigens in auto-antigen depletion.

Uses of the compositions include removing antibodies from circulation and/or binding
them to red blood cells. An embodiment is a pharmaceutically acceptable composition
comprising: an erythrocyte-binding moiety joined to an antigen. The antigen may be a native
auto-antigen, e.g., a lupus erythematosis antigen. The antigen may alternatively be an antigen

for a therapeutic protein that is administered to a patient, e.g., a Factor VIII antigen.

Aptamers for specific binding of erythrocytes

In addition to peptide ligands that bind erythrocytes, nucleotide aptamer ligands for
erythrocyte surface components are taught. Accordingly, aptamers are to be made and used
as described herein for other erythrocyte-binging moieties. DNA and RNA aptamers may be
used to provide non-covalent erythrocyte binding. As they are only composed of nucleotides,
aptamers are promising biomolecular targeting moieties in that screening methodologies are
well established, they are readily chemically synthesized, and pose limited side-effect toxicity
and/or immunogenicity due to their rapid clearance in vivo (Keefe, Pai, et al., 2010).
Furthermore, due to the non-canonical nature of the nucleotide-target protein interaction, any
productive agonist signaling upon target binding in vivo is unlikely, thus contributing low
immunogenicity and toxicity. As such, numerous aptamer-based molecules are currently in
human clinical trials for a number of clinical indications, including leukemia, macular
degeneration, thrombosis, and type 2 diabetes (Keefe, Pai, et al., 2010). Aptamers have also
been used as targeting agents to deliver drug payloads to specific tissues in vivo, in

applications such as cancer chemotherapy and fluorescence or radiological tumor detection
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techniques (Rockey, Huang, et al., 2011; Savla, Taratula, et al., 2011).

Aptamers are oligonucleic acids or peptides that bind to a specific target molecule.
Aptamers are usually created to bind a target of interest by selecting them from a large
random sequence pool. Aptamers can be classified as DNA aptamers, RNA aptamers, or
peptide aptamers. Nucleic acid aptamers are nucleic acid species that have been engineered
through repeated rounds of in vitro selection or Systematic Evolution of Ligands by
Exponential Enrichment (SELEX) method (Archemix, Cambridge, MA, USA) (Sampson,
2003) to specifically bind to targets such as small molecules, proteins, nucleic acids, cells,
tissues and organisms. Peptide aptamers typically have a short variable peptide domain,
attached at both ends to a protein scaffold. Peptide aptamers are proteins that are designed to
interfere with other protein interactions inside cells. They consist of a variable peptide loop
attached at both ends to a protein scaffold. This double structural constraint greatly increases
the binding affinity of the peptide aptamer to be comparable to an antibody. The variable
loop length is typically composed of about ten to about twenty amino acids, and the scaffold

1s a protein which has good solubility and is compact. For example the bacterial protein

- Thioredoxin-A is a scaffold protein, with the variable loop being inserted within the reducing

active site, which is a -Cys-Gly-Pro-Cys- loop in the wild protein, the two Cysteines lateral
chains being able to form a disulfide bridge.

Some techniques for making aptamers are detailed in Lu et al., Chem Rev

2009:109(5):1948-1998, and also in US 7,892,734, US 7,811,809, US 2010/0129820,
US 2009/0149656, US 2006/0127929, and US 2007/0111222. Example 8 further details

materials and methods for making and using aptamers for use with the embodiments

disclosed herein.

Molecular fusion

A molecular fusion may be formed between a first peptidic erythrocyte binding ligand
and a second peptide. The fusion comprises the peptides conjugated directly or indirectly to
each other. The peptides may be directly conjugated to each other or indirectly through a
linker. The linker may be a peptide, a polymer, an aptamer, a nucleic acid, or a particle. The
particle may be, e.g., a microparticle, a nanoparticle, a polymersome, a liposome, or a
micelle. The polymer may be, e.g., natural, synthetic, linear, or branched. A fusion protein
that comprises the first peptide and the second peptide is an example of a niolecular fusion of
the peptides, with the fusion protein comprising the peptides directly joined to each other or

with intervening linker sequences and/or further sequences at one or both ends. The
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conjugation to the linker may be through covalent bonds. Other bonds include ionic bonds.
Methods include preparing a molecular fusion or a composition comprising the molecular
fusion, wherein the molecular fusion comprises peptides that specifically bind to erythrocytes
and a therapeutic agent, tolerizing antigen, or other substance.

