
IMMUNOMODULATORY PEPTIDES [0001] IgG plays a critical
role in mediating protection against pathogens and in
mediating allergic and inflammatory responses that
hasten recruitment of immune system components to the
tissues, mucosae, and dermal surfaces. Junghans,
Immunol. Res. 16(1):29 (1997). However, IgG also plays
a key role in a variety of autoimmune diseases. [0002]
The serum half-life of IgG is longer than the serum
half-lives of other plasma proteins. For example, the
serum half-life of IgG is 5 to 7 days in mice and 22
to 23 days in humans. Roopenian et al., J. Immunol.
170:3528 (2003); Junghans and Anderson, Proc. Natl.
Acad. ScL USA 93:5512 (1996). That extended serum
half-life is at least partly due to the neonatal Fc
receptor, FcRn, which binds to the Fc portion of
pinocytosed IgG (in both adults and neonates) to
protect it from lysosomal degradation. The pinocytosed
IgG is then recycled back to the extracellular
compartment. See, e.g., Junghans and Anderson, Proc.
Natl. Acad. ScL USA 93:5512 (1996), Roopenian et al.,
J. Immunol. 170:3528 (2003). Indeed, the serum
half-life of IgG is reduced in knockout mouse models
that do not express at least part of the genes
encoding b2m and FcRn heavy chain. See WO 02/43658 and
Junghans and Anderson, Proc. Natl. Acad. ScL USA
93:5512 (1996). [0003] When the concentration of IgG
reaches a level that exceeds available FcRn, unbound
IgG is not protected from degradative mechanisms and
consequently has a shorter serum half-life. See, e.g.,
Brambell et al., Nature 203:1352 (1964). Analogously,
IgG serum half-life is reduced when IgG binding to
FcRn is inhibited, thereby preventing IgG recycling.
Therefore, agents that inhibit or antagonize the
binding of IgG to FcRn may be used to regulating,
treating or preventing disorders characterized by the
presence of inappropriately expressed IgG antibodies
(such as, e.g., autoimmune and inflammatory diseases
and disorders). For example, antibodies capable of
inhibiting the binding of FcRn with IgG have been
generated using a FcRn heavy chain knockout mouse line
(WO 02/43658). In another example, peptides have been
identified that bind to FcRn complexes. Kolonin et
al., Proc. Natl. Acad. ScL USA 99(20): 13055-60
(2002); U.S. Patent No. 6,212,022. The contents of
U.S. Application Serial No. 11/676,148, filed February
16, 2007, and U.S. Provisional Application Nos.
60/774,853, filed February 17, 2006, and 60/805,634,
filed June 23, 2006,describing further such peptides,
their synthesis, and their uses are herein
incorporated by reference in their entirety. However,
at this time additional agents are needed to regulate,
treat, or prevent conditions, diseases, and disorders
characterized by immune reactions. [0004] Accordingly,
peptides which specifically bind to FcRn and inhibit
IgG Fc from binding to FcRn, thereby preventing IgG
from recycling by preventing FcRn from functioning in
its role of protecting IgG from degradation by the
lysosomes are disclosed. In exemplary embodiments, the
peptides bind to FcRn and inhibit the IgGl, IgG2,
IgG3, or IgG4 subclasses of IgG from binding to FcRn.
[0005] Peptides of the invention may exist as monomers
or alternatively, as a multimers, such as, e.g.,
dimers, trimers, or tetramers. In some embodiments,
the peptides of the invention may be more susceptible
to pinocytosis, which enables more rapid binding of
the peptide and consequently, less excretion by the
kidney. [0006] In some embodiments, the invention
provides pharmaceutical compositions comprising a
therapeutically effective amount of one or more
peptides of the invention. [0007] In other
embodiments, the invention provides methods of
regulating a disease state comprising contacting a
cell with the peptide of a therapeutically effective
amount of one or more peptides of the invention.
Further embodiments include methods of regulating IgG
levels in the serum of a subject comprising
administering to the subject a therapeutically
effective amount of a composition comprising one or
more peptides of the invention capable of binding to
and inhibiting the FcRn from binding to the Fc portion
of an IgG molecule. In certain embodiments, the
methods of the invention may be employed to reduce the
half-life of soluble IgG in the serum of a subject. In
some embodiments, the result of administering a
composition of the invention is that the half-life of
soluble IgG in the serum of the subject is reduced
compared to the half-life of IgG in the serum of the
subject prior to administration of the peptide. [0008]
In other embodiments, the invention provides methods
for inhibiting binding of the Fc portion of a human
IgG to FcRn to effect a decrease in the serum
concentration of IgG as compared to the serum
concentration of IgG before treatment. The method of
decreasing serum concentration of IgG comprises
administering to the subject a therapeutically
effective amount of a composition comprising one or
more peptides of theinvention that inhibit binding of
the Fc portion of an IgG molecule to FcRn. In some
embodiments, the decrease in the serum concentration
of human IgG is at least 5%, such as a decrease of at
least 15%, or a decrease in the serum concentration of
human IgG of at least 25%. [0009] Some embodiments of
the invention provide methods of treating a subject
suffering from a disease characterised by increased or
inappropriate expression of IgG, such as, e.g., an an
autoimmune disease, an inflammatory disease, or an
immune system cancer, comprising administering to the
subject a therapeutically effective amount of a
composition comprising one or more peptides of the
invention capable of preventing the FcRn from binding
to the Fc portion of an IgG molecule. In some
embodiments, methods of the invention may be used to
prevent, treat, or regulate an immune response to a
therapeutic protein or a gene therapy vector. [0010]
In other embodiments, methods of detecting FcRn are
provided, comprising labeling a peptide described
herein with at least one detectable label chosen from,
e.g., a radioisotope, an enzyme (e.g., an enzyme that
catalyzes a reaction producing a detectable,
including, e.g., a colored, luminescent, or
fluorescent, product), a fluorophore, a chromophore, a
chemiluminescent compound, a magnetic particle, a
microsphere, a nanosphere, biotin, streptavidin, and
digoxin. [0011] Other embodiments of the invention
include methods of purifying FcRn, comprising
immobilizing a peptide described herein to a solid
support, contacting a solution containing FcRn with
the immobilized peptide on a solid support; and
purifying FcRn by separating the solution from said
solid support. [0012] Additional embodiments, objects,
and advantages of the invention are set forth in part
in the description which follows and, in part, will be
obvious from the description, or may be learned by
practice of the invention. These embodiments, objects,
and advantages of the invention may be realized and
attained by means of the elements and combinations
particularly pointed out in the appended claims.
[0013] It is to be understood that both the foregoing
general description and the following detailed
description are only exemplary and explanatory and are
not restrictive of the invention as claimed.BRIEF
DESCRIPTION OF THE DRAWINGS [0014] Figure 1 shows an
overview of the synthesis of an illustrative -terminal
aldehyde peptide monomer as described in Example 12.
[0015] Figure 2 shows an overview of the synthesis of
peptide dimers by reductive alkylation as described in
Example 12 using Peptide No. 270 as an illustrative
example. [0016] Figure 3 describes the synthesis of
Peptide No. 100 as an illustrative example of the
synthesis of peptide dimers by using a bis-thiol
linker containing peptide and a bromoacetylated
peptide. Horizontal brackets placed above the peptide
sequence indicate the presence of a bridge. [0017]
Figure 4 shows the synthesis of Peptide No. 122 as an
illustrative example of the synthesis of peptide
dimers using a thiol linker-containing peptide and a
bromoacetylated peptide. Horizontal brackets placed
above the peptide sequence indicate the presence of a
bridge. [0018] Figure 5 shows the synthesis of peptide
dimers using a diacid containing linker. The synthesis
of Peptide No. 283 is shown as an illustrative
example. Horizontal brackets placed below the peptide
sequence indicate the presence of a bridge. [0019]
Figure 6 shows the synthesis of peptide dimers using
an amine containing linker. The synthesis of Peptide
No. 280 is shown as an illustrative example.
Horizontal brackets placed below the peptide sequence
indicate the presence of a bridge. [0020] Figure 7
shows the molecular weight of Peptide No. 289 by
SDS-PAGE analysis of purified Peptide No. 289 on a
4-20% Tris-Gly gel. Lane 1 contains molecular weight
markers. Lane 2 contains unconjugated PEG3OkDa
starting material. Lane 3 contains crude reaction
mixture. Lane 4 contains purified Peptide No. 289.
[0021] Figure 8 shows the kinetics of human IgG
catabolism in TG32B mice following intravenous
injection of Peptide No. 289. [0022] Figure 9 shows
the chemical structures of Peptide Nos. 290, 291, 292,
and 293.[0023] Figure 10 provides an SDS-PAGE analysis
of pegylated peptides synthesized by reductive
alkylation using a 4-20% Tris-Gly gel. 10 mg were
loaded into all lanes. Lane 1 contains molecular
weight markers. Lane 2 contains unconjugated PEG 3OkDa
starting material aldehyde. Lane 3 contains purified
Peptide No. 290. Lane 4 contains unconjugated PEG 2O k
a starting material aldehyde. Lane 5 contains purified
Peptide No. 291. Lane 6 contains unconjugated PEG 5
kDa starting material aldehyde. Lane 7 contains
purified Peptide No. 292. [0024] Figure 11 provides an
SDS-PAGE analysis of pegylated peptides synthesized by
reductive alkylation using a 4-20% Tris-Gly gel. Lane
1 contains molecular weight markers. Lane 2 contains
purified Peptide No. 292. Lane 3 contains purified
Peptide No. 291. Lane 4 contains purified Peptide No.
290. Lane 5 contains purified Peptide No. 293. Lane 6
contains purified Peptide No. 295. Lane 7 contains
purified Peptide No. 296. Lane 8 contains molecular
weight markers. [0025] Figure 12 shows the rate of
human IgG catabolism in TG32B mice after a 500 mg/kg
IV dose of human IgG at t=0 h followed by intravenous
injection of Peptide No. 290 at 5 mg/kg or 25 mg/kg at
t=24 hours. The concentration of hlgG was determined
by ELISA as in Example 18, normalized to the t=24 h
level, and compared with a vehicle control group.
[0026] Figure 13 shows the chemical structure of
Peptide No. 295. [0027] Figure 14 shows the chemical
structure of Peptide No. 296. [0028] Figure 15 shows
the rate of human IgG catabolism in TG32B mice after a
500 mg/kg IV dose of human IgG at t=0 h followed b y
intravenous injection of Peptide Nos. 290, 291, 293,
295, and 296 at 25 mg/kg at t=24 hours, as described
in Example 35. The concentration of hlgG was
determined b y ELISA as in Example 18, normalized to
the t=24 h level, and compared with a vehicle control
group. [0029] Figure 16 is a table comparing the in
vitro and in vivo activity of various peptides using
the IgG competition ELISA assay as described in
Example 4 and the human IgG catabolism of Example 18.
[0030] Figure 17 shows the synthesis of a anti-FcRn
peptide with branched PEG linkages.[0031] Figure 18
shows the chemical structures of Peptide No. 297.
[0032] Figure 19 shows the chemical structures of
Peptide Nos. 307, 308, and 309. 



[0033] Figure 20 shows the effect of peptides 283,
298, 299, 300, 301 in the IgG catabolism experiment as
described in Example 18 using 2.5 mg/kg subcutaneous
dosing. I. Definitions [0034] The term "amino acid,"
as used herein, encompasses encoded and nonencoded
amino acids. Standard 1- and 3-letter abbreviations
are used herein for the encoded amino acids (alanine,
arginine, asparagine, aspartic acid, cysteine,
glutamic acid, glutamine, glycine, histidine,
isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan,
tyrosine, and valine). [0035] Non-encoded amino acids
include, e.g., a-amino acids, b-amino acids, g-amino
acids, d-amino acids, and w-amino acids, and may have
R or S chirality at any chiral atom. Non-encoded amino
acids include isomers of the encoded amino acids such
as, e.g., stereoisomers (including, e.g., D-amino
acids and allo-amino acids such as, e.g.,
allothreonine and allo-isoleucine) and structural
isomers (including, e.g., b-alanine) of the encoded
amino acids. Lower case single-letter codes are used
herein to indicate stereoisomers of the encoded amino
acids having D-chirality (e.g., a = D-alanine, y =
D-tyrosine). Non-encoded amino acids also include
N-methylated amino acids. Conventional 3-letter
abbreviations are used herein for certain common
non-encoded amino acids (e.g., Aib = aminoisobutyric
acid, Apa = 5-aminopentanoic acid, Dab = 1,3-
diaminobutyric acid, Dap = 1,2-diaminopropionic acid,
Orn = ornithine, Pen = penicillamine, Sar =
sarcosine). In general, where no specific
configuration is indicated for an a-amino acid, one
skilled in the art would understand that amino acid to
be an L-amino acid. However, in particular
embodiments, non-encoded amino acids may also be in
the form of racemic, non-racemic, and diastereomeric
mixtures. [0036] Non-encoded amino acids are well
known in the peptide art and include, e.g.,
-acetylserine, a//o-isoleucine, //o-threonine,
b-alanine (3-aminopropionic acid), a-aminoadipic acid,
2-aminobutanoic acid, 4-aminobutanoic acid,
3-amino-1-carboxymethylvalerolactam,
1-aminocyclopentanecarboxylic acid, 6-aminohexanoic
acid, 2-aminoheptanedioic acid, 7-aminoheptanoic acid,
2-aminoisobutyric acid, aminomethylpyrrole carboxylic
acid, 8-amino-3,6-dioxa-octanoic acid,
aminopiperidinecarboxylic acid, aminoserine,
aminotetrahydropyran-4-carboxylic acid, azetidine
carboxylic acid, benzothiazolylalanine, butylglycine,
carnitine, 4-chlorophenylalanine, citrulline,
cyclohexylalanine, cyclohexylstatine,
2,4-diaminobutanoic acid, 2,3-diaminopropionic acid,
dihydroxyphenylalanine, dimethylthiazolidine
carboxylic acid, 4-guanyl-phenylalanine, homoarginine,
homocitrulline, homocysteine, homophenylalanine,
homoproline, homoserine, 4-hydrazinobenzoic acid,
4-hydroxyproline, isonipecotic acid, methanoproline,
norleucine, norvaline, ornithine, p-aminobenzoic acid,
penicillamine, phenylglycine, (9-phosphoserine,
piperidinylalanine, piperidinylglycine,
pyrrolidinylalanine, sarcosine, statine,
tetrahydropyranglycine, thienylalanine, e-N
,N,N-trimethyllysine. [0037] An "analog" of an amino
acid is a molecule that is not an amino acid, but that
resembles an amino acid with regard to at least one
property such as, e.g., size, charge, hydrophilicity,
hydrophobicity, polarity, hydrogen bonding capability,
or rigidity. For example, lactic acid may be an amino
acid analog. Similarly, an analog of a dipeptide is a
molecule that is not a dipeptide, but that resembles a
dipeptide with regard to at least one property such
as, e.g., size, charge, hydrophilicity,
hydrophobicity, polarity, hydrogen bonding capability,
or rigidity. Further, a peptide analog is a molecule
that is not a peptide but that resembles a peptide
with regard to at least one property such as, e.g.,
size, charge, hydrophilicity, hydrophobicity,
polarity, hydrogen bonding capability, or rigidity. In
some embodiments, a dipeptide analog or peptide analog
may differ from a dipeptide or peptide in that one or
more peptide linkages are replaced by a linkage
selected from, e.g., -CH2NH-, -CH2S-, -CH2-CH2-,
-CH=CH-(cis and trans), -C(O)CH2-, -CH(OH)CH2-, or
-CH2SO-, by methods well known in the art. See, e.g.,
Fauchere, / . Adv. Drug Res. 15:29 (1986); Evans et
al., J. Med. Chem. 30:1229 (1987). Dipeptide analogs
also include, e.g., b-turn analogs. See, e.g.,
Friedinger, J. Med. Chem. 46:5553-5566 (2003), and
Hanessian, Tetrahedron 53:12789- 12854 (1997).[0038]
Nonlimiting examples of dipeptide analogs include,
e.g., b-alanine, 4-aminobutanoic acid, 5-aminobutanoic
acid, 3-(aminomethyl)benzoic acid,
4-(aminomethylbenzoic acid), 3-(aminophenyl)acetic
acid, 4-(aminophenyl)acetic acid, and: -
3(S)-amino-2-oxo-1-piperidine- acetic acid and
3(R)-3-amino-2-oxo-1-piperidineacetic acid; -
3(S)-amino-2-oxo-1-azepine acetic acid and
3(R)-3-amino-2-oxo-1-azepine acetic acid;-
3(S)-amino-2-oxo-1-pyrrolidine acetic acid and
3(R)-3-amino-2-oxo-1-pyrrolidine acetic acid; and -
3-amino-
-1-carboxymethyl-2,3,4,5-tetrahydro-1H-[l]-benzazepine
-2-one. [0039] An amino acid sequence that is
"substantially identical" to a given sequence may be,
e.g., at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%,
or 99% identical to the given sequence. A
substantially identical sequence may vary from the
given sequence by truncation, deletion, substitution,
addition, or modification of one or more amino acids,
including, e.g, replacing one or more amino acids with
one or more non-encoded amino acid(s) (such as, e.g.,
D-amino acids or TV-methylated amino acids) or amino
acid analogs. Alternatively, a substantially identical
sequence may differ from a given sequence only by
conservative amino acid substitutions. [0040] A
conservative substitution is a substitution in which a
first amino acid is replaced by a second amino acid
that approximates at least one property of the first
amino acid, such as, e.g., size, charge,
hydrophilicity, hydrophobicity, polarity, hydrogen
bonding capability, or rigidity. Conservative
substitutions encompass both encoded and non-encoded
amino acids, as well as amino acid analogs. [0041] For
example, in some embodiments, alanine may be
conservatively substituted by another hydrophobic
amino acid such as, e.g., methionine, valine, leucine,
or isoleucine, or by an analog of the any of the
above-mentioned amino acids. In other embodiments,
alanine may be conservatively substituted by an amino
acid that is approximately isosteric such as, e.g.,
b-alanine, ethylglycine, a-aminoisobutryic acid, or
D-alanine, or by an analog of the any of the
above-mentioned amino acids. In some embodiments,
cysteine may be conservatively substituted by another
thiol-containing amino acid such as, e.g.,
homocysteine, D-cysteine, or penicillamine, or by an
analog of the any of the above-mentioned amino acids,
hi other embodiments, cysteine may be conservatively
substituted by an approximately isosteric amino acid
such as, e.g., serine, threonine, or
2,3-diaminopropionic acid, or by an analog of the any
of the above-mentioned amino acids. In other
embodiments, phenylalanine may be conservatively
substituted by, e.g., 3-fluorophenylalanine,
4-methylphenylalanine, phenyl glycine,
1-naphthylalanine, and 3,3-diphenylalanine,
4-aminophenylalanine, pentafluorophenylalanine,
2-pyridylalanine, 3-pyridylalanine,
4-nitrophenylalanine,2-pyrrolidinylalanine,
3-piperidylalanine, or 4-piperidylalanine, or by an
analog of the any of the above-mentioned amino acids.
As another example, histidine may be conservatively
substituted by a basic amino acid such as, e.g.,
lysine, ornithine, 2,4-diaminobutyric acid,
2,3-diaminopropionic acid, arginine, or guanylalanine,
or by an analog of the any of the above-mentioned
amino acids. In other embodiments, histidine may be
conservatively substituted by an aromatic amino acid
such as, e.g., thienylalanine; tyrosine, tryptophan,
or phenylalanine, or by an analog of the any of the
above-mentioned amino acids. In yet other embodiments,
histidine may be conservatively substituted by a
basic, aromatic amino acid such as, e.g.,
1-methylhistidine, 2-pyridylalanine, 3-pyridylalanine,
4-pyridylalanine, 4-aminophenylalanine,
4-guanylphenylalanine, thiazolylalanine, and analogs
thereof. [0042] In certain embodiments, a conservative
substitution may be a substitution that replaces a
first amino acid with a second amino acid having a
similar hydropathic index, such as a value that varies
by, e.g., 0.5, 1, or 2. In other embodiments, a
conservative substitution may be a substitution that
replaces a first amino acid with a second amino acid
having a similar hydrophilicity value, such as a value
that varies by, e.g., 0.5, 1, or 2. [0043] In some
embodiments, non-conservative substitutions may be
introduced. A non-conservative substitution may be,
e.g., a substitution that replaces a charged amino
acid with a neutral amino acid; a substitution that
replaces a basic amino acid with an acidic amino acid;
a substitution that replaces a polar amino acid with a
nonpolar amino acid; a substitution that replaces a
hydrophilic amino acid with a hydrophobic amino acid;
a substitution that replaces a an amino acid with a
sterically dissimilar amino acid; or an amino acid
with differing hydrogen bonding capabilities.
Non-conservative substitutions may be made where
appropriate. For example, a skilled artisan may be
able to identify one or more amino acids of a peptide
that may be non-conservatively substituted without
significant alteration of the biological activities
(such as, e.g., FcRn binding affinity or reduction of
IgG concentration in vivo) or structure of the
peptide. See, e.g., Example 7. II. Peptides
Derivatized With a Hydrophilic Polymer [0044] In
general, the disclosure provides peptides derivatized
with a hydrophilic polymer. For example, any of the
peptides disclosed in the Examples may be derivatized
with a hydrophilic polymer or may be modified (e.g.,
as described below) so that they can bederivatized
with a hydrophilic polymer. The term "derivatized," as
used in connection with the peptides of the invention,
refers to amino acids or peptides, or analogs of amino
acids or peptides, comprising a hydrophilic polymer.
[0045] The hydrophilic polymer may be chosen from,
e.g., polyethylene glycol including, e.g.,
monoalkyl-polyethylene glycol; polypropylene glycol;
polysaccharides such as, e.g., dextran and cellulose;
methylcellulose; hydroxycellulose;
hydroxymethylcellulose; hydroxypropylcellulose;
hydroxypropylmethyl cellulose; hydroxyalkyl starch
including, e.g., hydroxyethyl starch; polyvinyl
alcohol; poly(N-vinyl pyrrolidone); and poloxamers. In
other embodiments, the hydrophilic polymer may be
chosen from, e.g., polyethylene glycol copolymers such
as, e.g., polyethylene glycol-polypropylene glycol
copolymers and polyethylene glycol-poly(/V-vinyl
pyrrolidone) copolymers. In some embodiments, the
hydrophilic polymer is a non-peptide polymer. In some
embodiments, the hydrophilic polymer is readily
hydrated. In some embodiments, the hydrophilic polymer
has a large hydrodynamic radius when hydrated. In
illustrative embodiments, the hydrophilic polymer is
polyethylene glycol. [0046] In some embodiments, a
peptide of the invention (monomer or multimer) may
contain one molecule of hydrophilic polymer per
peptide monomer. In other embodiments, a peptide of
the invention may contain multiple molecules of
hydrophilic polymer per peptide monomer. For example,
the anti-FcRn peptides disclosed herein may have 1, 2,
3, 4, 5, 6, 7, 8, or 1-4, 1-8, 2-3, 2-4, 2-6, 3-6, or
2-6 molecules of hydrophilic polymer per peptide
monomer. [0047] In some embodiments, the hydrophilic
polymer may be linear. In other embodiments, the
hydrophilic polymer may be branched. A branched
hydrophilic polymer may have, e.g., 2, 3, 4, 5, 6, 7,
or 8 branches. In some embodiments, the hydrophilic
polymer 



