
TISSUE PROTECTIVE PEPTIDES AND USES THEREOF 1.
INTRODUCTION The present invention is directed to
novel tissue protective peptides. The tissue
protective peptides of the invention may bind to a
tissue protective receptor complex. In particular, the
present invention is drawn to tissue protective
peptides derived from or sharing consensus sequences
with portions of cytokine receptor ligands, including
Erythropoietin (EPO), that are not involved in the
binding of the ligand to the receptor complex, e.g.,
to the EPO receptor homodimer. Accordingly, the tissue
protective peptides of the invention are derived from
the amino acid sequences of regions of cytokine
receptor ligands that are generally located on or
within the region of the ligand protein that is
opposite of the receptor complex, i.e., are generally
derived from amino acid sequences of regions of the
ligand protein that face away from the receptor
complex while the ligand is bound to the receptor. The
invention is further directed to the consensus
sequences for use in engineering a synthetic tissue
protective peptide. These tissue protective peptides
also include fragments, chimeras, as well as peptides
designed to mimic the spatial localization of key
amino acid residues within the tissue protective
receptor ligands, e.g., EPO. The invention also
encompasses methods for treating, preventing or
ameliorating a disease or disorder and or treating,
restoring or ameliorating a tissue injury using tissue
protective peptides of the current invention. The
invention also encompasses methods for enhancing
excitable tissue function using tissue protective
peptides of the current invention.2. BACKGROUND OF THE
INVENTION Erythropoietin ("EPO") is a glycoprotein
hormone commonly associated with the maintenance of
hematocrit and, more recently, tissue protection.
Mature human EPO protein comprises 165 amino acids and
has a molecular weight of 34 kDa, with glycosyl
residues contributing about 40 % of the weight of the
molecule. The EPO molecule comprises four helices that
interact via their hydrophobic domains to form a
predominantly globular structure within an aqueous
environment (Cheetham et al., 1998, Nat. Struct. Biol.
5:861-866, which is hereby incorporated by reference
in its entirety). The invention derives from the
discovery that certain amino acids facing the aqueous
environment (i.e., away from the hydrophobic, globular
central core) mediate tissue protection. Peptides can
be derived or designed from an understanding of the
tissue protective regions that have been identified by
the Applicants. As noted above, EPO is pluripotent. In
its hormonal role, EPO regulates hematocrit through
its role in the maturation of erythroid progenitor
cells into erythrocytes. EPO acts as an anti-apoptotic
agent during the maturation process of erythroid
progenitor cells, permitting progenitor cells to
mature into erythrocytes. Decreased levels of tissue
oxygen (hypoxia) trigger an increased production of
erythropoietin by the kidney, which results in
increased erythropoiesis. Given that the kidney
normally produces the majority of the serum
erythropoietin, the loss of kidney function, such as
in chronic renal failure, results in decreased
production of EPO and often anemia. Similarly, anemia
may result from other chronic conditions, such as
cancer, or treatments associated with these illnesses,
such as chemotherapy, which directly suppress the
production of EPO. Commercially available recombinant
erythropoietin has been available under the trademarks
of PROCRIT, available from Ortho Biotech Inc.,
Raritan, NJ, and EPOGEN, available from Amgen, Inc.,
ThousandOaks, CA and has been used to treat anemia
resulting from end stage renal disease, therapy with
AZT (zidovudine) in HIV-infected patients, oncology
patients, and chemotherapy. Currently a
hyperglycosylated erythropoietin, ARANESP(tm) (Amgen,
Thousand Oaks, CA), is available for the treatment of
anemia. Additionally, these compounds have been used
to increase the hematocrits of patients undergoing
surgery to reduce the need for allogenic blood
transfusions. Recently, several lines of evidence have
suggested that EPO also functions locally in a
paracrine-autocrine manner to minimize tissue damage.
For example, EPO improves an hypoxic cellular
microenvironment and decreases programmed cell death
caused by metabolic stress. Both of these activities
are moderated, in part, through EPO's interaction with
a specific cell surface receptor comprised, in part,
by the erythropoietin receptor ("EPOR") protein. EPOR
is an approximately 66 kDa protein and is a member of
the Type-1 cytokine receptor family. This family
comprises receptors that are grouped together based on
the shared homology of their extracellular domains and
includes receptors for interleukin IL-2, IL3, IL4,
IL5, IL6, IL7, IL9, ILl 1, granulocyte macrophage -
colony stimulating factor (GM-CSF), granulocyte colony
stimulating factor (G-CSF), leukemia inhibiting factor
(LIF), ciliary neurotrophic factor (CNTF),
thrombopoietin, growth hormone and prolactin. The
conserved extracellular domain of these receptors has
a length of approximately 200 amino acids, comprises
four positionally conserved cysteine residues in the
aminoterminal region (Cys 294, Cys 283, Cys 248, and
Cys 238, which appear to be critical to the
maintenance and the structural integrity of the
receptors (Murray, 1996, Harpers Biochemistry 24th ed.
pp. 524-526, Appilion & Lange, Ltd.; Caravella et al,
1996, Protein: Struct. Funct. Gen. 24:394-401, each of
which is hereby incorporated byreference in its
entirety)), and a Trp-Ser-X-Trp-Ser (SEQ ID NO:58)
motif located proximal to the transmembrane domain. In
connection with erythropoiesis, EPOR functions in a
manner similar to other receptors within the Type-1
cytokine receptor family. First, the receptor ligand,
e.g., EPO, binds to a preformed dimer of EPOR,
(EPOR)2. It has been determined that EPO interacts
with the extracellular domain of the classic (EPOR)2
homodimer receptor via two distinct regions on the
ligand surface: a high affinity receptor binding site
(site 1) and a low affinity receptor binding site
(site 2). The amino acid sequences of EPO associated
with site 1 are TKVNFY, SEQ ID N0:2, corresponding to
amino acids 44-49 of SEQ ID NO:1, and SNFLRG5SEQ ID
N0:3, corresponding to amino acids 146-151 of SEQ ID
NO:1; the sequences associated with site 2 are VLERY5
SEQ ID N0:4, corresponding to amino acids 11-15 of SEQ
ID NO:1, and SGLRS, SEQ ID N0:5, corresponding to
amino acids 100-104 of SEQ ID NO:1 (Cheetham et
al.,1998, Nature Structural Biology 5:861-866, hereby
incorporated by reference in its entirety). EPOR
homodimer activation leads to tyrosine phosphorylation
of signaling proteins that are associated with EPOR,
e.g., Jak2 tyrosine kinases, that may in turn activate
