
WO 200111016041 P'CT/U520W"'W4S R  NOVEL .POLY("C`I.6YLENE GLYCOL)-
CIOD.t.FIM)C(i3,M. POUNDS ONM, USES TV.-TRYOF 1. CROSS-PEEE ;N 'E TO
RELATED APPLICATIONS Priority is claimed under 35 U.S.C.119(e) to
co-pending U.S, Provisional  Patent Application Serial No. 60/470,246 filed
on May 12, 2003. The contents of this  10 priority application are hereby
incorporated into the present disclosure by reference  and in their
entirety, 1. MELD OF 'F RE INVENTION The present invention relates to
modification of peptide-based co: pounds  with poly(ethylene glycol) or
"PEGS." In particular, the invention relates to peptide  15 monomers,
dimers, and oligomers that are modified with PEG, preferably a linear PEC'
moiety between 20 aand 60 KDaltons. Irr addition, the invention relates to
novel  therapeutic methods using such PEG modified compounds. 2. BACKGROUND
OFTHE INVENTION In recent years. with the development of research on
proteins, a g eat number  20 of peptides having various actions have been
found. With the progress of genetic  recombination techniques and organic
synthetic methods of peptides, it has become  possible to obtain these
physiologically active peptides and. their structurally  analogous
compounds in a large amount. Many of these peptides having special
activity are extremely usetlrl as pharmaceuticals. 25 Examples of such
peptides include peptides that bind to eryrhropoietin (EPO)  receptors
(EPO-R). EPO is a glycoprotein hormone with 165 amino acids, 4
glycosylation sites on amino acid positions 24.38, 83, and. 126, and a
molecular  weight of about 34,000. It stimulates mitotic division ;aid the
differentiatiron of  erythrocyte precursor cells and thus ensures the
production of erythrocytes. EPO is 30 essential in the process of red blood
cell format-: on, `.,the ho mone has potentially useful 4tao 2003/101600
PCT1US2004/014888  applications in both the diagnosis and the treatment. of
blood disorders characterized  by lour or defective red blood cell
production. A number of peptides that interact with  



the EPO-R have been discovered. (See e.g, US, Patent No. 5,7%3,669 to
Wrighton et  ad.; U.S. Patent No. 5,830,851 to tr righton et a1., and WO
01/91780 to Smith 5 Swintosky at al. However, the clearance of peptides,
particularly when administered in the  circulatory system, is generally
very fast, Thereforee, it is desirable to improve the  durability of such
peptides, In addition, when the peptides are obtained from different
species of animals, designed. by peptide protein engineering, and/or having
structures 1.0 dire rent from those of the subject, there is a risk of
causing serious symptoms due to  the production of antibodies. Hence, it is
also desirable to improve the amigonicity of  such peptides. In. order to
use these peptides as pharmaceuticals, it is necessary to  have both
improved antigeniicity and durability. Chemical modification of the
peptides with macromolecular compounds such  15 as poly{ ethylene glycol)
has been shown to be effective to improve the antigenicity  and durability
of various peptides. 'Thus, poly(ethy lent, glycol) and polyethylene
glycol) derivatives have been widely used as peptide-modifying
rnacrornolecular  reagents. In its most common ferret, poly(ethylene
glycol) has the following structure:  The above polymer, alpha-,
omega-dihydroxyl poiy(ethyiene glycol) can be  represented in brief forte
as 110-PEG-Off where it is understood that the -PEG- symbol represents the
following structural. uuit: -CH2CH2O 4 .I li )ti CH2 l s: 25 Without being
limited to any particular theory or tnechanisrn of action, the  long,
chain-like PEG molecule or moiety is believed to be heavily hydrated and in
rapid motion when in an aqueous :radium. This rapid motion is believed to
cause the  PEG to sweep out a large volume and prevents the approach and
interference of other  molecules. As a result, when attached to another
chemical entity (such as a peptide), 30 PEG polymer chains can protect such
chemical entity from immune response and  other clearance mechanisms, As a
result, Pl-Giylation leads improved dnzg efficacy wo 2004110600
PCT,US2004l014988  and safety by optimizing ph macoknntics, increasing
bioavailahrhty, and decreasing  



i.mnxur_ogerricity and dosing ti ccquencye For example, some active
derivatives of PEG have been attached. to proteins  and enzymes with
beneficial results. PEG is soluble in organic solvents. PEG  5 attached to
enzymes can result in PEG-enzyme conjugates that are soluble and active in
organic solvents. Attachment of PEG to protein can reduce the
immunogenicity  and rate of kidney clearance of the PEGprotein conjugate as
compared to the.  unmodified protein, which may result in drar:.aticaily
increased blood circulation  lifetimes for the conjugate. 10 For example,
covalent attachment of PEG to therapeutic proteins such as  interleuidns
(nauf, M. J. et at,, J. Biol. (;here. 1988, 263, 15,064; Tsutsurni, Y. el
al.,  S. Controlled Release 1995, 33, 4-471), interferons (Ki.ta, Y. at
al., hn.tg Des. Delivery  1990, 6, 157), catalase (Kbuchowski, A. ei at, J.
Biol. Chem. 1977, 252, 3, 582),  superoxide disniutase (Beauchamp, C. 0, et
at, Anal. Biochem. 1933, 1.31, 25), and 15 adenosine deaminase ((lien, R.
at at, .Biochim. Biophy. Acta 1931, 560, 293), has  been reported to extend
their half life in vivo, and/or reduce their inununogenicity and
antigenicity, hi addition, PEG attached to surfaces can reduce Protein and
coil adsorption to  the surface and alter the electrical properties of
tl-ie surface. Similarly, PEG attached  20 to liposomes can result in a
great increase in the blood circulation lifetime of these particles and
thereby possibly increase their utility for drug delivery. (.T, M. Harris,
Ed., "Biomedical and Biotecan)kal Applications of Polyethylene Glycol
Chemistry,"  Plenum, New York, 1992.). U.S. Patent 5,767 078 to Johnson at
at, discloses dimerization of peptide  25 monomers which can bind to EP0-R.
The dimerization is based on covalent linkage  of the monomers, PEG is the
preferred linker to form the dinners. The PEGS  specifically used therein
have a molecular weight of only 3400 or 5000. WO 01/91780 to
Smith-Swintosky et at. discloses dinners and multimers of  peptides that
exhibit binding and signal initiation of growth factor-type receptors,  30
'.rho linker disclosed is polyethylene glycol. The linker disclosed is
polyethylene glycol. However, the reference offers no guidance for
selecting the appropriate sizes  



or classes (e.g., linear) of PEG. WO 2004%101600 PT T/US2004f014C$FS  U.S.
Patent 6,077,939 to Wei et al. discloses compositions consisting
essentially of a polypeptide and a water-soluble polymer covalently bound
thereto at  the N-terminal z-carbon atom via a hydrazone or reduced
hydrazone bond, or an  oxinie or reduced oxime bond. The molecular weight
range of the water soluble 5 polymer is in the range of 200 to 200K
Daltons. PEG is disclosed as an example of  the water-soluble polymer. The
molecular weight of the PEG is from only 700 to 20K  Daltons, and PEG
moieties of only 5K Daltons are said to he preferred. WO 01/38342 to 13aiu
et a], discloses a dither formed by a Cj_, linking moiety  linking two
peptide chains. it indicates that the N-temuini of the dieter may be  10
PEGlylated, However, the publication does not specify the molecular weight
of the  PEG used or indicate whether it is linear or branched. Saifer er
al. (Adv. Exp. Med. Biol. (1994), 366:377-87) describe, PECGlated  adduct
of bovine and recombinant human Cu, Zn superoxide dismutase (SOD) in  which
1-9 strands of high molecular weight (35K - 120K Daltons) PEG are coupled
of 15 SOD. Sornack et al. (Free Rad, Res. Connns, (1991), 12-13:553-562)
describe SOD  adducts containing l to 4 strands of high molecular weight
(41K - 72K Daltons) .PEG.  Neither of these two references teaches
modifying a peptide with PEG. Moreover, it  is believed that the PEG
moieties used in these compounds were branched, as opposed  to linear PEG.
20 Despite the advances made in the area of the PEG-Modified peptide-based
compounds, there remains a need for novel PEG-modified compounds with
improved  anti.genicity and durability. The citation ar_d; or discussion of
a reference in this section, and throughout  25 this specification, "hall
not be construed as an admission that such reference is prior  art to the
present invention. SU.MIVkR OF THE INVENTION The present invention relates
to a peptide-based compound comprising a 30 peptide. moiety and a
polyethylene glycol) moiety wherein the polyethylene glycol)  



moiety is linear has a molecular weight of more than 20 KDaltons. _4.. W'O
2004/101600 PCITS2004/014888  Preferably, the poly(etylene glycol) moiety
has a molecular weight of from about 20 to 601 Daltons. More preferably,
the polyethylene glycol) moiety has a  molecular weight of from about 20 to
40 'Dalton. Most preferably, the PEG has a  molecular weight of about 20
K-Dalton. 5 Preferably, the poly(ethylene glycol) moiety has a
polydispersity value  (M;,/M") of less than 1.20, more preferably less than
1.1., and most preferably less  than L05. Preferably, the peptide moiety is
dimenc and comprises two monomeric  peptide.: linked by a linker moiety.
Moreover, such diners and other muhimers may  10 be heterodimers or
heteromultimers. In one embodiment, the peptide moiety is selected from.
peptides which. bind  to erythropoietin-receptors. Non-limiting examples of
such BPtO-R binding peptides  include those disclosed in published
international applications PCT; CUSOO:3'2221  (publication no. WO 01/38342
A2), PCT/4596/09810 (publication no. WO 96/40749) 15 and PC'T/4JSO1/16654
(lnublication no. WO 01/91180 Al); U ,S. Patents 5,767,078,  5,773,569,
5,830,851, 5,986,047, Still other exemplary EPO-R binding peptides  which
may be used as the peptide moiety in the present invention are described in
U.S, Provisional Application Serial No. 60%479,245 filed May 12, 2003.
Still other  exemplary EPO-.k binding peptides which may be used as the
peptide moiety in the 20 present invention are described, inU.S.
Provisional Application Serial No. 60/469,993  filed May 12, 2003. Yet
still other exemplary EPtO-R binding peptides which maybe  used as the
peptide moiety in the present invention are described in U.S. Provisional
Application Serial No, 60/470,244 filed May 12, 2003. In another
embodiment, the peptide moiety is selected from peptides which  25 blind to
thrombopoietin-recep ors ("'TPtO-R'), Dion-lianiting examples of such TPO-R
binding peptides include those disclosed in U.S. Patents 6,552,008,
6,506,362,  6,498,` 55, 6,465,430, 6,333,031, 6,251,864, 6,121,238,
6,083,913, 5,932,546,  



5,869,451, 5,683,983, 5,677,280, 5,668,110. and 5,554.276; and published
U.S. Patent  Applications 2003/0083361, 2003/0009018, 200210171166 and
200210160013. 30 Preferably, such peptide-based compound further comprises
a spacer moiety  between the peptide moiety and the pol_y(eethyiene glycol)
moiety, More preferably,  the spacer moiety has the structure: -5 WO
200411O1600 VCT/IJS2OO4/O1488  wherein a, S,and a are each integers whose
values are independently selected.  Such spacer moiety is described in more
details in U.S. provisional patent application  Serial No. 60/469,996,
filed May 12, 200$ entitled. "Novel Spacer Moiety For 5 poly(ethvle ne
Glycol) Modified Peptide-base Compounds".  In preferred embodiments, a is
ar integer, I < a < 6;  3 is an integer, 1 i 13 < 6;  cis an integer, I <
6;  10 6is0or1; , is an integer, 0:5 T< 10; and  Y is either NMI or CO. In
certain preferred embodiments, r 2 when y > 1.  In one particularly
preferred embodiment, 15 a=j3=c=2;  ; 1; and  Yis "vI-I. In other
embodiments,  f=6=0;  ?0 2 <a ; 5; and VisCO.  In certain
otlrerfjembodiments,  a+s =5;and 25 Y is CO. 