may have an average molecular weight of, e.g., about
5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, or 60 kDa,
or may have an average molecular weight ranging from,
e.g., about 10-60, 10-40, 10-30, 20-30, 20-40, 20-50,
30-60, 15-25, 25-35, 35-45, or 45-55 kDa. [0048] In
some embodiments, the derivatized peptides described
herein exhibit enhanced pharmaceutical properties
relative to the corresponding underivatized peptides.
For example, the derivatized peptides may have
extended serum half-lives in animals. In
someembodiments, the derivatized peptides may have
serum half-lives that are at least 10, 20, 30, 40, 50,
60, 70, 80, 90, 100, 110, 120, 150, 175, 200, or 300%
greater than the corresponding underivatized peptides
in any of humans, mice, rats, and cynomolgus monkeys.
In other embodiments, the derivatized peptides may
have serum half-lives that are at least 2, 3, 4, 5,
10, 15, 20, 25, 50, 75, 100, 200, 500, 1,000, 5,000,
or 10,000-fold greater than the corresponding
underivatized peptides in any of humans, mice, rats,
and cynomolgus monkeys. Serum half-life may be
determined by, e.g., LC-MS or an ELISA assay using
appropriate antibodies. In certain embodiments,
derivatization does not result in a significant
reduction in potency. For example, in some
embodiments, derivatization does not result in a
significant reduction in, e.g., binding affinity. In
other embodiments, derivatization does not result in a
significant reduction in inhibitory activity towards
the IgG-FcRn interaction. For example, in some
embodiments, derivatization does not result in a
significant reduction in potency, as measured by,
e.g., the IgG-peptide competition assay as described
in Example 4, Biacore, or KinExA (Kinetic Exclusion
Assay), and the derivatized peptides may have at least
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50, 60,
70, 75, 80, 85, 90, 95, 97, 98, or 99% of the potency
of the corresponding, underivatized peptides. [0049]
In some embodiments, monomeric peptides, such as,
e.g., Peptide Nos. 227, 235, and 239, may be
derivatized or may be modified (e.g., by conservative
or nonconservative substitutions) so that they can be
derivatized. In other embodiments, multimeric peptides
such as, e.g., Peptide Nos. 119, 247, 278, 285, 286,
287, may be derivatized or may be modified so that
they can be derivatized. [0050] Derivatized peptides
of the invention may be chosen from, e.g., Peptide
Nos. 290, 291, 292, 293, 294, 295, and 296. In
illustrative embodiments, the derivatized anti-FcRn
peptide may be Peptide No. 285, pegylated with linear
PEG chains as described in Examples 24, 27-29 and 3 1
or with branched PEG chains as described in Examples
33-34. In some embodiments, branched PEG chains may
provide more favorable in vitro and in vivo
characteristics than the linear PEGs. In illustrative
embodiments, the branched pegylated peptides may be
the product of the reductive alkyation of Peptide No.
285 with a 20 kDa, two-branch PEG or a two-branch, 40
kDa PEG. [0051] The derivatized peptides may be
monomeric or multimeric (including e.g., dimeric,
trimeric, and tetrameric peptides). In the case of
multimeric peptides, each of theindividual peptide
monomers from which the multimer is composed may be
the same as or different from any other peptide
monomer in the multimer. In some embodiments, peptide
multimers may be synthesized by reacting individual
peptide monomers with a multivalent linker. See, e.g.,
Rose, J. Am. Chem. Soc. 116:30 (1994). For example,
peptide multimers may be synthesized by reacting
individual peptide monomers, while on resin, with a
multivalent linker. In other embodiments, peptide
multimers may be synthesized by incorporating branched
linker groups prior to the synthesis of the peptide
sequence as in, e.g., Posnett et al, J. Biol. Chem.
263:1719 (1988). [0052] Any suitable linker known to
one of skill in the art may be used hi general,
linkers that do not interfere with binding to FcRn are
chosen. For example, the linker may be one of the
linkers disclosed in, e.g., the Examples; U.S. Patent
Nos. 4,671,958; 4,867,973; 5,691,154; 5,846,728;
6,472,506; 6,541,669; 7,141,676; 7,176,185; and
7,232,805 and in U.S. Patent Application Pub. No.
2006/0228348. [0053] In general, the linker may be of
a suitable length such that it avoids steric hindrance
between the peptide monomers of the multimer, and does
not interfere with the binding of the peptide monomers
to FcRn. hi some embodiments, the linker may be a
covalent bond. In other embodiments, the linker may
comprise 1-100, 1-60, 5-60, 5-40, 2-50, 2-20, 5-10, or
5-20 linear atoms, where the linker is attached to a
peptide monomer by means of, e.g., an ester, amide,
hydrazone, oxime, semicarbazone, ether, thioether,
phosphorothioate, phosphonate, thioester, and/or
disulfide linkage. The remaining linear atoms in the
linker are preferably selected from the group
consisting of carbon, oxygen, nitrogen and sulfur, any
of which atoms optionally may be included in a
carbocyclic, heterocyclic, aryl, or heteroaryl ring.
The linear carbon atoms in the linker optionally can
be substituted with a substituent selected from the
group consisting of halo, hydroxy, nitro, haloalkyl,
alkyl, alkaryl, aryl, aralkyl, alkoxy, aryloxy, amino,
acylamino, alkylcarbamoyl, arylcarbamoyl, aminoalkyl,
alkoxycarbonyl, carboxy, hydroxyalkyl, alkanesulfonyl,
arenesulfonyl, alkanesulfonamido, arenesulfonamido,
aralkylsulfonamido, alkylcarbonyl, acyloxy, cyano, and
ureido. A linear nitrogen atom in the linker
optionally can be substituted with acyl, sulfonyl,
alkyl, alkaryl, aryl, aralkyl, alkoxycarbonyl. A
linear sulfur atom in the linker optionally can be
oxidized. In certain embodiments, the linker may be
cleavable, as disclosed in, e.g., U.S. Patent
Application Pub. No. 2006/0228348 and U.S. Patent Nos.
4,867,973; 7,176,185; 7,232,805.[0054] In some
embodiments, the derivatized peptides may comprise
further modifications, such as, e.g., glycosylation,
acetylation, phosphorylation, or lipidation. [0055]
The derivatized peptides, in certain embodiments, have
some affinity for FcRn. For example, in some
embodiments, the KD for the peptide-FcRn interaction
may range from 50 fM to 1 mM. In other embodiments,
the KD may range from 50 fM to 100 mM, 50 fM to 1 riM,
or 1 pM to 1 nM. [0056] In some embodiments, the
peptides inhibit the Fc portion of IgG from binding to
FcRn. For example, in certain embodiments, the
peptides can inhibit the Fc portion of IgG from
binding to FcRn with an IC50 of, e.g., 50 fM to 100
mM, 50 fM to l mM, 1 pM to 100 nM, or 10 pM to 10 nM.
A. Exemplary Derivatized Peptides [0057] In some
embodiments, the disclosure provides the following
exemplary derivatized peptides. [0058] Exemplary
Embodiment 1: A derivatized peptide having the
sequence:or wherein: - A, if present, comprises a
hydrophilic polymer or is hydrogen, acyl, or an amino
protecting group; - B, if present, comprises a
hydrophilic polymer or is Q, an amino group, a
hydroxyl group, or a carboxy protecting group; - Q, if
present, comprises an amine group (which may be
neutral or positively charged), wherein the amine
group is attached to a peptide by an alkylene group,
where the alkylene groups include but are not limited
to ethylene, npropylene, n-butylene, n-pentylene, and
n-hexylene; or by a combination of alkylene groups and
alkylene oxide subunits, where the alkylene oxide
subunits include but are not limited to
-(CH2-CH2-O)P-, where p is 1, 2, 3, 4, or 5.
Non-limiting examples of Q include -CH2-CH2-NH2,
-CH2-CH2-CH2-CH2-NH2,-CH 2-CH 2-CH 2-CH 2-CH 2-CH 2-NH
2, -CH2-CH2-O-CH2-CH2-NH2, -(CH2-CH2-O)2-CH2-CH2-NH2,
and -(CH2-CH2-O)3-CH2-CH2-NH2; Xo, if present, is an
optionally derivatized amino acid or an analog thereof
or is an optionally derivatized peptide of 2 - 15
amino acids or an analog thereof; X1, if present, is
an optionally derivatized amino acid or an analog
thereof; X2, if present, is an amino acid or an analog
thereof; X3 is an amino acid or analog thereof that is
capable of forming a bridge with X1O, X12 Or X13 ; X4
is an optionally derivatized amino acid or an analog
thereof or an optionally derivatized peptide of 2 or 4
amino acids or an analog thereof; X6 is a basic amino
acid or an analog thereof, an aromatic amino acid or
an analog thereof, or a basic aromatic amino acid or
an analog thereof; X7 is phenylalanine or an analog
thereof; X8 and X are each independently chosen from
glycine or an analog thereof, sarcosine or an analog
thereof, aspartic acid or an analog thereof, a D-amino
acid or an analog thereof, and a-aminoisobutyric acid
or an analog thereof, or - X8, when taken together
with X9, forms a dipeptide analog; X1O is an amino
acid or an analog thereof, or - X1o, when taken
together with X9, forms a dipeptide analog; X1 1 is
tyrosine or an analog thereof; X12 is an optionally
derivatized amino acid or an analog thereof; X13 , if
present, is an amino acid or an analog thereof;- X14,
if present, is an optionally derivatized amino acid or
an analog thereof or is an optionally derivatized
peptide of 2 - 15 amino acids or an analog thereof; -
Y comprises a hydrophilic polymer; - Z is a linker
that attaches to each peptide monomer through - A; -
B; - the amino terminus or a side chain of Xo, if Xo
is present; to the amino terminus or side chain of X1,
if Xo is absent; to the amino terminus or side chain
of X2, if both Xoand X1 are absent; or to the amino
terminus or side chain of X3, if X , X1 and X2 are
absent; or - the carboxy terminus or a side chain of
X14 , if X14 is present; to the carboxy terminus or a
side chain of X13, if X14 is absent; or to the carboxy
terminus or a side chain of X12 if both X13 and X14
are absent; - m is an integer chosen from 1, 2, and 3;
and - n is an integer chosen from 1, 2, and 3;
wherein: - each A, B, X0, X1, X2, X3, X4, X6, X7, X8,
X , X1o, Xn, X12, X13, and X14 is chosen
independently; and - each monomer of the peptide
ranges from 10 to 50 amino acids in length. [0059] It
will be appreciated by the skilled artisan that if Z
is attached to the peptide through a side chain of Xo,
then A is necessarily present. Similarly, if Z is
attached to a side chain of X14, then B is necessarily
present. [0060] In some embodiments, A comprises a
hydrophilic polymer. For example, A may comprise a
hydrophilic polymer and a linker (such as, e.g., any
linker described herein) connecting the hydrophilic
polymer and Xo (or X1, if Xo is absent; or X2, if X
and X1 are absent; or X3 if Xo, X1, and X2 are
absent). In other embodiments, A is hydrogen, acyl, or
anamino protecting group. In some embodiments B
comprises a hydrophilic polymer. For 



example, B may comprise a hydrophilic polymer and a
linker (such as, e.g., any linker described herein,
including, e.g., that found in Figure 18) connecting
the hydrophilic polymer and X14 (or X1 , if X14 is
absent; or X12 , if X13 and X1 are absent). In other
embodiments, B is an amino group, a hydroxyl group, or
a carboxy protecting group. [0061] The charge of an
ionizable group such as an amino group or carboxyl
group may be charged or neutral, depending on the
environment. [0062] Exemplary Embodiment 2: The
peptide of embodiment 1 having the sequence: wherein:
- X1 is an underivatized amino acid or an analog
thereof; - X4 is an underivatized amino acid or an
analog thereof or an underivatized peptide of 2 or 4
amino acids or an analog thereof; and - X12 is an
underivatized amino acid or an analog thereof. [0063]
Exemplary Embodiment 3: The peptide of embodiment 1,
wherein Xo is absent. [0064] Exemplary Embodiment 4:
The peptide of embodiment 1, wherein X1 is arginine or
an analog thereof. [0065] Exemplary Embodiment 5: The
peptide of embodiment 1, wherein X2 is an aromatic
amino acid or an analog thereof.[0066] Exemplary
Embodiment 6: The peptide of embodiment 5, wherein X2
is phenylalanine or an analog thereof, tyrosine or an
analog thereof, or tryptophan or an analog thereof.
[0067] Exemplary Embodiment 7: The peptide of
embodiment 6, wherein X2 is phenylalanine or an analog
thereof. [0068] Exemplary Embodiment 8: The peptide of
embodiment 1, wherein the peptide is unbridged. [0069]
Exemplary Embodiment 9: The peptide of embodiment 1,
wherein at least one of X1o, X12 , or X13 is an amino
acid or analog thereof that is capable of forming a
bridge with X3. [0070] Exemplary Embodiment 10: The
peptide of embodiment 9, wherein X forms a bridge with
X1O, X12 , or X13 . The bridge between X3 and X1o,
X12, or X13 may be a side chain to side chain bridge
or a side chain to carboxy terminus bridge (e.g., in
embodiments wherein X13 is at the carboxy terminus of
the peptide). A bridge may include, or may result from
the formation of, one or more functional groups such
as, e.g., a disulfide (see, e.g., Example 7), an
ether, a thioether, an alkene, or an amide (see, e.g.,
Example 10), in which case the bridge may be referred
to as, e.g., a disulfide, ether, thioether, alkene, or
amide bridge. [0071] Exemplary Embodiment 11: The
peptide of embodiment 10, wherein X3 forms a bridge
with X13. [0072] Exemplary Embodiment 12: The peptide
of embodiment 11, wherein the bridge is a side chain
to side chain bridge. [0073] Exemplary Embodiment 13:
The peptide of embodiment 12, wherein the side chain
to side chain bridge is a disulfide bridge, an ether
bridge, a thioether bridge, an alkene bridge, or an
amide bridge. [0074] Exemplary Embodiment 14: The
peptide of embodiment 13, wherein the side chain to
side chain bridge is a disulfide bridge between:-
cysteine and cysteine; - cysteine and homocysteine; -
cysteine and penicillamine; - homocysteine and
homocysteine; - homocysteine and penicillamine; or -
penicillamine and penicillamine. [0075] Exemplary
Embodiment 15: The peptide of embodiment 13, wherein
the side chain to side chain bridge is an amide bridge
between: - aspartic acid and lysine; - aspartic acid
and ornithine; - aspartic acid and 2,4-diaminobutyric
acid; - aspartic acid and 2,3-diaminopropionic acid -
glutamic acid and lysine; - glutamic acid and
ornithine; - glutamic acid and 2,4-diaminobutyric
acid; or - glutamic acid and 2,3-diaminopropionic
acid. [0076] Exemplary Embodiment 16: The peptide of
embodiment 1, wherein the peptide comprises at least
one cysteine. [0077] Exemplary Embodiment 17: The
peptide of embodiment 1, wherein the peptide comprises
at least one cysteine analog chosen from: -
homocysteine; - D-cysteine; and - penicillamine.
[0078] Exemplary Embodiment 18: The peptide of
embodiment 1, wherein X4 is threonine or an analog
thereof.[0079] Exemplary Embodiment 19: The peptide of
embodiment 1, wherein X6 is a basic amino acid or
analog thereof chosen from: - lysine or an analog
thereof; - ornithine or an analog thereof; -
2,4-diaminobutyric acid or an analog thereof; -
2,3-diaminopropionic acid or an analog thereof; -
arginine or an analog thereof; and - guanylalanine or
an analog thereof. [0080] Exemplary Embodiment 20: The
peptide of embodiment 1, wherein X is an aromatic
amino acid or analog thereof chosen from - tyrosine or
an analog thereof; - tryptophan or an analog thereof;
and - phenylalanine or an analog thereof. [0081]
Exemplary Embodiment 21: The peptide of embodiment 1,
wherein X6 is a basic aromatic amino acid or an analog
thereof chosen from: - histidine or an analog thereof;
- 1-methylhistidine or an analog thereof; -
2-pyridylalanine or an analog thereof; -
3-pyridylalanine or an analog thereof; -
4-pyridylalanine or an analog thereof; -
4-aminophenylalanine or an analog thereof; -
4-guanylphenylalanine or an analog thereof; and -
thiazolylalanine or an analog thereof. [0082]
Exemplary Embodiment 22: The peptide of embodiment 21,
wherein X6 is histidine or an analog thereof,
3-pyridylalanine or an analog thereof,
4-pyridylalanine or an analog thereof, or
4-guanylphenylalanine or an analog thereof.[0083]
Exemplary Embodiment 23: The peptide of embodiment 22,
wherein X6 is 4-guanylphenylalanine or an analog
thereof. [0084] Exemplary Embodiment 24: The peptide
of embodiment 22, wherein X6 is histidine or an analog
thereof. [0085] Exemplary Embodiment 25: The peptide
of embodiment 1, wherein X7 is phenylalanine. [0086]
Exemplary Embodiment 26: The peptide of embodiment 1,
wherein at least one of X8 and X9 is chosen from: -
glycine; - D-amino acids; - a-aminoisobutyric acid;
and - sarcosine. [0087] Exemplary Embodiment 27: The
peptide of embodiment 1, wherein X8, taken together
with X , forms a dipeptide analog chosen from: -
b-alanine; - 4-aminobutanoic acid; - 5-aminopentanoic
acid; - 3-(aminomethyl)benzoic acid; -
4-(aminomethyl)benzoic acid; - 3-(aminophenyl)acetic
acid; - 4-(aminophenyl)acetic acid;-
3-amino-2-oxo-1-piperidine-acetic acid; -
3(R)-3-amino-2-oxo-1-piperidine-acetic acid; -
3(R)-3-amino-2-oxo-1-azepine acetic acid; -
3(R)-3-amino-2-oxo-1-pyrrolidine acetic acid; and -
3-amino-
-1-carboxymethyl-2,3,4,5-tetrahydro-1H-[l]-benzazepine
-2-one. [0088] Exemplary Embodiment 28: The peptide of
embodiment 1, wherein the peptide comprises a
phenylalanine analog chosen from: - tryptophan; -
tyrosine; - 2-aminophenylalanine; -
3-aminophenylalanine; - 4-aminophenylalanine; -
pentafluorophenylalanine; - 2-pyridylalanine; -
3-pyridylalanine; - 4-nitrophenylalanine; -
1-naphthylalanine; - homophenylalanine; -
phenylglycine; - 2-methylphenylalanine; -
3-methylphenylalanine;- 4-methylphenylalanine -
2-chlorophenylalanine; - 3-chlorophenylalanine; -
4-chlorophenylalanine; - 3,3-diphenylalanine; -
4,4'-biphenylalanine; - 4-t-butylphenylalanine; -
cyclohexylalanine; 