several different pathways including, for example, the
phosphatidylinositol (PI) 3-kinase pathway, the
Ras/MAP kinase pathway, and/or the STAT pathway. These
pathways trigger the anti-apoptotic functions
necessary for erythropoiesis that are mediated by
erythropoietin (Kirito et al, 2002, Blood 99:102-1 10;
Livnah et al, 1999, Science 283:987-990; Naranda et
al., 2002, Endocrinology 143:2293-2302; Remy et al,
1999, Science 283:990-993; and Yoshimura et al, 1996,
The Oncologist 1:337-339, each of which is hereby
incorporated by reference in its entirety). Recently,
Applicants have discovered that the tissue protective
properties of EPO are mediated by a receptor that
comprises not only EPOR but also anotherreceptor
protein, the beta common receptor ("bc")- The EPOR/ b0
receptor is, in contrast to the homodimer (EPOR)2 a
heterocomplex (see infra) and is known to play a role
in the protection of excitable tissues. See, e.g., WO
2004/096148 and PCT no. PCT7US01/49479, filed December
28, 2001, U.S. Patent Application Nos. 09/753,132,
filed December 29, 2000, and 10/1 88,905, filed M y 3,
2002, each of which is hereby incorporated by
reference in its entirety. Although Applicants had
established that the bc receptor is central to the
tissue protective pathways in these excitable tissues,
the structure of the activating ligands for the
receptors was still unknown. 3. SUMMARY The present
invention is drawn to isolated polypeptides that have
at least one cellular protective activity in a
responsive cell, tissue, or organ, which polypeptides
contain amino acid motifs comprising the consensus
sequence (a) H1-N1-(X)n-N2-H , wherein " is 0, 1, 2,
3, 4 or 5; (b) H1-N1-(X)n-N2-L1, wherein n is 0, 1, 2,
3, 4 or 5; (c) L1- N1-(X)n-N2-H1, wherein " is 0, 1,
2, 3, 4 or 5; (d) H1-N1-(L)n-P1-H2, wherein n is 0 or
1; or (e) H1-P1-(L)n-N1-H , wherein n is 0 or 1, and
wherein H1 and H2 are hydrophobic amino acids, N1 and
N2 are negatively charged amino acids, X is any amino
acid, L1 is a polar amino acid, and P1 is a positively
charged amino acid. In certain embodiments, the
peptides of the invention also lack erythropoietic
activity, e.g., do not increase hemoglobin or
hematocrit in a recipient. In further embodiments, the
isolated polypeptides of the invention consist of no
more than 10, no more than 15, no more than 20, or no
more than 30 amino acids. In other embodiments, the
isolated peptide has less than 90 %, less than 85%,
less than 80%, less than 75%, less than 70%, less than
65%, less than 60%, less than 55%, less than 50%, less
than 45%, less than 40%, less than 35%, less than 30%,
or less than 20 percent sequence identity with any
portion of theamino acid sequence of mature human
erythropoietin ("EPO") set forth in SEQ ID 



NO:1, wherein said portion of EPO contains the same
number of amino acid residues as said peptide. In
certain embodiments of the invention described
hereinabove, wherein the isolated polypeptide
comprises the structural motif (a) H1-N1-(X)n-N2-H2,
wherein n is 0, 1, 2, 3, 4 or 5 (embodied by sequence
identifiers 6-11, respectively, discussed infra); (b)
H1-Ni-(L)n-P1-H , wherein n is 0 or 1 (embodied by
sequence identifiers 24-25, respectively, discussed
infra); or (e) Hi-P 1-(L)n-N1-H2, wherein n is 0 or 1
(embodied by sequence identifiers 26-27, respectively,
discussed infra), H1 and H2 may be the same
hydrophobic amino acid, hi other embodiments of the
invention described hereinabove, wherein the isolated
polypeptide comprises the structural motifs (a)
Hi-Ni-(X) n-N2-H2, wherein n is 0, 1, 2, 3, 4 or 5;
(d) H1-N1-(L)n-P1-H2 wherein " is 0 or 1; or (e)
H1-P1-(L)n- Ni-H2, wherein " is 0 or 1, H1 and H2 may
be different hydrophobic amino acids. In other
embodiments, the invention provides for an isolated
polypeptide comprising the amino acid motif (a)
H1-N1-(X)n-N2-H2, wherein n is 0, 1, 2, 3, 4 or 5; (b)
H1-N1-(X)n-N2- L1, wherein n is 0, 1, 2, 3, 4 or 5;
(c) L1-N1-(X)n-N2-H1, wherein n is 0, 1, 2, 3, 4 or 5,
and wherein Ni and N may the same or may be different
negatively charged amino acids. The invention provides
for isolated polypeptides comprising the amino acid
motifs described hereinabove, wherein said motifs are
formed by consecutive amino acids within the
amino-acid sequence of said polypeptide. In specific
examples in accordance with this embodiment, the
invention provides for an isolated polypeptide
comprising the amino acid motif Hi-Ni-N 2-H2 (SEQ ID
NO:6), Hi-Ni-X-N 2-H2 (SEQ ID NO:7), Hi-N1-X-X-N2-H2
(SEQ ID NO:8), Hi-Ni-X-X-X-N 2-H2 (SEQ ID NO:9)5H1-N1-
X-X-X-X-N2-H2 (SEQ ID NO: 10), Hi-N 1-X-X-X-X-X-N2-H2
(SEQ ID NO:1 1), H1-N1- N2-L1(SEQ ID NO: 12),
H1-N1-X-N2-L1(SEQ ID NO: 13), H1-N1-X-X-N2- L1(SEQ
IDNO: 14), H1-Ni-X-X-X-N2- L1(SEQ ID NO:15),
H1-N1-X-X-X-X-N2- L1(SEQ ID NO:16),
H1-N1-X-X-X-X-X-N2- L1(SEQ ID NO:17), L1-N1-N2-H2 (SEQ
ID NO:18), L1- N1-X-N2-H2 (SEQ ID NO:19),
L1-N1-X-X-N2-H2 (SEQ ID NO:20), L1-N1-X-X-X-N2-H2 (SEQ
ID NO:21), L1-N1-X-X-X-X-N2-H2 (SEQ ID NO:22),
L1-N1-X-X-X-X-X-N2-H2 (SEQ ID NO:23), H1-N1-P1-H2 (SEQ
ID NO:24)5H1-N1-L1-P1-H2 (SEQ ID NO:25), H1- P1-N1-H2
(SEQ ID NO:26), or H1-P1-L1-N1-H2 (SEQ ID NO:27),
wherein H1 and H2 are hydrophobic amino acids, N1 and
N2 are negatively charged amino acids, X is any amino
acid, L1 is a polar amino acid, and P1 is a positively
charged amino acid. In certain aspects consistent with
this embodiment, wherein the isolated polypeptide
comprises a motif having the amino acid residues Hi
and H2, H1 and H2may the same or may be different
hydrophobic amino acids. In other aspects consistent
with this embodiment, wherein the isolated polypeptide
comprises a motif having the amino acid residues Ni
and N , N1 and N2may the same or may be different
negatively charged amino acids. In other embodiments,
the invention provides isolated polypeptides wherein
the amino acid motif is formed due to the spatial
organization of amino acids within the tertiary
structure of a polypeptide, i.e., the amino acids
forming the motif are spatially adjacent to one
another in the three dimensional structure, i.e.
tertiary structure, of the polypeptide but may be
separated by 1 or more amino acids within the primary
amino acid sequence of the polypeptide chain. In a
specific example in accordance with this embodiment,
the amino acid motif comprising amino acid residues
H1, Ni, N2, and H2 analogous to SEQ ID NO:6, discussed
supra, may form as a result of the tertiary structure
adopted by, i.e., protein folding of peptides
comprising, e.g., SEQ ID NO:7, SEQ ID NO:8, SEQ ID
NO:9, SEQ ID NO:10 or SEQ ID NO:1 1, wherein the amino
acid residues between N1 and N2, e.g. (X)n, fold such
that N1 and N2 become linearly adjacent. Accordingly,
the invention encompasses isolated peptides comprising
theamino acid HiOUfH1NiN 2H2; HiNiN 2Li; L1NiN2H1;