The present invention fnrtherrelates to pnranraceutic.al compositions
comprising one or more of the peptide-based compounds described above.  -6
WO 20041106N 14888  DETAILED DESCRIPTION Definitions  Amino acid residues
in peptides are abbreviated as follows: Phenylalanine is  c Ph-1 or l~;
Leucine is Lou or L; Isoleucine is Ile or I; -Wthioaine is Met or Tao;
Valine is Val or V. Serine is Scr or S; Proline, is Pro or 1y; Threonine is
Thr- or 1; Atanin.e. is Ala  or A; Tyrosine is Tyr or Y,- Histidine is His
or H; Glutarnine is Gin or Q; Asparao ue  is .Asu or N; Lysine is Lys or
k.; Aspatic Acid is Asp or D; Glutanric Acid is Glu or  E; C'ysteine is Cys
or C;; Tryptophan is Trp or W; Argirune is Arg or R; and Glycine is 10 illy
or G. The unconventional amino acids in peptides are abbreviated as
follows: 1- naphthylalanine is 1-nal; 2-naphthylalariine is 2-nal;
ICI-inethyiglycine (also known as  sarcosine) is MeG; acetylated glycine
(N-acetyiglyrcine) is AcO; hoinoserine  methyletlrer is Hsm. "Peptide" or
"polypeptide" refers to a polymer in which the monomers are  15 alpha amino
acids joined together through amide bonds. Peptides are two or often.  more
a nina acid monomers Tong. Generally, when used in the art and in the
context  of the present invention, the tern "peptide refers to a
polYypeptide that is only a few  amino acid residues in length. In
particular, peptides of the present invention are  preferably no more than
about 50 amino acid residues in length, and are more 20 preferably between
about d and 40 amino acid residues in length, even more  preferably between
about l7 and 40 amino acid residues in length. By contrast, a  polypeptide
may comprise any number of amino acid residues. Bence, poiypep:ides
include peptides as well as longer sequences of amino acids, such as
proteins which  can be hundreds of amino acid residues in length. 25 A
peptide used in the present invention can he part of or "derived from" a
longer polypeptide sequence, such as the sequence of a protein. As used
herein, the phrase "pharmaceutically acceptable" refers to molecular  



entities and compositions that are "generally regarded as safe", e.g., that
are  physiologically tolerable and do not typically produce an allergic or
similar untoward 30 reaction, such as gastric upset, dizziness and the
like, when administered to a human.  Preferably, as used herein, the term
"pharmaceutica ly acceptable" means approved by  a regulatory agency of the
Federal or a state government or listed in the U.S,  _7. WO 20041101600
9't; rIUS2004/014558  Pharmacopeia or other generally recognized
pharmacopeia for use in animals, and  more particularly in humans. The term
"carrier" refers to a diluent, adjuvant,  excipient, or vehicle with which
the compound is administered, Such pharmaceutical  carriers cant he sterile
liquids, such as water and oils, including these of petroleum, 5 animal,
vegetable or synthetic origin, such as peanut oil, soybean oil,, mineral
oil,  sesame oil and the like. Water or aqueous solution saline solutions
and aqueous  dextrose and glycerol solutions are preferably employed as
carriers, particularly for  injectable solutions. Suitable pharmaceutical
carriers are described in "Remington's  Pharmaceutical Sciences" by E.W.
k4artin. 10 As used herein the term "agonist" refers to a biologically
active ligand which  binds to its complementary biologically active
receptor and activates the latter either  to cause a biological response in
the receptor. or to enhance preexisting biological  activity of the
receptor. 15 The PEG moiety used in the present invention is linear and has
a molecular  weight of 20 KDaltons or more. Preferably, the PEG has a
molecular weight of f o:n  about 20 to 60 KDaltons. More preferably, the
PEG has a molecular weight of from  about 20 to 40 Kfaltons, Most
preferably, the PEG has a molecular weight of 20  I shone. 20 The PEG
moiety is covalently attached to the compounds of the invention,  either
directly to a peptide moiety, a linker moiety, or a spacer moiety. In one
embodiment, a PEG moiety is attached to at '!east one terminus (N terr_inus
or C- terminus) of a peptide monomer or dieter: for example, each
N-ternzinus of a peptide  dieter may have an attached PEG moiety (for a
total of two PEG moieties). In One 



25 embodirnen.t, Pt G may serve as a linker that dimerizes two peptide
monomers: for  example, a single PEG moiety may be simultaneously attached
to both N4ermini of a  peptide dieter. In another embodiment, PEG is
attached to a spacer moiety of a  peptide monomer or dinner. in a preferred
embodiment PEG is attached. to the linker  moiety of a peptide dimes. In a
highly preferred embodiment, PEG is attached to a 30 spacer moiety, where
said spacer moiety is attached to the linker LK moiety of a  peptide
dieter. Most preferably, PEG is attached to a spacer moiety, were said  -8
WO 2004/101600 PCA XS2004?014888  spacer moiety is attached to a peptide
timer via the carbonyl carbon of a lysine linker,  or tae amid.e nitrogen
of a lysine amide llrlker. :.he peptide-based compounds of the present
invention nay comprise multiple  PEG moieties (e. ., 2, 3. d. or more). Ln
certain embodiments the Pf-'G moiety  5 comprises two linear monomeric PEG
chains. Preferably the two linear PEG chains are linked together through
lysine residue or a lysine amide (x lysine residue Wherein  the carboxyl
group has been converted to an amide moiety-CON"N 2). More  preferably, the
two PEG chains are linked to lysine's alpha and epsilon amino groups  while
the carboxylic group is activated as hydroxysuceinirnidyl esters for
binding to 10 the spacer moiety. For example, when a lysine amide links
the, two mono leric PEG  chains the dimer nay be illustrated structurally
as shown in Formula 1, and  summarized as shown' in Formula Ii: Formula I
Formula Il  ------------ - ------ - -------- 0  N2Fi.._ tPEG G  CFI2 ii
"PEG  A glzC -K  1 'PEG  



UH2 PEG  15 In Formula 1, N2 represents the nitrogen atom of lysine's f.
amino group and  INII represents the nitrogen atom of lysine's x-amino
group. In preferred  embodiments, the C-terminal lysine of the two peptide
monomers is L.-lysine. Ira  alternative embodiments, one ore more lysine
residues can be D-lysine. Where the compound comprises more than one PEG
moieties, the multiple  20 PEG moieties may" be tthe same or different
chemical moieties (e.g., PEGS of difterent  molecular weight). In some
cases, tthe degree of PEGylation (the number of PEG  moieties attached to a
peptide and/or !he, total number of peptides to which a PEG is  attached)
may be influenced by the proportion of PEG moiecules versus peptide
molecules in a .l'EGylation reaction, as well a.s by the total
concentration if each in the 25 reaction mixture. in general, the optimum.
PEG versus peptide ratio (in terms of  -i9 WO 2004/101600 PCT%US2004/074888
reaction efisi.ency to provide for no excess unreacted peptides and/or PEG)
will be  determined by factors such as the desired degree of PEGylation
(e.g., mono, di-, tri-,  etc.); the molecular weight of the polymer
selected, whether the polymer is branched  or unbranched, and the reaction
conditions fir aparticular attachment method. 5 There are a number of PEG
attaclvnent methods available to those skilled in  the art [see, e.g.,
Goodson, et a L (1990) Bio;Technology 8:34; (PhGylation of  interieu in-2
at its glycosylation site after site-directed mutagenesis); E.P 0 1110" _
384  (coupling PEG to G-CSF); Malik, el at, (1992) Exp. ilematol.
20:1028-1035  (PEGylation of GM-CSF using tresyl chloride); PCT Pub, No. WO
90/12874 10 (PEGylation of erythropoietin containing a recombinantly
introduced cysteine residue  using a cysteine-specific tnPEG derivative);
U.S, Pat Noe 5,757,078 (PEGylatiorf of  EPO peptides); U.S. Pat, No.
5,612,460 (Active Carbonates of Polyalkylene Oxides  for Modification of
Polypeptides), U.S. Pat, No. 5,672,662 (Poly(ethvlene glycol) and  related
polymers monosubstituted with propionic or butanoic acids and fin;ctional
15 derivatives thereof for bioteclnnical applications); U.S. Pat No.
6,077,939  



(IDEGvla-tion of an N-terminal o,-carbon of a, peptide'); Veronese et al.,
(1985) !Lppi.  Biochem. Bioecinrol 11:141-142 (PEGylation of an N1-terminal
cx-carbon of a peptide  With PEG-nitxol l eny lcazbr_rnate ("PEG NPC) or
PEG-trichlorophenylcarbonate); and  Veronese (2001) Biotrmterials
22:405-417 (Review article on peptide and protein  20 PEGylation)7. For
example, PEG may be covalently bound to amino acid residues via a  reactive
group. Reactive groups are, those to which an activated PEG molecule may
be bound (e.g:, a free amino or carboxyl group). For example, N-terminal
amino acid  residues and lysine (K) residues have a free amino group; and C
terminal amino acid 25 residues have a free carboxyl group. Sulfhydrvl
groups (e.g,, as found on cysteine  residues) may also be used as a
reactive group for attaching PEG. in addition:,  enzyme-assisted methods
for introducing activated groups hydrazide, aldehyde,  and aromatic. -amino
groups) specifically at the C-terrninus of a polypeptide have been
described [Schwarz, et alt (1990) Methods Fnzymol, 184:160; 'Rose, et a!.
(1991)  30 Bioconjugate Cheat, 2:154; Gaertner, eta!. (1994) J. Biol. Chem.
269:7224. For example, PEG molecules may be attached to amino groups using
methoxylated PEG ("mPEG") having different reactive moieties. Non-limiting
examples of such reactive moieties include succinitnidyl succinate (SS),
succinimidy l  -10 WO 2N)4/101600 PCT; U S2004t014888  carbonate (SC`).
mPEG-nnidate, para-nitrophenylcarbonate (NPC), succininiidyl  propionate.
(SP.A), and cyanLmc chloride. Non-limiting examples of such inPEGs with
reactive moieties include inPEG-succinimi+dyl succinate (rnPEG-SS), naPEG-
succinimidyl carbonate (nmPEG-SC), mPEG-imid.ate, mf3EG-para 5
nitrophenylcarbonate (mPEt:T- N`PC), ani'EG-fur cif imidyl propionate
(naPEG-SPA),  and rmPECF-cyanuric chloride. Where attachment of the PEG is
non-specific and. a peptide containing a  specific PEG attachment is
desired, the desired PEGylated co_>rpound. may be purified  from the
mixture of PEGylated compounds. For example, if an N-terminally 10
PEGylated peptide is desired, the N-te_ ninally a EGylated form may be
purified from  



a population of randomly PEGylated peptides (i.e., separating this -moiety
from other  monoPEGyiated moieties). In preferred embodiments, PEG is
attached site-specifically to a peptide. Site- specific PEGylation at the
N-terminus, side chain, and C-terminus of a potent analog  15 of growth
horuaone-releasing factor has been performed through solid-phase synthesis
(-Felix, et ai, (1995" .Int. J. Peptide Protein Res. 46:2531. Another
site-specific method  involves attaching a ,peptide to extremities of
liposomal suiface-grafted PEG chains in  a site-specific ma.t er through a
reactive aldehyde group at the N-terminus generated  by sodium periodate
oxidation of N-terminal threonine [Zalipsky, et at. (1995) 20 Eioconj.
Chem. 6:705]. However, this method is limited to pmlypeptides with N- -ter
ninal se ne or threcirrine residues. In one method, selective N-terminal
PEGyation may be accomplished by  reductive alkylation which exploits
differential reactivity of different types of primary  amino groups (lysine
versus the N-terminal) available for derivatization in a particular 25
protein. Under the appropriate reaction conditions, a carbonyl group
containing PEG  is selectively attached to the. N-terminus of a peptide.
For example, one may  selectively N-terminally PEGylate the protein by
performing the reaction at a p14  which exploits the ply;; differences
between the c-amino groups of a lysine residue and  the rx- amino group of
the N-terminal residue of the peptide. By such selective 30 attachment,
PEGylation takes place predominantly at the N-terminus of the protein,
with no significant modification of other reactive groups (e.g., lysine
side chain amino  groups). Using reductive alicviation, the PEG should have
a single reactive aldehyde  for coupling to the protein PEG
proprionaldehyde may be used). -11 WO 2004/1011100 PC 1 US20041014858
Site-specific mutagenesis is a further approach which may be used to
prepare peptides for site specific poi,nner attachment. By this method, the
amino acid  sequence of a peptide is designed to incorporate an appropriate
reactive group at the  desired position within the peptide. For exarnpie,
WO 90/12874 describes the site 5 directed PEGylation of proteins modified
by the insertion of cysteine residues or the  