- (4-aminoacetyl)phenylalanine; -
L-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid; -
D-beta-methylphenylalanine; and -
L-beta-methylphenylalanine. [0089] Exemplary
Embodiment 29: The peptide of embodiment 1, wherein
the peptide comprises at least one tyrosine analog
chosen from: - phenylalanine; - 4-aminophenylalanine;
- 4-methoxyphenylalanine; - pentafluorophenylalanine;
- 2-pyridylalanine; - 3-pyridylalanine; -
4-pyridylalanine; - 4-nitrophenylalanine; -
2-nitrotyrosine; and - 4-fluorophenylalanine. [0090]
Exemplary Embodiment 30: The peptide of embodiment 1,
wherein X and X1O, taken together, form a dipeptide
analog chosen from:- D,L-Friedinger's lactam -
L,L-Friedinger's lactam [0091] Exemplary Embodiment
31: The peptide of embodiment 1, wherein the peptide
comprises at least one histidine analog chosen from: -
2,4-diaminobutyric acid; - thiazolylalanine; -
2,3-diaminopropionic acid; - guanylalanine; -
2-pyridylalanine; - 3-pyridylalanine; -
4-pyridylalanine; - thienylalanine; - ornithine; -
lysine; - arginine; - 4-guanylphenylalanine; -
1-methylhistidine; - 3-methylhistidine; -
1,3-dimethylhistidine;- 4-aminophenylalanine; -
2-pyrrolidinylalanine; - 3-piperdylalanine; and -
4-piperidylalanine. [0092] Exemplary Embodiment 32:
The peptide of embodiment 1, wherein X1 is chosen from
neutral hydrophobic amino acids, and analogs thereof.
In other embodiments, X1O is a neutral amino acid or
an analog thereof. In yet other embodiments, X1O is a
hydrophobic amino acid or an analog thereof. In
further embodiments, X1O is an N-methylated
hydrophobic amino acid or an analog thereof. [0093]
Exemplary Embodiment 33: The peptide of embodiment 1,
wherein X1 1 is tyrosine or an analog thereof. [0094]
Exemplary Embodiment 34: The peptide of embodiment 1,
wherein X12 is proline or an analog thereof. [0095]
Exemplary Embodiment 35: The peptide of embodiment 1,
wherein X13 is tyrosine or an analog thereof. [0096]
Exemplary Embodiment 36: The peptide of embodiment 1,
wherein X14 is absent. [0097] Exemplary Embodiment 37:
The peptide of embodiment 1, wherein X15 is an amino
group. [0098] Exemplary Embodiment 38: The peptide of
embodiment 1, wherein the peptide is a peptide of any
of Formulae II, III, and IV and n is 1. [0099]
Exemplary Embodiment 39: The peptide of embodiment 1,
wherein the peptide is a peptide of any of Formulae
II, III, and IV and n is 2. [0100] Exemplary
Embodiment 40: The peptide of embodiment 1, wherein
the peptide has the sequence:, or [0101] Exemplary
Embodiment 41: The peptide of embodiment 40, wherein
Xo is absent. [0102] Exemplary Embodiment 42: The
peptide of embodiment 40, wherein X1, X4, and/or X12
are derivatized amino acids or analogs thereof. [0103]
Exemplary Embodiment 43: The peptide of embodiment 40,
wherein the peptide has the sequence:or wherein
horizontal brackets indicate the presence of a bridge.
It will be appreciated by the skilled artisan that, in
Formula XI, Z attaches to each peptide monomer through
the carboxy terminus, as the side chain of the
C-terminal cysteine residue (X13) forms a bridge with
penicillamine (X3). Similarly, it will be appreciated
by the skilled artisan that, in Formula XII, Z
attaches to one peptide monomer through the carboxy
terminus, as the side chain of the C-terminal cysteine
residue (X13) forms a bridge with penicillamine (X3),
and Z attaches to the other peptide monomer through
the amino terminus or a side chain of X1. [0104]
Exemplary Embodiment 44: The peptide of embodiment 1,
wherein the hydrophilic polymer is chosen from
polyethylene glycol, polypropylene glycol, dextran;
cellulose, methylcellulose, hydroxycellulose,
hydroxymethylcellulose, hydroxypropylcellulose,
hydroxypropylmethyl cellulose, hydroxyalkyl starch,
polyvinyl alcohol, poly( -vinyl pyrrolidone),
poloxamers, and polyethylene glycol copolymers. [0105]
Exemplary Embodiment 45: The peptide of embodiment 44,
wherein the hydrophilic polymer is polyethylene glycol
(PEG).[0106] Exemplary Embodiment 46: The peptide of
embodiment 45, wherein the PEG is a linear PEG. [0107]
Exemplary Embodiment 47: The peptide of embodiment 45,
wherein the PEG is a branched PEG. [0108] Exemplary
Embodiment 48: The peptide of embodiment 45, wherein
the PEG has an average molecular weight ranging from
10-60 kDa. [0109] Exemplary Embodiment 49: The peptide
of embodiment 45, wherein the PEG has an average
molecular weight ranging from 10-40 kDa. [01 10]
Exemplary Embodiment 50: The peptide of embodiment 45
wherein the PEG has a molecular weight of about 20
kDa. [0111] Exemplary Embodiment 51: The peptide of
embodiment 45, wherein the PEG has a molecular weight
of about 30 kDa. [0112] Exemplary Embodiment 52: The
peptide of embodiment 1, wherein the peptide binds
specifically to human FcRn. [0113] Exemplary
Embodiment 53: The peptide of embodiment 52, wherein
the affinity of the peptide for human FcRn ranges from
50 fM to 1 mM. [01 14] Exemplary Embodiment 54: The
peptide of embodiment 53, wherein the affinity of the
peptide for human FcRn ranges from 500 fM to 100 mM.
[0115] Exemplary Embodiment 55: The peptide of
embodiment 54, wherein the affinity of the peptide for
human FcRn ranges from 5 pM to 1 mM. [0116] Exemplary
Embodiment 56: The peptide of embodiment 52, wherein
the peptide inhibits the binding of human FcRn to
human IgG, and has an IC50 ranging from 50 fMto 1 mM.
[01 17] Exemplary Embodiment 57: The peptide of
embodiment 56, wherein the peptide has an IC50 ranging
from 1 pM to 100 nM.[0118] Exemplary Embodiment 58:
The peptide of embodiment 56, wherein the peptide has
an IC50 ranging from 10 pM to 10 nM. [01 19] Exemplary
Embodiment 59: The peptide of embodiment 1, wherein
the peptide has the sequence: [0120] Exemplary
Embodiment 60: The peptide of embodiment 59, wherein
the peptide has the sequence: wherein horizontal
brackets indicate the presence of a bridge. [0121]
Exemplary Embodiment 61: The peptide of embodiment 60,
wherein the peptide has the sequence [0122] Exemplary
Embodiment 62: The peptide of embodiment 59, wherein
the peptide has the sequence:[0123] Exemplary
Embodiment 63: The peptide of embodiment 1, wherein B
is Q. [0124] Exemplary Embodiment 64: The peptide of
embodiment 63, wherein B is -(W)m-(CH2)n-NH2, where W,
if present, is -(CH2)P, -(CH2-CH2)P,-(CH2-O)P-, or ,
and m is 1, 2, 3, 4, or 5, n is 1, 2, or 3 and p is 1,
2, 3, 4, 5. [0125] Exemplary Embodiment 65: The
peptide of embodiment 64, wherein X3 forms a bridge
with X13 . [0126] Exemplary Embodiment 66: The peptide
of embodiment 65, wherein the bridge is a side chain
to side chain bridge. [0127] Exemplary Embodiment 67:
The peptide of embodiment 64, wherein X6 is histidine
or an analog thereof. [0128] Exemplary Embodiment 68:
The peptide of embodiment 64, wherein at least one of
X8 and X is chosen from:- glycine; - D-amino acids; -
a-aminoisobutyric acid; and - sarcosine. [0129]
Exemplary Embodiment 69: The peptide of embodiment 64,
wherein X14 is absent. [0130] Exemplary Embodiment 70:
The peptide of embodiment 64, wherein n is 1. [0131]
Exemplary Embodiment 71: The peptide of embodiment 64,
wherein the peptide has the sequence: [0132] Exemplary
Embodiment 72: The peptide of embodiment 71, wherein
the peptide has the sequence: , wherein horizontal
brackets indicate the presence of a bridge. [0133]
Exemplary Embodiment 73: The peptide of embodiment 64,
wherein the peptide has the sequence:[0134] Exemplary
Embodiment 74: The peptide of embodiment 73, wherein
the peptide has the sequence: wherein horizontal
brackets indicate the presence of a bridge. 



[0135] Exemplary Embodiment 75: The peptide of
embodiment 74, wherein the peptide has the
sequence:wherein B is -(W) m-(CH 2)r-NH 2, where W, if
present, is -(CH 2)P, -(CH 2-CH2)p,-(CH 2-O) p-, or ,
and where m is 1, 2, 3, 4, or 5, r is 1, 2, or 3, and
p is 1, 2, 3, 4, 5. B. Synthesis of Derivatized
Peptides [0136] The derivatized peptides may be
prepared according to any method known in the art.
Exemplary methods of preparing peptides derivatized
with polyethylene glycol ("pegylated" peptides) are
described infra. Those methods may be used with any of
the polymers described herein. Accordingly, it will be
appreciated by one of skill in the art that any time
the terms "pegylate," "pegylation," or "pegylated" are
used throughout the disclosure, any hydrophilic
polymer could readily be substituted in place of
polyethylene glycol. (1) Pegylation of Unpegylated
Peptides [0137] In some embodiments, the peptides
described herein may be synthesized as the
corresponding unpegylated peptides and then
subsequently pegylated. a. Synthesis of Unpegylated
Peptides [0138] Peptides of the invention may be
synthesized following the procedures set forth in the
Examples or by other known synthetic methods, such as,
e.g., solid phase peptide synthesis. See, e.g.,
Abelson et al., eds., Methods in Enzymology, Volume
289: Solid-Phase Peptide Synthesis (1997); Chan and
White, eds., Fmoc Solid Phase Peptide Synthesis: A
Practical Approach Oxford, University Press Inc., New
York (2000); Benoiton, Chemistry of Peptide Synthesis,
CRC (2005); Bodanszky, Principles of Peptide
Synthesis, 2nd ed., Springer-Verlag, New York (1993);
Stewart and Young, Solid Phase Peptide Synthesis, 2nd
ed., Pierce Chemical Co., Rockford, IU. (1984). [0139]
Peptides of the invention that are composed entirely
of encoded amino acids may be synthesized
recombinantly in cells using techniques well known in
the art. See, e.g., Sambrook et al., Molecular Cloning
A Laboratory Manual, Cold Spring Harbor Laboratory,
N.Y. (1989) and Ausubel et al., Current Protocols in
Molecular Biology, Greene Publishing Associates and
Wiley Interscience, N.Y. (1989).[0140] Alternatively,
peptides of the invention may be synthesized using a
combination of synthetic and recombinant methods. b.
Pegylation [0141] Pegylation may be performed
according to any of the pegylation reactions known in
the art. Methods for preparing a pegylated protein
product will generally include (a) reacting a
polypeptide with a PEG containing a first reactive
group (such as, e.g., an active ester, aldehyde,
amine, aminooxy, hydrazine, hydrazide, othiol,
maleimide, and a-haloacyl, such as, e.g., iodoacetyl)
under conditions whereby the peptide of the invention,
which typically contains at least one second reactive
group, becomes attached to one or more PEG groups; and
(b) obtaining the reaction product(s). Reaction
conditions may be selected from any of those known in
the pegylation art or those subsequently developed. In
general, reaction conditions (including, e.g.,
temperature, solvent, and pH) that will not degrade
the anti-FcRn peptides of the invention are chosen.
[0142] In embodiments wherein a peptide to be
pegylated contains more than one second reactive group
that may be pegylated, some or all of those groups may
be pegylated by using an appropriate PEG stoichiometry
during the pegylation reaction. In the illustrative
example of a peptide dimer containing two C-terminal
amines, both amines may be pegylated, or only one
amine may be pegylated, depending upon the PEG
stoichiometry used. [0143] Acylation. As used herein,
acylation is contemplated to include, without
limitation, the following types of linkages between a
peptide of the invention and a PEG: amide, carbamate,
urethane, and the like. See, e.g., Chamow,
Bioconjugate Chem., 5:133- 140 (1994). [0144] In a
first example, an amine-containing peptide (where the
amine group is, e.g., a side chain amine group or an
TV-terminal amine group) can be selectively reacted
with a PEG reagent having an activated ester group
(including, e.g., PEG succinimidyl esters and PEG
para-nitrophenyl esters; such as, e.g., NOF Corp.
(Japan) Cat. Nos. Sunbright MEGC- 30TS and Sunbright
MENP-30T) to generate an amide bond. Alternatively,
the peptide may contain an aminooxy, hydrazine, or
hydrazide group.[0145] In a second example, peptide
carboxylic acid groups (including, e.g., side chain
and C-terminal carboxylic acid groups) can be
activated with various reagents (including, e.g.,
l-ethyl-3-(3'-dimethylaminopropyl)carbodiimide (EDC)
and N-hydroxysuccinimide + EDC). The activated
peptides can then be coupled to aminecontaining PEG
reagents (including, e.g., NOF Corp. (Japan) Cat. No.
Sunbright MEPA- 30T). [0146] Alkylation and Reductive
Alkylation. Peptide-PEG conjugates may be prepared by
alkylation by reacting an amine (or aminooxy,
hydrazine, or hydrazide) and an aldehyde. In some
embodiments, including, e.g., the reaction of an
aminooxy, hydrazine, or hydrazide, the alkylation
product is not reduced. In other embodiments,
Peptide-PEG conjugates may be prepared by reductive
alkylation by reacting an amine (or aminooxy,
hydrazine, or hydrazide) and an aldehyde in the
presence of a suitable reducing agent, or by reacting
an amine (or aminooxy, hydrazine, or hydrazide) and an
aldehyde followed by reduction with a suitable
reducing agent to generate a stable carbon-nitrogen
single bond, e.g., as described in Examples 12, 14,16,
27-29, and 31-34. [0147] In a first example, a peptide
containing a side chain or free N-terminal amine group
can be coupled with a PEG containing an aldehyde
group. PEG aldehydes are commercially available
(including, e.g., NOF Corp. (Japan) Cat. No. Sunbright
ME-300AL). Another exemplary PEG aldehyde is
polyethylene glycol propionaldehyde, which is water
stable, or mono C1-C1O alkoxy or aryloxy derivatives
thereof. See, for example, U.S. Patent No. 5,252,714.
In general, the PEG containing an aldehyde group may
have a single reactive aldehyde group. [0148] In a
second example, peptides containing a hydroxylamine,
hydrazine, or hydrazide group can be readily reacted
with PEG-aldehydes. (Peptides containing an aminooxy,
hydrazine, or hydrazide group can be prepared by
standard methods known to those skilled in the art
such as those described in Example 39.) In some
embodiments, the resulting product is reduced. In
other embodiments, the resulting product is not
reduced. [0149] In a third example, peptide aldehydes
are reacted with amine-containing PEG reagents (such
as, e.g., NOF Corp. (Japan) Cat. No. MEPA 30T).
Peptide aldehydes can bereadily generated, for example
as described herein in Example 12, or by incorporation
of an aldehyde-containing amino acid. [0150]
Thioalkylation. Peptides containing a free thiol
functional group (e.g., from a cysteine amino acid
residue) can readily react with a PEG functionalized
with an electrophile such as, e.g., maleimide (such
as, e.g., NOF Corp. (Japan) Cat. No. ME-300MA) or a-
haloacyl, including haloacetyl, including iodoacetyl,
to form a thioether bond. Alternatively, peptides
containing an electrophilic functional group
(including, e.g., a maleimide, which can be prepared
by standard methods known to those skilled in the art)
can be reacted with thiolcontaining PEG groups (such
as, e.g., NOF Corp. (Japan) Cat. No. ME-300SH).
Suitable electrophilic functional groups are known to
those of skill in the art. [0151] Other Conjugation
Chemistries. There are a number of PEG attachment
methods available to those skilled in the art and
described in, for example, EP 0 401 384; Malik et al.,
Exp. HematoL, 20:1028-1035 (1992); Francis, Focus on
Growth Factors, 3(2):4- 10 (1992); EP 0 154 316; EP 0
401 384; WO 92/16221; and WO 95/34326. Other possible
methods for PEG-peptide conjugation include, e.g., the
use of azide-alkyne chemistry (e.g., as described in
J. Am. Chem. Soc. 125:3192-3193 (2003)). hi certain
embodiments, a PEG thioester may be reacted with a
peptide bearing an N-terminal cysteine residue, e.g.,
as described in Dawson and Kent, Anna. Rev. Biochem.
69:923 (2000). (2) Pegylation sites [0152] Anti-FcRn
peptides described herein may be pegylated at any
suitable position of the peptide, as described inf ra
hi some embodiments, the anti-FcRn peptides may be
pegylated at multiple positions. [0153] N-Terminus.
Peptides having an amine group at the N-terminus may
be pegylated at the -terminus, e.g., by any suitable
conjugation method described supra. [0154] Addition of
N-Terminal Reactive Groups, hi some embodiments, one
or more reactive groups may be added to the N-terminus
of an anti-FcRn peptide of the invention. In some
embodiments, the reactive groups will be amino acid
sidechains. For example, an acetyl-capped lysine
residue may be added to the N-terminus, resulting in a
side chain amine group that may be pegylated. hi other
embodiments, multiple pegylation sitesmay be
introduced by adding an amino acid having an
amine-containing side chain to the Nterminus. For
example, a lysine residue may be added to the free
amine of Peptide No. 285 to generate two available
amine sites for pegylation (the lysine a- and e-amino
groups). Reaction of the lysine-containing product
with suitably-activated PEGs (such as, e.g., the
aldehyde-containing PEGs described infra) can afford a
PEG-peptide conjugate having 2 PEG moieties per
peptide, as illustrated in Figure 18. [0155]
TV-Terminal Linker. Monomeric peptides may be
multimerized with an TV-terminal linker containing a
reactive group, e.g., as described in Examples 12, 13,
and 15. For example, Peptides Nos. 100, 119, 120, 121,
160, 199 and 200 have an N-terminal linker containing
a carboxylic acid group that can be pegylated and
Peptide Nos. 285 and 286 have TV-terminal linker
containing an amine group that can be pegylated.
[0156] C-Terminus. Peptides having a carboxylic acid
group at the C-terminus may be pegylated at the
C-terminus, e.g., by any suitable conjugation method
described supra. [0157] In other embodiments, peptides
may be synthesized on an amine-containing resin (such
as, e.g., 1,2-diaminoethane trityl PS, Novabiochem
Cat. No. 01-64-0081) to yield a C-terminal amine
group. [0158] Addition of C-Terminal Reactive Groups.
In some embodiments, one or more reactive groups for
pegylation may be added to the C-terminus of an
anti-FcRn peptide of the invention. In some
embodiments, the reactive groups will be amino acid
sidechains. For example, a lysine residue having a
C-terminal amide group may be added to the Cterminus,
resulting in a side chain amine group that may be
pegylated. In other embodiments, multiple pegylation
sites may be introduced by adding an amino acid having
an aminecontaining side chain to the C-terminus. For
example, a glutamic acid residue may be added to the
C-terminus to generate two available carboxylic acid
sites for pegylation (the glutamic acid a- and
g-carboxyl groups). Addition of a reactive group to
the C-terminus is not predicted to substantially
hinder the activity of the anti-FcRn peptide, based
upon the peptide truncation studies described in
Example 7. [0159] C-Terminal Linker. Monomeric
peptides may be multimerized with a C-terminal linker
containing a reactive group, e.g., as described in
Example 12. For example, Peptide No. 278 has a
C-terminal linker containing an amine group that can
be pegylated.[0160] Side Chain(s). In some
embodiments, the reactive group may be located in,
e.g., an amino acid side chain (including, e.g., amino
acids containing a side chain amine such 