H1N1(L)nP1H2, wherein n is Oor 1; or HiPi(L) nN1H ,
wherein n is 0 or 1, which motifs are formed as a
result of the tertiary structure of said polypeptide,
hi related embodiments, wherein the amino acid motif
comprises Ni and N , the tertiary structures form such
that the distance between the carbonyl carbons of Ni
and N2 is about 3 A to about 5 A, preferably about 4 A
to about 5 A, and more preferably about 4.4 A to about
4.8 A. In other embodiments, wherein the amino acid
motif comprises Ni and N2, the tertiary structures
form such that the distance between Ni and N2 are
confined spatially such that the charge separation,
e.g., the charged side chains, of the two is between
about 6.5 A to about 9 A. In a related embodiment, Ni
and N2 are thus spatially confined as a result of
being in an amino acid sequence that forms all or a
portion of an alpha helix, and may be separated by 1,
2, or more than 2 amino acids in the sequence of said
amino acids forming said helix. In other related
embodiments, wherein the amino acid motif comprises N1
and Pi, the tertiary structures form such that the
distance between the carbonyl carbons OfN 1 and P1 is
about 3 A to about 5 A, preferably about 4 A to about
5 A, and more preferably about 4.4 A to about 4.8 A.
In other embodiments, wherein the amino acid motif
comprises N1 and P1, the tertiary structures form such
that the distance between N1 and P1 are confined
spatially such that the charge separation, e.g., the
charged side chains, of the two is between about 6.5 A
to about 9 A. In a related embodiment, N1 and P1are
spatially confined as a result of being in an amino
acid sequence that forms all or a portion of an alpha
helix, and may be separated by 1, 2, or more than 2
amino acids in the sequence of said amino acids
forming said helix. In certain embodiments, the amino
acids forming the motif within the tertiary structure
of said polypeptide are separated from each other by
an equal number of intervening amino acid residues in
the linear amino acid sequence of said polypeptide. In
yet other embodiments, the amino acids forming the
motif withinthe tertiary structure of said polypeptide
are separated from each other by a different number of
intervening amino acid residues in the linear amino
acid sequence of said polypeptide. In certain
embodiments, the isolated polypeptide of the
inventions forms a regular tertiary structure, e.g.,
a-helix or b-pleated sheet, such that the surface of
said structure presents the amino acids comprising
said motif, and thus the motif itself, to the
interface of the protein structure and the aqueous
environment, i.e., presents the motif on the surface
of folded the polypeptide. In preferred embodiments,
the tertiary structures of the polypeptides of the
invention form in an aqueous environment at
physiological conditions, e.g., PBS (13 mMNaH2PO4, 137
mM NaCl, pH 7.4) at 37 0C. In specific embodiments,
the invention provides for isolated polypeptides
comprising the amino acid motifis described herein
above, e.g., peptide A (APPRLICDSRVLERYLLEAKEAE, SEQ
ID NO:32), peptide C (NITVPDTKVNFYAWKRMEVG, SEQ ID
NO:29), peptide D (QQAVEVWQGLALLSEAVLRGQALLV, SEQ ID
NO:30), peptide E (GCAEHCSLNENITVPDTKVN, SEQ ID NO:3
1), peptide F (RYLLUNITTGC, SEQ ID NO:33), peptide G
(QEQLERALNSS, SEQ ID NO:40), peptide I
(CSLNENIQEQLERALNSS, SEQ ID NO:43), peptide J
(QEQLERALNSSLRRYINMLTRTR, SEQ ID NO:41), peptide K
(WEHVNAIQEARRLL, SEQ ID NO:35), or peptide L
(KIRSDLTALTESYVKH, SEQ ID NO:37). In certain
embodiments, the invention provides isolated
polypeptides comprising 1 or more, 2 or more, 3 or
more, 4 or more, 5 or more, 6 or more, or more than 6
amino acid motifs described herein. In specific
aspects of the invention in accordance with this
embodiment, wherein the isolated polypeptide comprises
at leasttwo of the amino acid motifs described herein
above, said at least two motifs may be the same motif
or they may be different motifs. In certain aspects,
the invention provides for isolated polypeptides
lacking an erythropoietic activity, e.g., increasing
hemoglobin in a recipient. Preferably, the isolated
polypeptides lack other activities including, but not
limited to, vasoactive action (e.g.,
vasoconstriction), hyperactivating platelets,
pro-coagulant activities and stimulating proliferation
and/or production of thrombocytes and/or
erythropoieticdependent cells (see, Coleman et al.,
2006, PNAS 103:5965-5970, hereby incorporated by
reference in its entirety). In other aspects, the
invention provides isolated polypeptides that comprise
at least one cellular protective activity. Such
cellular protective activity includes, but is not
limited to, protecting, maintaining, enhancing or
restoring the function or viability of a responsive
mammalian cell, tissue, or organ. Accordingly, in one
aspect, the present invention is directed to the use
of an isolated polypeptide described herein for the
preparation of pharmaceutical compositions for
protecting, maintaining, enhancing, or restoring the
function or viability of responsive mammalian cells
and their associated cells, tissues, and organs. In
related embodiments, the compositions are for
administration to a subject in need thereof. In
preferred embodiments, said subject is a mammal and,
preferably, a human. In other aspects, the present
invention is directed to the use of an isolated
polypeptide described herein for the preparation of a
pharmaceutical composition for the protection against
and/or prevention of a responsive tissue injury, for
the restoration of, or for the rejuvenation of
responsive tissue and/or responsive tissue function in
a subject 



in need thereof. In one particular aspect, the
responsive mammalian cells and their associated cells,
tissues, or organs are distal to the vasculature by
virtue of a tight endothelial cell barrier. In another
particular aspect, the cells, tissues, organs or
otherbodily parts are isolated from a mammalian body,
such as those intended for transplant. By way of
non-limiting examples, a responsive cell or tissue may
be neuronal, eye (e.g., retinal), adipose, connective,
hair, teeth, mucosal, pancreas, endocrine, ear,
epithelial, skin, muscle, heart, lung, liver, kidney,
intestine, adrenal (e.g., adrenal cortex, adrenal
medulla), capillary, endothelial, testes, ovary, bone,
skin, or endometrial cells or tissue. Further,
non-limiting examples of responsive cells include
photoreceptor (rods and cones), ganglion, bipolar,
horizontal, amacrine, Mller, Purkinje, myocardium,
pace maker, sinoatrial node, sinus node, junction
tissue, atrioventricular node, bundle of His,
hepatocytes, stellate, Kupffer, mesangial, renal
epithelial, tubular interstitial, goblet, intestinal
gland (crypts), enteral endocrine, glomerulosa,
fasciculate, reticularis, chromaffin, pericyte,
Leydig, Sertoli, sperm, Graffian follicle, primordial
follicle, islets of Langerhans, a-cells, b-cells,
g-cells, F-cells, osteoprogenitor, osteoclasts,
osteoblasts, endometrial stroma, endometrial, stem and
endothelial cells. These examples of responsive cells
are merely illustrative. In one aspect, the responsive
cell or its associated cells, tissues, or organs are
excitable cells, tissues, or organs, or predominantly
comprise excitable cells or tissues. In certain
aspects of the invention, the excitable tissue is
central nervous system tissue, peripheral nervous
system tissue, cardiac tissue or retinal tissue. In
another aspect, the responsive cell or its associated
cells, tissues, or organs are not excitable cells,
tissues, or organs, nor do they predominantly comprise
excitable cells or tissues. The erythropoietic and/or
cellular protective activity of the isolated
polypeptide of the invention in responsive cells may
be evaluated and/or determined by any method described
herein and or known in the art. In certain
embodiments, the erythropoietic and/or cellular
protective activity is determined in an in vitro
assay. In other embodiments, the erythropoietic and/or
cellular protective activity is determined inan in
vivo assay. In a related embodiment, wherein the
cellular protective activity is neuroprotection, the
invention provides for a method of evaluating said
activity in vitro by (a) contacting a test culture of
primary hippocampal neurons with N-methyl-Daspartate
and said peptide; and (b) determining the cell
viability at 48 hours post said contact, such that if
the cell viability determined in step (b) is greater
than that of a control culture in the absence of said
peptide, the peptide possesses cellular protective
activity. In a particular embodiment, the mammalian
cell, tissue, or organ for which an aforementioned
isolated peptide is used are those that have expended
or will expend a period of time under at least one
condition adverse to the viability of the cell,
tissue, or organ. In accordance with this embodiment,
the isolated peptides of the invention provide
protection against and/or prevention of a tissue
injury resulting from such conditions, provide for the
restoration of, or provide for the rejuvenation of
tissue and/or tissue function in a subject in need
thereof before, during or after such conditions arise.
Such conditions include traumatic in situ hypoxia or
metabolic dysfunction, surgically-induced in situ
hypoxia or metabolic dysfunction, or in situ toxin
exposure, the latter may be associated with
chemotherapy or radiation therapy. In other
embodiments, the isolated peptides of the invention
provide protection against and/or prevention of a
tissue injury resulting from a disease or disorder,
provide for the restoration of, or provide for the
rejuvenation of tissue and/or tissue function in a
subject in need thereof before, during or after such
conditions arise. In related embodiments said injury
is caused by a seizure disorder, multiple sclerosis,
stroke, hypotension, cardiac arrest, ischemia,
myocardial infarction, inflammation, age-related loss
of cognitive function, radiation damage, cerebral
palsy, neurodegenerative disease, Alzheimer's disease,
Parkinson's disease, mitochondrial disease, AIDS
dementia, memory loss,amyotrophic lateral sclerosis,
alcoholism, mood disorder, anxiety disorder, attention
deficit disorder, autism, Creutzfeld-Jakob disease,
brain or spinal cord trauma or ischemia, heart-lung
bypass, chronic heart failure, macular degeneration,
diabetic neuropathy, diabetic retinopathy, hepatitis,
pancreatitis, glaucoma, retinal ischemia, retinal
trauma, cardiovascular disease, cardiopulmonary
disease, respiratory disease, kidney disease, disease
of the urinary system, disease of the reproductive
system, bone disease, skin disease, connective tissue
disease, gastrointestinal disease, endocrine
abnormality, metabolic abnormality, or a disease or
disorder of the central or peripheral nervous system.
In still other embodiments, the adverse conditions are
a result of cardiopulmonary bypass (heart-lung
machine), as is used for certain surgical procedures.
In still other embodiments, said injury is cognitive
dysfunction. In a particular embodiment, the mammalian
cell, tissue, or organ for which an aforementioned
isolated peptide is used express the bc receptor. In
certain embodiments, the invention is also directed to
pharmaceutical compositions comprising the
aforementioned isolated polypeptides for
administration to a subject in need thereof. In
specific aspects in accordance with this embodiment,
the pharmaceutical composition of the invention
further comprises a pharmaceutically acceptable
carrier. Such pharmaceutical compositions may be
formulated for oral, intranasal, ocular, inhalational,
transdermal, rectal, sublingual, vaginal, or
parenteral administration, or in the form of a
perfusate solution for maintaining the viability of
cells, tissues, or organs ex vivo. In related
embodiments of the invention the subject is a
mammalian animal, preferably a human. In other
aspects, the invention provides a method for
facilitating the transcytosis of a molecule across an
endothelial cell barrier in a subject in need thereof
comprising administration to said subject a
composition comprising said molecule inassociation
with an isolated peptide of the invention described
hereinabove. i a related embodiment, association is a
labile covalent bond, a stable covalent bond, or a
noncovalent association with a binding site for said
molecule. According to another aspect of the
invention, the isolated peptide of the invention, as
described herein above, is capable of traversing an
endothelial cell barrier. In a related embodiment, the
endothelial cell barrier comprises the blood-brain
barrier, the blood-eye barrier, the blood-testis
barrier, the blood-ovary barrier, blood-placenta,
blood-heart, blood-kidney, blood-nerve, or
blood-spinal cord barrier. According to one aspect of
the invention, there is provided an isolated nucleic
acid molecule that comprises a nucleotide sequence
which encodes a polypeptide comprising the isolated
polypeptide as described herein above. In another
embodiment of the invention, there is provided an
isolated nucleic acid molecule that comprises a
nucleotide sequence (i.e., a cDNA, a nucleotide
sequence interrupted by introns, or uninterrupted by
introns), which encodes a polypeptide comprising or
consisting of the isolated polypeptide of the
invention as described herein above. In one
embodiment, the nucleotide sequence, encoding the
isolated polypeptide of the invention, is synthesized
using preferred codons that facilitate optimal
expression in a particular host cell. Such preferred
codons can be optimal for expression in cells of a
species of plant, bacterium, yeast, mammal, fungus, or
insect. The invention also provides for a vector
comprising the nucleic acid molecule. The invention
also provides for an expression vector comprising the
nucleic acid molecule and at least one regulatory
region operably linked to the nucleic acid molecule.