substitution of other residues for cysteine residues. This publication also
describes  the preparation of nzPEG-erythropoietin ("rnPEG-EPO") by
reacting a cysteine-  specific mPEG derivative with a recombinantly
introduced eysteine residue on'JEM Where the PEG moiety is attached to a
spacer moiety or linker moiety, similar  10 attachment methods maybe used.
In this case, the linker or spacer contains a reactive  group and an
activated PEG molecule containing the appropriate complementary  reactive
group is used to effect covalent attachment. In preferred embodiments the
linker or spacer reactive group is a terminal reactive group (a.e.,
positioned at the  ternunus of the linker or spacer). 15 Peptides, peptide
dinners and. other peptide-based molecules of the invention  can be
attached to water-soluble polymers (e.g., PEt3) using any of a variety of
chemistries to link the water-soluble polymer(s) to the receptor-binding
portion of the  molecule (e.g., peptide spacer). A. typical embodiment
employs a single attach: Pent  junction for covalent attachment of the
water soluble polymer(s) to the receptor 20 binding portion, however in
alterative embodiments multiple attachment junctions  may be used,
including further variations wherein different species of water-soluble
polymer are attached to the receptor-binding portion at distinct attachment
junctions,  which may include covalent attachment junction(s) to the spacer
and/or to one or both  peptide chains. In some embodiments, the dimer or
higher order multimer will 25 comprise distinct species of peptide chair?
(i.e., a heterodin,er or other  heteromultill' er). By way of example and
not limitation, a dieter may comprise a first  peptide chain having a PEG
attachment junction and the second peptide chain may  either lack a PEG
attachment junction or utilize a different linkage chemistry than the
first peptide chain and in some variations the spacer may contain or lack
a. PEG 30 attachment function and said spacer, if PEC ylated; may utilize a
linkage chemistry  different than that of the first and or second peptide
chains. An alternative  embodiment employs a PEG attached to the spacer
portion of the receptor-binding  -12 W{) 2004/1011,00 ;t CT/ US24}0
4/014388  portion and a different water-soluble polymer (e.g., a
carbohydrate) conjugated to a  



side chain of one of the amino acids of the peptide portion of the
molecule. A wide variety of polyethylene glycol (PEG) species may be used.
for  P'EGylation of the receptor-binding portion :Pep tides T spacer).
Substantially any  5 suitable reactive PEG reagent can be used. In
preferred embodiments, the reactive PEG reagent will result in formation of
a. carharnate or amide bond upon c onjug_.atioon  to the receptor-binding
portion. Suitable reactive PEG species include, butt are not  'limited to,
those which are available for sale in the Drug Delivery Systems catalog
(2003) of NOF Corporation (Yehisu Garden Place Tower, 20-3 Ebisu 4-chorne,
10 Shibuya-ku, Tokyo 150-6019) and the _Molecular Engineering catalog
(2003) of  Ncktar Therapeutics (490 Discovery Drive, Huntsville, Alabama
35806). For example  and not limitation, the following PEG reagents are
often pref,rred in various  embodiments: mPEG2-NT3S, nrPEG2-ALD, multi-Arm
PEG, rnPEG(1WMAL)2,  mPEG2(Pvt~l ), rn-t EG-l~ T2, n PEG-SPA., mPEG-SEA,
niPEG-taioesters, PEG 15 Double Esters, rnPFG-BTC, rnPEG-Buty?ALD, rnPEG
_ACET, heteroffinctional PEGs  (NH2-PEG-COON, l3oc-PEG-NHS, Fmoc-PEG NHS,
NHS-PEG-VS, NHS-PEG-- MAL), PEG acrylates (At RI-:-P ,t - HS).
PEG-phospholipids (e.g,, mPEG-D)SPE),  muitiarrned PEGs of the SU,DDRITE
series including the GL series of glycerine- based PEGS activated by a
chemistry chosen by those skilled in the art, any of the 20 SCJN.ERITE
activated PEGs (including but not limited to carboxyl-PEGS, p-NP- PEGs,
Tre.syl-PEGS, aldehyde PEGs, acetal-PEGS, amino-PEGS, thiol-PEGS,
maleimido-.PEGs, hydroxyl-PEG-amine, amino-PEG-Ct3GH, hydroxyl-PEG-
aldehyde, carboxylic anhydride type-PEG, fiinctionalized PEc
3-phospbolipid, and  other simiar and/or suitable reactive PEGS as selected
by those skilled in the art for  25 their particular application and usage.
Peptide_N tjgty Any peptides derived from various animals including humans,
microorganisms or plants and those produced by genetic engineering and by
synthesis  may be employed as the peptide moiety. Examples include peptides
that bind to  30 EPO-R and peptides that bind to TPO-R. WO 2004/101600
PC'Tit v2a0;4/0148a8  



Preferably, the peptide moiety comprises one or more peptides, the length
of 11  each peptide is less than 50 amino acids, snore preferably between
about 10 and 25  amino acids, and most preferably between about 12-18 amino
acids. In one preferred etnbod'r:ent, the peptide moiety is selected from
peptides that  5 bind to EPO-R such as those disclosed in (e.g. those
disclosed in U.S. Pat. Nos.  5,773,569; 5,830,851; and 5,986,047 to
Wrighton, et al.; PCT Pub, No, WO 96/40749  to 'Urightom, of a!,; U.S. Pat.
No. 5,767,078 and PCT Pub. No, 96/40772 to Jol-alson  and Zivin; PCT Pub.
No. WO 01.%38342- to Balu; WO 01/91780 to Sxnith-Swintosky,  et aL; L.S.
Provisional Application Serial No. 60/479,245 filed May 12, 2003; U.S. 10
Provisional Application Serial No. 60/469,993 flled May 12, 2003;, and U.S.
Provisional Application Serial No, 60/470,244 filed May 12, 2003. ai
another preferred embodiment, the peptide moiety is selected from m
peptides  which hind to thrombopoietin-receptors ("TPO-lt"). Non-limiting
examples of such  TPO-R binding peptides include those disclosed in U.S.
Patents 6,552,008, 6,506,362, 15 6,498,155, 6,465,430, 6,333,031,
6,251,864, 6,121,238, 6,083,913, 5,932,546,  5,864,451, 5,683,983, 5,6
7,280, 5,E68.110, and 5,{15.2,276; and published U.S. Patent  Applications
2003/0083361, 2003/0009018, 2002/0177166 and 2002/0160013. In one
embodiment, the peptide 'moiety is a monomeric peptide of 10 to 40 or  more
amino acid residues in length and having the sequence X33i;3X5GPXsi'T~d?
~X5  20 where each amino acid is indicated by standard one letter
abbreviation; X3 is C; X4 is R, 1I, L, or W; X.s is M, F, or I; X5 is
independently selected from any one of the 20  genetically coded L-amino
acids; X., is D, E, 1, L, or V, and Xs is C, which bind and  activate the
eri thrapoietira receptor (EPO-R) or otherwise act as an EPO agonist. In
another embodiment, the peptide moiety is a monomeric peptide of 17 to  25
about 40 amino acids in length that comprise the core amino acid sequence
LYAC IHvTGGPI.TX1VC Q.PLR, where each amino acid is indicated by standard
one  letter abbreviation.; and XC is tryptophan (W), 1-naphthylaianine
(1-nal), or 2- naphthylalanine In yet another embodiment, the peptide
moiety comprises one or more TPO-R  



30 binding peptides with sequence such as Ac-Ile-Crlu-(sly-Pro-Thr-Leu-
h-g_Crh1-\atf l )- Leu-Ala-Ala Arg-Sar, or Ac-Ile-(rtu f=1y-Pro-it r-Le.a-A
g-t~ha-Tip-Leu-?la Ala- Arg-Sar. -14 WO 2004/101600 PCT/US2004/0149188
According to sortie embodiments of this invention, two or more, and
preferably between two to six arnirro acid residues, independently selected
from any  of the 20 genetically coded L-amino acids or the stereoisom.eric
1)-amino acids, will  be coupled to either or both ends of the core
sequences described above. For 5 example, the sequence GG will often be
appended to either or both. termini of the core  sequences for ease in
synthesis of the peptides. The present invention also provides  conjugates
of these peptides and derivatives and peptidormimetics of the peptides that
retain the property ofEPG-R binding. Stereoisomers (e.g., D-amino acids) of
the twenty conventional amino acids;  lit unnatural amino acids such as
a,a-disuhstituted amino acids, N-alkyl amino acids,  lactic acid, and other
unconventional amino acids may also be suitable components  ibr compounds
the present invention. Examples of unconventional amino acids  include, but
are not limited to: P.--alanine, 3- ryridylaiariine, 4-h.ydroxyproline, 0-
phosphoserine. N-niethylglycine, N-acetyrlserine, =forrrylnxelhionin , 3- I
I 15 methylhistidine, 5-hydroxylysine, nor-leucine, and other similar amino
acids and  mine acids. In preferred embodiments, the peptide moieties of
the invention contain an  intramolecular disulfide bond between the two
cysteine residues of the core sequence.  For example: LYA In.V.3P TX.V
jQr'LR  20 LYPCIRvIG'r-I"iX,VCQPLR or -15 WO 20041101600 PCt7US2004'014888
Dimeric and Oligomeric Peptides 



The preferred embodiment, the monomeric peptide moieties of the present
invention are dimcrized or ohgonrerized to form dinners or oligom.ers. In
one embodiment, the peptide monomers of the invention may be  5
oligom.erized using the biotin/streptavidir, system. Biotinylated analogs
of peptide  monomers may be synthesized by standard techniques. For
example, the peptide  monomers may be C-terriinally hiotinylated. These
liiotinylated. monomers are then  oligomerized by incubation with
strepta-vidin [e.g., at a 4:1 molar ratio at room  temperature in phosphate
buffered saline (PBS) or REPES-buffered RPMI medium 10 (Invitrogen) for I
hour.]. In a variation of this embodiment, biotinylated peptide  monomers
may he oligomerized by incubation with. any one of a number of
commercially available anti-biotin antibodies [e.g., goal anti-biotin Igts
from  Kirkegaard & Perry laboratories, Inc. (Washington, DC)_j. 15 Linkers
In preferred embodiments, the peptide monomers of the invention are
dimerized by covalent attachment to at least one. linker moiety. The linker
(LK)  moiety is preferably, although not necessarily, a C;_12 linking
moiety optionally  terminated with one or two -11- linkages and optionally
substituted at one or more 20 available carbon atoms with a lower alkyl
substituent. Preferably the linker LK  comprises - IFt-lt- 111- wherein F.
is a lower (Ci-F) linear hydrocarbon substituted  with a functional group
such as a carboxyl group or an amino group that enables  binding to another
molecular moiety (e.g., as may be present on the surface of a solid
support). Most preferably the linker is a ly me residue or a lysine amide
(a lysine 25 residue wherein the carboxyl group has Teen converted to an
arnide moiety -CONE2;.  In preferred embodiments, the linker brides the
C-teimiiri. of two peptide monomers,  by simultaneous attachment to the
C-terminal amino acid of each monomer. For example, when the f -terimiinal
linker LK is a lysine snide the dimer may  be illustrated structurally as
shown in Formula T, and summarized as shown in  3Q Formula -16 WO
20041'101600 PCT1US2004i01488  



Foram la I Formula II Monomer I N2I3 IIoaorner1  CI3, FI2Cj, Monoiner2f
0112 IL~C  Monomer2 WH -CFI C In Formula 1, N2 represents the nitrogen atom
of lysine's s-amino group and N,  represents the nitrogen atom of lysine's
a-amino group. The dimerie structure Can be  d written as
[peptidej2L.ys-amide to denote a peptide bound to both the a and e amino
groups of lysine, or [4c-peptide]2Lys-amide to denote an _V-terminally
acetylated  peptide bound to both the cc and a amino groups of lysine, or
[Ac-peptide,  disulfde]2Lys-amide to denote an FI-terminally acetylated
peptide bound to both the  r and a amino groups of lysine with each peptide
containing an intrrmolecular lfl disulfide loop, or [Ac-peptide,
disulfide]2Lys-spacer-PEG to denote an N-terminally  aoety lated peptide
bound to both the a and F. amino groups of lysine with each peptide
containing an intramolecular disulfide loop and a spacer molecule forming a
covalent  linkage between the C-termius of lysine and a PEG moiety.
Generally, although not necessarily, peptide diners dimerized by a
technique  15 other than formation of intermolecular disulfide bonds, will
also contain one or more  disulfide bonds between cysteine residues of the
peptide monomers, For example, the  two monomers may be cross-linked by one
or more intermolecular disulfide bonds.  Preferably, the two monomers
contain at least one intramo ecula_ disulfide bond.  Most preferably, both
monomers of a peptide di mer contain an intermolecular  'fl disulfide bond,
such that each monomer contains a cyclic coup. Peptir:'e Modi?rication One
can also modify the amino and/or carboxy termini of the peptide  compounds
of the invention to produce other compounds of the invention. Amino  2d
terminus modifications include rnethylati.on (Le.. - tTCId_ or - (C_H3)2).,
aeetyla-tion  l.^ 