as, e.g., 2,3-diaminopropionic acid,
2,4-diaminobutyric acid, ornithine, and lysine; amino
acids containing a side chain carboxylic acid such as,
e.g., aspartic acid and glutamic acid; and amino acids
containing a side chain thiol group such as, e.g.,
cysteine and penicillamine). [0161] In certain
embodiments, the peptide described herein comprises an
amino acid side chain that may be pegylated. [0162] In
other embodiments, suitable pegylation sites may be
obtained by replacement of one or more amino acids of
a given sequence with an amino acid containing a
desired reactive group. For example, because the
peptide alanine scan studies described in Example 7
indicated that the arginine-2, threonine-5, and
proline-13 residues of Peptide No. 501 could be
substituted for alanine without significant loss in in
vitro potency, it is possible that 1, 2, or all of
those amino acids could also be replaced by an amino
acid containing a desired reactive group without
significant loss in in vitro potency. In some
embodiments, the arginine-2, threonine-5, and
proline-13 residues of Peptide No. 1 may be replaced
by, e.g., amino acids containing a side chain amine
such as, e.g., 2,3-diaminopropionic acid, 2,4-
diaminobutyric acid, ornithine, and lysine; amino
acids containing a side chain carboxylic acid such as,
e.g., aspartic acid and glutamic acid; and amino acids
containing a side chain thiol group such as, e.g.,
cysteine). In some embodiments, such a substitution
may result in a peptide with no loss in in vitro
potency, as compared to the original peptide, or in at
least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30, 40,
50, 60, 70, 75, 80, 85, 90, 95, 97, 98, or 99% of the
in vitro potency of the original peptide, as measured
by, e.g., the IgG-peptide competition assay as
described in Example 4, Biacore, or KinExA (Kinetic
Exclusion Assay). (3) Incorporation of Pegylated
Building Blocks [0163] In other embodiments, the
peptides described herein may be synthesized by
incorporation of amino acid building blocks comprising
PEG moieties. C. Peptide Conjugates [0164] In some
embodiments, peptides of the invention are provided as
conjugates, including, e.g., covalent and non-covalent
conjugates, comprising a peptide and a second
molecule, which may be, e.g., a protein, a peptide, a
small molecule, a polymer, or a nucleicacid. In some
embodiments, the second molecule may confer a desired
property to a peptide described herein, such as, e.g.,
extended half-life, stability, and/or enhanced
transport. In some embodiments, the second molecule
may enhance the efficacy of a peptide of the
invention, as measured by, e.g., the IgG competition
ELISA as shown in Example 4. In some embodiments, the
second molecule may enhance the efficacy of a peptide
of the invention, as measured by, e.g., overall
reduction in serum IgG levels in cynomolgus monkeys or
by comparison of the frequency of administration of
conjugated peptide needed to obtain a particular
therapeutic effect, as compared to the unconjugated
peptide. In further embodiments, for example, the
second molecule may result in targeting of the peptide
to a particular cell, tissue, and/or organ. [0165] In
some embodiments, the conjugates may have an increased
ability to block the IgG-FcRn. In other embodiments,
the conjugates may protect the peptide from
degradation and thus enhance the in vivo efficacy of
the peptide. In some embodiments, the conjugates may
have increased circulation half-lives. In further
embodiments, such conjugates may be more efficient in
binding and neutralizing other molecules than a
peptide of the invention. In other embodiments,
conjugates may facilitate purification. [0166] In some
embodiments, the second molecule of a conjugated
peptide of the invention may be an Fc domain of IgG or
a fragment thereof. The IgG may be, e.g., human IgG,
such as, e.g., human IgGl, IgG2, or IgG4. In some
embodiments, the IgG is an altered or mutated IgG,
such as, e.g., a Pro331Ser Fcg2 variant, Leu235Ala Fc
4 variant, Leu234Val Fc7I variant, Leu235Ala Fc I
variant, or Pro331Ser Fc 1 variant. In some
embodiments, the second molecule may be an IgG
fragment that comprises, e.g., hinge, CH2, and/or CH3
domains. [0167] In some embodiments, the second
molecule of a conjugated peptide of the invention may
be albumin, an albumin fragment, or an albumin-binding
molecule (such as, e.g., peptides, proteins, and
molecules including, e.g., long alkyl chains, that
bind noncovalently to albumin). Such conjugates may
have longer in vivo half-lives and may thus require a
lower peptide doses to achieve the desired therapeutic
effect. See, e.g., Chuang et al., Pharm. Res. 19:569
(2002); U.S. Patent No. 6,685,179.[0168] Conjugates of
the peptides of the invention with proteins, peptides,
small molecules, polymers, or nucleic acids may be
prepared according to any of the conjugation
chemistries known in the art or described herein. For
example, in some embodiments, peptides may be capped
by a hydrophobic aromatic capping reagents for
non-covalent binding to albumin as in, e.g., Zobel et
al., Bioorg. Med. Chem. Lett. 13:1513 (2003). In other
embodiments, peptides modified with thiol-reactive
groups can be used for covalent conjugation to free
cysteine residues as in, e.g., Kim et al., Diabetes
52:751 (2003). In further embodiments, a peptide of
the invention containing an aldehyde may be reacted
with a second molecule by reductive alkylation
reaction as in, e.g., Kinstler, Adv. Drug Del. Rev.
54:471 (2002). Alternatively, where the second
molecule is a protein or a peptide having an
N-terminal cysteine, a peptide thioester may be
reacted with the second molecule to form a covalent
conjugate as described in, e.g., Dawson and Kent,
Anna. Rev. Biochem. 69:923 (2000). Peptide-protein and
peptide-peptide conjugates may also, in certain
embodiments where all amino acids are encoded amino
acids, be prepared by expression in an appropriate
host cell. D. Exemplary Peptide Conjugates [0169]
Exemplary Embodiment 76: A conjugate comprising the
peptide of any one of embodiments 1 to 75 and a second
molecule. [0170] Exemplary Embodiment 77: The
conjugate of embodiment 76, wherein the second
molecule is chosen from albumin, transferrin, and the
Fc portion of an immunoglobulin. [0171] Exemplary
Embodiment 78: The conjugate of embodiment 77, wherein
the second molecule is the Fc portion of an
immunoglobulin. [0172] Exemplary Embodiment 79: The
conjugate of embodiment 78, wherein the immunoglobulin
is chosen from IgG1, IgG2, IgG3, and IgG4. III. Other
Peptides [0173] In some embodiments, the peptides of
the invention are not derivatized. Exemplary
embodiments of such peptides are set forth
below.[0174] Exemplary Embodiment A: A peptide having
the sequence: wherein: - A, if present, is hydrogen,
acyl, or an amino protecting group; - B, if present,
comprises Q or is an amino group, a hydroxyl group, or
a carboxy protecting group; - Q, if present, is an
amine group (which may be neutral or positively
charged), wherein the amine group is attached to a
peptide by an alkylene group, wherethe alkylene groups
include but are not limited to ethylene, n-propylene,
nbutylene, n-pentylene, and n-hexylene; or by a
combination of alkylene groups and alkylene oxide
subunits, where the alkylene oxide subunits include
but are not limited to -(CH2-CH2-O)P-, where p is 1,
2, 3, 4, or 5. Non-limiting examples of Q include
-CH2-CH2-NH2, -CH2-CH2-CH2-CH2-NH2, -CH 2-CH 2-CH 2-CH
2-CH 2-CH 2-NH 2, -CH2-CH2-O-CH2-CH2-NH2,
-(CH2-CH2-O)2-CH2-CH2-NH2, and
-(CH2-CH2-O)3-CH2-CH2-NH2; X0, if present, is is an
amino acid or an analog thereof or is an optionally
derivatized peptide of 2 - 15 amino acids or an analog
thereof; X1, if present, is an amino acid or an analog
thereof; X2, if present, is an amino acid or an analog
thereof; X is an amino acid or analog thereof that is
capable of forming a bridge with X1O, X12 or X13 ; X4
is an amino acid or an analog thereof or an optionally
derivatized peptide of 2 or 4 amino acids or an analog
thereof; X6 is a basic amino acid or an analog
thereof, an aromatic amino acid or an analog thereof,
or a basic aromatic amino acid or an analog thereof;
X7 is phenylalanine or an analog thereof;- X8 and X
are each independently chosen from glycine or an
analog thereof, sarcosine or an analog thereof,
aspartic acid or an analog thereof, a D-amino acid or
an analog thereof, and a-aminoisobutyric acid or an
analog thereof, or - X8, when taken together with X9,
forms a dipeptide analog; - X1O is an amino acid or an
analog thereof, or - X1O, when taken together with X9,
forms a dipeptide analog; - Xn is tyrosine or an
analog thereof; - X12 is an amino acid or an analog
thereof; - X13, if present, is an amino acid or an
analog thereof; - X14 , if present, is an amino acid
or an analog thereof or is a peptide of 2 - 15 amino
acids or an analog thereof; - Z is a linker that
attaches to each peptide monomer through - A; - B; -
the amino terminus or a side chain of Xo, if Xo is
present; to the amino terminus or side chain of X1, if
Xo is absent; to the amino terminus or side chain of
X2, if both Xoand X1 are absent; or to the amino
terminus or side chain of X3, if Xo, X1and X2 are
absent; or - the carboxy terminus or a side chain of
X14, if X14 is present; to the carboxy terminus or a
side chain of X 3, if X14 is absent; or to the carboxy
terminus or a side chain of X12 if both X13 and X14
are absent; - m is an integer chosen from 1, 2, and 3;
and - n is an integer chosen from 1, 2, and 3;
wherein:- each A, B, X0, X1, X2, X3, X4, X6, X , Xs,
X9, X10, Xn, X12, X13, and X14 is chosen
independently; and - each monomer of the peptide
ranges from 10 to 50 amino acids in length. [0175] It
will be appreciated by the skilled artisan that if Z
is attached to the peptide through a side chain of Xo,
then A is necessarily present. Similarly, if Z is
attached to a side chain of X14, then B is necessarily
present. [0176] Exemplary Embodiment B: The peptide of
embodiment A, wherein B is Q. [0177] Exemplary
Embodiment C: The peptide of embodiment B, wherein B
is -(W)1n-(CH 2VNH 2, where W, if present, is -(CH
2)P, -(CH 2-CH2)P,-(CH 2-O)P-, or 



, and where m is 1, 2, 3, 4, or 5, r is 1, 2, or 3,
and p is 1, 2, 3, 4, 5. [0178] Exemplary Embodiment D:
The peptide of embodiment C, wherein X forms a bridge
with X13 . [0179] Exemplary Embodiment E: The peptide
of embodiment D, wherein the bridge is a side chain to
side chain bridge. [0180] Exemplary Embodiment F: The
peptide of embodiment B, wherein X6 is histidine or an
analog thereof. [0181] Exemplary Embodiment G: The
peptide of embodiment B, wherein at least one of X8
and X9 is chosen from: - glycine; - D-amino acids; -
a-aminoisobutyric acid; and - sarcosine. [0182]
Exemplary Embodiment H: The peptide of embodiment B,
wherein X14 is absent.[0183] Exemplary Embodiment I :
The peptide of embodiment B, wherein n is 1. [0184]
Exemplary Embodiment J: The peptide of embodiment B,
wherein the peptide has the sequence: [0185] Exemplary
Embodiment K: The peptide of embodiment J, wherein the
peptide has the sequence: , wherein horizontal
brackets indicate the presence of a bridge. [0186]
Exemplary Embodiment L: The peptide of embodiment B,
wherein the peptide has the sequence: [0187] Exemplary
Embodiment M: The peptide of embodiment L, wherein the
peptide has the sequence:wherein horizontal brackets
indicate the presence of a bridge. [0188] Exemplary
Embodiment N: The peptide of embodiment M, wherein the
peptide has the sequence: where B is -W-CH 2-CH2-NH2,
where W, if present, is -(CH 2)P, -(CH 2-CH2)P,-(CH
2-O)P-, or where p is 1, 2, 3, 4, 5. [0189] Exemplary
Embodiment O: The peptide of embodiment M, whereinW is
absent.[0190] Exemplary Embodiment P: The peptide of
embodiment M, wherein W is -(CH 2-CH 2)-. [0191]
Exemplary Embodiment Q: The peptide of embodiment M,
wherein W is -(CH 2-CH 2-COp- and p is 1. [0192]
Exemplary Embodiment R: The peptide of embodiment M,
wherein W is -(CH 2-CH2-O)P- and p is 2. IV. Methods
for screening and discovering peptides that bind FcRn
and block the FcRn-IgG interaction [0193] Peptides
binding to FcRn may be identified using phage display
libraries. Phage display libraries may be readily
generated as described in Smith and Petrenko, Chem.
Rev. 87:391 (1997). Alternatively, phage display
libraries may be acquired from a commercial source,
such as, e.g., Dyax Corp. (Cambridge, MA). Depending
on the screening conditions, phage may be identified
with a variety of different properties. To identify
peptides that bind to FcRn (and thus compete with IgG
for FcRn binding), a phage library may be screened for
binding to FcRn and by competition with IgG.
Optionally, peptides that bind to alternate receptors
may be eliminated from the library by incubating the
phage library with one or more alternate receptors.
Thus, phage that bound the alternate receptor(s) would
be depleted from the desired pool of phage. By
sequencing the DNA of phage clones capable of binding
to FcRn, peptides capable of binding to FcRn and
inhibiting IgG-FcRn binding may be identified. [0194]
Examples of other methods to identify FcRn-binding
peptides include: mRNA display (Roberts and Szostak,
Proc. Nat. Acad. ScL USA 94:12297 (1997), cell-based
display (Boder and Wittrup, Nat. Biotechnol. 15:553
(1997), and synthetic peptide libraries (Lam, Nature
354:82 (1991); Houghten et al., Nature 354:84 (1991)).
V. Methods for Assaying Peptides That Bind to FcRn and
Block the IgGrFcRn Interaction [0195] A number of
methods may be used to assess the ability of a peptide
or peptidomimetic to bind FcRn and block the FcRn: IgG
interaction. For example, surface plasmon resonance
(SPR) is a method well known in the art to evaluate
binding events(Biacore AB, Uppsala, Sweden). Using
this method, one of the binding partners (FcRn or IgG)
is immobilized on the SPR sensor chip and while the
other binding partner is passed over the chip, which
is monitored for a resulting signal. In the same
experiment, the peptide to be evaluated as a
competitor of the interaction between IgG and FcRn is
passed over the chip. Any decrease in signal may be
interpreted as a measure of the peptide's ability to
block the interaction between FcRn and IgG. [0196]
Other methods for assaying for possible peptide
inhibitors of the IgGiFcRn interaction are also well
known in the art. One such method is an IgG
competition assay in a 96-well plate format. In this
example assay, soluble human FcRn on a 96-well plate
is exposed to IgG and a test peptide. Residual bound
IgG, as detected by an anti-IgG antibody and standard
ELISA visualization reagents, provide a measure of the
peptide's ability to block the FcRn-IgG interaction.
[0197] The ability of a peptide to block IgG-FcRn
binding may also be carried out on cells transfected
with DNA encoding a human FcRn to develop a cell line
capable of expressing human FcRn on its cell surface.
A binding competition assay may be applied where
peptide inhibitors of IgG-FcRn binding compete with a
fluorescently labeled IgG molecule. The level of
residual IgG bound to the cells may be measured using,
e.g., a standard fluorescent activated cell sorter
(FACS). VI. Pharmaceutical Uses of Immunomodulatory
Peptides [0198] The peptides of the invention bind
FcRn and inhibit the Fc portion of the IgG constant
region from binding to FcRn resulting in increased
catabolism of IgG in comparison to the catabolism of
IgG in the absence of peptides of the invention. In
exemplary embodiments, the IgG constant region is from
the IgGl, IgG2, IgG3, or IgG4 subclasses. A.
Preparation of Pharmaceutical Compositions [0199] The
peptides of the invention may be used in the
manufacture of a medicament (pharmaceutical
composition) for the treatment of any disease or
condition where increased catabolism of IgG may be
desired. Accordingly, the invention provides
pharmaceutical compositions comprising at least one
peptide of the invention. These compositions will
typically include a pharmaceutically acceptable
carrier or excipient. Examples of
suitablepharmaceutical carriers are described in
Remington's Pharmaceutical Sciences by E.W. Martin.
Examples of excipients can include starch, glucose,
lactose, sucrose, gelatin, malt, rice, flour, chalk,
silica gel, sodium stearate, glycerol monostearate,
talc, sodium chloride, dried skim milk, glycerol,
propylene, glycol, water, ethanol, and the like. The
composition can also contain pH buffering reagents,
and wetting or emulsifying agents. [0200] The
pharmaceutical compositions of the invention may be
formulated for administration to a patient in need
thereof by any reasonable route of administration,
including e.g., intravenously, subcutaneously,
intra-muscularly, orally, sublingually, buccally,
sublingually, nasally, rectally, vaginally or by
inhalation. In some embodiments the peptides of the
may be implanted within or linked to a biopolymer
solid support that allows for the slow release of the
peptide. [0201] For oral administration, the
pharmaceutical composition may take the form of
tablets or capsules prepared by conventional means.
The composition can also be prepared as a liquid, for
example as a syrup or a suspension. The liquid can
include suspending agents (e.g., sorbitol syrup,
cellulose derivatives or hydrogenated edible fats),
emulsifying agents (lecithin or acacia), non-aqueous
vehicles (e.g., almond oil, oily esters, ethyl
alcohol, or fractionated vegetable oils), and
preservatives (e.g., methyl or
propyl-p-hydroxybenzoates or sorbic acid). The
preparations can also include flavoring, coloring and
sweetening agents. Alternatively, the composition can
be presented as a dry product for constitution with
water or another suitable vehicle. [0202] For buccal
and sublingual administration the composition may take
the form of tablets or lozenges according to
conventional protocols. [0203] For administration by
inhalation, the compounds for use according to the
present invention are conveniently delivered in the
form of an aerosol spray from a pressurized pack or
nebulizer (e.g., in PBS), with a suitable propellant,
e.g., dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoromethane, carbon dioxide or other
suitable gas. In the case of a pressurized aerosol the
dosage unit can be determined by providing a valve to
deliver a metered amount. Capsules and cartridges of,
e.g., gelatin for use in an inhaler or insufflator can
be formulated containing a powder mix of the compound
and a suitable powder base such as lactose or
starch.[0204] The pharmaceutical composition can be
formulated for parenteral administration (including,
e.g., intravenous or intramuscular administration) by
bolus injection. Formulations for injection can be
presented in unit dosage form, e.g., in ampoules or in
multidose containers with an added preservative. The
compositions can take such forms as suspensions,
solutions, or emulsions in oily or aqueous vehicles,
and contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. Alternatively,
the active ingredient can be in powder form for
constitution with a suitable vehicle, such as, e.g.,
pyrogen free water. [0205] The pharmaceutical
composition can also be formulated for rectal
administration as a suppository or retention enema,
e.g., containing conventional suppository bases such
as cocoa butter or other glycerides. B. Exemplary
Pharmaceutical Compositions [0206] Exemplary
Embodiment 80: A pharmaceutical composition comprising
a therapeutically effective amount of the peptide of
any one of embodiments 1 to 75 or A to R or a
therapeutically effective amount of the conjugate of
any one of embodiments 76 to 79. [0207] Exemplary
Embodiment 81: The composition of embodiment 80,
wherein the therapeutically effective amount of the
peptide is capable of decreasing the serum
concentration of human IgG as compared to the serum
concentration of human IgG before treatment with the
peptide. [0208] Exemplary Embodiment 82: The
composition of embodiment 81, wherein the decrease in
the serum concentration of human IgG is at least 5%.
[0209] Exemplary Embodiment 83: The composition of
embodiment 82, wherein the decrease in the serum
concentration of human IgG is at least 15%. [0210]
Exemplary Embodiment 84: The composition of embodiment
83, wherein the decrease in the serum concentration of
human IgG is at least 25%. C. Methods of Treatment 