In another embodiment, the invention provides for a
cell comprising the expression vector. In yet another
embodiment, there is provided a geneticallyengineered
cell which comprises the nucleic acid molecule.In
another embodiment, the invention provides for a
method of recombinantly producing the isolated peptide
of the invention, described herein above, comprising
culturing in a medium a host cell containing a nucleic
acid molecule comprising a nucleotide sequence
encoding a polypeptide of the invention, under
conditions suitable for the expression of said
peptide, and recovering and/or isolating the expressed
polypeptide from said medium. 3.1 TERMINOLOGY As used
herein, the terms "about" or "approximately" when used
in conjunction with a number refer to any number
within 1, 5, or 10 % of the referenced number. The
term "administered in conjunction with" in the context
of the methods of the invention means administering a
compound prior to, at the same time as, and/or
subsequent to the onset of a disease, disorder, or
condition. The term "amino acid" or any reference to a
specific amino acid is meant to include naturally
occurring proteogenic amino acids as well as
non-naturally occurring amino acids such as amino acid
analogs. Those skilled in the art would know that this
definition includes, unless otherwise specifically
noted, includes naturally occurring protogenic
(L)-amino acids, their optical (D)-isomers, chemically
modified amino acids, 



including amino acid analogs such as penicillamine
(3-mercapto-D-valine), naturally occurring
non-proteogenic amino acids such as norleucine and
chemically synthesized proteins that have properties
known in the art to be characteristic of an amino
acid. As used herein, amino acids will be represented
wither by their three letter acronym or one letter
symbol as follows: alanine = Ala or A, arginine = Arg
or R, asparagine = Asn or N, aspartic acid = Asp or D,
cysteine = Cys or C, glutamic acid = GIu or E,
glutamine = GInor Q, glycine =Gly or G, histidine =
His or H, isoleucine = He or I, leucine = Leu or L,
lysine =Lys or K, methionine = Met or M, phenylalanine
= Phe or F, proline = Pro or P, serine = Ser or S,
threonine = Thr or T, tryptophan = Trp or W, tyrosine
= Tyr or Y, and valine = VaI or V. Additionally, the
term "amino acid equivalent" refers to compounds that
depart from the structure of the naturally occurring
amino acids, but which have substantially the
structure of an amino acid, such that they can be
substituted within a peptide, which retains its
biological activity despite the substitution. Thus,
for example, amino acid equivalents can include amino
acids having side chain modifications or
substitutions, and also include related organic acids,
amides or the like. The term "amino acid" is intended
to include amino acid equivalents. The term "residues"
refers both to amino acids and amino acid equivalents.
Amino acids may also be classified into the following
groups as is commonly known in the art: (1)
hydrophobic amino acids: His, Trp, Tyr, Phe, Met, Leu,
lie, VaI, Ala; (2) neutral hydrophilic amino acids:
Cys, Ser, Thr; (3) polar amino acids: Ser, Thr, Asn,
GIn; (4) acidic/negatively charged amino acids: Asp,
GIu; (5) charged amino acids: Asp, GIu, Arg, Lys, His;
(6) positively charged amino acids: Arg, Lys, His; and
(7) basic amino acids: His, Lys, Arg. As used herein,
"excitable tissue" means tissue that contains
excitable cells. Excitable cells are cells that
respond actively to an electric stimulus and have an
electrical charge differential across their cellular
membranes. Excitable cells are generally capable of
undergoing an action potential. Such cells typically
express channels, such as voltage-gated, ligand-gated,
and stretch channels, which allow flow of ions
(potassium, sodium, calcium, chloride, etc.) across
the membrane. Excitable tissue includes neuronal
tissue, muscle tissue, and glandular tissue. Excitable
tissue includes, but is not limited to, neuronal
tissues such as tissue of the peripheral nervous
system (ear and retina) and central nervous system
(brain and spinal cord); cardiovascular tissue suchas
the cells of the heart and associated nerves; and
glandular tissue such as the pancreas where T-type
calcium channels along with cell-to-cell gap junctions
participate in secretion of insulin. An exemplary list
of excitable tissue includes organs and tissues that
include nerves, skeletal muscle, smooth muscle,
cardiac muscle, uterus, central nervous system, spinal
cord, brain, retina, olfactory system, auditory
system, etc. The term "host cell" as used herein
refers to the particular subject cell transfected with
a nucleic acid molecule and the progeny or potential
progeny of such a cell. Progeny of such a cell may not
be identical to the parent cell transfected with the
nucleic acid molecule due to mutations or
environmental influences that may occur in succeeding
generations or integration of the nucleic acid
molecule into the host cell genome. An "isolated" or
"purified" polypeptide is substantially free of
cellular material or other contaminating proteins from
the cell or tissue source from which the protein or
polypeptide is derived, or substantially free of
chemical precursors or other chemicals when chemically
synthesized. The language "substantially free of
cellular material" includes preparations of a
polypeptide in which the polypeptide is separated from
cellular components of the cells from which it is
isolated or recombinantly produced. Thus, a
polypeptide that is substantially free of cellular
material includes preparations of polypeptides having
less than about 30%, 20%, 10%, or 5% (by dry weight)
of heterologous protein (also referred to herein as a
"contaminating protein"). When the polypeptide is
recombinantly produced, it is also preferably
substantially free of culture medium, i.e., culture
medium represents less than about 20%, 10%, or 5% of
the volume of the protein preparation. When the
polypeptide is produced by chemical synthesis, it is
preferably substantially free of chemical precursors
or other chemicals, i.e., it is separated from
chemical precursors or other chemicals which are
involved in thesynthesis of the protein. Accordingly
such preparations of the polypeptide have less than
about 30%, 20%, 10%, 5% (by dry weight) of chemical
precursors or compounds other than the antibody of
interest. In a preferred embodiment, polypeptides of
the invention are isolated or purified. An "isolated"
nucleic acid molecule is one which is separated from
other nucleic acid molecules which are present in the
natural source of the nucleic acid molecule. Moreover,
an "isolated" nucleic acid molecule, such as a cDNA
molecule, can be substantially free of other cellular
material, or culture medium when produced by
recombinant techniques, or substantially free of
chemical precursors or other chemicals when chemically
synthesized. In a specific embodiment, a nucleic acid
molecule(s) encoding a polypeptide of the invention is
isolated or purified. As used herein in reference to a
structure within a polypeptide, the term "motif refers
either to a set of consecutive amino acids within the
amino acid sequence of the polypeptide chain and/or to
a set of linearly adjacent amino acids within the
tertiary structure of said polypeptide. Because the
motif may be formed all or in part as a result of
protein folding, amino acids that are adjacent in the
described motif may be separated by 0, 1 or more, 5 or
more, 10 or more, 15 or more or 20 or more amino acids
within the linear amino acid sequence of the
polypeptide. As used herein, the terms "peptide,"
"polypeptide" and "protein" are used interchangeably
and in their broadest sense to refer to constrained
(that is, having some element of structure as, for
example, the presence of amino acids which initiate a
b turn or b pleated sheet, or for example, cyclized by
the presence of disulfide bonded Cys residues) or
unconstrained (e.g., linear) amino acid sequences. In
certain embodiments, the peptide of the invention
consists of less than 30 amino acids. However, upon
reading the instant disclosure, the skilled artisan
will recognize that it is not the length of
aparticular peptide but its ability to bind a tissue
protective receptor complex and/or compete with the