WO 200411101600 PCT/ L 520041014888  with acetic acid or a halogenated
derivative thereof such as cr-chloroacetic acid, a-bromoacetic acid, or
a-iodoacetic acid), adding a benzyloxycarhonyl (C.bz) group,  or blocking
the amino terminus with any blocking group containing a carboxylate
functionality defined by RCOO- or sulfonyl functionality defined by R--S(3;
-, where 5 R is selected fi-orx the group consisting of alkyl. and,
heteroaryl, alkyl awl, and the  like, and similar groups, One can also
incorporate a desar:eino acid at the N-terminus  (so that there is no
1V-terminal amino group) to decrease susceptibility to proteases or  to
restrict the conformation of the peptide compound. In preferred
embodiments, the  N-terminus is acetyla ed. in most preferred embodiments
an N-terminal glycine is  10 acetylated to yield N-acetylgiycine (AcG).
Carhoxy terminus modifications include replacing the free acid with a
carbo}:.amide group or forming a cyclic lactam at the carboxy terminus to
introduce  structural constraints. One can also cyclize the peptides of the
invention, or  incorporate a desamino or descarboxy residue at the termini
of the peptide, so that 15 there is no terminal amino or carboxyl group, to
decrease susceptibility to proteases or  to restrict the conformation of
the peptide. C-tenninal functional groups of the  compounds of the present
invention include amide, amide lower aikyl, amide di(lower  alkyl), lower
alkoxy, hvdroxy, and carboxy, and the lower ester derivatives thereof,  and
the pharmaceutically acceptable salts thereof 20 One can replace the
naturally occurring side chains of the 20 genetically  encoded amino acids
(or the stercoisorreric I.) amino acids) with other side chains, for
instance with groups such as alkyl, lower alkyl, cyclic 4-, 5-, 6-, to 7
rnernbered alkyl,  amide, amide lower alkyl, amide di(lower alkyl), lower
alkoxy, hydroxy, carboxy and  the lower ester derivatives thereof, and with
4-, 5-, 6-, to 7-membered heterocyclic. 25 In particular, proline analogues
in which the ring size of the praline residue is  changed from 5 members to
4, 6, or 7 members can be employed. Cyclic groups can  be saturated or
unsaturated, and if unsaturated, can be. aromatic or non-aromatic.
Heterocyclic groups preferably contain one or more nitrogen, oxygen, and/or
sulfur  heteroatonls. Examples of such groups include the farazanyl, furyl,
in-idazolidirtyl, 



30 iniidazolyl, imidazolinyl, isothiazoi;yi, isoxazolyl, morpholinyl (e.g.
morpholino),  oxazolyl, piperazinyl (e.g., 1-piperazinyl), piperidyl
1-piperidyl, piperidino),  pyranyl, pyrazinyl, pyxazohdinyl, pyrazolinyl,
pyrazolyl, pvridazir.yl, pyridyl,  pyriFrndinyl, pyrrolidinyl (e.g., 1-pyrr
olidinyl), pyrrolinyl, pyrirolyl, thiadiazolyl,  -1R WO 20041101600
PCT1US20041014958  thiavolyl, thienyl, thiomorpholinyl (e,g.,
thiomorpholino), and t:iazoiyl. These  heterocyclic groups can be
substituted or urisubstituted.. Where a group is substituted.  the
substitucnt can be alkyl, alkoxy, halogen, oxygen, or substituted or
unsubstituted  phenyl. 5 One can also readily modify the peptide moieties
by pbGsphorylatjon, arid  other methods (e.g., as described in Hruby, at
cu. (1990) F3iochem J. 268:249-262).  The peptide moieties of the invention
may also serve as structural models for non-peptidic compounds with similar
biological activity. Those of skill in the art  recognize that a variety of
techniques are available for constructing compounds with  J the same or
similar desired biological activity as the lead peptide compound, but with
more favorable activity than the lead with respect to solubility,
stability, and  susceptibility to hydrolysis and proteolysis [See, Morgan
and. Gainor (1089) Aura.  Rep. Med. Chem. 24:243-252]. These techniques
include replacing the peptide  backbone with a. backbone composed of
phosphonates, amidates, carbamates,  15 sulfonamides, secondary amines, and
N-methylamino acids. The monomeric, dimeric or oligomeric peptide moieties
may be attached.  directly to the PEG moiety or it may be attached to via
one or more spacer moieties.  Spdccr lloie 20 In embodiments where the
monomeric, dimerie, or oligoirteric peptide  moieties are attached to the
PEG moiety via a spacer moiety, the spacer moiety may  be a moiety
optionally terminated with -NH- linkages or -C(O)t)- groups. For  example,
the spacer could be lower. (CI- 12) linear hydrocarbon optionally
substituted  with a banctional group such as a carboxyl group or an amino
group that enables 25 binding to another molecular moiety, or one or more
glycirre (C) residues, or amino  



hexanoic acids (Ahx) such as 6-amino hexnoic acid; or lysine (K) residues
or a  lysine amide (K NH2, a. lysine residue wherein the carboxyl croup has
been converted  to an amide moiety -CO-IN-112) In preferred embodiments,
the spacer moiety has the :following structure:  30 I i1 (C;Hi} C~ (CH~ia'r
C}a (t H2) .. wherein a, 03, y, S,and a are each integers whose values are
independently selected.  -19 WO 20041101600 PCl%US2004;014588  In preferred
emboli eats, a is an integer, 1 5 a < 6;  ~5 is an integer, I i 3' 6;  c is
an integer, I S s 5 6;  5 6is0or1; y is an integer, 4 <. (< 10; and  Y is
either NH or CO. In certain preferred embodiments, 3 = 2 when y > I .  In
one particularly preferred embodiment, 10 =j3=a-2;  y=8=1;and  Y is IN-11,
In other preferred embodiments,  y=t6=ti;  15 2<+e and y is CO. In one
embodiment,  ~.+s -in I!  2G Y is CO. According to the invention, a
water-soluble moiety (preferably PEG) is  attached to the NH terminus of
the space:'. The water-soluble moiety may be attached  directly to the
spacer or it may be attached indirectiy, for example with an amide or  



carbamate linkage. The peptide moiety is attached to the y' terminus of the
spacer. 25 The spacer maybe attached to either the C-terminus or the.
N-terminus of the peptide.  Hence, in embodiments where the spacer is
attached to the C-terminus of the peptide,  Y is NFI. 111 embodiments where
the spacer is attached to the Ad-terminus of the  peptide, Y is CO. In
preferred embodiments, a spacer of the invention is attached to a  -20 WO
20041101+00 PC 8 /US20041014888  peptide dimer, by a lysine linker
described below. In such embodiment, the spacer is  preferably attached to
the '-terminus of the linker moiety, and Y is NH. In another  preferred
embodiment, the spacer of the invention is attached to a peptide as part of
a,  trifunctional linker (also described below). In that embodiment, and Y
is CO and Y  5 forms an amide bond with an lei atom of the trifuncti, cal
linker. The spacer moiety may be incorporated into the peptide during
peptide  synthesis. For example, where a spacer contains a flee amino group
and a second  functional group (e.g., a carboxyl group or an amino group)
that enables binding to  souther molecular rnoicty, the spacer may he
conjugated to the solid support, 10 Thereafter, the peptide may be
synthesized directly onto the spacer's free amino  group by standard solid
pl ase techniques. In a preferred embodiment, a spacer containing two
functional groups is first  coupled to the solid support via a first
functional group. When a dinner peptide is to  be synthesized, optionally a
linker L moiety having two or more functional groups 15 capable of sewing
as initiation sites for peptide synthesis and an. additional functional
group (e.g., a carboxyl group or an amino group) that enables binding to
another  molecular moiety is conjugated to the spacer via the spacer's
second functional group  and the linker's third functional group.
Thereafter, two peptide mono: tiers may be  synthesized directly onto the
two reactive nitrogen groups of the linker L;t moiety in a 20 variation of
the solid phase synthesis technique, For example, a solid support coupled
spacer with a free amine group may be reacted with a lysine linker via the
linker's  free carboxyl group. In alternate embodiments where the peptide
moiety is attached. to a spacer  



moiety, said spacer may be conjugated to the peptide after peptide
synthesis. Such  25 conjugation may be achieved by methods well established
in the art, In one embodiment, the linker contains at least one functional
group suitable for attachment  to the target functional group of the
synthesized peptide, For example, a spacer with a  free amine group may be
reacted with a peptide's C-terminal carboxyl group. In  another example, a
spacer with a free carboxyl group may be reacted with the free 30 amine
group of a peptide's \-terminus or of a lysine residue. In yet another
example,  a spacer containing a free sulfhydryl group may be conjugated to
a cvsteine residue of  a peptide by oxidation to form a disulfide bond, -21
WO 20041101600 PCVUS2004/014588  Plia11Xiaceutical eimirl 7siti.ons In
another aspect of the present invention, pharmaceutical compositions of the
above PEG-modified peptide based compounds are provided. Conditions
alleviated 5 or modulated by the administration of such compositions
include those indicated  above. Such pharmaceutical compositions may be for
administration by oral,  parenteral.(intramuscular, ilitraperitonea1,
intravenous (IV) or subcutaneous injection),  transderuial (either
passively or using iontophoresis or electroporation), transnmucosal
(nasal, vaginal, rectal, or sublingual) routes of administration or using
bioerodible it} inserts and can be formulated in dosage firms appropriate
for each route of  administration. In general, comprehended by the
invention are pharmaceutical  compositions comprising effective arnounts of
a therapeutic peptide (e.g. peptides that  bind to EPO-R), with
pharmaceutically acceptable diluents, preservatives:  solnbilizers,
emulsifiers, adjuvants aad.or corners. Such cmnpositions include 15
diluents of various buffer content (e.g., I'ris-I-1Ci, acetate, phosphate),
pH. and ionic  strength; additives such as detergents and solubilizing
agents (e.g., Tween 80,  Polysorbate 80), anti-oxidants (e.g., ascorbic
acid, sodium m.etabisulfite),  preservatives (e.g., Thimersol, benzyl
alcohol) and bullring substances (e.g., lactose,  mamnitol); incorporation
of the material into particulate preparations of polymeric 20 compounds
such as polylactic acid, polyglycolic acid, etc, or into hposomes.  