The term molecular fusion, or the term conjugated, refers to direct or indirect
association by chemical bonds, including covalent, electrostatic ionic, charge-charge. The
conjugation creates a unit that is sustained by chemical bonding. Direct conjugation refers to
chemical bonding to the agent, with or without intermediate linkers or chemical groups.
Indirect conjugation refers to chemical linkage to a carrier. The carrier may largely
encapsulate the agent, e.g., a polymersome, a liposome or micelle or some types of
nanoparticles, or have the agent on its surface, e.g., a metallic nanoparticle or bead, or both,
e.g., a particle that includes some of the agent in its interior as well as on its exterior. The
carrier may also encapsulate an antigen for immunotolerance. For instance a polymersome,
liposome, or a particle may be made that encapsulates the antigen. The term encapsulate
means to cover entirely, effectively without any portion being exposed, for instance, a
polymersome may be made that encapsulates an antigen or an agent. FExamples of
therapeutic agents are single-chain variable fragments (scFv), antibody fragments, small
molecule drugs, bioactive peptides, bioactive proteins, and bioactive biomolecules.

Conjugation may be accomplished by covalent bonding of the peptide to another
molecule, with or without use of a linker. The formation of such conjugates is within the
skill of artisans and various techniques are known for accomplishing the conjugation, with
the choice of the particular technique being guided by the materials to be conjugated. The
addition of amino aéids to the polypeptide (C- or N-terminal) which contaiﬁ 1onizable side
chains, i.e. aspartic acid, glutamic acid, lysine, arginine, cysteine, histidine, or tyrosine, and
are not contained 1n the active portion of the polypeptide sequence, serve in their
unprotonated state as a potent nucleophile to engage in various bioconjugation reactions with
reactive groups attached to polymers, i.e. homo- or hetero-bi-functional PEG (e.g., Lutolf and
Hubbell, Biomacromolecules 2003;4:713-22, Hermanson, Bioconjugate Techniques, London.
Academic Press Ltd; 1996). In some embodiments, a soluble polymer linker is used, and
may be adminsited to a patient in a pharmaceutically acceptable form. Or a drug may be
encapsulated in polymerosomes or vesicles or covalently attached to the peptide ligand.

An embodiment is a conjugation of a non-protein therapeutic agent and a peptide
ligand, antibody, antibody fragment, or aptamer that binds specifically to an erythrocyte.
Application of the erythrocyte binding peptide methodology is not restricted to polypeptide
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therapeutics; rather it may be translated into other drug formulations, such as small molecules
and polymeric particles. In the long history of small molecules and their application in
medicine, short circulation half-lives and poor bioavailability have consistently plagued their
efticacy in vivo. Polymeric micelles and nanoparticles represent a relatively newer
generation of drug class, yet their pharmacokinetic behavior remains sub-optimal for reasons
that include a high clearance rate via the action of the reticuloendothelial system (Moghimi
and Szebeni, 2003). The erythrocyte-binding design can be extended to these other drug
classes to increase their circulation half-lives and clinical efficacy.

lhe conjugate may comprise a particle. The erythrocyte binding peptide may be
attached to the particle. An antigen, agent, or other substance may be in or on the particle.
Examples of nanoparticles, micelles, and other particles are found at, e.g., US 2008/0031899,
UsS 2010/0055189, US 2010/0003338, which applications are hereby incorporated by
reference herein for all purposes, including combining the same with a ligand as set forth
herein; in the case of conflict, however, the instant specification controls.

Nanoparticles may be prepared as collections of particles having an average diameter
of between about 10 nm and about 200 nm, including all ranges and values between the
explicitly articulated bounds, e.g., from about 20 to about 200, and from about 20 to about 40,
to about 70, or to about 100 nm, depending on the polydispersity which is yielded by the
preparative method. Various nanoparticle systems can be utilized, such as those formed from
copolymers of poly(ethylene glycol) and poly(lactic acid), those formed from copolymers of
poly(ethylene oxide) and poly(beta-amino ester), and those formed from proteins such as
serum albumin. Other nanoparticle systems are known to those skilled in these arts. See also
Devalapally et al., Cancer Chemother Pharmacol., 07-25-06; Langer et al., International
Journal of Pharmaceutics, 257:169-180 (2003); and Tobio et al., Pharmaceutical Research,
15(2):270-275 (1998).

Larger particles of more than about 200 nm average diameter incorporating the
cartilage tissue-binding ligands may also be prepared, with these particles being termed
microparticles herein since they begin to approach the micron scale and fall approximately
within the limit of optical resolution. For instance, certain techniques for making
microparticles are set forth in U.S. Patent Nos. 5,227,165, 6,022,564, 6,090,925, and
6,224,794,

Functionalization of nanoparticles to employ targeting capability requires association
of the targeting polypeptide with the particle, e.g., by covalent binding using a bioconjugation

technique, with choice of a particular technique being guided by the particle or nanoparticle,
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or other construct, that the polypeptide is to be joined to. In general, many bioconjugation
techniques for attaching peptides to other materials are well known and the most suitable
technique may be chosen for a particular material. For instance, additional amino acids may
be attached to the polypeptide sequences, such as a cysteine in the case of attaching the
polypeptide to thiol-reactive molecules.