binding of a peptide described herein that
distinguishes the peptide of the invention. The terms
"peptide," "polypeptide," and "protein" also refer to
compounds containing amino acid equivalents or other
non-amino acid groups, while still retaining the
desired functional activity of a peptide. Peptide
equivalents can differ from conventional peptides by
the replacement of one or more amino acids with
related organic acids (such as PABA), amino acids or
the like or the substitution or modification of side
chains or functional groups. The term "preventing a
disease, disorder, or condition" means delaying the
onset, hindering the progress, hindering the
appearance, protection against, inhibiting or
eliminating the emergence, or reducing the incidence,
of such disease, disorder, or condition. Use of the
term "prevention" is not meant to imply that all
patients in a patient population administered a
preventative therapy will never develop the disease,
disorder, or condition targeted for prevention, but
rather that the patient population will exhibit a
reduction in the incidence of the disease, disorder,
or condition. For example, many flu vaccines are not
100% effective at preventing flu in those administered
the vaccine. One skilled in the art can readily
identify patients and situations for whom preventative
therapy would be beneficial, such as, but not limited
to, individuals about to engage in activities that may
lead to trauma and injury (e.g., soldiers engaging in
military operations, race car drivers, etc.), patients
for whom surgery is planned, patients at risk for
inherited diseases, disorders, or conditions, patients
at risk for diseases, disorders, or conditions
precipitated by environmental factors, or portions of
the population at risk for particular diseases,
disorders, or conditions such as the elderly, infants,
or those with weakened immune systems, or those
patients with genetic or other risk factors for a
disease, disorder, or condition.As used herein, the
terms "subject" and "patient" are used
interchangeably. As used herein, the terms "subject"
and "subjects" refer to an animal, preferably a mammal
including a non-primate (e.g., a cow, pig, horse, cat,
dog, rat, and mouse) and a non-primate {e.g., a monkey
or a human), and more preferably a human. As used
herein, the term "tissue protective activity" or
"tissue protection" refers to the effect of inhibiting
or delaying damage or death of a cell, tissue, or
organ. Unless otherwise noted, the "delay" in damage
or death of a cell, tissue or organ is evaluated
relative to a control condition in the absence of a
peptide of the invention. The tissue protective
activity is useful in various conditions, diseases,
and cellular, organ, and/or tissue damage, for
example, those described in section 5.3. Tissue
protective activity is specific to tissue, cells,
and/or organs expressing a tissue protective receptor
complex (i.e., a responsive tissue cell, and.or organ,
respectively), such as, but not limited to, the
tissues of the central nervous system, hi specific
embodiments, the responsive cells are not erythrocyte
progenitor cells. The term "tissue protective receptor
complex" as used herein means a 



complex comprising at least one erythropoietin
receptor subunit and at least one beta common receptor
subunit. The tissue protective receptor complex may
contain multiple erythropoietin receptor subunits
and/or beta common receptor subunits, as well as other
types of receptors or proteins. See WO 2004/096148,
which is hereby incorporated by reference herein in
its entirety. To determine the percent identity of two
amino acid sequences, the sequences are aligned for
optimal comparison purposes. The amino acid residues
at corresponding amino acid positions are then
compared. When a position in the first sequence is
occupied by the same amino acid residue as the
corresponding position in the second sequence, then
the molecules are identical at that position. The
percent identitybetween the two sequences is a
function of the number of identical positions shared
by the sequences (i.e., % identity = number of
identical overlapping positions/total number of
positions X 100%). In one embodiment, the two
sequences are the same length. In an alternate
embodiment, the sequences are of different length and,
accordingly, the percent identity refers to a
comparison of the shorter sequence to a portion of the
longer sequence, wherein said portion is the same
length as said shorter sequence. 4. BRIEF DESCRIPTION
OF THE FIGURES FIG. 1 depicts the results of an in
vivo sciatic nerve injury model to compare the
efficacy of peptide J (SEQ ID NO:41) to the tissue
protective molecule carbamylated EPO (CEPO), wherein
peptide J, SEQ ID NO:4 1, is a chimeric peptide
consisting of the external facing amino acids of helix
B of EPO (i.e., peptide G, SEQ ID NO:40) combined with
an amphipathic helix from pancreatic polypeptide
(LRRYINMLTRP, SEQ ID NO:28) FIG.2 depicts the tissue
protective effects of peptides of the invention as
tested in an in vivo sciatic nerve injury model. In
the assay, the right sciatic nerve of rats (n=6 per
group) was injured and the animal immediately dosed
with PBS, or PBS containing equal molar concentrations
of carbamylated EPO, EPO peptide A (SEQ ID NO:32,
corresponding to amino acids 1-23 of SEQ ID NO:1),
peptide D (SEQ ID NO:30, corresponding to amino acids
58-82 of SEQ ID NO:1), or peptide G (SEQ ID NO:40).
Peptide G (SEQ ID NO:40) is based on those amino acids
within Helix B of EPO that face outward from the
globular center of the EPO molecule into the
hydrophilic environment, i.e., present on the surface
of the polypeptide. Additionally, a 20-mer constructed
from a region of pigment epithelium-derived factor
known to be tissue protective via another receptor was
included as a negative control. The recovery
frominjury over the next 4 days demonstrates that
peptide G, SEQ ID NO:40, and peptide D, SEQ ID NO:30,
exhibit a tissue protective effect in this in vivo
model assay that is equivalent to or better than
carbamylated EPO (CEPO). FIG. 3 depicts the
erythropoietic effects of peptide D, SEQ ID NO:30, and
CEPO, known to lack erythropoietic activity, as tested
in a UT-7 assay for erythropoietic activity. The
results of this in vitro assay demonstrate that
neither peptide D, SEQ ID NO:30, nor CEPO exhibit
erythropoietic activity at doses up to 10,000 pM. FIG.
4 depicts the results of an in vivo assay to determine
whether peptide F (SEQ ID NO:33, corresponding to
amino acids 14-29 of SEQ ID NO: 1) and peptide G (SEQ
ID NO:40) are erythropoietic or elicit neutralizing
antibodies against EPO. The results demonstrate that
neither protein increased hemoglobin levels in the
rats when administered at 0.8 mg/kg , 3 days/week
sub-cutaneously (s.c.) over the course of 130 days. In
addition, neither peptide elicits an antibody
response, in contrast to the administration of EPO.
FIG. 5 depicts the results of in vitro studies that
demonstrate that peptide D, SEQ ID NO:30, protects
motor neurons against kainate induced death. FIG. 6
shows that peptide D, SEQ ID NO:30, at doses of 0.1
ng/ml and 1 ng/ml protects P-19 cells against
apoptosis associated with serum deprivation. FIGS. 7
A-B depict the results of a middle cerebral artery
occlusion assay in rats. FIG. 7A depicts a graph
demonstrating that peptide D (SEQ ID NO:30,
corresponding to amino acids 58-82 of SEQ ID NO:1) at
a single dose of 4.4 ug/kg is able to reduce the
volume of the infarct in the brain as robustly as four
doses of 4.4 ug/kg administered 2 hours apart. FIG. 7B
depicts the results of a foot fault assay to determine
the behavioral deficit caused by the middle cerebral
artery occlusion. FIG. 7B shows that rats demonstrated
behavioral improvements when administered peptide
D5SEQ IDNO:30, at both a single dose schedule ( 1 x
4.4 ug/kg) and a multiple dose schedule (4x 4.4
ug/kg). FIGS. 8 A-B depict the results of an in vivo
assay of a diabetic neuropathy assay. Diabetes is
induced in rats using streptozotocin. After
verification of induced diabetes, the rats were
treated with peptide D, SEQ ID NO:30, or PBS five
times a week at a dose of 4 ug/kg-bw i.p. for a period
of two weeks. Both the nerve conduction velocity and
the hot plate latency of the rats were observed. FIG.