[0211] The pharmaceutical compositions of the
invention are useful to treat any disease or
condition, where increased catabolism of IgG is
desirable. Thus, the inventionprovides methods of
treating diseases characterized by inappropriately
expressed IgG antibodies or undesired amounts or
levels of IgG, comprising administering a
therapeutically effective amount of a peptide of the
invention to a patient in need thereof. In some
embodiments, the invention provides methods for
treating a disease by modulating the serum
concentration of IgG with the peptides of the
invention. The terms "treat," treatment," and
"treating" refer to (1) a reduction in severity or
duration of a disease or condition, (2) the
amelioration of one or more symptoms associated with a
disease or condition without necessarily curing the
disease or condition, or (3) the prevention of a
disease or condition. [0212] In certain embodiments,
the methods of the invention may be employed to treat,
prevent, or regulate autoimmune diseases including,
but not limited to alopecia areata, ankylosing
spondylitis, antiphospholipid syndrome, autoimmune
Addison's disease, autoimmune hemolytic anemia,
autoimmune hepatitis, autoimmune lymphoproliferative
syndrome, autoimmunethrombocytopenic purpura, Behcet's
disease, bullous pemphigoid, cardiomyopathy, celiac
sprue-dermatitis herpetiformis, chronic fatigue immune
dysfunction syndrome, chronic inflammatory
demyelinating polyneuropathy, cicatricial pemphigoid,
CREST syndrome, cold agglutinin disease, Crohn's
disease, Degos' disease, dermatomyositis,
dermatomyositis-juvenile, discoid lupus, essential
mixed cryoglobulinemia, fibromyalgiafibromyositis,
Graves' disease, Guillain-Barre syndrome, Hashimoto's
thyroiditis, idiopathic pulmonary fibrosis, idiopathic
thrombocytopenia purpura, IgA nephropathy, insulin
dependent diabetes, juvenile arthritis, lichen planus,
lupus, Meniere's disease, mixed connective tissue
disease, multiple sclerosis, myasthenia gravis,
pemphigus (including, e.g., pemphigus vulgaris),
pernicious anemia, polyarteritis nodosa,
polychondritis, polyglandular syndromes, polymyalgia
rheumatica, polymyositis and dermatomyositis, primary
agammaglobulinemia, primary biliary cirrhosis,
psoriasis, Raynaud's phenomenon, Reiter's syndrome,
rheumatic fever, rheumatoid arthritis, sarcoidosis,
scleroderma, Sjogren's syndrome, stiff-man syndrome,
Takayasu arteritis, temporal arteritis/giant cell
arteritis, transplant rejection, ulcerative colitis,
uveitis, vasculitis, vitiligo, and Wegener's
granulomatosis. [0213] In some embodiments, the
autoimmune disease is chosen from bullous pemphigoid,
idiopathic thrombocytopenia purpura (ITP), myasthenia
gravis (MG), pemphigus (including, e.g., pemphigus
vulgaris), and transplant rejection.[0214] In certain
embodiments, compositions comprising the peptides of
the invention may be used in combination with steroids
for immunosuppression. [0215] The peptides of the
invention may be used to treat inflammatory disorders
including, but not limited to, asthma, ulcerative
colitis and inflammatory bowel syndrome allergy,
including allergic rhinitis/sinusitis, skin allergies
(including, e.g., urticaria (i.e., hives), angioedema,
atopic dermatitis), food allergies, drug allergies,
insect allergies, mastocytosis, arthritis, including
osteoarthritis, rheumatoid arthritis, and
spondyloarthropathies. In some embodiments, the
invention provides methods of treating cardiovascular
disease with an inflammation-based etiology (e.g.,
arterial sclerosis), transplant rejection, and/or
graft versus host disease (GVHD). [0216] Other
embodiments of the invention include methods of
treating cancer by administering a peptide of the
invention. The methods of the invention may be
employed to treat or help regulate cancers involving
overproduction of IgG, such as plasma cell cancers,
including multiple myeloma. [0217] Frequently, in
diseases or conditions requiring administration of a
therapeutic protein, the subject will develop
antibodies against the therapeutic protein, which, in
turn, prevent the therapeutic protein from be
available for its intended therapeutic purpose.
Accordingly, the peptides of the invention can be used
in combination with the therapeutic protein to enhance
the benefit of the therapeutic protein by reducing the
levels of IgG; wherein, IgG antibodies are responsible
for the decreased bioavailability of a therapeutic
protein. Accordingly, some embodiments of the
invention provide methods of regulating, treating, or
preventing a condition, disease, or disorder resulting
from an immune response to a clotting factor
comprising contacting a cell with a therapeutically
effective amount of any of the peptides disclosed
herein, wherein the clotting Factor is chosen from
fibrinogen, prothrombin, Factor V, Factor VII, Factor
VIII, Factor IX, Factor X, Factor XI, Factor XII,
Factor XIII, or von Willebrand's Factor. This method
may be used to regulate or treat, or prevent an immune
response to a clotting factor in a patient suffering,
e.g., from hemophilia A or hemophilia B. In some
embodiments, peptides of the present invention block
Factor VIII inhibitors. In other embodiments, the
method may be used to regulate or treat, or prevent an
immune response to, e.g., therapeutic erythropoietin
in a patient suffering from pure red cell aplasia
(PRCA). The invention further provides methods of
regulating, treating,or preventing an immune reaction
to a lysosomal hydrolase, the absence of which results
in a lysosomal storage disorder, such as, e.g.,
a-galactosidase A, acid ceramidase, acid
a-L-fucosidase, acid b-glucosidase
(glucocerebrosidase) acid b-galactosidase,
iduronate-2-sulfatase, a-L-iduronidase,
galactocerebrosidase, Acid a-mannosidase, acid
b-mannosidase, arylsulfatase B, arylsulfatase A,
-acetylgalactosamine- -sulfate sulfatase, acid
b-galactosidase, Acid sphingomyelinase, acid
a-glucosidase, b-hexosaminidase B, heparan
N-sulfatase, a- -acetylglucosaminidase, acetyl-CoA:
a-glucosaminide, N-acetyltransferase,
-acetylglucosamine-6-sulfate sulfatase,
a-N-acetylgalactosaminidase, sialidase,
b-glucuronidase, and b-hexosaminidase A. [0218] In
other embodiments, the methods of the invention may be
employed to treat, prevent, or regulate an immune
reaction to a gene therapy vector. Obstacles to the
successful implementation of gene therapy for the
treatment of a disease or condition also include the
development of antibodies specific to the therapeutic
protein encoded by the transgene as well as possibly
to the vector used to deliver the transgene.
Accordingly, in some embodiments, the peptides
described herein can be administered in combination
with gene therapy to enhance the benefit of the
encoded therapeutic protein by reducing the levels of
IgG. These methods are particularly useful in
situations where IgG antibodies are responsible for
the decreased bioavailability of a gene therapy vector
or the encoded therapeutic protein. The gene therapy
vector may be, e.g., a viral vector such as adenovirus
and adeno associated virus. Diseases that can be
treated using gene therapy include, but are not
limited to, cystic fibrosis, hemophilia, PRCA,
muscular dystrophy, or lysosomal storage diseases,
such as, e.g., Gaucher' s disease and Fabry's disease.
[0219] In the methods of the invention, the
compositions described herein can be administered via
any suitable route, such as, e.g., intravenously,
subcutaneously, intra muscularly, orally,
sublingually, buccally, sublingually, nasally,
rectally, vaginally or by inhalation. In general, the
appropriate dose of a composition described herein
will vary depending on the disease or condition to be
treated, the severity of the disease or conditions,
the subject, including the gender, age, and weight of
the subject, the desired outcome, and the particular
route of administration used. For example, dosages can
range from 0.1 to 100,000 mg/kg body weight. In some
embodiments, the dosing range may be 1-10,000 mg/kg.
In other embodiments, the dosing range may be 10-1,000
mg/kg. In yet further embodiments, the dosing range is
100 -500 mg/kg.[0220] The compositions of the
invention may be administered continuously or at
specific timed intervals. In vitro assays may be
employed to determine optimal dose ranges and/or
schedules for administration. Other effective dosages
can be readily determined by one of ordinary skill in
the art through routine trials establishing dose
response curves, for example, the amount of the
peptides of the invention necessary to increase or
decrease the level of IgG can be calculated from in
vivo experimentation. Those of skill will readily
appreciate that dose levels can vary as a function of
the specific compound, the severity of the symptoms,
and the susceptibility of the subject to side effects,
and preferred dosages for a given compound are readily
determinable by those of skill in the art by a variety
of means. For example, those skilled in the art can
calculate an appropriate dose using readily available
information with respect to the amount necessary to
have the desired effect, depending upon the particular
agent used. D. Exemplary method of treatment
embodiments [0221] Exemplary Embodiment 85: A method
of treating a disease characterized by inappropriately
expressed IgG antibodies or excess IgG, comprising
administering the composition of any one of
embodiments 80 to 84 to a patient in need thereof.
[0222] Exemplary Embodiment 86: The method of
embodiment 85, wherein the disease is an immune
reaction to a therapeutic protein chosen from
erythropoietin, a lysosomal hydrolase, the absence of
which results in a lysosomal storage disorder, and a
clotting factor. [0223] Exemplary Embodiment 87: The
method of embodiment 86, wherein the lysosomal
hydrolase is chosen from the group consisting of
a-galactosidase A, acid ceramidase, acid
a-L-fucosidase, acid b-glucosidase
(glucocerebrosidase), acid b-galactosidase,
iduronate-2-sulfatase, a-L-iduronidase,
galactocerebrosidase, acid a-mannosidase, acid
b-mannosidase, arylsulfatase B, arylsulfatase A,
N-acetylgalactosamine-6-sulfate sulfatase, acid
b-galactosidase, acid sphingomyelinase, acid
a-glucosidase, b-hexosaminidase B, heparan
N-sulfatase, a- -acetylglucosaminidase,
acetyl-CoA:a-glucosaminide, -acetyltransferase,
-acetylglucosamine-6-sulfate sulfatase, a-
-acetylgalactosaminidase, sialidase, b-glucuronidase,
and b-hexosaminidase A.[0224] Exemplary Embodiment 88:
The method of embodiment 86, wherein the clotting
factor is selected from fibrinogen, prothrombin,
Factor V, Factor VII, Factor VIII, Factor IX, Factor
X, Factor XI, Factor XII, Factor XIII, and von
Willebrand's Factor. [0225] Exemplary Embodiment 89:
The method of embodiment 85, wherein the IgG is
specific for a gene therapy vector. [0226] Exemplary
Embodiment 90: The method of embodiment 89, wherein
the disease is chosen from inflammatory diseases,
autoimmune diseases, and cancer. [0227] Exemplary
Embodiment 91: The method of embodiment 90, wherein
the autoimmune disease is chosen from alopecia areata,
ankylosing spondylitis, antiphospholipid syndrome,
autoimmune Addison's disease, autoimmune hemolytic
anemia, autoimmune hepatitis, autoimmune
lymphoproliferative syndrome, autoimmune
thrombocytopenic purpura, Behcet's disease, bullous
pemphigoid, cardiomyopathy, celiac sprue-dermatitis
herpetiformis, chronic fatigue immune dysfunction
syndrome, chronic inflammatory demyelinating
polyneuropathy, cicatricial pemphigoid, CREST
syndrome, cold agglutinin disease, Crohn's disease,
Degos' disease, dermatomyositis,
dermatomyositis-juvenile, discoid lupus, essential
mixed cryoglobulinemia, fibromyalgia-fibromyositis,
Graves' disease, Guillain-Barre syndrome, Hashimoto's
thyroiditis, idiopathic pulmonary fibrosis, idiopathic
thrombocytopenia purpura, IgA nephropathy, insulin
dependent diabetes, juvenile arthritis, lichen planus,
lupus, Meniere's disease, mixed connective tissue
disease, multiple sclerosis, myasthenia gravis,
pemphigus, pernicious anemia, polyarteritis nodosa,
polychondritis, polyglandular syndromes, polymyalgia
rheumatica, polymyositis and dermatomyositis, 



primary agammaglobulinemia, primary biliary cirrhosis,
psoriasis, Raynaud's phenomenon, Reiter's syndrome,
rheumatic fever, rheumatoid arthritis, sarcoidosis,
scleroderma, Sjogren's syndrome, stiff-man syndrome,
Takayasu arteritis, temporal arteritis/giant cell
arteritis, transplant rejection, ulcerative colitis,
uveitis, vasculitis, vitiligo, and Wegener's
granulomatosis. [0228] Exemplary Embodiment 92: The
method of embodiment 91, wherein the autoimmune
disease is chosen from bullous pemphigoid, idiopathic
thrombocytopenia purpura, myasthenia gravis,
pemphigus, and transplant rejection.[0229] Exemplary
Embodiment 93: The method of embodiment 92, wherein
the pemphigus is pemphigus vulgaris. [0230] Exemplary
Embodiment 94: The method of embodiment 91, wherein
the disease is an inflammatory disease. [0231]
Exemplary Embodiment 95: The method of embodiment 94,
wherein the inflammatory disease is chosen from
asthma, ulcerative colitis and inflammatory bowel
syndrome allergy, including allergic
rhinitis/sinusitis, skin allergies, food allergies,
drug allergies, insect allergies, mastocytosis,
arthritis, including osteoarthritis, rheumatoid
arthritis, and spondyloarthropathies. [0232] Exemplary
Embodiment 96: The method of embodiment 95, wherein
the skin allergy is chosen from urticaria, angioedema,
and atopic dermatitis. VIL In Vivo Imaging and
Detection of FcRn [0233] The peptides of the invention
may be used in assays to detect FcRn. In some
embodiments, the assay is a binding assay that detects
binding of a peptide of the invention with FcRn. In
some embodiments, FcRn may be immobilized, and one or
more peptides described herein may passed over the
immobilized FcRn. In alternative embodiments, one or
more peptides may be immobilized, and FcRn may be
passed over the immobilized peptide(s). Either FcRn or
the peptides of the invention may be detectably
labeled. Suitable labels include radioisotopes,
including, but not limited to 64Cu, 67Cu, 90Y, 111 In,
1241, 1251, 131 I, 137Cs, 186Re, 211At, 212Bi, 213Bi,
223Ra, 241Am, 244Cm and " "1Tc-MDP; enzymes having
detectable products (for example, luciferase,
peroxidase, alkaline phosphatase, b- galactosidase,
and the like); fluorophores (including, e.g.,
fluorescein (which may be attached as, e.g.,
fluorescein isothiocyanate), rhodamine, phycoerythrin,
phycocyanin, allophycocyanin, o-phthaldehyde and
fluorescamine); fluorescence emitting metals, for
example, Eu, or others of the lanthanide series,
attached to the peptides of the invention through
metal chelating groups such as EDTA; chemiluminescent
compounds, for example, luminol, isoluminol,
theromatic acridinium ester, acridinium salts,
imidazole, and oxalate esteror; and bioluminescent
compounds, for example, luciferin, or aequorin (green
fluorescent protein), specific binding molecules, for
example, magnetic particles, microspheres,
nanospheres, luminescent quantum dot nanocrystals, and
the like.[0234] Alternatively, specific-binding pairs
may be used in assays to detect FcRn, involving, for
example, a second stage antibody or reagent that is
detectably labeled and that can amplify the signal.
For example, the peptides of the invention can be
conjugated to biotin, and horseradish
peroxidase-conjugated streptavidin added as a second
stage reagent. Digoxin and antidigoxin provide another
suitable binding pair. In other embodiments, a second
stage antibody can be conjugated to an enzyme such as
peroxidase in combination with a substrate that
undergoes a color change in the presence of the
peroxidase. The absence or presence of binding between
peptides of the invention and FcRn can be determined
by various methods, including flow cytometry of
dissociated cells, microscopy, radiography,
fluorimetry, chromogenic detection, phosphor imaging,
detection of chemiluminescence on film and
scintillation counting. Such reagents and their
methods of use are well known in the art. [0235] For
in vivo diagnostic applications, specific tissues or
even specific cellular disorders that may be
characterized, at least in part, by expression of
FcRn, may be imaged by administration of a sufficient
amount of a labeled peptide of the invention. [0236] A
wide variety of metal ions suitable for in vivo tissue
imaging have been tested and utilized clinically. For
imaging with radioisotopes, the following
characteristics are generally desirable: (a) low
radiation dose to the patient; (b) high photon yield
which permits a nuclear medicine procedure to be
performed in a short time period; (c) ability to be
produced in sufficient quantities; (d) acceptable
cost; (e) simple preparation for administration; and
(f) no requirement that the patient be sequestered
subsequently. These characteristics generally
translate into the following: (a) the radiation
exposure to the most critical organ is less than 5
rad; (b) a single image can be obtained within several
hours after infusion; (c) the radioisotope does not
decay by emission of a particle; (d) the isotope can
be readily detected; and (e) the half-life is less
than four days (Lamb and Kramer, "Commercial
Production of Radioisotopes for Nuclear Medicine," In
Radiotracers For Medical Applications, Vol. 1, Rayudu
(Ed.), CRC Press, Inc., Boca Raton, pp. 17-62). In
some embodiments, the metal is technetium-99m (99mTc).
[0237] Accordingly, the invention provides a method of
obtaining an image of an internal region of a subject
which comprises administering to a subject an
effective amount of a composition comprising at least
one of the peptides of the invention containing a
metal inwhich the metal is radioactive, and recording
the scintigraphic image obtained from the decay of the
radioactive metal. Likewise, the invention provides
methods for enhancing an magnetic resonance (MR) image
of an internal region of a subject which comprises
administering to a subject an effective amount of a
composition comprising at least one of the peptides of
the invention containing a metal in which the metal is
paramagnetic, and recording the MR image of an
internal region of the subject. [0238] In some
embodiments, other methods provided herein include a
method of enhancing a sonographic image of an internal
region of a subject comprising administering to a
subject an effective amount of a composition
comprising at least one of the peptides of the
invention containing a metal and recording the
sonographic image of an internal region of the
subject. In general, the metal may be any non-toxic
heavy metal ion. In certain embodiments, a method of
enhancing an X-ray image of an internal region of a
subject is also provided which comprises administering
to a subject a peptide composition containing a metal,
and recording the X-ray image of an internal region of
the subject hi general, a radioactive, non-toxic heavy
metal ion may be used. [0239] Peptides of the
invention may be linked to chelators such as those
described in, e.g., U.S. Patent No. 5,326,856. The
peptide-chelator complex may then be radiolabeled to
provide an imaging agent for diagnosis or treatment of
diseases or conditions involving the regulation of IgG
levels. The peptides of the invention may also be used
in the methods that are disclosed in U.S. Patent No.
5,449,761 for creating a radiolabeled peptide for use
in imaging or radiotherapy. A. Exemplary Methods of
Detecting FcRn [0240] Exemplary Embodiment 97: A
method of detecting FcRn, comprising: labeling the
peptide of any one of embodiments 1 to 75 or the
conjugate of any one of embodiments 76 to 79 with a
detectable label chosen from radioisotopes, enzymes
having detectable products, fluorophores,
chemiluminescent compounds, magnetic particles,
microspheres, nanospheres, biotin, streptavidin, and
digoxin. [0241] Exemplary Embodiment 98: The method of
embodiment 97, wherein the peptide or conjugate
labeled with a detectable label is included in a
diagnostic kit.VIII. Purification ofFcRn [0242] The
peptides of the invention may also be used to purify
FcRn. In some embodiments, the peptide is covalently
attached to an appropriate chromatographic matrix to
form an efficient FcRn separation media. A solution
containing FcRn is then passed over the
chromatographic matrix resulting in the non-covalent
binding of FcRn to the immobilized binding partner.
Solutions containing FcRn may be from biological
samples such as a bodily fluid, a tissue or cell
sample, cell culture supernatant. The FcRn is purified
by washing the immobilized peptide:FcRn complex with a
suitable solution to remove impurities and then
releasing the FcRn from the chromatographic matrix
with a suitable elution solution. [0243] Peptides of
the invention can be attached to suitable
chromatographic matrices using a number of chemical
approaches well known to those skilled in the art. For
example, peptides of the invention can be attached to
matrices containing suitably reactive groups, such as
thiols, amines, carboxylic acids, alcohols, aldehydes,
alkyl halides, N-alkylmaleimides,
N-hydroxysuccinimidyl esters, epoxides, aminooxys, and
hydrazides. [0244] In other embodiments, the peptides
of the invention can be modified to contain chemical
moieties or peptide sequences that bind non-covalently
to an appropriate chromatographic matrix. For example,
the peptides could be modified with a biotin moiety
and could be non-covalently bound to a chromatographic
matrix containing an avidin protein. Alternatively,
the modified peptide could be incubated with the FcRn
solution and the resulting mixture passed over the
appropriate chromatographic matrix to isolate the
FcRn:peptide complex. [0245] Examples of similar uses
of peptides for affinity purification can be found in
Kelley et al, "Development and Validation of an
Affinity Chromatography Step Using a Peptide Ligand
for cGMP Production of Factor VIII," In Biotechnology
and Bioengineering, Vol. 87, No. 3, Wiley
InterScience, 2004, pp. 400-412 and in U.S. Patent No.
6,197,526. A. Exemplary Methods of Purifying FcRn
[0246] Exemplary Embodiment 99: A method of purifying
FcRn, comprising: (a) immobilizing the peptide of any
one of embodiments 1 to 75 or A to R or the conjugate
of any one of embodiments 76 to 79 to a solid
support,(b) contacting a solution containing FcRn with
the immobilized peptide or conjugate on a solid
support; and (c) purifying FcRn by separating the
solution from said solid support. EXAMPLES [0247] The
Examples, which are intended to be purely exemplary of
the invention and should therefore not be considered
to limit the invention in any way, also describe and
detail aspects and embodiments of the invention
discussed above. The Examples are not intended to
represent that the experiments below are all or the
only experiments performed. Efforts have been made to
ensure accuracy with respect to numbers used (for
example, amounts, temperature, etc.) but some
experimental errors and deviations should be accounted
for. Unless indicated otherwise, parts are parts by
weight, molecular weight is weight average molecular
weight, temperature is in degrees centigrade, and
pressure is at or near atmospheric pressure. Example
1. Expression of Soluble Human FcRn (shFcRn) [0248]
Soluble human FcRn cDNA was cloned, expressed and
purified as described in the literature using the
glutamine synthetase expression system in Chinese
hamster ovary (CHO) cells. See, e.g., U.S. Patent No.
5,623,053. A stop codon was placed after amino acid
position 274 in the protein sequence of human FcRn in
order to remove the transmembrane region. 