Ilylauronic acid may also be used. Such compositions may influence the
physical  state, stability, rate of in vivo release, and rate of in vivo
clearance of the present  proteins and derivatives, See, e.g.. Remington's
Pharmaceutical Sciences, 18th Ed.  (1990, Mack Publishing Co., Easton, PA
18042) pages 1435-1712 vihich are herein: 2.5 incorporated by reference.
The compositions may be prepared in liquid form, or may  be in dried powder
(e.g., lyophilized) form. Oral Delivery Contemplated for use herein are
oral solid dosage forms, which are described  30 generally in Remington ;s
Pharmaceutical Sciences, 18th Ed. 1990 (Mack Publishing  Co. Easton PA
18042) at Chapter 89, which is herein incorporated by reference,  Solid
dosage forms include tablets, capsules, pills, troches or lozenges,
cachets,  .?'J_ WO 2004/101600 PCT/US2004/014588  pellet ; powders, or
granules. Also, liposoinal or proteinoid encapsulation may be  used to
formulate the present compositions (as, for example, proteinoid
nmicrospheres  reported in U.S. Patent No. 4,925,673). Liposomal
encapsulation may be used and  the liposomes may he derivatized with
various polymers (e.g., U.S. Patent No, 5 5,013,556). A description of
possible solid dosage forms for the therapeutic is given  by Nfarshall, LC.
In: Modern Phaarnaaceutics Edited by (iS. Banker and C"...'I'. Rhodes
Chapter 10, 1979, herein incorporated by reference, In general, the
formulation will  include the EPO-R agonist peptides (or chemically
modified forms thereof) and inert  ingredients which allow for protection
against the stomach environment, and release  10 of the biologically active
material in the intestine. Also coniernphded for use herein are liquid
dosage forms for oral  administration, including pharmaceutically
acceptable emulsions, solutions,  suspensions, and syrups, which may
contain other components including inert  diluents; adju.vaits such as
wetting agents, emulsifying and suspending agents; and  15 sweetening,
flavoring, and perfuming agents. The peptides may be chemically modified so
that oral delivery of the  derivative is efficacious. Generally, the
chemical modification contemplated is the  



attachment of at least one moiety to the component molecule itself, where
said moiety  permits (a) inhibition of proteolysis; and (b) uptake into the
blood stream from the 20 stomach or intestine. Also desired is the increase
in overall stability of the component  or components and increase in
circulation time in the body. As discussed above,  PEGylation is a prefer..
d chemical modification for pharmaceutical usage. Other  moieties that may
he used include: propylene glycol, copolymers of ethylene glycol  and
propylene glycol, carboxyrnethyl cellulose, dextran, polyvinyl alcohol,
polyvinyl 25 pyrrolidone, polyproline, posy-1,3--dioxolane and
poly-1,3,6-tioxocane `see, e.g.,  Abuchowski and Davis (1981) "Soluble
Polymer-Enzyme Adducts," in Enzymes as  Drags. Hocenberg and Roberts, eds.
(Wiley-interscience: New York, NY) pp. 367- 383; anal Newmark, et at.
(1982) J. Appl, Biochemr. 4:185-1891. For oral formulations, the location
of release may be the stomach, the small  30 intestine (the duodenum, the
jejunem, or the ileum), or the large intestine. One skilled  in the art has
available formulations which will not dissolve in the stomach, yet will
release the material in. the duodenum or elsewhere in the intestine.
Preferably, the  release will avoid the deleterious effects of the stomach
environment, either by  -23 WO 2004il01600 PC'lytfS2004;tP14888  protection
of the peptide (or derivative) or by release of the peptide (or derivative)
beyond the Stomach environment, such as in the intestine. To ensure full
gastric resistance a coating impermeable to at least plI 5.0 is  essential.
Examples of the more common inert in&edients that are used as enteric  5
coatings are cellulose acetate trimellitate (CAT),
hydroxypropylmethylcellulose phthalate (HP-MCP), H.PiM_CP 50, HPNICP 55,
polyvinyl acetate phthalate (PV'AF%  13udragit I,301), Aquateric, cellulose
acetate phthalate (CAP), Eudragit L, Eudragi.t SI,  and Shellac.. These
coatings may be used as mixed films. A coating or mixture of coatings can
also be used on tablets, which are not  10 intended for protection against
the stomach. This can include sugar coatings, or  coatings which make the
tablet easier to swallow. Capsules may consist of a hard.  shell (such as
gelatin) for delivery of dry therapeutic (i.e. powder), for liquid forms a



soft gelatin shell may be used. The shell material of cachets could be
thick starch or  other edible paper, For pills, lozenges, molded tablets or
tablet triturates, moist  15 massing techniques can be used. The peptide
(or derivative) can be included in the formulation as fine
multiparticulates in l.e form of granules or pellets of particle size about
lmrr,. The  formulation of the material for capsule administration could
also be as a powder,  lightly compressed plugs, or even as tablets. These
therapeutics could be prepared. by  20 compression. Colorants aridior
.flavoring agents may also be included. For example, the  peptide (or
derivative) may he formulated (such as by liposoine or microsphere
encapsulation) and them further contained within an edible product, such as
a  refrigerated beverage containing colorants and flavoring agents. u5 One
may dilute or increase the volume of the peptide (or derivative) with an
inert material. These diluents could include carbohydrates, especially
maxnitol,  ct4actose, anhydrous lactose, cellulose, sucrose, modified
dextrans and starch.  Certain inorganic salts may be also be used as
.fillers including calcium triphosphate,  magnesium carbonate and sodium
chloride. Some commercially available diluents  30 are Fast-Flo, Emdex, S'l
A-Rx 1500. Emcompress and Avicell. Disintegrants may be included in the
formulation of the therapeutic into a solid  dosage form. Materials used as
disintegrates include but are not limited to starch,  _2b_ WO 2004;101600
PC;T/US2 04/014888  including the commercial disintegran.t based on starch,
Expiotab. Sodium starch  glycolate, Alr:berlite, sodium.
carboxymethylcellulose, ultramvlopectin, sodium  algi hate, gelatin, orange
peel, acid carboxy~methyl cell:close, natural sponge and  bentonite may all
be used, The disintegrants may also, be insoluble cationic exchange 5
resins. Powdered gums may be used as dishitegr<ants and as binders, and can
include  powdered gars, such as agar, Karaya or tragacanth.. A.lginic acid
and its sodium salt  are also useful as disintegrants. Binders may be used
to hold the peptide (or derivative) agent together to form  



a hard tablet and include materials from -natural products such as acacia,
tra-gacanth,  10 starch and gelatin. Others include methyl cellulose (MC),
ethyl cellulose (EC) and catboxynethyl cellulose (fM% Polyvinyl pyrrolidone
(t''~'P) and  hydroxypropylmethyl cellulose (I-IPMC) could both be used in
alcoholic solutions to  granulate the peptide (or derivative), An
antifrictional agent may be included in the formulation of the peptide (or
15 derivative) to prevent sticking during the formulation process.
Lubricants may he  used as a laver between the peptide (or derivative) and
the die wail, and these can  include but are not limited t ; stearde acid
including its magnesium and calcium salts,  polytetrafluoroethylene
(PT'PE), liquid paraffin, vegetable oils and waxes, Soluble  lubricants may
also be used such as sodium lauryl sulfate, magnesium lauryl sulfate,  20
paiyethylen.e glycol of various molecular weights, CJarbowax 4000 and 6000.
Glidants that might improve the flow properties of the drug during
formulation  and to aid rearrangement during compression might be added,
The glidants may  include starch, talc, pyaogeni.c silica and, hydrated
silicoaluminate. To aid dissolution of the peptide (or derivative) into the
aqueous environment  25 a surfactant might be added as a wetting agent.
Surfactants may include anionic  detergents such as sodium lauryl sulfate,
dioctyl sodium sulfosuc:cinate and dioctyl  sodium sulfonate. Cationic
detergents might be used and could include berizalkonium  chloride or
benzethomiuna chloride. The list of potential nonionic detergents that
could be iceluded. in the formulation as sir-factants are laurornacrogol
400, polyoxyl 30 40 stearate, polyoxyethylene: hydrogenated castor oil 10,
50 and 60, glycerol  rnonostearate, polysorhate 40, 60, 65 and SO, sucrose
fatty acid ester, methyl cellulose  ?s_ WO 200411E31600 PC171IS20041014888
and carboxymethyl cellulose. a'hese surfactants could be present in the
formulation of  the protein or derivative either alone or as a nnixrare in
different ratios. Additives which potentially enhance uptake of the peptide
(or derivative) are  for instance the fatty acids oleic acid, linoleic acid
and linolerue acid. 5 Controlled release oral formulations may be
desirable. The peptide (or  



derivative) could be incorporated into an inert matrix which permits
release by either  diffusion or leaching mec hanis}ns, e.g, gums. Slowly
degenerating matrices may also  be incorporated into the formulation. Some
enteric coatings also have a delayed  release effect. Another form of a
controlled release is by a method based on the Oros 10 therapeutic system
(Aiza Corp), i.e. the drug is enclosed in a sesnipenneable  membrane which
allows water to enter and push drug out through a single small  opening due
to osmotic effects. Other coatings may be used for the f; miulation. These
include a variety of  sugars Which could be applied in a coating pan. The
peptide (or derivative) could also  15 be given in a film coated tablet and
the materials used in this instance are divided into 2 groups. The first
are the nonenteric materials and include methyl cellulose, ethyl
cellulose, hydroxyethyl cellulose, methylhydroxy-ethyl cellulose,
hydroxypropyl  cellulose, hydxoxypropyl-methyl cellulose, sodium
carhoxy-methVl cellulose,  providore and the pclyretlaylene glycols. The
second group consists of the enteric  20 materials that are commonly esters
ofphthalic acid. A mix of materials might be used to provide the optimum
film coating. Film  coating may he carried out in a pan coater or in a
fluidized bed or by compression  c{gating. 25 Parenteral delivery
Preparations according to this invention for parenteral administration
include  sterile aqueous or non-aqueous solutions, suspensions, or
emulsions. Examples of  non-aqueous solvents or vehicles are propylene
glycol, polyethylene glycol, vegetable  oils, such as olive oil and corn
oil, gelatin, and injectable organic esters such as ethyl 30 oleate. Such
dosage forms may also contain: adjuvants such as preserving, wetting,
emulsifying, and dispersing agents. They may be sterilized by, for example,
filtration  through a bacteria retaining filter, by incorporating
sterilizing agents into the  -26- W0 2004/101600 PCI7US200 8101 488 8
compositions, by irradiating the compositions, or by heating; the comnpos
tions. They  can also be manufactured using sterile water, or some other
sterile injectable medium,  



immediately before use. 5 Rectal or vaginal deliver,v cc-rnp ositions for
rectal or vaginal administration are preferably supposito:nes  which may
contain, in addition to the active substance, excipients such as cocoa,
butter  or a suppository wax. Compositions for nasal. or sublingual
administration are also  prepared with standard excipients well known in
the art, 1. t1 -27 WO 2004/101600 P'TIUS20041014888  Pulmonary Z)elivery
Also contemplated herein is pulmonary delivery of the EPA)-.R acconist
peptirl.es (or derivatives thereof). '.Fhe peptide (or derivative) is
delivered to the lungs  of a raarunal while inhaling and traverses across
the lung epithelial liming to the blood 5 stream [see, e.g., Adjei, et al.
(1990) Pharmaceutical Research 7:565-569; Adjei, et at.  (1990) hit. J.
Pharmaceutics 63:135-144 (leuprolide acetate,); Braquet, et al, (1989) J.
Cardiovascular Pharmacology 13(su.p5):143-146 (endo:helin-l.); Hubbard, et
at  (1989) Annals of Internal Medicine, Vol. M, pp. 206-21.2
(al.-an(itrypsin); Smith, et  at (1989) J. Clin. hives:. 84:1145-1146
(cr.-l-proteinase); Oswein, et a!. (11990) 10 "Aerosolization of Proteins",
Proceediings of Symposium on Respiratory Drug  Delivery 11 Keystone,
Colorado (recombinant human growth hormone); Debs, ei al.  (1988) J,
Imxnunol. 140:3482-3488 (interferon-y and tumor necrosis factor a); and
US. Pat, No, 5,284,656 to Pis:-, at at (granulocyte colony stimulating
factor), A  method and composition for pulmonary delivery of drugs for
systemic effect is  15 described in 17,S. Pat. No. 5,451,569 to Wong, et
al. Contemplated for use in the practice of this invention are a vide range
of  mechanical devices designed for pulmonary delivery of therapeutic
products,  including but not limited to nebulizers, metered, dose inhalers,
and powder inhalers,  all of which are familiar to those skilled in the
art. Some specific examples of 20 commercially available devices suitable
for the practice of this invention are the  Ultravcnt nebulizer
(Mallinclcodt inc., St. Louis, MO); the Acorn 11 nehulizer  