8A demonstrates that the rats treated with peptide D,
SEQ ID NO:30 exhibited improved conduction velocities
in comparison to the untreated rats. FIG. 8B
demonstrates that hotplate latency for the treated
rats was reduced relative to the untreated rats,
further demonstrating the improvement in conduction
velocity. FIGS. 9 A-B depict the results of treatment
of cisplatin induced neuropathy and nephropathy with
EPO Helix B chimera. FIG. 9A demonstrates that the
animals treated with peptide G (SEQ ID NO:40, a Helix
B chimera) exhibited improved results when tested in a
hotplate latency assay. FIG. 9B demonstrates that the
urine production, a measure of kidney function, was
maintained as normal in the peptide G (SEQ ID NO:40)
treated animals. FIG. 10 depicts the effects of
peptide D (SEQ ID NO:30) on retinal leakage associated
with diabetic retinopathy. The figure demonstrates
that peptide D (SEQ ID NO:30) was able to
substantially reduce retinal leakage in the treated
animals. FIG. 11 depicts the results of peptide F (SEQ
ID NO:33) or peptide G (SEQ ID NO:40) on a model of
kidney ischemia-reperfusion. The figure demonstrates
that both peptides reduced the injury score resulting
from an ischemia-reperfusion injury of 60 minutes when
assessed after 72 hoursFIG. 12 illustrates that the
administration of peptide F (SEQ ID NO:33) protects
mice from experimental cerebral malaria. FIG. 13
Clinical Score in murine EAE model treated with
Peptide E5SEQ ID NO:31. FIG. 13 depicts the clinical
course of neurological function in mice with
experimental autoimmune encephalomyelitis. 4.4 mg/kg
Peptide E was administered i.p. daily. Administration
of peptide E significantly improved neurological
function relative to control. Clinical staging; 1,
flaccid tail; 2, ataxia and/or hind-limb paresis, or
slow righting reflex; 3, paralysis of hind limb and/or
paresis of forelimbs; 4, paresis of forelimb; 5,
moribund or death. 5. DETAILED DESCRIPTION OF THE
INVENTION 5.1 TISSUE PROTECTIVE PEPTIDES The
erythropoietic activity of erythropoietin ("EPO") has
been well characterized in the art (see, e.g.,
Cheetham et al., 1998, Nat. Struct. Biol. 5;861-866,
herein incorporated by reference in its entirety). EPO
initiates erythropoiesis by binding to the
extracellular portion of a preformed erythropoietin
receptor (EPOR) homodimer (i.e., (EPOR)2) in a manner
that bridges between specific locations on the
individual EPOR subunits. When EPO binds to the
(EPOR)2, large portions of the globular ligand are
remote from the binding regions and face outward, away
from the complex of EPO and (EPOR)2 into the aqueous
medium. The Applicants have determined that tissue
protection, as distinct from erythropoiesis, is
mediated through a receptor other than (EPOR)2, which
consists of an EPOR monomer in conjunction with
another receptor, CD13 1 (also known as the b-common
receptor subunit (bc))- EPOR and b0 interact to form
the receptor heterodimer, EPOR-bc. Whether other
proteins are involved in thisinteraction is currently
unknown. The instant invention discloses tissue
protective peptides derived from the three dimensional
structure of EPO, and in particular, from the portions
of EPO facing away from the EPOR binding sites, i.e.,
not interacting with, the classical, erythropoietic
EPOR (EPOR)2 homodimer. Not wishing to be bound by any
particular theory, the Applicants believe that this
portion of the EPO molecule interacts with the tissue
protective receptor and thereby mediates tissue
protection. The three dimensional structure of EPO is
accepted as described by Cheetham et al., 1998, Nat.
Struct. Biol. 5; 861-866, hereby incorporated by
reference in its entirety, and as set forth in SEQ ID
NO:1 (also available as data deposited in the Protein
Data Bank of the National Center for Biotechnology
Information as entry "IBUY"). The portions of the EPO
molecule that face away from the membraneproximal
portion of the EPOR homodimer when bound to said
receptor (i.e., away from the cell membrane when the
(EPOR)2homodimer is expressed on the surface of a
cell) consist of the following secondary structures:
loop AB (corresponding to amino acids 29-55 of SEQ ID
NO: 1), helix B (corresponding to amino acids 56-82 of
SEQ ID NO: 1), 



loop BC (corresponding to amino acids 83-92 of SEQ ID
NO:1) and loop CD (corresponding to amino acids
112-138 of SEQ ID NO: 1). In one embodiment of the
invention, the tissue protective peptides consist of
the amino acid sequences corresponding to these
distinct structures of the EPO molecule. Not wishing
to be bound to any particular theory, the Applicants
believe that the Tissue Protective Receptor is
preformed, i.e. that the EPOR and bc protein subunits
are functionally associated prior to their interaction
with EPO. EPO is a member of the type I cytokine
superfamily. Members of type 1 cytokine superfamily
branch are characterized by four helices which
interact hydrophobically to form a globular protein
whose exterior surface interfaces with the aqueous
medium and istermed "externally-facing". Unexpectedly,
the Applicants have determined that more than one
peptide derived from the externally-facing portion of
the EPO molecule is tissue-protective. A further
surprising discovery is that peptides derived from
portions of the EPO molecule that are buried within
the EPO:(EPOR)2 complex and peptides that may also
contain portions of erythropoiesis binding sites 1 or
2 are also be highly potent in tissue protection. To
account for these discoveries, Applicants propose that
successful activation of the tissue protective
receptor is due to an appropriate, spatially compact
charge configuration within the peptide ligand.
Further, this compact charge configuration is embodied
by two distinct structural motifs: (1) two negatively
charged amino acids adjacent to each other, and
flanked by hydrophobic amino acids; or (2) a positive
and a negative (i.e., basic and acidic) amino acid
immediately adjacent to one another, and flanked by
single hydrophobic or polar amino acid residues. The
proximity of these charges may occur via the linear
structure imposed by peptide bonding, i.e., the
structure may be formed by consecutive amino acids in
a polypeptide chain, or alternatively, proximity can
also occur via a spatial relationship between
different parts of the EPO molecule (or other related
type 1 cytokine molecules) imparted by the protein's
tertiary structure, i.e., three dimensional structure.
Not wishing to be bound to any specific theory,
Applicants believe that, in general, this requirement
dictates that a tissue protective peptide will have a
distinct tertiary structure (e.g., helices or pleated
sheets) that provides for the required spatial
location of the pair of charged amino acids (i.e., the
two negatively charges amino acids and/or the positive
and negative amino acid). A simple exception is a
linear peptide wherein the amino acid pair is
immediately adjacent to each other, with the required
rigidity imparted by the peptide backbone.
Accordingly, the structural motif (1), is encompassed
by a linear sequence of amino acid residues, e.g.,
H1-N1-N1-H2 (SEQ ID NO:6), or by a linear sequence of
amino acidresidues wherein N1 and N2 are separated by
1, 2, 3, 4, 5, 6, or more intervening residues, e.g.,
H1-N1-X-X-X-X-X-N 1-H2 (SEQ ID NO:1 1). For tissue
protection, the pair of charged amino acids must be
spatially oriented such that the carbonyl carbons are
about 3 angstroms (A) to about 5 A apart, preferably,
about 4 A to about 5 A apart, and more preferably
about 4.4 A to about 4.8 A apart. This can be
accomplished in a number of ways, for example, by
adjacent charged amino acids in a simple linear
peptide (see, e.g., Example 2 and peptide G, SEQ ID
NO:40, Table 1) or for peptides that can form an alpha
helix, charged amino acids separated by an intervening
amino acid residue (see, e.g., Example 2 and peptide
F, SEQ ID NO:33, Table 1). It is to be noted that
tertiary structure (e.g., an alpha helix in
amphipathic peptides) can also be imparted when the
peptide is within a specific microenvironment, such as
at the extracellular-cell surface membrane interface
(see, Segrest, 1990, Proteins 8:103-1 17, hereby
incorporated by reference in its entirety). Further,
tissue protective activity is predicted for peptides
that contain pairs of charged amino acids such that
the charged side-chains (either positive and negative
or two negatives) be confined spatially to within
about 6.5 A to about 9 A of each other. This can be
provided for in an alpha helix by the charged pair
being separated by one or two amino acids, which will
provide for the charges to be more or less on the same
side of the helix with the required about 6.5 A to
about 9 A separation. A nonlimiting example of such a
peptide is found in peptide F (see, Example 2, SEQ ID
NO:33, Table 1). One skilled in the art can devise a
tertiary structure for the peptide that is generally
required to obtain the appropriate three dimensional
location of the charged amino acids, as well as the
design of small molecules to mimic the charge
separation within the peptide.The spatial distances
between the carbamyl carbons of any to amino acids or
between the side chains of any two amino acids can be
deduced by any method known in the art or described
herein. For example, where the three-dimensional
structure of the protein is known, the charge
separation of two side chains or the spatial distance
between two carbamyl carbons within a portion of
interest of said protein can be calculated based on
the published, or otherwise art-accepted,
three-dimensional coordinates of the amino acid
residues in said portion of interest. Where the
three-dimensional structure of the protein and,
therefore, the portion of interest is unknown, or
wherein a fully synthetic peptide is constructed based
on the teachings herein, whose three dimensional
structure is unknown, the charge separation of two
side chains or the spatial distance between two
carbamyl carbons within said peptide can be estimated
using the three-dimensional structure predicted by
protein modeling software as is known in the art.