To create a multimeric molecule capable of displaying multiple different bioactive
molecules, a commercially available 8-arm PEG dendrimer was chemically modified to
include reactive groups for facile conjugation reactions. The 8-arm PEG-pyridyldisulfide
contained the pyridyldisulfide group that reacts readily with thiolates from small molecules
and/or cysteine-containing peptides or proteins, resulting in a disulfide-bond between the
attached bioactive moiety and the 8-arm PEG scaffold. The multimeric architecture of the 8-
arm PEG allowed the conjugation of different peptides or molecules to the scaffold, thus
creating a hetero-functionalized biomolecule with multiple activities by virtue of its attached
moileties. Heterofunctionalized fluorescent 8-arm PEG constructs, capable of binding
erythrocytes in vitro (Fig. 4A) and in vivo (Fig. 4B) were created. This binding was sequence
specific to the ERY1 peptide, as conjugates harboring the non-specific MIS peptide
demonstrated little to no binding to erythrocytes. The binding in vivo was long-lived, as
fluorescent 8-arm PEG-ERY1-ALEXAFLUOR647 was detected on circulating erythrocytes
5 h following intravenous administration, and displayed a cell-surface half-life of 2.2 h (Fig.
). To demonstrate the induction of tolerance in an autoimmune diabetic mouse model, an 8-

arm PEG conjugated with both ERY1 and the diabetes antigen chromogranin-A (CrA) was

~created. The modular nature of the 8-arm PEG-pyridyldisulfide scaffold made it possible to

co-conjugate  different of thiol-containing molecules by sequentially adding
stoichiometrically defined quantities of the molecules.

The molecular fusion may comprise a polymer. The polymer may be branched or
linear. The molecular fusion may comprise a dendrimer. In general, soluble hydrophilic
biocompatbile polymers may be used so that the conjugate is soluble and is bioavailable after
introduction into the patient. Examples of soluble polymers are polyvinyl alcohols,
polyethylyene imines, and polyethylene glycols (a term including polyethylene oxides)
having a molecular weight of at least 100, 400, or between 100 and 400,000 (with all ranges
and values between these explicit values being contemplated). Solubility in this context
refers to a solubility in water or physiological saline of at least 1 gram per liter. Domains of
biodegradable polymers may also be used, e.g., polylactic acid, polyglycolic acid,
copolymers of polylactic and polyglycolic acid, polycaprolactones, polyhydroxy butyric acid,
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polyorthoesters, polyacetals, polydihydropyrans, and polycyanoacylates.

In some embodiments, a polypeptide-polymer association, e.g., a conjugate, is
prepared and introduced into the body as a purified composition in a pharmaceutically
acceptable condition, or with a pharmaceutical excipient. The site of introduction may be,
e.g., systemic, or at a tissue or a transplantation site.

Artisans may prepare fusion proteins using techniques known in these arts.
Embodiments include preparing fusion proteins, isolating them, and administering them in a
pharmaceutically acceptable form with or without other agents, e.g., in combination with an
interleukin of TGF-beta. Embodiments include a vector for, and methods of, transfecting a
cell to thereby engineer the cell to make the fusion protein in vivo, with the cell being

transtected 1n vitro, ex vivo, or in vivo, and with the cell being a member of a tissue implant

or distinct therefrom. The following U.S. patent applications are hereby incorporated by

reference herein for all purposes, including the purposes of making fusion proteins, with the
instant specification controlling in case of conflict: 5227293, 5358857, 5885808, 5948639,

5994104, 6512103, 6562347, 6905688, 7175988, 7704943, US 2002/0004037, US
2005/0053579, US 2005/0203022, US 2005/0250936, US 2009/0324538.

Embodiments of a molecular fusion include, for example, a molecular fusion that
comprises a tolerogenic antigen and an erythrocyte-binding moiety that specifically binds an
erythrocyte in the patient and thereby links the antigen to the erythrocyte, wherein the
molecular fusion is administered in an amount effective to produce immunotolerance to a
substance that comprises the tolerogenic antigen. Embodiments include, for example, a
composition comprising an erythrocyte-binding moiety that specifically binds an erythrocyte
joined to a carrier chosen from the group consisting of a polymer, a branched polymer, and a
particle, wherein the carrier is joined to a therapeutic agent. The particle may be, e.g., a
microparticle, a nanoparticle, a polymersome, a liposome, or a micelle. The erythrocyte-
binding moiety may comprises a peptide comprising at least 5 consecutive amino acid
residues of a sequence chosen from the group consisting of SEQ ID NO:11, SEQ ID NO:13,
SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:1, and
conservative substitutions thereof, wherein said sequence specifically binds an erythrocyte.
The erythrocyte-binding moiety may comprise an antibody, antibody fragment, aptamer, scFv
or peptide ligand. Embodiments of a molecular fusion include an erythrocyte binding moiety
and a tolerogenic antigen, an antibody, an antibody fragment, an ScFv, a small molecule
drug, a particle, a protein, a peptide, or an aptamer.
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