(Vlarquest Medical. Productts, Englewood, CO),- the Ventolin metered dose
inhaler  (Glaxo he,. Research Triangle Park, NC); and the Spin haler powder
inhaler (Fisons  Corp., Bedford, TA/Lk). 25 All such devices require the
use of formulations suitable for the dispensing of  peptide (or
derivative). Typically, each formulation is specific. to the type of de ice
employed and may involvb the use of an appropriate propellant material, in
addition  to the usual diluents, adjuvants and/or cadgers usefiui in
therapy. Also, the use of  liposomes, microcapsules or rricrospheres,
inclusion complexes, or other types of 30 carriers is contemplated.
Chemically modified peptides may also be prepared in  different
formulations depending, or.. the, type of chemical modification or the type
of  device emrployed. -28 WO 2004/101600 Pf"r1ii820041014888  Fors t
lations suitable for use with a nehulizer, either jet or ultrasonic, will
typically comprise peptide (or derivative) dissolved in water at a
concentration of  about (c)1 to 25 mg of biologically active protein per
ml- of solution.. The formulation  may also include a buffer and a simple
sugar (e.g" for protein stabilization and 5 regulation of osmotic
pressure.). The nebuhzer formulation may also contain a  surfactant, to
:educe or prevent surface induced aggregation of the peptide (or
derivative) caused by atomization of the solution in forming the aerosol.
Formulations for use with a metered-dose inrialer device will generally
comprise a finely divided powder containing the peptide (or derivative)
suspended in  10 a propellant with the aid of a surfactant. The propellant
may be any conventional material employed for this purpose, such as is
chlurofluorocaabon, a  lay%drochlorotluurocarbon, a hydrofluorocarbon, or a
hydrocarbon, including  triclalorofluorcrirethane"
dichiorodiftuoron-Eethane, dichlorutetraluoruetlaanol, and  l.,l,l,
-teaatluoruethane, or combinations thereof Suitable surfactants include 15
sorbitan trioleate and soya lecithin. Oleic acid may also be useful as a
surfactant.  Formulations for dispensing from a powder inhaler device will
comprise a  finely divided dry powder containing peptide (or derivative)
and may also include a  



bulking agent, such. as lactose, sorbitol, sucrose, or mamaitol in amounts
which  facilitate dispersal of the powder from the device, e.g., 50 to 90%
by weight of the 20 formulation. The peptide (or derivative) should most
advantageously be prepared in  particulate form with an average particle
size of less than 10 mm (or anicrons), most  preferably G.5 to 5 mm., for
most effective delivery to the distal lung. Nasal Delliveiy Y5 Nasal
delivery of the EPO-R ago,r st peptides (or derivatives) is also
contemplated. :Nasal delivery allows the passage of the peptide to the
blood stream  directly after administering the therapeutic product to the
nose, Without the necessity  for deposition of the product in the Iung.
Formulations for nasal delivery include  those with dextran or
cyclodextran. 30 -29 WO 2004/101600 P I7uS2004;%0(488('  Dosages for all of
the peptide compounds, as further studies arc conducted,  information will
emerge regarding appropriate dosage levels for treatment of various
conditions in various patients, and the ordinary skilled worker,
considering the 5 therapeutic context, age, and general health of the
recipient, will he, able to ascertain  proper dosing. The selected dosage
depends upon the desired therapeutic. effectt, on  the route of
administration, and on. the duration of the treatment desired, Generally
dosage levels of between 0.1101 to 10 mg/kg of bod y weight daily are
administered to  mammals. Generally, for intravenous injection or infrsion
dosage may he lower, The 10 dosing schedule may vary, depending on the
circulation half-life, and the formulation  used. The peptides of the
present invention (or their derivatives) may be  administered in
conjunction with one or more additional active ingredients or
pharmaceutical compositions. 15 EXAMPLES  



The following Examples illustrate the invention, but are not lmliting.
EXAMPLE .1: Synthesis of H-TAP-Pure molecule Step A. Synthesis of Cbz-TAP
Nil NH(A)z  Cbz-C1, DCINI 0  20 (TAP) (Cbz-TAP)  A. solution of TAT' (101;,
67.47mrnol, purchased. from Aldrich Chemical Co,)  it. anhydrous
dichloromethane (DCM) (100 ml) was cooled to 0C. A solution of  henzyl
chloroform ate (Chz-Cl, Chas = carhoxybenzyioxy) (4.S2ml, 33.7unraol) in 25
anhydrous DCiv` (50rn1) was added slowly to the TAP solution through a
dropping  funnel over a period of 6-7 hrs while the temperature of the
reaction mixture was  maintained at 0C throughout. The resulting mixture
then, allowed to warm to room  temperature (-250C). After another 16 furs,
the DCM was removed under vacuum and  -30 WO 20041101600 P" I/H
?2004/014488  the residue was partitioned. between. 3N 1-ICl and ether. The
aqueous layers ere  collected and neutralized with 50% aq. NaOH to p11 8-9
and extracted with ethyl  acetate, The ethyl acetate layer was dried over
anhydrous Na2S( ; and there  concentrated under vacuums to provide the
crude mono-Cbz-T.AP (5g, about 50% 5 yield). This eomponnd was used for the
reaction in Step B without thither  purification Step B. Synthesis of
Cbz-'i'AP-Boc NHCbz NI-ICbr,  I3ac0, Hexane ) (Cbz-'.TAP) (Cbz-TAP-Boc)  10
Boc2O (3.86g, 17.7mmoi, .13oc = tort-hutoxycarbonyl) was added to a
vigorously stirred suspension of the Chz-TAP (5g, 17.7mmol) in hexane
(23rd),  



Stirring continued at room temperature overnight. The reaction mixture was
diluted  with DCM (25mi) and washed with 100/% aq. citric acid (2X), water
(2X) and bane.  The organic layer was dried over anhydrous Na2SO4 and
concentrated under vacuum,  15 The crudeproduct (yield 5g) was used
directly in the reaction in Step C,  Step C. Synthesis of Boe-TAB' F[CS)z
Pd-C, FI2, ;i!ted~H  ---- ---- ---------------- (Chz- T AP-Bcc) (H
-T.AP-Boc) The crude Chz-TAP-Boo from Step B was dissolved in methanol
(25m1) and  20 hydrogenated in presence of 5% Pd on Carbon (5`;`s, w/w)
under balloon pressure for  16 hrs, The mixture was filtered, washed with
methanol and the filtrate concentrated  under vacuum to provide the crude
11-TAP-Boc. product (yield 3.7g). The overall. yield after Steps A.-C is
...)proximately 44% (calculated based on  the amount of Cbz-C] used). 25
EXAMPLE 2. Attacbang Spacer to Peptide with C-Terminus  -31 WO 20041101600
PC7'/US20041014 E88  The reaction scheme below illustrates hcrvv to attach
a spacer to a pcptidc with  C-tterminus. Peptide with free C-terminus: R H
JCC, C R \N, H-TAP-Boc fl/ j ' r n  'N ON W H P ,C,t o~ O 0 R 0  TFA 'NH
II-T P-Hoc was prepared according to Example 1. DCC is N,N'- 5
Dicyciohexylcarbodronide. 



. AM'C C13: At$aa ,,SpAce Spa& r tru P',pure with Free Side-Chain Acid The
reaction scheme below illustrates how to attach a spacer to a peptide with
a free side-chain acid. Peptide w h free side-chain acid: O R H G R 0 R ,_I
C R  N-T,AP-Eton. ir  `. I-' i t `. H r m ', H ti  -------------~. Cil  O.H
011'N  0 R ?-I C R TI=P, H `ltt ~~ I1H :ri  ----- -- l~/l"l .,0,...~~ NH7
.. IN 10 H  'T TA is tiifiuoroacetic acid, WO 2E0041141600
1PCT/US2304n014888  EXAMPLE 4; PEfzvlotioza of Peptide, with axaPEG-1`w' 'C
Peptide with TAP on C-terminus:  0 R ij 0 VH ---- Ji'C.  O R 0 H D'rr R H O
.  wherein in-PEGNPC has the following stricture:  1-1 lc~l 0 i4 li Imo/ 11
2  mPEG-NPC 



EX MPLE 5- PE( httion of Peptides with tnPEG-SPA  Peptide With TA'' on C;
-terminus: v R H 9 N -,N F-PEG SPA  A -'12  H of R H ^MF 71FA.  O R i-t 4
,y ~yla.i,~  iL'. ),~ ~N .r k 'H 04 R }t 0  wherein n1PEEG-SPA has the
followin :structure:  mPEG--SPA  1D -33 W'0 2004/101600 PC TIUS20041014888
EXAMPLE i: Attaching SDacer : ud.Synthesizing Peptide The reaction scheme
below illustrates how to attach a spacer to on solid  support and
synthesize P. peptide on such solid support. -o  N J, N, I'.' it~:,.i^
Hl-P-3-m- L./~ ~T y ~tJ` 0 H  p 3CIli-senslhve res n C  OI C R 0II H rl
Nir.Y.?~I! x~.  sod phase '.N.~, C R ` . H  peptide synciesis r7 o N p C  



R H TFA .NH_  c EN MPLE 7e 5ylatlaesis rxf Peptide YAirtaea with laacer,
Attached to Resin  Step A; Synthesis of TentaGel-Linker: jj~  ~,n^. K2CO3,
Br .0 OMF  (TeritaGel bromide) fentaGel-:inter) 10 TentaGel bromide (2.5 g,
0.48 rnmol/g, obtained from Rapp Poh here,  Germany), phenolic linker (5
equivalent), and h Ct3- (5 equivalent) were heated in 20  1nL of
N,N-dimethyltbn amide (LIMF) to 70C for 14 his, After cooling to roorn
temperature, the resin was washed. (0.1 N 1ICI, water, Acetonitrile (ACN),
tIVIF,  Mc'-)H) and dried to give an a Aber c bred resin. -34 WO
2004/101600 P{"9'ID52004; t40~8  Step B: Synthesis of T ant el_A, nkex '
(T3ae .'O 0 H ; I-TAP-BBoe r } H  0.  (Ten`aGel-Linker) (TcrtlB i3 -1-i k
ar TF P(~oc}) O 2.5 g of the resin from Step A above and 1-1-TAP-Boc
(L.5gm.s, 5 eq.) and  5 glacial Ac()II (34 p.1, 5 eq.) was taken in a
mixture of 1:1  LieOH!Tetrah.ydrofirran(TR and shaken overnight. A 1M
solution of sodium  cyanoborohydride (5 eq.) in TFIF was added to the
mixture and shaken for another 7  hrs. The resin was filtered washed (D.MF,
T: P, 0.1 N HCl, water, McOR) and dried.  A small amount of the resin was
beuzoylated with benzy! Chloride and 



10 diisopropylethvlamine (DIE..) in DCM and cleaved with 70%
trirluoroacetie acid  ('T T,A)-DCM and checked by LCMS and H-TPLC. Step C;
Synthesis ofTentaGel-Thinker-TAP-Lvs \r' ` H r2) Pk)e(lne- ~~..V\ t`v0
-------------- 0 O O ;`Ter7~Gel-Linker-TAP(Bce)) (Tenn Ge -UnkerJFAP-Ly ,)
15 The resin from Step B above was treated. with an activated solution of
Fanoc- Lys(Fraoe)-OH (Fmoc ::: 9-f lx::>renylmethoryca b+ nyl, prepared
from 5 eq. of amino  acid and 5 eq. of HAT'U 1, N,I ]';F
'-'Tehan~et]lyl-(~-(;'-aza! eruatri zcs'_-` -pl) iron utn
hexafluorophosphaate) dissolved at 0 5 M in DNfF, followed by the addition
of 1.0 eq.  of I3.Tp;A) and gently shaken for 14 bra. The resin was then
washed (DATF, THF, 20 DCM, `vfeOH) and dried to yield the protected resin.
Residual amine groups were  capped by treating the resin with a solution of
10% acetic, anhydride, 20'%`% pyridine in  DCM for 20 minutes, followed by
washing as above. The annoc groups were  removed by gently shaking the
resin in 30% piperideine in DAU for 20 minutes,  followed by washing (DM ,
TTY', DCM. Me-OL) and drying. -35 WO 2004'10 1000 PC' f!US2004i014888  Step
D- Synthesis oTentaGel-I-,inkea T .l'-Lvs(Peptlde)z 'epUde  0=' H U .\.C
Hytd,.V - \.~'^~./FvH~ ..-o NS~.\"~ Peptide  v  S9{id :~hne5i 9 `t''~..N \U
peptide synthesis ..! ,N ~. r w J` J. 110 0 ry ~ O Tv
(rertaGel-Linker-TAP-Lys) (TanteG&-Llaker-TAP-Lys!Peptide)21 