Non-limiting examples of such software are MOE(tm) by
Chemical Computing Group (Quebec, Canada) and Modeler
by Accelrys (San Diego, California). Similarly such
predictive software, available from the above-noted
companies as well, is also known in the art for the
design of small molecules as and, accordingly, one of
ordinary skill in the art, based upon the teachings
herein, would be able to make small molecules that
emulate the disclosed structural motifs. Non-naturally
occurring or chimeric peptides can be designed that
mimic the critical spatial proximities described
herein above via a linear sequence of amino acids. The
present invention is, therefore, directed to novel
tissue protective peptides, including those that
exhibit these structural motifs that trigger tissue
protection. The present invention also relates to the
use of tissue protective fragments of other type 1
cytokines, including, but not limited to,
granulocyte-macrophage colony stimulating factor
(GM-CSF), interleukin-3 (IL-3), Thrombopoietin (TPO),
CiliaryNeurotrophic Factor (CNTF) and Leukemia
Inhibitory Factor (LIF), that are structurally
homologous with the above noted externally-presenting
amino acid sequences of EPO and/or contain the
structural motifs described above. Further, the tissue
protective peptides may be chimeric compounds based
upon structural motifs described above combining
non-adjacent structural elements and surface
presenting amino acids solely. In particular, the
applicants have determined that the addition of an
amphipathic peptide helix to the above noted sequences
increases the potency of the peptide. Additionally,
the tissue protective peptides of the present
invention include fusion peptides resulting from the
combination of two or more of the above noted
peptides, or with a related or unrelated macromolecule
for specific transport, such as native EPO, insulin or
leptin. 5.1.1 Fragments A. EPO-derived Peptide
Fragments The present invention relates to novel
tissue protective peptides that in one embodiment are
comprised of fragments of the amino acid sequences of
EPO, derived from the three dimensional structure of
the EPO protein, and in particular, were derived from
those regions of EPO facing away from the ligand
binding sites and/or the internal portion of the EPOR
homodimer. These fragments are derived from the
following EPO structures: (1) loop AB and N-terminal
portion of helix B (NITVPDTKVNFYAWKRMEVG, SEQ ID
NO:29, corresponding to amino acids 38-57 of SEQ ID
NO:1); (2) C-terminal portion of helix B
(QQAVEVWQGLALLSEAVLRGQALLV, SEQ ID NO:30,
corresponding to amino acids 58-82 of SEQ ID NO:1),
and (3) aportion of the A-B loop consisting of a
smallcysteine loop and a b-pleated sheet
(GCAEHCSLNENITVPDTKVN, SEQ ID NO:31, corresponding to
amino acids 28-47 of SEQ ID NO:1). These peptide
fragments are all demonstrated in Example 2 (see FIG.
1 and Table 1) to exhibit tissue protective
properties. Unexpectedly, some peptides derived from
other regions of the EPO molecule that are buried and
other peptides that include portions of the binding
sites to (EPOR)2 are also tissue protective. For
example, a peptide consisting of the N-terminal
portion of Helix A (APPRLICDSRVLERYLLEAKEAE, SEQ ID
NO:32, corresponding to amino acids 1-23 of SEQ ID NO:
1) that contains a portion of EPOR binding Site 2
(underlined) is tissue protective (see Example 2 and
Table 1). However, the presence of Site 2 amino acids
does not account for the tissue protective activity,
as a peptide consisting of amino acids 14-19 of SEQ ID
NO:1 (RYLLEAKEAENITTGC, SEQ ID NO:33) and lacking
amino acids 11-13 of SEQ ID NO:1 (i.e., VLE; the site
2 amino 



acids that are required for binding of EPO to the EPOR
dimer, (EPOR)2, is also tissue protective (see,
Example 2 and Table 1, also Elliott et al., 1997,
Blood 89:493, hereby incorporated by reference in its
entirety). Applicants have previously shown that
mutations within the erythropoiesis binding sites that
abolish erythropoiesis do not modify the tissue
protective properties of EPO (Leist et al. Science
(2004) 305:239, hereby incorporated by reference in
its entirety). One of ordinary skill in the art will
recognize that fragments of varying lengths can form a
tissue protective peptide, although the fragment is
preferably less than 30 amino acids in length.
Further, judicious selection of other molecules for
inclusion, e.g., D-amino acids or polyethylene glycol,
will also constitute a tissue protective peptides, but
with enhanced biological half-lives. A. Structural
MotifsSpecifically, the following structural motifs
have been identified that trigger the Tissue
Protective Receptor complex: a A Negative Charge
Configuration ("Structural Motif A"). In this
structural motif, the peptide possesses two negatively
charged amino acids, which can be separated by up to 5
amino acids, flanked by hydrophobic amino acids.
Structurally this can be represented as: (al) HNNH;
(a2) HNXNH; (a3) HNXXNH; (a4) HNXXXNH; (a5) HNXXXXNH;
or (a6) HNXXXXXNH, where H represents hydrophobic
amino acids (e.g., the moderately hydrophobic amino
acids: glycine, proline, cysteine, tyrosine, and
tryptophan, and preferably the highly hydrophobic
amino acids: alanine, valine, isoleucine, methionine,
leucine, phenylalanine), N represents a negatively
charged amino acid such as glutamate or aspartate, and
X represents any amino acid, although preferably a
hydrophilic one. In certain embodiments, the flanking
hydrophobic amino acids are the same. In other
embodiments, the flanking amino acids are different. A
variation of this structural motif involves a peptide
where one of the flanking hydrophobic amino acids has
been replaced with a polar amino acid such as serine,
threonine, asparagine, or glutamine. As an alternative
to peptide linkages establishing the mutual proximity
of the two negative charges in a linear sequence, the
necessary charge proximity may alsobe accomplished by
a three dimensional structure as discussed herein
above, (Section 5.1). For example, the negatively
charged amino acids may be spatially immediately
adjacent on the external surface of a helix, but will
be separated by additional amino acids in the linear
peptide sequence. For example, in helix A of EPO
(corresponding to amino acids 10-28 of SEQ ID NO:1),
E18 and E21 are adjacent on the three dimensional
structure, but have two intervening amino acids
between them in the linear peptide sequence. As an
additional example, in helix B (peptide D, SEQ ID
NO:30; corresponding to amino acids 58-82 of SEQ ID
NO:1) E62 and E72 are separated by two amino acids
(Q65 and L69) on the surface of the helix, but have 9
amino acids between them within the linear peptide.
Peptides constructed from helix A or helix B are
tissue protective (See Example 2 and Table 1, infra).
In contrast, peptide B (NITTGCAEHCSLNE, SEQ ID NO:34)
a peptide with dual negative charges (underlined) at
the appropriate distance but lacking a flanking
hydrophobic amino acid, is not tissue protective (See
Example 2 and Table 1, infra). Co) Negative/ Positive
Amino Acid Configuration ("Structural Motif B"). In
this structural motif, the peptide has a positive
amino acid next to a negative amino acid and both
charged amino acids are flanked by single hydrophobic
amino acids. Structurally this can be represented as:
(bl) HNPH; or (b2) HPNH, where P represents positively
charged amino acids such as arginine, lysine or
histidine and N represents the negatively charged
amino acids glutamate or aspartate. As with the first
motif, the mutual proximity of the two opposite
charges may be accomplished by three dimensional
structure. For example, a positive and a negatively
charged amino acidmay be spatially adjacent on the
surface of a helix, but will be separated by one or
more amino acids in the linear peptide sequence. For
example, in helix B (corresponding to amino acids
58-82 of SEQ ID NO:1) E72 and R76 are immediately
adjacent to each other on the external surface of the
helix and a peptide constructed from this helix is
tissue protective (see Example 2 and Table 1). In a
variation of this particular motif, the negative and
positive amino acids can be separated by a polar amino
acid, e.g., (b3) HNLPH; (M) HPLNH, wherein L
represents a polar amino acids such as serine,
threonine, asparagine, or Glutamine. An example of
this motif is peptide E (GCAEHCSLNENITVPDTKVN SEQ ID
NO:34), which is tissue protective (see Example 2 and
Table 1). Given that the core of the above structural
motif is four amino acids in length, a peptide of this
core structural motif may trigger the Tissue
Protective Receptor. In certain embodiments the
polypeptides of the invention comprise 1 structural
motif. In alternate embodiments, the polypeptides of
the invention comprise more than 1, more than 2, more
than 3 or more than 4 of the structural motifs. In
certain embodiments, wherein the polypeptide comprises
at least two structural motifs, the motifs are the
same. In alternate embodiments, wherein the
polypeptide comprises at least two structural motifs,
the motifs are different. Preferably, the multiple
peptides of the present invention that one skilled in
the art can generate are less than 30 amino acids in
length. One of ordinary skill in the art will
recognize that it is the above noted structural
motifs, as opposed to the actual amino acid sequence
of EPO that is important to the current invention.
Thus one of ordinary skill in the art would recognize
that the isolated peptide may have less than 90 %,
less than 85%, less than 80%, less than 75%,less than
70%, less than 65%, less than 60%, less than 55%, less
than 50%, less than 45%, less than 40%, less than 35%,
less than 30%, or less than 20 percent sequence
identity with any portion of the amino acid sequence
of mature human erythropoietin ("EPO") set forth in
SEQ ID NO:1, wherein said portion of EPO contains the
same number of amino acid residues as said peptide.