Example 2. Transfection of HEK 293 Cells with Human
FcRn [0249] Human embryonic kidney (HEK) 293 cells
(ATCC, Manassas, VA) were transfected using the
SuperFect Transfection Reagent (Qiagen, Valencia, CA)
according to the manufacturer's recommended protocol.
The full length FcRn cDNA construct (Story et al., J.
Exp. Med. 180:2377-2381 (1994), Simister et al, EMr.
J. Immunol. 26:1527-1531 (1996)) was originally cloned
into pcDNA6 (Invitrogen, Carlsbad, CA) as the plasmid
vector in order to generate the FcRn expression
vector, FcRn:pCDNA6. The Human b2m cDNA construct was
originally cloned into pcDNA3 (Invitrogen) as the
plasmid vector to generatethe human b2m expression
vector, b2m:pcDNA3 (Gussow et al., J. Immunol.
139:3132-3138 (1987)). [0250] The day before
transfection, HEK293 cells were seeded at 0.5-2.5 x
106 cells per 100 mm dish and incubated at 37 C and 5%
CO2 for 16 hours in cDMEM. The composition of cDMEM
contains: 1 L DMEM (Invitrogen # 11995-065); 10 ml of
1M HEPES, pH 7.55; 10 ml MEM amino acid solution
(Invitrogen #11130-051); 10 ml MEM non-essential amino
acid solution (Invitrogen #11140-050); 10 ml of 100 mM
sodium pyruvate (Invitrogen #11360-070); 10 ml of
Penicillin Streptomycin liquid (Invitrogen
#15140-148); 10 ml L-glutamine solution (Invitrogen
#25030-081); 1ml 2-mercaptoethanol solution in 55 mM
Dulbecco phosphate buffered saline (DPBS) (Invitrogen
#21985-023); 100 ml heat-inactivated fetal bovine
serum (FBS) (Invitrogen). On the day of the
transfection, 5 mg of the FcRn:pCDNA6 construct and 5
mg of b2m:rCDNA3 DNA were added to 290 mL of DMEM
(Invitrogen). The solution was mixed for a few seconds
and then centrifuged. Then, 60 mL of SuperFect
Transfection Reagent (Qiagen) was added to the DNA
solution and vortexed for 10 seconds. The
DNA/SuperFect solution was incubated for 5 to 10
minutes at room temperature, during which time the
media from the cell-containing dish was aspirated and
the cells washed once with 4 ml of PBS. After the 5 to
10 minute incubation of the DNA/SuperFect, 3 ml of
complete growth medium (cDMEM) was added to the
DNA/SuperFect solution; the solution was mixed, and
immediately added to the cells in the 100 mm dish.
[0251] The cells were incubated with the DNA/SuperFect
solution for 2 to 3 hours at 37 C and 5% CO2. The
media containing the DNA/SuperFect solution was
removed from the cells the cells were washed 3 times
with PBS and fresh cDMEM was added to the cells. After
a 48 hour incubation, the medium was assessed by
immunoblot analysis to determine if transient
expression of the FcRn/b2m complex had occurred. In
addition, the cells were passaged at a ratio of 1:4
into cDMEM containing 250 mg/L Geneticin (Invitrogen)
as an antibiotic and 5 mg/L Blasticidin to select for
Blasticidin resistant stable transfectants. After 4
weeks of antibiotic selection, surviving cells were
seeded into 96-well tissue culture plates at a density
of 1 cell per well. Ultimately 12 clones were selected
and each expanded and checked for expression by
immunoblot analysis for FcRn and b2m. The FcRn and
b2mexpressing 293 identified as possessing the highest
level of expression was then used in subsequent
assays. Example 3. Screening of Phage Libraries for
FcRn-IgG Inhibitors [0252] Peptides capable of
inhibiting the binding of the IgG Fc portion to FcRn
were identified by screening filamentous phage display
libraries licensed from Dyax Corp. (Cambridge, MA).
More specifically, libraries TN-9-IV, TNlO-X, TN-Il-I
and TN-12-I were used in combination in the screen.
The total number of individual viable phage contained
in each library was reflected by the number of
transformants established for each library when the
libraries were expressed in E. coli and plated at a
clonal dilution as described by the Dyax protocol. The
number of transformants for TN-9-IV, TNlO-X, TN-1 1-1
and TN- 12-I was 3.2 x 109, 2 x 109, 2.7 x 109 and 1.4
x 109, respectively. The absolute number of viable
phages in a given volume may be reported in plaque
forming units (pfu) per unit volume. A. Buffers used
in phage screening [0253] The following buffers were
used for the screening of FcRn-binding peptides. 1.
NZCYM Broth: 10 g NZ Amine-A; 5 g sodium chloride; 5 g
Bacto Yeast Extract (Difco); 1 g Casamino acids; 1 g
magnesium sulfate anhydrous powder: ingredients were
dissolved in 800 ml of water, adjusted to pH 7.5 with
1 N sodium hydroxide and then brought up to a total
volume of 1 L with water and autoclaved for 20 min. 2.
Binding buffer (BB): PBS, pH 6 plus 10 niM EDTA.C.
NZCYM-T: NZCYM broth plus 12.5 mg/ml Tetracycline. 3.
HBSS-E: Hank's Balanced Saline Solution (Invitrogen)
plus 10 niM EDTA (Invitrogen). 4. Min A Salts: 10.5 g
K2HPO4 (potassium phosphate dibasic); 4.5 g KH2PO4
(potassium phosphate monobasic); 1.0 g (NHU)2SO4
(ammonium sulfate) and 0.5 g sodium citrate dissolved
in 1 L water. 5. LB Broth: 10 g Bacto Tryptone; 5 g
Bacto yeast extract; 10 g sodium chloride dissolved in
1 L water and autoclaved for 20 min. 6. CBS pH 2: 50
mM sodium citrate; 150 mM sodium chloride: buffer was
brought to pH 2 with HCl and filter sterilized.7. LB
Agar: 30 g Bacto Tryptone; 15 g Bacto yeast extract;
30 g sodium chloride dissolved in 3 L water and
autoclaved for 20 minutes. 8. LB Soft Agar: 20 g Bacto
Tryptone; 10 g Bacto yeast extract; 2Og sodium
chloride; 14g Bacto agar dissolved in 2 L water using
mild heat without boiling. 9. TE buffer: 10 mM Tris,
1mM EDTA, pH 7. B. Screening Protocol: Round 1 [0254]
Approximately 100 random library equivalents of each
library were pooled according to their titer, which
meant that 24 mL of TN9-IV (1.3 x 10 10- pfu/mL), 12.5
mL of TNlO-X (1.6 x 10 10 pfu/ mL), 225 mL of TNIl-I
(1.2 x 109 pfu/ mL), and 48.7 mL of TN12-I (2.9 x 109
pfu/ mL) were mixed with 189 mL PBS, 75 mL of ice-cold
17% polyethylene glycol (PEG) (average molecular
weight: 8000 Da, Sigma-Aldrich, St. Louis, MO) and 75
mL of 3 M sodium chloride and incubated on ice for 30
minutes. One T75 flask of 293 clone 11 cells (Example
2) was split at a ratio of 1:3 with HBSS-E. The cells
were transferred to a 1ml microcentrifuge tube, washed
once with cold binding buffer and the supernatant
removed. The cells were incubated with the phage for
1.5 hours at 4 C on a rotator. After the incubation,
the cells were washed five times with 1ml of ice-cold
BB followed each time by centrifugation at 1400 rpm
for 2 minutes. The strongly bound phage were eluted by
adding 66 mM human IgG (Calbiochem, San Diego, CA)
that had been dialyzed into BB. The phage - IgG mix
was incubated with the cells for 1 hour at 4 C.
Following a centrifugation step (1400 rpm spin for 2
min.), the cell pellet was washed first with 200 mL of
66 mM IgG, centrifuged (1400 rpm spin for 2 min.) and
washed a final time with 100 ml IgG. The IgG washes
were combined with the IgG elution for final volume of
500 ml. The phage in the eluent were titered and
amplified as described below. C. Phage Titer [0255]
Phage solutions were diluted in 100-fold steps.
Typically 2 ml of phage solution was added to 198 mL
of NZCYM broth in a serial manner to achieve dilutions
of up to 10-10. Diluted phage were added to a culture
of XLl Blue MRF' E. coli cells when the XLl Blue MRF'
E. coli cells were being grown in log phase and
reached an optical density of 0.5 at A600 (UV
absorbance at 600 run). The culture was incubated at
room temperature for 10minutes. Afterwards, 0.5 ml of
the infected cells were added to 3.5 ml of molten top
agar (a 50/50 mix of LB broth and LB agar) at
approximately 55 C and spread onto a standard agar
plate and incubated overnight at 37 degrees. The titer
was calculated from a plate containing 30 to 300
plaques. For a plate containing 50 plaques, plated
from a 10-8 phage dilution, the calculations would be
performed as follows: 50 plaques / 500 mL infected
cells x 10-fold dilution during infection x 108 phage
dilution = 108 plaque-forming units per mL. [0256]
When necessary for subsequent phage ELISA and
sequencing analysis, individual agar plugs containing
phage plaques were picked with autoclaved Pasteur
pipets. Plugs were deposited in 96-well sterile
round-bottom tissue culture plates (Greiner), to which
100 mL per well TE were added. Phage were eluted from
the plaques for 2 hours at 37C or overnight at 4C. D.
Phage Amplification [0257] A culture of XLl blue MRF'
E. coli cells were grown in NZCYM broth-T, from a
1/100 dilution of a saturated overnight culture until
the culture reached an optical density of 0.5 at A600.
The cells were concentrated by centrifuging them for
15 minutes at 3500 rpm, followed by resuspension in
Min A salts to 1/20 of the original volume. The phage
eluted from cells after a round of selection were
diluted to a 1ml final volume in Min A salts and added
to 1ml of the concentrated bacterial culture. After a
15 minute incubation in a 37 C water bath, the
phage-cell mix was added to 2 ml 2X NZCYM broth and
spread on a large NUNC plate with NZCYM plus 50 mg/ml
Ampicillin until dry. Plates were incubated for 14 to
18 hours at 37 C. Colonies that formed overnight were
scraped gently with a spreading bar in the presence of
20 ml of PBS. PBS-containing bacteria and phage were
collected in a centrifuge tube. Bacteria remaining on
the plate were scraped again in the presence of 10 ml
PBS and collected. A final 10 ml PBS rinse was applied
to the plate, and pooled together with all scraped
material. The bacterial cells were pelleted by
centrifugation (15 minutes at 3500 rpm), and the clear
supernatant was decanted into another centrifuge tube,
clarified again, and finally decanted again. Then, a
0.15 mL volume of 17% PEG + 3M NaCl was added to the
supernatant, which was mixed and stored overnight at 4
C. The precipitated phage collected by centrifugation
(8500 x g for 30 minutes), after which, the
supernatant was discarded. The phage pellet was
resuspended in a small volume of PBS,clarified with a
brief spin, and precipitated again with a 0.15 volume
of 17% PEG + 3M NaCl. The final phage pellet was
resuspended in PBS and titered in preparation for the
next round of selection. E. Round 2 [0258] The
amplified phage library was diluted such that only 10
random library equivalents were diluted into 1ml of
binding buffer. One third of a T75 flask of
untransfected 293 cells was washed once with cold
binding buffer. A subtraction step included to remove
phage from the library that expressed peptides capable
of binding to cells that did not express FcRn was
performed twice by incubating the phage with the
untransfected cells for 15 minutes. The supernatant
was recovered. Then, one third of a T75 flask of 293
clone 11 cells was washed once with cold binding
buffer and incubated with the phage for 1.5 hours at 4
C in a rotator. The cells were washed and centrifuged
(1400 rpm spin for 2 min.) five times with 1ml cold
binding buffer and the strongly bound phage were
eluted with 200 mL of 66 mM human IgG (dialyzed in
binding buffer) by incubating the phage-cell-IgG
mixture for 1 hour at 4 C. After centrifugation (1400
rpm spin for 2 min.), the supernatant was collected
and the pellet was washed with 200 mL of 66 uM IgG,
followed by a 100 mL wash of 66 uM IgG. The phage in
the eluent were titered and amplified as 



described below in the sections labeled phage titer
and phage amplification. F. Round 3 [0259] This round
was performed as described above for Round 2. At the
completion of Round 3, the phage in the eluent were
titered and assayed for IgG-FcRn inhibitors using the
phage ELISA. G. Phage ELISA [0260] The following steps
were carried out to identify, by enzyme linked
immunosorbent assay (ELISA), phages encoding peptides
that were able to bind FcRn. First, the following
solutions were prepared: BufferA : PBS + 0.1% Tween +
0.5% BSA.Buffer B : 100 niM MES, pH 5.5 + 150 niM NaCl
+ 0.1% Tween. Buffer C: 50 mM MES, pH 6.0 + 150 mM
NaCl + 0.1 % Tween [0261] An XLl blue MRF' E. coli
culture for the propagation of a phage that
demonstrated the ability to bind FcRn was grown to an
optical density of 0.5 at A600 from a 1:100 dilution
of an overnight culture. Then, 10 ml of each phage
plaque eluate that was prepared as described above
were added to 30 ml of the XLl blue MRF' E. coli cells
into wells of a 96-well plate and incubated for 15
minutes at room temperature. Then, 130 ml of NZCYM
broth containing 50 mg/ml of Ampicillin were added to
each well and the plates were incubated overnight at
37 C. [0262] A Streptavidin-coated, BSA-blocked
microtiter plate (Pierce) was prepared by rinsing it
with 200 ml per well of buffer A, and coating it
overnight at 4 C with 1 mg/ml of biotinylated soluble
human FcRn (Example 4, section A), in buffer A. The
FcRn-containing buffer was discarded and the plate was
rinsed twice with buffer C. Then, 70 ml of buffer B
was added to each well of the plate, followed by the
addition of 30 ml of a bacterial culture containing
phage. After 1 hour at room temperature, the plate was
washed five times with 200 ml of buffer C. Then, 100
ml of buffer C containing a 1:10000 dilution of an
HRPco hjugated anti-M13 antibody (Amersham Pharmacia)
was added to each well. The plate was incubated at
room temperature for one hour. Then, the plates were
washed 9 times with buffer C, developed with 1 step
TMB (KPL), stopped after 5-15 minutes with 2M sulfuric
acid and read at 450 nm with a Spectra Max Plus plate
reader (Molecular Devices). H. PCR Amplification of
Phage DNA [0263] Phage eluted from plaques in TE were
amplified for sequencing by using the PCR Core System
II kit per the manufacturer's instructions (Promega).
Then, 5 ml of eluted phage was added to a reaction mix
containing 200 mM each dNTP, 500 nM of primer 3PCRUP
(S'-CGGCGCAACTATCGGTATCAAGCTG-S'), 500 nM of primer
3PCRDN (5'- CATGTACCGTAACACTGAGTTTCGTC-3'), Ix Taq DNA
Polymerase Buffer (10x: 500 mM KCl, 100 mM Tris-HCl pH
9.0 at 25 C, 1% Triton X-100, 15 mM MgCl2), and 1.25
units Taq DNA Polymerase enzyme. The reactions were
subjected to the following program on a MJ Research
PCT-200 thermal cycler: 5 minutes at 94 C; 30 cycles
consisting of 15seconds at 94 C, 30 seconds at 55 C,
and 60 seconds at 72 C, followed by 7 minutes at 72 C.
The resulting product was purified using the QiaQuick
PCR Prep kit (Qiagen) according to manufacturer's
instructions, quantified by absorbance at A260, and
sequenced using primer 3SEQ-8O
(5'-GATAAACCGATACAATTAAAGGCTCC-S'). [0264] Sequencing
of phage that was amplified following the 3 rounds of
screening revealed the DNA sequences that encoded the
amino acid sequences of full length human FcRn and
human beta-2 microglobulin 1. These "phage hits" were
used collectively to identify a consensus peptide
sequence, defined by the amino acid sequence:
G-H-F-G-G-XY. Example 4. Peptide-IgG Competition ELISA
[0265] In order to determine whether the peptides of
the invention that were derived from the screening of
the filamentous phage display libraries were also able
to block the binding of IgG to FcRn, the following
ELISA assay was devised and performed. A.
Biotinylation of shFcRn [0266] A solution of soluble
human FcRn (shFcRn) in Tris buffer was dialyzed twice,
each time for 3 hours in 2 liters of PBS, pH 8.0. The
quantity of recovered shFcRn was determined by
measuring the absorbance at 280 nm. The concentration
of shFcRn was obtained by multiplying the absorbance
reading by the extinction coefficient for shFcRn,
which is: e = 85880 M- 1 cm- 1. Biotinylation of
shFcRn was accomplished by treating the dialyzed
shFcRn with a 2-fold-molar excess of
Sulfo-NHS-LC-Biotin (Invitrogen, Carlsbad, CA) for 2
hours at 4 C. Afterwards, the shFcRn -
Sulfo-NHS-LC-Biotin reaction mixture was dialyzed
twice in 2 L of cold PBS, followed by another
absorbance reading to determine the concentration of
the remaining protein. The biotinylated shFcRn was
stored at 4 C with 0.1% sodium azide until needed. B.
Peptide-IgG competition ELISA assay [0267] 96-well
ReactiBind Neutravidin-coated plates blocked with BSA
(Pierce, Rockford, IL) were washed twice with 200
ml/well of Buffer A (Buffer A: PBS pH 7.4 (Gibco,
14040), 0.5% BSA IgG-free, 0.05% Tween-20). The wells
were coated with 100ml/well of 1 mg/ml
biotinylated-shFcRn in Buffer A. The plate was sealed
and incubated at 37 C for 2 hours. Afterwards, the
plate was washed with 200 ml/well of Buffer B (Buffer
B: 100 niM MES pH 6, 150 niM NaCl, 0.5% BSA IgG-free
(Jackson ImmunoResearch, West Grove, PA), 0.05%
Tween-20). Then, 50 ml/well of 6 nM human IgG
(Calbiochem, San Diego, CA) in Buffer B as well as 50
ml/well of the various peptide competitors (at various
concentration) were added, so that the final
concentration of IgG in the well was 3 nM. To allow
for mixing, the plate was rocked for 2 minutes, sealed
and incubated at 37C for 2 hours. Following the
incubation, the liquid was aspirated from the plate
and 100 ml/well of a 1:10 000 dilution of
Peroxidase-conjugated goat anti-human IgG F(ab')
fragment-specific F(ab') 2 fragment (Jackson
ImmunoResearch, West Grove, PA) in Buffer B was added.
The plate was covered, incubated for 30 minutes at
room temperature and washed 4 times with 200 ml/well
of ice-cold buffer B. SureBlue TMB substrate solution
(100 ml/well, KPL, Gaithersburg, MD) was added and the
plate was allowed to incubate at room temperature
until color developed, which took 5 to 10 minutes.
Once color developed, 100 ml/well of TMB stop solution
(KPL, Gaithersburg, MD) was added and the absorbance
was measured at 450 nm. The data was plotted as
absorbance vs. peptide concentration to derive the
inhibitory concentration 50% (IC50) values. Example 5.
Peptide-IgG Competition FACS assay [0268] In addition
to using the ELISA approach described in Example 4 to
determine whether the peptides of the invention that
were derived from the screening of the filamentous
phage display libraries were also able to block the
binding of IgG to FcRn on cells, the following
fluorescence activated cell sorting (FACS) assay was
devised and performed. A. Labeling of Synagis (r) with
Alexa-Fluor-488 [0269] Humanized IgGl (Synagis(r),
Medlmmune, Gaithersburg, MD) was labeled with the
Alexa Fluor 488 Protein Labeling Kit (Molecular
Probes/Invitrogen, Carlsbad, CA) according to the
manufacturer's suggested protocol. Briefly, 50 ml of
1M sodium bicarbonate, pH 9.0 was added to 500 ml of a
2 mg/ml solution of IgG in PBS. This protein solution
was added to the Alexa Fluor 488 succinimidyl ester
(dry powder) and incubated at room temperature for 1
hour. The protein was purified by size-exclusion
chromatography using the kit component column (Bio-Rad
BioGel P-30 Fine size exclusion purificationresin).
The sample was loaded onto the column and eluted with
PBS. The first colored band contained the labeled
protein. The degree of labeling was determined by
measuring the absorbance of the eluted IgG at 280 nm
and 494 nm. The protein molar concentration was
determined using the formula: protein concentration
(M) = [A28o- (A494 x 0.1 1) x dilution
factor]/203,000. In addition, the formula used to
derive the moles of dye per mole of protein was: =
A494 x dilution factor/7 1,000 x protein concentration
(M). Typically, 4-7 moles of Alexa-Fluor 488 were
incorporated per mole of IgG. B. IgG-Peptide
Competition FACS Assay Using 293 clone 11 Cells [0270]
In preparation for the assay, HEK 293 clone 11 cells
(Example 2) in complete DMEM media (Gibco, Carlsbad,
CA) containing 5 mg/ml Blasticidin and 250 mg/ml G418
(Gibco, Carlsbad, CA) were spun down and resuspended
in Buffer C (Buffer C: Dulbecco's PBS (Gibco,
Carlsbad, CA) containing 10 mM EDTA (Gibco)) at a
concentration of 3 x 106 cells/ml. Cells (0.1 ml) were
pipetted into each well of a 96-well assay plate and
the plates were centrifuged at 2600 RPM for 5 min
using a Sorvall RT7 benchtop centrifuge. The
supernatants were gently decanted and the plate was
blotted on a paper towel. Peptide competitors (90 ml)
solubilized in Buffer C at various concentrations were
added to the plate and mixed with a multi-channel
pipette. 10 ml of Alexa 488-labeled Synagis(r) was
added to each well on the plate, such that the final
concentration of Alexa 488-labeled Synagis(r) was 100
nM. The plate was wrapped in foil, placed on ice for
one hour and subsequently centrifuged at 2600 rpm for
5 minutes in a Sorvall RT7 benchtop centrifuge
followed by a single wash with 100 ml of Buffer C and
a second centrifugation step. The cells were
resuspended in 200 ml of Buffer C and analyzed on a
Beckman Coulter EPICS XL flow cytometer. Example 6.
Methods For The Determination Of Equilibrium Binding
Constants (KD) For Peptides Using Surface Plasmon
Resonance (SPR) [0271] The following steps were
performed to cross-link soluble human or cynomolgus
FcRn to the dextran surface of a CM5 sensor chip
(Biacore AB, Uppsala, Sweden) by an amine coupling
reaction involving l-ethyl-(3-dimethylaminopropyl)-
carbodiimide hydrochloride (EDC) (Biacore AB, Uppsala,
Sweden) and Nhydroxysuccinimide (NHS) (Biacore AB,
Uppsala, Sweden) as recommended by
Biacore(BIAapplications Handbook, version AB, section
4.2, Biacore AB, Uppsala, Sweden). The FcRn protein
was diluted in 50 mM sodium acetate, pH 4.5 (Biacore
AB, Uppsala, Sweden) to a concentration of 10 to 30
mg/ml and used to coat one flow cell on the sensor
chip. Residual sites on the FcRn flow cell were
blocked with 1M ethanolamine hydrochloride pH 8.5
(Biacore AB, Uppsala, Sweden). A control flow cell was
blocked with ethanolamine for reference subtraction.
For analysis of the monomeric peptides, FcRn was
coated to a final density of 4000-5000 response units
(RU). For analysis of the peptide dimers, FcRn was
coated to a density of 2000-2500 RU. All SPR
measurements were performed using a BIACORE 3000
Instrument (Biacore AB Uppsala, Sweden). For
measurements done at either pH 6 or pH 7.4,
experiments were performed in 50 mM phosphate, 100 mM
sodium chloride, 0.01% surfactant P20 (Biacore AB,
Uppsala, Sweden). A. Representative Procedure For The
Determination Of Binding Constant Of Monomeric
Peptides [0272] Ten 2-fold dilutions of the peptide
were injected over the FcRn-CM5 chip at a rate of 20
ml/min for 2 min. The peptide was dissociated from the
chip for 2.5 minutes with buffer. Any remaining
peptide was removed from the chip with a 30 second
injection of HBS-P buffer (Biacore AB, Uppsala,
Sweden) at a rate of 30 ml/min. Sensorgrams were
generated and analyzed using BiaEval software version
3.1 (Biacore AB, Uppsala, Sweden). The equilibrium RU
observed for each injection was plotted against
concentration. The equilibrium KD values were derived
by analysis of the plots using the steady state
affinity 