The resin fron:a Step C above was subjected to repeated cycles of
Frnoc-amino  5 acid couplings with HBT TJIOBt activation and FFmoe removal
with pipendine to  build both peptide chains sin, ultaneously. This was
conveniently carried out on an  ABI 433 automated peptide synthesizer
available from Applied Biosystems, the.  After the final Fmoo removal, the
terminal amine groups were acylated with acetic  anhydride (10 eq.) and
DIE11(20 eq.) in D MF for 20 minutes, followed by washing as  10 above,
Step E: Cleavage from Resin  Pepi de-Ac 0=1 r; 0 aG-PeFade -r~l<:  \,...
HN' N-- ---Peptide-Ac no- -----TFA K ra  {~'rn;aa
-Linker-TAP-Lys{Pep?ide)2) (Peptide Dinner with Spacer) The resin fro-nn
Step P above was suspended in a solution of 'TEA (82.5%), 15 phenol (5'%),
ethanedithiol (2.5%), water (5%), and thioanisole (5%) for 3 lrs at room
temperature. Alternative cleavage cocktails such as TFA (95%), water
(2.5%), and  triisopropylsilane (2.5%) can also he used. The TFA solution.
was cooled to 5C and  poured into Et2O to precipitate the peptide.
Filtration and drying under reduced  pressure gave the desired peptide
dinner with spacer. Purification via preparative, 20 1-1FLC with a Cl 8
column yielded pure peptide dieter with spacer.  -36 W'a 2004/101600
PCT/US2004/014888  Stem F. Oxidation Dinmeric peptide (attached to spacer)
with reduced cysteine residues was  oxidized to yield. dimeric peptide with
disulfide bonds. s-s  Asti ,sae ~ }  



e scxH m N-Fl2  10 i~- HN-.... Ac-x.-C-Y-C-?---Nil A Ac-x-cv-~z ;~N o j o
Hs' SH s-s Eimerc peptide (XYZ) containing Dirneric peptide (XYZ)
containing  reduced cysteine residues oxidized disulfide bonds The dime is
peptide was dissolved in 20% DiMS0iwater (I nig dry weight  peptide/mL) and
allowed to stand at room temperature for 36 hrs, 'The peptide was  purified
by loading the reaction mixture onto a CIS I--PLC coi mrm (Waters
Delta-Fair  CIS, 15 micron particle size, 300 angstroms pore size, 40 min x
200 [rimy length), 10 followed by a linear ACiNiwateri0.01%'fMA gradiant
from 5 to 95" ACI* over 40  minutes. Lyopholization of the fractions
containing the desired peptide yielded a  fluffy white solid product.
EXAMPLE 8. P1Gy'lationof PeptideDimer vvithS racer,with mPEG- NPC
Ac-Peptide-NH AcPeptide-Nit i-m  i.  { t+lFl i-INS '0 -ntPB3 mPFC-.-N?t.
---- - --------------------- n ,. o rtnmr, nix > t o  I< Ac-3'eptfde---tH
HN--.,`C `.... Ac-Peptide-Nti HN---+~ for example, 37_ WO 2004110 1600
P(PUS20041014888  s y Ac V_C_'d_R_i= _R_5ck;{ 



NH,  :ac-G-G-L-Y-A-N_ScF;E}N f3~ c'  Q  5 Ac-ii-G.L..Y..A.i:H-ryp_Pep.V.;
;_Gp.I-_E q.-SCN6i o HN" -O-PEG  G Ac-G-ti-'L-Y-A The dimeric peptide
attached to the spacer was mixed with an equal amount  (mole basis) of
activated PEG- species (mPEG-NYC manufactured by NOF Corp.,  Japan,
available through Nektar Therapeutics, U.S., (formerly " S'hearvJater
Corp,!')) in 5 dry D NIT to afford a clear solution. After 5 minutes, 4 eq,
of D11EA was added to  above. solution. The mixture was stirred at ambient
temperature for 14 his, followed  by purification with CIS reverse phase H
PLC. The structure of t' EGylated peptide. is  confirmed by ivlatr}-
ssisted-laser-desorption-ionization (NLkLDI) mass  spectrometry. 10
m-PEG-NfPC has the following structure:  0 0.  mPEG-P{PC EXAMPLE 9,
PEGvletioaa of 'epode Iairrrer witia Spacer, witiamPE-G- SP 15
AaP?:nfl~Q'-N6i Ac-Pepiide-NH 7  W2 HN  mPEG 'SPA \ 1  J  A . P FI'rJ... i
nU. 'G-_n<H NVi hl\-~ `- Q  



38 WO 2004/101600 PCT US20041014885  PEGylation of the peptide diner with,
spacer can also by carried out with  mPEG-SPA. mPEG-SPAhas the following
structure. 1. 11;  mPEG-SPA  EX "- IPL J ttie Ion Exchange Pnrifieatiou
s----------------- -- ---
Aa--G-G-L-Y-A-i'.-H-N.-G-P-t-T-NP'J-C-ta-P-L-R-S041H ca  HNkQ-PEG C  5----
-.-------. 0  Y~ 5 The Ac n r--v-A-c-H-rr cs-P f t r~~v r.-Q-P-L-R-ScNFNM
sample  obtained in Example S was used to identify ion exchange supports
suitable for  purifying peptide-Spacer-PEt conjugates. The general
procedure was as follows; the ion exchange resin (2-3g) was loaded into a 1
cm. column, followed by  ld conversion to the sodium. forni (0.2 N NaOH
loaded onto column until elutant was at  p1I 14), and then to the hydrogen
form (eluted with. either 0.lN HCI or 0I M HOAc  until elutant matched load
p11), followed by washing with 25% AN/water until pH  6. Either the peptide
prior to conjugation or the peptide-PEG conjugate ,vas dissolved.  in 25%
ACN water (10 mg/mL) and the pH adjusted to below 3 with TFA, then i5
loaded onto the column in separate experiments. After washing with 21-3
column  volumes of 25% ACN/water and collecting 5 mL fractions, the peptide
was released  from the column by elution with 0.1 M NH44OA.c in 25% tl.C: %
Pa#er, again Collecting  5 reL fractions. Analysis via HPLC revealed which
fractions contained the desired  peptide. Analysis with an Evaporative
Light-Scattering Detector (ESLD) indicated 20 that when the peptide was
retained on the columm and was eluted with the NH. OAc  solution (generally
between :Suctions 4 and 10). no non-conjugated PEG was  



observed as a contaminant. When the peptide eluted in the initial wash
buffer  (generally the first 2 fractions), no separation of desired
PEG-conjugate and excess  PEG was obsel ved. 25 Ion exchange supports were
chosen based their ability to separate the peptide- PEG conjugate from
tinreacted (or hydrolyzed) PEG as well as their ability to retain  the
starting dimeric peptides. Mono S HR. 515 strong cation exchange
pre-loaded.  -39,. WO 2004/101600  d:'1'/US2(c)Obl014 88  colunm (Amershana
Biosciences), SES33 Cellulose microg_aC_'ular" strong cation  exchange
support (Whatman), and SP Sepharose Fast Flo~.kw strong cation exchange
support (Amersham Bioscienc.es) were identified as suitable ion exchange
supports. 5 EXAMPLE .11.: Synthesis of Trifunetional Moleeudes based on
a-Amino  Acids: Trifunctional molecules having the structure  BocHN. a \ I.
/>,...; x  A m=1-5, n- t-i 4, m snd n cre i..teges  Wherein 0 1, F  10 0 F
F  Were synthesized according to the following reaction scheme: BocHNL
izN, "? 6'~ HN Bt` Y"'( u N -Et ^j CCC, X-H  m---4,v i-1A, inaninve luteocr
Such trifunctional molecules can simultaneously act as a linker and a
spacer. 15 EXAMPLE 12: Syutleesis of '1`:.'aifunctional Molecules Based on
1..'e.rt ary  



Amides Trifnnctional molecules having the stuctur e:  -40 %%rQ 200311016074
PCT/1J820041014885  X Q Al  f`CHBocHN--E--"j n {i H2)rn x rn 1-14, m and n
ar integers  wherein Ci R E  = OH O r c \--NO 2 :rr r  F F  were
synthesized according to the following reaction scheme: r D  BocHDd+" ~~'
(-i{;i]yEt i a C- ->;  ~-rCriyE; F :m f !j0 c "  -------------------- ----
'y. .N' ,.r z)ecc. ;r-- r {..^ ozEt h: ;nr ~~ JYc~.: 6ocUNIr (` C- x  C
mu:-s, a= 1-14. m aad v:ux ictc_rr Such trif.inctional molecules can
simultaneously act lin.Yer(s) and spacer.  EXAMPLE 13: Synthesis of
Hoinotrifunctional Molecules  Homolritunctional molecules having the
Structure: fyl` x  BocHNt 0-1 -~"  0 x  



U 1. J m=l -z, n= 1-6, m and n are Eategers  ,'herein - 1 WO 2004%101600
PCT/US2004/013888  F F A  X= OH 0$1 j 0... ~  -{~\\ j-.  ;1 \\o_. i` NC7?.
or 0 r 't 0 'F  were synthesized according to the following reaction:
scheme: p aI G  Sl4" t 1.  net ~`9 2) EVC, XAr ft 6ec'n.NlP"~ .(n N-.." o
3acHD<'~~ "d ^ y'-; QEt  li7~aet ('Y ,aE: ~ T',:! x  is  n=k Q, II in cxe
Lq;cgca Such homotriliunctional molecules can simultaneously act linker(s)
and spacer.  -42-. WO 2003/101600 J d ',~1$20ta1;014Rz58  EXAMPLE 14.
".-"fl erminus Ulinerizatiora nd_ ' ;~> lataesa .. Y1sin  T'rifnnetionaal
Molecule A trifiinctional molecule having the structure  NFIF3oo.  



lam.  C ` 'NH 0 Q i '  N-d 0  5 was made according to Example 12. This
trifunctional molecule was used in C tcrna nus dimerization and  PEGylation
according to the following reaction scheme: -43 WO 2004/101600 PC
;US20041014888  solid phase peptide synthesis A.r.-?-E-G-? r F.2
Ac-I---E-G---P--T-L--R--id--L''d--f:-H--H-R-A--K- NH2 r' (N- c i ],_( N-0
Hc-I---fr-G-P- A- -A--h NN2  Ac-I-- E {3 P T L R-L--'h'--C
-A-A--R--%+:---K--NH2  TFA HPd CG . ----------------- --m' NNH2  O"J  J
Ac-i-E-G->'-f-t-R-:J-Ve'---H-A-R?.-K-N H2  Ac----I---- E--G--P--T----L
---R-4- bV--E---A-A---RH-K---NFL I  HN C, 2  rnPEG-NPC. " I j`~
------------- ..... -----------~ N N 0--PEG   



1i H  (NH Ac: '- E-G- 7--L- -F,-H R H--1,:---,Vl-?2  EXA.3'LTPLE 15;
N-Terminus Dhnerization and PEGylation Using A  Trigs]nctlon l Molecule The
trif inetional molecule was made according to t e following: O CO2Et  ti ~
v ! Eft2 ` ,-...t O Et ]AN}3;>c' J . N  R:HBac' OH H Ct)2Et  To a solution
of .Boc-iAla-OH (10.0g, 518 mmo]) (boo tert- butoxycarbony_) and diethyl
iminodiacetate (10.00. 52.8 mmiol) in 200 rnL of DC i1 at  44 WO
2004/101600 PCTITS2004/014888 0 C was added DCC (10.58, 50.9 nnnol) over 5
min. A white precipitate formed  within 2 min. The reaction mixture was
allowed to warn to room temperature and  :vas stirred for 24k. The .area
was filtered off with a sintered filter (medium porosity)  and the solvent
removed under reduced pressure. Tice residue was takers utp in 500 5 mL of
EtOAc (EtOAc = ethyl acetate), filtered as above, and transfetzed to a
separatory fiaunei. The organic phase was washed (sat. NaHC{}:, brine, 1 N
ITCI;  brine), dried filtered, and dried to yield a colorless oil, The oil
solidified to  yield a white crystalline solid within 10 rasa. 0 G02Et Ci
uO2H  R1HBoc'~` V IVHBoc` ~ N .` ,O2Et ;'O7H 10 The crude diester was taken
up in 75 n,L of 1HF' (TI-F  tetralxydrofurane) and 75 iriL of McOH
(Ivle(.IH :::: methanol) and 50 mL of water was  added. 'Io this solution
stias added a solution c+t'.1 .011(KtTH = potassitmi hydroxide)  (8.6g, 153
mmol) in 25 tuL. of water. The reaction mixture turned light yellow in  



color, After stirring for 12 h (pH was still .-12), the organic solvent was
removed on a 15 rotary evaporator and the resultant shrry partitioned
between Et20 (Et20 = Diethyl  ether)ane sat. aNaHCO3, The combined aq.
phase was acidified to pH 1, saturated  with NaC1, and extracted with
EtOAc. The EtOAc phase was washed (brine), dried  ( fgSO4), and
concentrated to yield 13.97g of product as a white solid (90,2% for 2
steps). 20 Notes: the, yield dropped to 73% when the DCC reaction was
performed in ACN. Vihen using DI', the urea byproduct could not be removed
ftom  the desired product without chromatography; the DCC urea can be
quantitatively  removed without chromatography. The reaction also works
well with water-soluble  carbodiimide. 011  NHBoc''^`. I  CQaH l H 25 C
-45 WO 2004/101600 PCT/U82004/014888  nydroxy-succinirnide  To a solution
of diacid (1,0Og, 129 mmol) and (O.945g, 8,21 nux3ol) in 50 rnL, of A.CN
was added DC'C (1,36g, 6.59 mmof) over 5  min.. A white ppt formed
immediately, The reaction mixture was stirred 22h and was  filtered to
remove the DCC urea. The solvent was removed under reduced pressure 5 and
the residue taken up in EtOAc (250 mL) and transferred to a separatoryy
funnel.  The organic phase was washed (sat. NaHCC;, brine, I N HCl, brine),
dried (Mg80ai,  and conc .ntrated to afford a white solid. The solid was
taken up i.n. 75 ml, of A.(,N,  filtered, and concentrated to yield. 1.28g
of product as a white, solid (78.2% yield). _Notes: the yields dropped to
`_~1% in TifF, 68% in D MY' (with DIC  1.0 instead of DCC), and 57% in
DMI)MF. The starting diacid is soluble in A C ~3, so if  there is any
material which has riot dissolved before the DCC is added, it may be  



filtered off and discarded, This trifunctional molecule was used in
N-temrir:us dimerization and  15 PEGylation. according to the following;
reaction scheme: -46 WO 2004% 10 4600 PCTAIS2004/014838  solid phase peps
de syithesis H2N-_I ~_.~-P= -L-R :~ 4V -A r? A NH;  H 13OCNH }-N
3-9N-I-E-il-P-=--L -R--W-i-A--f3-R---A---- Mf-Ep  ~o nrurr N H
N.._L-.P_G---P.._T -_i-Q._bvv_ '--A-- 'A -R. -A--- NHY.  -CFA (c)'> H2N,
>--N PEG H6 -i--E-G_P f L-F'.-Q--W-1-A-A--R--R-NH2  mPeG-;3PC a 0 ~~}-PdFi
~-P3  O  HN--F--E---3-P---T-------- R--Q 4d 1: ;4 '( R 9----NH2 EXAMPLES 16
Synthesis of tPEG2-Lysinol-NPC Commercially available lysinol is treated
with an excess of mPFG7 resulting  5 in the formation of mPEG2- l,yainol.
Thereafter, roP.F;G2-L,ysi r.oi is treated with  excessive NPC forming
PEGz-Cysinol-NPC EXAMPLE 17; PEC latiou Lsin2 A Trifunctional Molecule PEG
Moiety  Comprises Two linear PEG C;haip93 10 A. tri.functional molecular
having the structure  --47 WO 2004/101600 PUTIUS20041014888  sJ 



-7 N-Q  o b  Was made according to example 15. Step I - Coupling of'the
trlf usetion al litdkor to the peptide sssotoarzerse For coupling to the
linker, 2 eq peptide is nixed with I eq of ttifiunctional linker in  5 dry
DMF to give a clear solution, and Seq of l?BA is added after 2 minutes. The
mixture is  stirred at ambient temperature for 1412. The solvent is removed
under reduced pressure and  the crude product is dissolved in 80% TF.A in
DCM for 0min to remove the Boc group,  followed by purification with CIS
reverse phase HPLC. The structure of the diner is  confirmed by elecfosp
ray mass spectrometry. This coupling reaction attaches the linker to  tQ
the nitrogen atom of the s-amino group of the lysine residue of each
monomer. -48 %VO 2004/101600 PCT d 20it4;013i32 8  taCG)GLYacfMCiP[
(E-n,nvCIQPLRx-rr,~, o K~_O n 6 pj I'%i{13oc  "JMS, ni;:a
iAaG)inLY'ACBLM12GP:r([-nnn`iCQFLR-\'1{ ~~_-Nf:2  PI}:~:i U  NH )))I~  (
AcQ?GLYA0HMQPit(t-va7lVCQPLR-}iN , NH2  Tr?. q n  (nd;)(iLS'.:!:IiMCfPt'[';
t-nz!~~i7+.<'-?.ii-\'H NEU  NEi 0 `0 0  



N ) (ACG)GLYACHh4GPtT(E.ml) VCQPLP.-:1N NK2  i7 Step 4 -1'13Gylation of tho
peptide dime,-:  PFGylation via a carbamate bond 5 The peptide diner and
the PEG species (ruPEG2-Lv'sino!NTC) are mixed in a 1:2  molar ratio in dry
D,IF to afford a clear solution. After `s minutes 4eq of DIEA is added to
above solution. The mixture is slimed at ambient temperature 14h, followed
by purification  with C 18 ievexse phase HPLC. The structure of PEGylated
peptide is con.-Pinned by INIA(DI  mass. The purified peptide was also
subjected to pun-fintion via cation ion exehauge  1 {t chromatography as
outlined below. _4c} WO 2004/101600 (AcG)GL A TFIiGP l'T(z-n:~i)V QPIR NF1
ALL I2  {  NH C} . 0  O NH,  NY. (AcG)GLYACH:NiGPIT(I-nafVCQPLR-;fN ; -NH?
npE 2-Lysrrol-NPC  DIEA, DNTIF C)  (a {;(;)CrI,YAE'Fd WFf-rPf t
(x-nal)VC}'I,R NH NI12 1 O ---FED Z  C. i[If:s 1 4 r .. NH  YOY HN
0----PEG2oh  



/ C (,cG)CL;~AC}flvtGPIT(1-nai)VCQPLP,_HW' 'NH2  t l (3  PEGylation via an
urnide bond: 5 The peptide dieter and PEG species [mPEG2-Lys-NHS] are mixed
in a 1:2  molar ratio in dry OMP to afford a clear solution.. mPEG2-Lys-NHS
may be obtained  commercially, for example, from the Molecular Engineering
catalog (2003) of.i+telctar  Therapeutics (490 Discovery Drive. Huntsville,
Alabama 35806), item no.  273,1 FOl. After .5 minutes l0eq of DiA is added
to above solution. The mixture 10 is stirred at an oient temperature 2h,
followed by purification with C18 reverse phase  -50 WO 2004/101600
PCT/US2002101,9888  HPLC. The structure of PEGylased peptide was confirmed
by MAIM ::ass. The  purified peptide was also subjected to purification via
cation ion exchange  chromatography as outlined below. 0  4cG GLYACH e1
Pf'3'(1-naflV( QP R H~ LDITH2  I NI-I t7 N N112  'Y (A cG)ULYACHNIGPIT(1f)V
1,QPLR-hf: N.H2  r PEG2 Lys-NHS  DIEA, DM -------- I 0  (ACC'
LYACfl?,1GPITl1-ne" QPLR NFLNUJ. NH c) ~yy PEG20K  Nil - 'OK  NH 



0  (AcC91CFi:7ix~l HArYCt'1')'(1-nai)4CQPL:R-HN~j- I*TI12 a _al_ WO
20041101600 PCT/US2004/0l.4888  The present invention is not to be limited
in scope by the specific embodiments described herein. indeed, various
modifications of the invention: in  addition to those described herein will
become apparent to those skilled in the art  fora. the foregoing
description and the accompanying fg zres. Such modifications are  d
intended to fall within the scope of the appended claims. Numerous
references, including patents, patent applications, protocols and  various
publications, are cited and discussed in the description of this invention.
The  citation author discussion of such references is provided merely to
clarify the  description of the present invention and is not an admission
that any such reference is 1t) "prior art" to the invention described
herein. All references cited and discussed in this  specification are
incorporated herein by reference in their entirety and to the same  extent
as if each reference was individually incorporated by reference. -52 Wo
20041101600 PCi71JS2004/0148  `hat is claimed is; 1. A peptide-based
compound comprising a peptide moiety of 3.o more than about 50  amino acids
and a polyethylene glycol) wherein the poly(ethyiene glycol) is linear and
has a molecular weight of more than 20 KDaitons. 2. The compound of claim
I, wherein the poly(ea.1 slene glycol) astciet has a  5 molecular weight
from 20 to 40 K1-)altons. 3. The compound of clam? wherein the
poly(ethylene Drool) moiety has  polydispersit_y value (1F,h";1 i of less
than 1.20. 4. The compound of claim 1; drhereiu the peptide moiety is
peptide monomer  co nap icing a single peptide. 10 5. The compound of claim
1, wherein the peptide moiety is a peptide dither  



comprising two peptides linked by a linker moiety. 6. The compound of claim
4 or 5, wherein each peptide comprises. no more titan  50 amino acid
monomers. 7. The compound of claim 6, wherein each peptide comprises
between about 10  1 and 25 amino acid monomers. 8. The conmpound of claim7,
wherein each peptide comprises between about 12  and. 18 ammo a" id
monomers. 9. The compound ofclaim 1, whereinthe peptide moiety comprises
apeptide  which binds to erythropoietin-receptors. 20 10. The compound of
claim 1, wherein the peptide moiety comprises a peptide  which binds to
thromhopoiehn-receptors. 11. The compound of claim 1, further comprising a
spacer moiety between the  peptide moiety and the poly(ethyienc glycol)
moiety. 12. The compound of claim 1 1, wherein the spacer moiety has the
structure:  25 df?-(CH,)~ L s.C;H )~lr ~_ (f=~3E y wherein n., p3, y, 5,and
a sine each integers whose values are independently selected.  3. The
compound ofclaim 12, wherein a is an integer, 1 a < 6; 53 WO 20041101600
PUPUS200.11101 MR  a is an integer, 1 e r. 6; Sis0or1;  Y is an integer, 0
<y =: 1(); and  5 Y is either NH or Co. 14. The compound of claim 13,
wherein f > 1 and it 2.  15. A pharmaceutical composition comprising (a) a
peptide-based cot)ipourid, said peptide-based compound comprises at peptide
moic y of no more than about 50 amino acids and a polyethylene g scoli
ivhetein the  polv(ethylene elvcoi) is linear and has a molecufa.r weight
of more than?( KDaitors; and (b) otie or more pharnlaceuticalls acceptable
diluents, preser~atives, soh,iiihzers,  



emukstliei's, adjuvants and/or carriers. 16. The composition of claim 15,
wherein the poly(ethylene glycol) moiety has a  molecular weight from 20 to
40 Daiior_s. 15 17. The composition of claim 15, wherein the poly(ethylene
glycol) moiety has  pol_ydispersity value of less than 1.20. 18. The
composition of claim 15, wherein the peptide moiety is peptide monomer
comprising a single pep tide. 19. The composition of claim 15, wherein the
peptide moiety is a peptide dimer  20 comprising two peptides linked by a
linker moiety. 20. The composition of claim 18 or 19, wherein each peptide
comprises no more  than 50 amino acid monomers. 21. The composition of
claim 20, wherein each peptide comprises between about  10 and 25 amino
acid monomers. 25 22. The composition of claim 21, wherein each peptide
comprises between about  12 and I S amino acid monomers. 23. Tie
composition of claim 15, wherein the peptide moiety comprises a peptide
which bind:, to erythropoied -receptors. -54 WO 2304/701600 pc
/uS200410148s8  24. The composition ofcl_aim 15, wherein the peptide
inoiety comprises a peptide  Which binds to t1 rombopo etin-receptors. 25.
The coinposition of claim 15, further comprising a spacer moiety between
thee  peptide [moiety and the poly(et`aylene glycol) moiety. 5 26. The
composition of claim 15, wherein the spacer moiety has the structure: rlx
(CH2)c<'[O (c.'x )~]rOa iC I )r ' wherein a, P, y, 3,and e are. each
integers whose values are independently selected.  27. The composition
of'claim26, wherein 0, is an integer, 1. <t 6;  10 'f is an integer. 1 s P
< 6';  F. is an integer, 1 < zs < 6;  



~ isoor t, 'y is an integer, 0 _'; y ` 10; and  'f' is either III or CO. 15
28. The composition of -1 aim 27, wherein { % I and (3 = 2. 29. The
compound of claim 1, wherein the polyethylene glycol) moiety has a
molecular weight from 20 to 60 II)altons. 30. The compound of claim 1,
wherein the poly(e(liylene glycol) moiety has a  motecat;rr weight of 20 I
Dahons. 20 31. The compound of claim 1, wherein the polyethylene glycol)
moiety  comprises at least one linear polyethylene glycol) cha ~i. 32. The
compound of claim i, wherein the poly(e:hyiene glycol) is terminally
attached to the peptide moiety. 33. The compound ofalain: 11, wherein the
polyethylene glycol) is terniinaily  attached to the stacer moiety. 34. The
compound ofetaint 1, wherein the polyethylene glycol) is mPEG.  ..55  