model included in the BiaEval software. B.
Representative Procedure For Determination Of Binding
Constant Of Dimeric Peptides [0273] Ten, 2-fold
dilutions of the peptide were injected over the
FcRn-CM5 chip at a rate of 30 ml/min for 10 min.
Peptides were dissociated from the chip for 10 minutes
with buffer. Any remaining peptide was removed from
the chip with two, 60 second injections of a solution
containing 50 mM Tris-hydrochloride, 100 mM NaCl,
0.01% surfactant P20 pH 9.0 at 100 ml/min. [0274]
Sensorgrams were generated and analyzed using BiaEval
software version 3.1 (Biacore AB, Uppsala, Sweden).
The equilibrium RU observed for each injection was
plottedagainst concentration. The equilibrium KD
values were derived by analysis of the plots using the
steady state affinity model included in the BiaEval
software. Example 7. Synthesis of Monomeric Peptides
Containing Disulfide Bonds [0275] Synthesis of
monomeric peptides was performed using solid-phase
peptide synthesis either manually with a fritted round
bottom flask or by using an Advanced Chemtech
396-omega synthesizer (Advanced Chemtech, Louisville,
KY). Standard Fmoc/tBu protocols were used (W. C. Chan
and P. D. White eds., Fmoc Solid Phase Peptide
Synthesis: A Practical Approach Oxford University
Press Inc. New York (2000)), in combination with a
Rink amide resin (Novabiochem, San Diego, CA) or
PAL-PEG-PS (Applied Biosystems, Foster City, CA) to
yield C-terminal amides upon cleavage. The coupling
reagents were
2-(1H-Benzotriazole-1-yl)-l,1,3,3,-tetramethyluronium
hexafluorophosphate (HBTU) and
./V-hydroxybenzotriazole (HOBt) (Novabiochem, San
Diego, CA). The base was diisopropylethylamine (DIEA)
(Sigma-Aldrich, St. Louis, MO), and
,N-dimethylformamide (DMF) was the solvent (EM
Science, Kansas City, MO). The typical synthesis cycle
involved 2 x 10 minute deprotection steps with 20%
piperidine in DMF, 2 x 30 minute amino acid couplings
with HOBt/HBTU and a 10 minute capping step with
acetic anhydride/HOBt. Peptides were cleaved from the
resin by treatment for 2 hours with 95%
trifluoroacetic acid; 2.5% ethanedithiol; 1.5%
triisopropylsilane and 1% water and precipitated with
ice-cold ether, centrifuged and triturated three times
with ether. [0276] Crude cysteine-containing peptides
were oxidized to their corresponding disulfides by
dissolving the peptides to a concentration of 1 mg/ml
in a 4:1 mixture of acetic acid and water (EM Science,
Kansas City, MO). Ten molar equivalents of iodine (IM
solution in water, Sigma-Aldrich, St. Louis, MO) were
added to the solution and the reaction mixture was
mixed for one hour at room temperature. The reaction
was stopped by the progressive addition of 1M sodium
thiosulfate (Sigma-Aldrich, St. Louis, MO) until a
clear solution was obtained. The reaction mixture was
concentrated in vacuo and subsequently purified using
a Waters PrepOO reversed phase HPLC system (Millford,
MA) equipped with a 250 mm x 21.2 mm Phenomenex
(Torrence CA) C18 column. The eluent chosen for the
HPLC purification step was a gradient of acetonitrile
in water containing 0.1 % (w/v) TFA. Appropriate
fractions were collected, pooled and lyophilized.
Peptide identity and purity was confirmed by reversed
phase analytical HPLC in combination with a 250 mm x 2
mm column(Phenomenex, Torrence, CA) coupled with
electrospray mass spectrometry (Mariner ES-MS)
(Applied Biosystems, Foster City, CA). [0277] Table 2
provides a listing of the original phage peptide
sequences derived from the screen of the peptide
expression library used to identify peptides with a
high affinity for human FcRn and the ability to block
the IgG-FcRn interaction. In Table 2 and subsequent
tables, Column 1 contains the peptide identifier.
Column 2 contains the amino acid sequence of the
peptides. Column 3 contains the IC50 of each peptide
as determined by the IgG competition ELISA outlined in
Example 4. Columns 4 and 5 contain the KD of each
peptide as determined at pH 6 and pH 7.4,
respectively, by the Biacore analysis outlined in
Example 6. [0278] Table 3 provides a listing of
truncations of Peptide No. 506 and shows the effect of
the truncations on the binding parameters of these
peptides with human FcRn. Column 1 contains the
peptide identifier. Column 2 contains the amino acid
sequence of the peptides. Column 3 contains the IC50
of each peptide as determined by the IgG competition
ELISA outlined in Example 4. Columns 4 and 5 contain
the KD of each peptide as determined at pH 6 and pH
7.4, respectively, by the Biacore analysis outlined in
Example 6.Table 3. Truncations of Peptide No. 506
[0279] Table 4 provides a listing of peptides and
peptide analogs derived from Peptide No. 501, in which
single amino acids have been substituted with alanine
(an alanine scan). Table 4 shows the effect of the
substitutions on the binding parameters of these
peptides with human FcRn. Table 4. Alanine Scan of
Peptide No. 501 [0280] Table 5 provides a listing of
peptide and peptide analogs derived from Peptide No.
501 in which substitutions of cysteines with cysteine
analogs have been performed. Table 5 shows the effect
of the substitutions on the binding parameters of
these peptides with human FcRn.Table 5. Cysteine
Analogs of Peptide No. 501 [0281] Table 6 provides a
listing of peptides derived from Peptide No. 501 and
Peptide No. 32 in which single amino acids have been
substituted for TV-methyl amino acids. Table 6 shows
the effect of the substitutions on the binding
parameters of these peptides with human FcRn. Table 6.
N-Methyl Scan of Peptide No. 501 and Peptide No. 32
[0282] Table 7 provides a listing of truncations of
Peptide No. 32-derived peptide analogs. Table 7 shows
the effect of the truncations on the binding
parameters of these peptides with human FcRn.Table 7.
Truncations of Peptide No. 32 [0283] Table 8 provides
a listing of peptides and peptide analogs derived from
Peptide No. 32, in which substitutions with various
amino acid and amino acid analogs have been generated
where there is normally the sequence: Gly-Gly-Leu.
Table 8. Analogs of Peptide No. 32 Modified at
Gly-Gly-Leu[0284] Table 9 provides a listing of
peptides and peptide analogs derived from Peptide No.
32, in which substitutions with various amino acid and
amino acid analogs have been generated where there is
normally the sequence: Arg-Phe-Penicillamine. Table 9.
Analogs of Peptide No. 32 Modified at Arg-Phe-Pen
[0285] Table 10 provides a listing of peptides and
peptide analogs derived from Peptide No. 32, in which
substitutions with various amino acid and amino acid
analogs have been generated where there is normally
the sequence: Penicillamine-Thr-Gly. Table 10. Analogs
of Peptide No. 32 Modified at Pen-Thr-Glv [0286] Table
11 provides a listing of peptides and peptide analogs
derived from Peptide No. 187, in which substitutions
with various amino acid and amino acid analogs have
been generated where there is normally the sequence:
Phe-Gly-Sarcosine.Table 11. Analogs of Peptide No. 187
Modified at Phe-Glv-Sar [0287] Table 12 provides a
listing of peptides and peptide analogs derived from
Peptide No. 32, in which substitutions with various
amino acid and amino acid analogs have been generated
where there is normally the sequence:
His-Phe-Gly.Table 12. Analogs of Peptide No. 32
Modified at His-Phe-Glv[0288] Table 13 provides a
listing of peptides and peptide analogs derived from
Peptide No. 32, in which substitutions of tyrosine
with various amino acid and amino acid analogs have
been generated. Table 13. Tyrosine Substitutions
[0289] Table 14 provides a listing of peptides and
peptide analogs derived from Peptide No. 32, in which
substitutions with various amino acid and amino acid
analogs have been generated where there is normally
the sequence: Gly-Leu.Table 14. Analogs of Peptide No.
32 Modified at Gly-Leu [0290] Table 15 provides a
listing of peptides and peptide analogs derived from
Peptide No. 32, with a substitution of a glycine and a
leucine taken together for a dipeptide mimetic where
there is normally the sequence: Gly-Leu. Table 15.
Peptidomimetic Analogs of Peptide No. 32 Modified at
Gly-Leu Example 8. Synthesis of Peptides Containing
Histidine Analogs [0291] Modified histidine analogs
(Table 16) were synthesized as described in Example 7
for the synthesis of monomeric peptide disulfides
except for the following modified histidine analogs.
Peptide No. 259 was synthesized by suspending the
resin containing the fully protected peptide analogous
to Peptide No. 99 in neat methyl iodide for 15 hours.
The resin was washed with dichloromethane and the
peptide was cleaved from the resin, oxidized and
purified by HPLC as described above to yield the
mono-methylated histidine peptide Peptide No.
259.[0292] Peptide No. 260 was synthesized by
suspending the resin containing the fully protected
peptide analogous to Peptide No. 99 in neat methyl
iodide for 72 hours. The resin was washed with
dichloromethane and the peptide was cleaved from the
resin, oxidized and purified by HPLC as described
above to yield the di-methylated histidine peptide
Peptide No. 260. [0293] Peptide No. 269 was
synthesized by suspending the resin containing the
fully protected peptide analogous to Peptide No. 248
in dichloromethane under nitrogen. Ten molar
equivalents of 2,4,6-tri-tert-butylpyridine
(Sigma-Aldrich, St. Louis, MO) were added to the
suspension followed by five molar equivalents of
methyl-trifluoromethane-sulfonate (Sigma-Aldrich, St.
Louis, MO). The reaction was allowed to proceed for 4
hours while rocking and rinsed first with
dichloromethane, followed by a rinse with
dimethylformamide and finally with dichloromethane
again. The peptide was cleaved from the resin,
oxidized and purified by HPLC as described above to
yield the N-methyl-thiazolium peptide, Peptide No.
269. [0294] Peptide No. 271 was synthesized by
treating the peptide Peptide No. 261 with 30
equivalents of copper sulfate, 30 equivalents of
ascorbic acid and 10 equivalents of sodium azide in a
solution of 100 mM sodium phosphate buffer at pH 7.5
with 33% ethanol, 10% acetonitrile, 10%
N,./V-dimethylformamide. The reaction proceeded for 2
hours and the mixture was purified by HPLC as
described above to yield the 1,2,3-triazole side-chain
containing peptide Peptide No. 271. [0295] Table 16
provides a listing of various peptides and peptide
analogs are compared to the same peptide or peptide
analog, in which histidine has been substitued with a
single amino acid or amino acid analog. The effect of
the substitutions on the binding parameters of these
peptides with human FcRn is also provided. Table 16.
Histidine SubstitutionsPACKAGED INTEGRATED CIRCUIT
DEVICES WITH THROUGHBODY CONDUCTIVE VIAS, AND METHODS
OF MAKING SAME BACKGROUND OF THE INVENTION 1.
TECHNICAL FIELD This subject matter disclosed herein
is generally directed to the field of packaging
integrated circuit devices, and, more particularly, to
packaged integrated circuit devices with through-body
conductive vias and various methods of making same. 2.
DESCRIPTION OF THE RELATED ART Integrated circuit
technology uses electrical devices, e.g., transistors,
resistors, capacitors, etc., to formulate vast arrays
of functional circuits. The complexity of these
circuits requires the use of an ever-increasing number
of linked electrical devices so that the circuit may 



perform its intended function. As the number of
transistors increases, the integrated circuitry
dimensions shrink. One challenge in the semiconductor
industry is to develop improved methods for
electrically connecting and packaging circuit devices
which are fabricated on the same and/or on different
wafers or chips. In general, it is desirable in the
semiconductor industry to construct transistors which
occupy less surface area on the silicon chip/die. In
the manufacture of semiconductor device assemblies, a
single semiconductor die is most commonly incorporated
into each sealed package. Many different package
styles are used, including dual inline packages (DIP),
zig-zag inline packages (ZIP), small outline J-bends
(SOJ), thin small outline packages (TSOP), plastic
leaded chip carriers (PLCC), small outline integrated
circuits (SOIC), plastic quad flat packs (PQFP) and
interdigitated leadframe (IDF). Some semiconductor
device assemblies are connected to a substrate, such
as a circuit board, prior to encapsulation.
Manufacturers are under constant pressure to reduce
the size of the packaged integrated circuit device and
to increase the packaging density in packaging
integrated circuit devices.In some cases, packaged
integrated circuit devices have been stacked on top of
one another in an effort to conserve plot space. Prior
art techniques for conductively coupling the stacked
packaged integrated circuit devices to one another
typically involved the formation of solder balls or
wire bonds to establish this connection. What is
desired is a new and improved technique for
conductively coupling stacked packaged integrated
circuit devices to one another. BRIEF DESCRIPTION OF
THE DRAWINGS The present subject matter may be
understood by reference to the following description
taken in conjunction with the accompanying drawings,
in which like reference numerals identify like
elements, and in which: Figure 1 is a schematic
depiction of an illustrative packaged integrated
circuit die with a plurality of conductive
through-body vias as described herein; Figure 2 is a
schematic depiction of an illustrative packaged
integrated circuit comprised of multiple die with a
plurality of conductive through-body vias as described
herein; Figure 3 is a schematic cross-sectional view
of an illustrative stacked packaged device disclosed
herein; Figure 4 is a schematic cross-sectional view
of another illustrative stacked packaged device
disclosed herein; Figure 5 is a schematic
cross-sectional view of yet another illustrative
stacked packaged device disclosed herein; Figures
6A-6H schematically depict one illustrative method of
forming the stacked packaged devices disclosed herein;
and Figures 7A-7I schematically depict another
illustrative method of forming the stacked packaged
devices disclosed herein. While the subject matter
disclosed herein is susceptible to various
modifications and alternative forms, specific
embodiments thereof have been shown by way of example
in the drawings and are herein described in detail. It
should be understood, however, that the description
herein of specific embodiments is not intended to
limit the invention to the particular forms disclosed,
but on the contrary, the intention is to cover all
modifications,equivalents, and alternatives falling
within the spirit and scope of the invention as
defined by the appended claims. DETAILED DESCRIPTION
OF THE INVENTION Illustrative embodiments of the
present subject matter are described below. In the
interest of clarity, not all features of an actual
implementation are described in this specification. It
will of course be appreciated that in the development
of any such actual embodiment, numerous
implementation-specific decisions must be made to
achieve the developers' specific goals, such as
compliance with system-related and business-related
constraints, which will vary from one implementation
to another. Moreover, it will be appreciated that such
a development effort might be complex and
time-consuming, but would nevertheless be a routine
undertaking for those of ordinary skill in the art
having the benefit of this disclosure. Although
various regions and structures shown in the drawings
are depicted as having very precise, sharp
configurations and profiles, those skilled in the art
recognize that, in reality, these regions and
structures are not as precise as indicated in the
drawings. Additionally, the relative sizes of the
various features and doped regions depicted in the
drawings may be exaggerated or reduced as compared to
the size of those features or regions on fabricated
devices. Nevertheless, the attached drawings are
included to describe and explain illustrative examples
of the subject matter disclosed herein. Figure 1
depicts one illustrative embodiment of a packaged
integrated circuit device 100 as described herein. The
packaged integrated circuit device 100 comprises an
integrated circuit die 12 having a plurality of bond
pads 14, conductive wiring lines 16 (sometimes
referred to as a redistribution layer (RDL)), and at
least one conductive interconnection 18 (sometimes
referred to as conductive vias) that extend through a
body 20 of encapsulant material, e.g., mold compound
material. The conductive via 18 defines a conductive
flow path through the thickness of the body 20, i.e.,
between the front 13 and back 15 of the body 20. The
conductive via 18 and the integrated circuit die 12
may be conductively coupled to one another using a
variety of known techniques and structures. In the
depicted example, the conductive wiring line 16
conductively couples the conductive via 18 to the
integrated circuit die 12. A plurality of
schematically depicted solder balls 24 are formed on
the packaged integrated circuit device 100 in
accordance with known processing techniques. The
solder balls 24, or other like connections, may be
employed to conductively couple the packaged
integrated circuit device 100 to anotherstructure,
e.g., a printed circuit board. In Figure 1, the die 12
is embedded in the body of encapsulant material 20. As
used herein, when it is stated that one or more die 12
are embedded in a body of encapsulant material, it is
to be understood that only portions of the body of the
die 12 need to be positioned in the encapsulant
material. It is not required that the encapsulant
material surround all sides of the body of the die 12,
although that configuration may be employed if needed
depending upon the particular application. Figure 2
depicts one illustrative embodiment of a packaged
integrated circuit device 200 as described herein. The
packaged integrated circuit device 200 comprises a
plurality of integrated circuit die 12 (two are shown)
embedded in a single body 20 of encapsulant material,
e.g., mold compound material. In the illustrative
example depicted herein, each of the die 12 have the
same physical size. However, as will be understood by
those skilled in the art after a complete reading of
the present application, the die 12 are not required
to be the same physical size, nor do they have to
perform the same function. Each of the die 12 shown in
Figure 2 have a plurality of bond pads 14, conductive
wiring lines 16 (sometimes referred to as a
redistribution layer (RDL)), and at least one
conductive interconnection 18 (sometimes referred to
as conductive vias) that extend through the body 20 of
encapsulant material. Since the device 200 comprises a
plurality of integrated circuit die 12, it may be
considered to be a multi-chip module (MCM). As in
Figure 1, a plurality of schematically depicted solder
balls 24 are formed on the packaged integrated circuit
device 200 in accordance with known processing
techniques. The solder balls 24, or other like
connections, may be employed to conductively couple
the packaged integrated circuit device 200 to another
structure, e.g., a printed circuit board. In the
depicted embodiment, each of the conductive vias 18 in
Figure 2 extend through the thickness of the body 12.
The conductive coupling between and among the
conductive vias 18 and the embedded integrated circuit
die 12 may b established using any of a variety of
known techniques and structures. In the example shown
in Figure 2, at least one of the conductive vias 18 is
conductively coupled to one of the integrated circuit
die 12 by one or more wiring lines 16, while another
of the conductive vias 18 is conductively coupled to
the other integrated circuit die 12 by one or more
wiring lines 16 as well. As will be recognized by
those skilled in the art after a complete reading of
the present application, the methods and techniques
disclosed herein may be applied to virtually any type
of integrated circuit device that may be formed on the
die 12. Additionally, the configuration andlocation of
the schematically depicted bond pads 14, the
conductive wiring lines 16, and the through-body
conductive interconnections 18 may vary depending upon
the particular application. Figures 3-5 are schematic
cross-sectional views of a plurality of stacked and
packaged integrated circuit devices. In the
illustrative example depicted in Figure 3, the stacked
package 300 comprises a plurality of individual
embedded die 10A- 1OD. In the illustrative example
depicted in Figure 3, only four illustrative
individual embedded die 10A- 1OD are depicted. As set
forth above, it is to be understood that in referring
to an embedded die or an individual embedded die, the
structure need only comprise at least one integrated
circuit die with a portion of the die body positioned
in the body 20 of encapsulant material. However, as
will be recognized by one skilled in the art after a
complete reading of the present application, the
number of individual embedded die 10 in the stacked
package 300 may vary depending upon the particular
application, i.e., the number of individual embedded
die 10 within such a stack 300 may be more or less
than the illustrative four depicted in Figure 3. Each
of the illustrative individual embedded die 10A- 1OD
in Figure 3 comprise an integrated circuit die 12, a
plurality of bond pads 14, conductive wiring lines 16
(sometimes referred to as a redistribution layer
(RDL)), a plurality of conductive interconnections 18
(sometimes referred to as conductive vias) that extend
through the body 20 of encapsulated material. A
plurality of conductive structures 22 are provided
between adjacent individual embedded die 10 to provide
an electrically conductive path between the various
embedded die 10A- 10D. A plurality of schematically
depicted solder balls 24 are formed on the packaged
die 1OD in accordance with known processing
techniques. The solder balls 24, or other like
connections, may be employed to conductively couple
the stacked package 300 to another structure, e.g., a
printed circuit board. As will be recognized by those
skilled in the art after a complete reading of the
present application, the methods and techniques
disclosed herein may be applied to virtually any type
of integrated circuit device that may be formed on the
die 12 and packaged in a stacked configuration.
Additionally, the configuration and location of the
schematically depicted bond pads 14, conductive
interconnections 18 and conductive structures 22 shown
in Figure 3 may vary depending upon the particular
application. In the embodiment depicted in Figure 3,
all ofthe packaged die are oriented with the front
side 13 of the embedded die 10 facing a backside 15 of
an adjacent embedded die 10. Figure 4 depicts another
illustrative embodiment of a stacked packaged device
400. Similar to the embodiment shown in Figure 3, the
embodiment in Figure 4 comprises four illustrative
individual embedded die 10A- 10D. In Figure 4, the
individual embedded die 10A- 1OD are assembled as
groups 1OE and 1OF prior to assembling these groups
into the structure shown in Figure 4. The first group
1OE comprises the individual embedded die 1OA and 1OB,
while the second group 1OF comprises the individual
embedded die 1OC and 10D. A plurality of conductive
interconnections or vias 32 extend through the bodies
20 of the plurality of die 10 that comprise the first
group 1OE, while a plurality of conductive
interconnections or vias 34 extend through the bodies
20 of the plurality of the die 10 that comprise the
second group 1OF. A plurality of conductive structures
22 provide an electrically conductive path between 



the two groups 1OE and 1OF. The individual embedded
die 10 within each group may be secured to one another
using an adhesive material 28. Note that, in the
illustrative example depicted in Figure 4, the
backside 15 of adjacent embedded die 10 are positioned
facing one another. As will be recognized by those
skilled in the art after a complete reading of the
present application, the number of groups, e.g.,
groups 1OE and 1OF, that may be stacked as depicted in
Figure 4 may vary depending upon the particular
application, i.e., more or less than the illustrative
two groups depicted in Figure 4 may be assembled into
the final stacked package 400. Similarly, the number
of individually embedded die 10 within each group may
be greater than the illustrative two depicted in the
groups 1Oe and 1OF in Figure 4. The structures
depicted in Figures 3 and 4 may be combined if
desired. For example, Figure 5 depicts an illustrative
stacked packaged device 500 wherein the bottom two
embedded die 10A-1OB are packaged as a group 1OE,
while the upper two embedded die 10C- 1OD are packaged
as depicted in Figure 3. Thus, it is readily apparent
that the methodologies and devices disclosed herein
provide great flexibility as it relates to creating
stacked packaged devices to thereby reduce plot space
consumption and improve packaging densities. Moreover,
in Figures 3-5, each of the individual embedded die 10
are depicted as having a single integrated circuit die
12 embedded therein. In accordance with one aspect of
the present disclosure, the individual embedded die 10
may comprise a plurality of individual integrated
circuit die 12, like the multichip embodiment depicted
in Figure 2. That is, the methods and devices
disclosed herein maybe employed with individual
embedded die 10 that comprise single or multiple
integrated circuit die 12. For ease of reference, the
following description will make reference to an
individual embedded die 10 comprised of a single
integrated circuit die 12, although the methods may
readily be applied to embedding a plurality of
integrated circuit die 12 in a single body 20 of
encapsulant material of an individual embedded die.
Figures 6A-6H depict one illustrative method of
forming the devices disclosed herein. In Figure 6A, a
plurality of known good integrated circuit die 12 are
placed front side 13 down above an illustrative
sacrificial structure 30. In one illustrative example,
the sacrificial structure 30 may be a film frame with
dicing tape positioned across the film frame. The
structure 30 is sacrificial in the sense that it will
later be removed. In Figure 6B, a body 20 of
encapsulant material, e.g., mold compound, is formed
around the integrated circuit die 12 and above the
structure 30, i.e., the integrated circuit die 12 is
embedded in the body 20. Traditional molding
techniques, e.g., injection molding, may be performed
to form the body 20 of encapsulant material.
Thereafter, as shown in Figure 6C, the sacrificial
structure 30 may be removed. In the illustrative
example described herein, the structure 30 may simply
be peeled away due to the use of the adhesive tape as
part of the structure 30. Next, as shown in Figure 6D,
the conductive lines 16 are formed above the front
side 13 of the integrated circuit die 12 and body 12
in accordance with traditional techniques. Of course,
the conductive lines 16 may have any desired
configuration and they may be made from any desired
material. Then, as indicated in Figure 6E, a plurality
of openings or vias 17 are formed through the body 20
as indicated. The openings 17 may be formed by a
variety of known techniques, e.g., laser drilling,
etching etc. In some applications, a masking layer
(not shown) may be formed as part of the process of
forming the openings 17. The openings 17 may be of any
desired shape or configuration. Note that, in the
illustrative example depicted herein, the openings 17
are formed from the backside 15 toward the front side
13 of the body 20 of the embedded die 10. Also note
that, in this particular example, the openings 17
expose, but do not extend through, the conductive
interconnections 16 formed on the front side 13 of the
embedded die 10. Thereafter, as shown Figure 6F, the
openings 17 are filled with a conductive material,
e.g., copper, aluminum, silver, etc., to form the
conductive interconnections 18. The conductive
material may be formed in the openings 17 using any of
a variety of known techniques, e.g., plating,
deposition, etc., and a variety of different
conductive materials may be employed, depending upon
the particular application.In Figure 6G, a plurality
of conductive structures 22 are formed on the embedded
die 10A- 1OB using known techniques. In some cases,
the conductive structures 22 may be formed as part of
the process of forming the conductive interconnections
18. Then, as shown in Figure 6H, a dicing or
singulating process is performed along cut line 37 to
produce the illustrative individual embedded die 1OA
and 1OB. Next, the individual embedded die 10A-1OB are
subject to a variety of tests to confirm their
acceptability for their intended application. Once the
embedded die 10A- 1OB have successfully passed such
tests, they are ready to be shipped to customers. In
other applications, the tested embedded die 10A- 1OB
may be assembled into a stacked packaged device 300,
400, 500 as depicted herein. In the example depicted
in Figure 3, a plurality of individual embedded die 10
are positioned as depicted in Figure 3 and a reflow
process is performed to establish the electrical
connection between the conductive structures 22 on an
individual embedded die, e.g., die 1OA, and the
conductive interconnections 18 on an adjacent embedded
die, e.g., die 1OB. The illustrative solder balls 24
may be formed on the illustrative die 10 using
traditional techniques. The solder balls 24 may be
formed at any desired point during the process flow.
For example, the solder balls 24 may be formed after
all of the embedded die 10A-1OD are assembled as
depicted in Figure 3. Alternatively, the solder balls
24 may be formed above the individual embedded die 1OD
prior to assembling the individual embedded die 1OD
with the other individual embedded die as depicted in
Figure 3. Figures 7A-7I depict another illustrative
method of forming the devices disclosed herein. The
steps depicted in Figures 7A-7D are the same as those
previously described with respect to Figures 6A-6D.
Thus, a detailed discussion of Figures 7A-7D will not
be repeated. In Figure 7E, a plurality of the
structures depicted in Figure 7D are secured to one
another using an adhesive material 28. Thereafter, in
Figure 7F, a plurality of openings or vias 3 1 are
formed through the bodies 20 of the combined structure
depicted in Figure 7E. The openings 3 1 may be formed
by a variety of known techniques, e.g., laser
drilling, etching etc. In some applications, a masking
layer (not shown) may be formed as part of the process
of forming the openings 31. The openings 3 1 may be of
any desired shape or configuration. Note that, in the
illustrative example depicted herein, the openings 3 1
extend through the conductive interconnections 16
formed on the front side 13 of each of the individual
structures. Thereafter, as shown Figure 7G, the
openings 3 1 are filled with a conductive material,
e.g., copper, aluminum, silver, etc., to form the
through body conductive vias 32. The conductive
material may be formed in the openings3 1 using any of
a variety of known techniques, e.g., plating,
deposition, etc., and a variety of different
conductive materials may be employed, depending upon
the particular application. In Figure 7H, a plurality
of conductive structures 22 are formed on the
structure depicted in Figure 7G using known
techniques. In some cases, the conductive structures
22 may be formed as part of the process of forming the
conductive interconnections 32. Next, as shown in
Figure 71, a dicing or singulating process is
performed along cut line 37 to produce the
illustrative groups 1OE and 1OF of the individual
embedded die. Next, the groups of embedded die 10E-
1OF are subject to a variety of tests to confirm their
acceptability for their intended application. Once the
groups 10E-1OF have successfully passed such tests,
they are ready to be shipped to a customer. In some
applications, the groups of embedded die 10E- 1OF may
be assembled into a stacked packaged device as
described herein. In the example depicted in Figure 4,
the groups of embedded die 1OE and 1OF are positioned
as depicted in Figure 4 and a reflow process is
performed to establish the electrical connection
between the conductive structures 22 on the first
group 1OE and the conductive vias 32 on an adjacent
group 1OF. The illustrative solder balls 24 may be
formed on an illustrative individual embedded die in
the group 1OF using traditional techniques. The solder
balls 24 may be formed at any desired point during the
process flow. For example, the solder balls 24 may be
formed after the two illustrative groups 10E- 1OF are
assembled as depicted in Figure 4. Alternatively, the
solder balls 24 may be formed above one of the
individual embedded die in the group 1OF prior to
assembling the two groups together as depicted in
Figure 4. As will be recognized by those skilled in
the art after a complete reading of the present
application, the present disclosure may provide very
efficient means for packaging individual die and
providing stacked packaged integrated circuit devices.
Much of the processing performed herein may be
performed on multiple die at a single time as opposed
to performing such operations on individual die one at
a time. For example, although two illustrative die 12
are depicted in Figures 6A-6H and 7A-7I, the
processing steps described herein may be performed on
any desired number of die, depending upon the
processing capability of the processing tools
employed. In short, wafer level processing techniques
may be employed to increase the efficiency of
packaging operations, i.e., the processing operations
may be performed on multiple die at the same
time.CLAIMS What is claimed: 1. A device, comprising:
at least one integrated circuit die, at least a
portion of which is positioned in a body of
encapsulant material; and at least one conductive via
extending through the body of encapsulant material. 2.
The device of claim 1, wherein the device comprises a
plurality of individual integrated circuit die, each
of which have a portion which is positioned in the
body of encapsulant material. 3. The device of claim
2, wherein the device comprises a plurality of the
conductive vias that extend through the body of
encapsulant material, and wherein at least one of the
conductive vias is conductively coupled to one of the
plurality of integrated circuit die and another of the
conductive vias is conductively coupled to another of
the plurality of integrated circuit die. 4. The device
of claim 1, wherein the at least one conductive via is
conductively coupled to the at least one integrated
circuit die by a conductive wiring line. 5. The device
of claim 1, wherein the at least one conductive via
extends through a thickness of the body of encapsulant
material. 6. The device of claim 1, wherein the at
least one conductive via defines a conductive flow
path between a front side and a back side of the body
of encapsulant material. 7. A device, comprising: a
plurality of integrated circuit die, each of which is
embedded in a single body of encapsulant material; and
a plurality of conductive vias extending through the
body of encapsulant material.8. The device of claim 7,
wherein at least one of the conductive vias is
conductively coupled to one of the plurality of
integrated circuit die and another of the conductive
vias is conductively coupled to another of the
plurality of integrated circuit die. 9. The device of
claim 8, wherein the conductive vias are conductively
coupled to the respective integrated circuit die by a
conductive wiring line. 10. The device of claim 7,
wherein the plurality of conductive vias extend
through a thickness of the single body of encapsulant
material. 11. The device of claim 7, wherein the
plurality of conductive vias define a plurality of
conductive flow paths between a front side and a back
side of the single body of encapsulant 



material. 12. The device of claim 7, wherein each of
said plurality of die have the same physical size. 13.
A device, comprising: a plurality of individual
embedded die, each of the individual embedded die
comprising a body of encapsulant material and at least
one conductive via extending through the body of
encapsulant material, the plurality of embedded die
being positioned adjacent one another; and at least
one conductive structure positioned between adjacent
individual embedded die, the conductive structure
providing an electrically conductive path between
conductive vias in adjacent individual embedded die.
14. The device of claim 13, wherein the conductive via
extends through a thickness of the body of encapsulant
material. 15. The device of claim 13, wherein at least
one of the plurality of individual embedded die
comprises a single integrated circuit die.16. The
device of claim 13, wherein at least one of the
plurality of individual embedded die comprises a
plurality of integrated circuit die. 17. The device of
claim 13, wherein the plurality of individual embedded
die are stacked vertically above one another. 18. The
device of claim 17, wherein the plurality of
individual embedded die are positioned such that a
front side of one of the individual embedded die faces
a back side of an adjacent individual embedded die.
19. A device, comprising: a first and a second
embedded die, each of the first and second embedded
die comprising a body of encapsulant material, a back
side of each of the first and second embedded die
being positioned facing one another; and a conductive
via that extends through the body of encapsulant
material of both the first and second embedded die.
20. The device of claim 19, wherein the conductive via
extends from a front side of the first embedded die to
a front side of the second embedded die. 21. The
device of claim 19, further comprising an adhesive
material positioned between the back sides of the
first and second embedded die for securing the first
and second embedded die to one another. 22. The device
of claim 21, wherein the first and second embedded die
are stacked vertically above one another. 23. A
device, comprising: a first group of embedded die and
a second group of embedded die, each of the first and
second groups of embedded die comprising a plurality
of individual embedded die, each of the individual
embedded die comprising a body of encapsulant
material;at least one first conductive via that
extends through the first group of embedded die; at
least one second conductive via that extends through
the second group of embedded die; and at least one
conductive structure positioned between the first and
second groups of embedded die that provides an
electrically conductive flow path between the first
and second conductive vias. 24. The device of claim
23, wherein a back side of each of the individual
embedded die in each of the first and second groups of
embedded die are positioned facing one another. 25.
The device of claim 24, wherein the first conductive
via extends from a front side of an individual
embedded die in the first group of embedded die to a
front side of another individual embedded die in the
first group of embedded die. 26. The device of claim
24, further comprising an adhesive material positioned
between the facing back sides of the individual
embedded die. 27. The device of claim 23, wherein the
first conductive via is formed through the body of
encapsulant material of all of the individual embedded
die in the first group of embedded die. 28. The device
of claim 27, wherein the second conductive via is
formed through the body of encapsulant material of all
of the individual embedded die in the second group of
embedded die. 29. The device of claim 23, wherein each
of the individual embedded die comprises a single
integrated circuit die. 30. The device of claim 23,
wherein each of the individual embedded die comprises
a plurality of integrated circuit die.31. The device
of claim 23, wherein the first and second groups of
embedded die are stacked vertically above one another.
32. A method, comprising: forming a body of
encapsulant material around at least a portion of at
least one integrated circuit die; forming at least one
conductive via that extends through the body of
encapsulant material; and conductively coupling the at
least one conductive via to the at least one
integrated circuit die. 33. The method of claim 32,
wherein forming the conductive via comprises forming
an opening in the body of encapsulant material and
filling the opening with a conductive material. 34.
The method of claim 32, wherein conductively coupling
the at least one conductive via to the at least one
integrated circuit die comprises forming at least one
conductive wiring line that is connected to the at
least one conductive via and the at least one
integrated circuit. 35. The method of claim 32,
wherein forming the body of encapsulant material
comprises performing an injection molding process to
form the body of encapsulant material. 36. The method
of claim 32, wherein forming the body of encapsulant
material comprises forming the body of encapsulant
material around a plurality of individual integrated
circuit die. 37. The method of claim 36, further
comprising performing a singulating process to define
a plurality of individual embedded die, each of which
are comprised of a single integrated circuit die.38.
The method of claim 37, further comprising:
positioning a plurality of the individual embedded die
adjacent one another; and conductively coupling the
conductive via on a first of the individual embedded
die to the conductive via on a second of the
individual embedded die. 39. The method of claim 38,
wherein the plurality of the individual embedded die
are positioned such that a front surface of a first
individual embedded die faces a back side of an
adjacent individual embedded die. 40. The method of
claim 38, wherein conductively coupling the conductive
vias on the first and second individual embedded die
comprises forming a conductive structure between the
first and second individual embedded die. 41. The
method of claim 39, further comprising stacking the
second individual embedded die above the first
individual embedded die. 42. The method of claim 36,
further comprising performing a singulating process to
define a plurality of individual embedded die, each of
which are comprised of a plurality of integrated
circuit die. 43. The method of claim 42, further
comprising: positioning a plurality of the individual
embedded die adjacent one another; and conductively
coupling the conductive via on a first of the
individual embedded die to the conductive via on a
second of the individual embedded die. 44. The method
of claim 43, wherein the plurality of individual
embedded die are positioned such that a first surface
of a first individual embedded die faces a back side
of an adjacent individual embedded die. 45. The method
of claim 43, wherein conductively coupling the
conductive vias on the first and second individual
embedded die comprises forming a conductive structure
between the first and second individual embedded
die.46. The method of claim 45, further comprising
stacking the second individual embedded die above the
first individual embedded die. 47. A method,
comprising: positioning a first individual embedded
die adjacent a second individual embedded die, each of
the first and second individual embedded die
comprising a body of encapsulant material; and forming
at least one conductive via that extends through the
body of encapsulant material of both of the first and
second individual embedded die. 48. The method of
claim 47, further comprising conductively coupling the
at least one conductive via to at least one integrated
circuit die in one of the first and second individual
embedded die. 49. The method of claim 47, wherein at
least one of the first and second individual embedded
die comprises a single integrated circuit die. 50. The
method of claim 47, wherein at least one of the first
and second individual embedded die comprises a
plurality of integrated circuit die. 51. The method of
claim 47, further comprising securing the first and
second individual embedded die to one another prior to
forming the at least one conductive via. 52. The
method of claim 51, wherein securing the first and
second individual embedded die to one another
comprises applying an adhesive material to at least
one of the first and second individual embedded die.
53. The method of claim 47, wherein the first and
second individual embedded die are positioned such
that a back side of the first individual embedded die
faces a back side of the second individual embedded
die. 