Additionally, U.S. Pat. No. 5,700,909 to O'Brien et
al., hereby incorporated by reference in its entirety)
discloses a 17 amino acid peptide sequence of EPO (SEQ
ID NO: 11 of O'Brien) which induces biological
activity in NS20Y, SK-NMC, and PC12 cells including
sprouting, differentiation, neuroprotection, and
prevention of neuronal cell death. SEQ ID NO: 11 of
O'Brien (designed epopeptide AB), although
prophetically disclosed to have erythropoietic
activity, in fact lacks such erythropoietic activity
and was subsequently found to lack in vivo activity.
When epopeptide AB was injected into the muscle of
mice, the frequency of motor end plate sprouting in
the adjacent muscles increased in a manner similar to
that induced by ciliary neurotrophic factor. These
data are interpreted within the concept that neuronal
(but not hematological) cells respond to a peptide
sequence within EPO and that EPO may have separate
domains for neurotrophic and hematotrophic activity
(Campana et al., Int. J. MoL Med. (1998) 1(1):235-241;
J. S. O'Brien in U.S. Pat. No. 5,700,909, issued Dec.
23, 1997; J . S. O'Brien in U.S. Pat. No. 5,571,787,
issued Nov. 5, 1996; J . S. O'Brien in U.S. Pat. No.
5,714,459, issued Feb. 3, 1998; and J. S. O'Brien and
Y. Kashimoto in U.S. Pat. No. 5,696,080, issued Dec.
9, 1997). However, O'Brien did not appreciate the
current structural motifs based upon the proximity of
charged amino acids in the tertiary structure of the
peptide. C. Type 1 Cytokine Fragments. Given the
spatially compact charge configuration able to
activate thetissue protective receptor, Applicants
have discovered that certain fragments of type-1
cytokines are expected to cross react with the tissue
protective receptor. This cytokine family includes,
but is not limited to, interleukin (IL)-2, IL-3, IL-4,
IL-5, IL-6, IL-7, IL- 9, IL-IO5 IL-Il, granulocyte
macrophage-colony stimulating factor (GM-CSF), leptin,
granulocyte colony stimulating factor (G-CSF),
leukemia inhibiting factor (LIF), ciliary neurotrophic
factor (CNTF), thrombopoietin (TPO)5 growth hormone,
macrophage colony stimulating factor (M-CSF)5
erythropoietin (EPO) and prolactin. Consideration of
the secondary structure of EPO provides guidance for
the preparation of a candidate tissue protective
peptide via the spatial arrangement of amino acids
derived from homologous amino acids located within
homologous secondary structures within other type-1
cytokine receptor ligands: e.g., GM-CSF and 



IL-3 (Kannan, 2000, Neuroimmunomod. 8:132-141, herby
incorporated by reference in its entirety), among
others, have been shown to possess potent neurotrophic
and neuroprotective activities, due in large part, the
Applicants believe, by stimulating a tissue protective
receptor. For example, considering helix B of these
type I cytokines: Homologous amino acids in
thrombopoietin (TPO; Protein Data Bank (PDB) accession
1V7M) comprise D62, G65, T68, L69, E72, A76 and Q80,
where these amino acids are spatially adjacent to one
another in a linear arrangement; homologous amino
acids in leukemia inhibitory factor (LIF; PDB
accession IEMR) comprise E61 R64, Y68, S72, N75, and
D79; homologous amino acids in ciliary neurotrophic
factor (CNTF; PDB accession ICNT) comprise E71 E75.
These all are examples of Motif A described above
(section 5.1.1), wherein the underlined amino acids
are negatively charged. Examples of peptides derived
from the Type-1 cytokines that exemplify the
structural Motif B described herein above (section
5.1.1) include, but are not limited to, GM-CSF helix A
fragment, WEHVNAIOEARRLL (SEQ ID NO:35); TPO helix
Afragment, LSKLLRDSHVLH (SEQ ID NO:36); TPO helix B
fragment: E56, K59; CNTF helix A fragment,
KIRSDLTALTESYVKH (SEQ ID NO:37); CNTF helix B
fragment:R89, E92. LIF helix B fragment,
GTEKAKLVELYRIVVYL (SEQ ID NO:38); and interleukin 3
(IL-3) helix A fragment SIMIDEIIHHLKRPPNPL (SEQ ID
NO:39). These aforementioned amino acids are merely
exemplary from some members of the cytokine
superfamily that signal through Type 1 cytokine
receptors, and homologous regions on other members of
the cytokine superfamily will be readily identified by
the skilled artisan. 5.1.2 Chimeras "Chimeric" tissue
protective peptides-linear amino acid sequences that
incorporate non-linear structural elements of the
externally-facing amino acids of EPO molecule exhibit
the above-noted structural motifs-are also
contemplated by the current invention. Chimeric tissue
protective peptides of the current invention may
consist of combining structural elements of separate
amino acid sequences into a single peptide. In other
words, a chimeric tissue protective peptide may be
comprised of amino acid sequences derived from
non-linear but adjacent structural elements such as a
fragment derived from amino acid sequences 110-1 15,
133-136, and 160-165, of SEQ ID NO:1 which would allow
structural elements of the C terminal portion of helix
C and Nterminal portion of loop C-D, the b-pleated
sheet in loop C-D, and the C-terminal portion of EPO
to be contained in a single peptide. Additionally,
chimeric tissue protective peptides may be used to
select out the important features of a particular
structure, for example the externally-facing amino
acids of a particular tertiary structure. Thus, a
chimeric tissue protective peptide may consist of a
fragment comprised of helix B amino acids 58, 62, 65,
69, 72, 76, 79, 80, 83, 84, and 85 {e.g., peptide G,
QEQLERALNSS,SEQ ID NO:40) or, in other words, all of
the exterior-presenting amino acids of helix B of EPO.
This peptide is shown to be tissue protective in
Example 2, infra (see Table 1). Furthermore, the
potency of the current tissue protective peptides may
be increased by attaching an amphipathic peptide
helix. Amphipathic peptide helices are well known in
the art, e.g. from peptides that signal through the
Class B G-protein coupled receptors {e.g., Segrest et
al., 1990, Proteins 8:103, hereby incorporated by
reference in its entirety), serving to localize the
peptide ligand to the cell membrane. Examples of such
helices include, but are not limited to, the highly
hydrophobic regions from: calcitonin (ALSILVLLQAGS,
SEQ ID NO:48); corticotropin releasing hormone
(VALLPCPPCRA, SEQ ID NO:49); beta endorphin
(NAIIKNAYKKG, SEQ ID NO:50); glucagon (GSWQRSLQDTE,
SEQ ID NO:51); secretin (GGSAARPAPP, SEQ ID NO:52);
vasointestinal polypeptide (NALAENDTPYY, SEQ ID
NO:53); neuropeptide Y (GALAEAYPSKP, SEQ ID NO:54);
gonadotropin releasing hormone (GCSSQHWSYGL, SEQ ID
NO:55); parathyroid hormone (VMIVMLAICFL, SEQ ID
NO:56); pancreatic polypeptide (LRRYINMLTRP, SEQ ID
NO:28); and calcitonin gene related peptide
(LALSILVLYQA, SEQ ID NO:57) (disclosed in Grace et
al., 2004, PNAS 101 :12836, hereby incorporated by
reference in its entirety). For example, a chimeric
peptide made from a peptide with the surface charge
motif of helix B of EPO (QEQLERALNSS, SEQ ID NO:40)
joined at the carboxy terminus to the ampipathic helix
of pancreatic polypeptide (LRRYINMLTRP, SEQ ID NO:28)
for a chimeric peptide. Further modifications may be
made to the carboxy terminus of the amphipathic helix
without affecting its tissue protective properties.
Thus, a further example, replacing the terminal
proline of the above chimeric peptide with the
sequence TR (QEQLERALNSSLRRYINMLTRTR, SEQ ID NO:41)
generates a molecule with potent tissue protective
activity as demonstrated in the sciatic nerve assay
(see, FIG. 1).Additionally, instead of the above-noted
helices, other tertiary structures can be attached to
the tissue protective peptides. For example, the helix
B exteriorpresenting amino acids can be linked to the
beta pleated sheet (CSLNENI, SEQ ID NO:42) found
within the AB loop of EPO to form a chimeric peptide
having the sequence CSLNENIQEQLERALNSS (SEQ ID NO:43),
which is tissue protective (see Example 2 and Table
1). Additionally, the presenting amino acids of the
terminal portion of helix C (ALGKA, SEQ ID NO:44,
corresponding to amino acids 111,1 12,1 13,1 16, and
118 of SEQ ID NO:1) may be combined with all or part
of loop CD-partial (LGAQKEAISPPD AASAAPLRTI, SEQ
IDNO:45, corresponding to amino acids 112-133 of SEQ
ID NO: 1). Preferably, a linking arm will be present
between the fused peptides to provide for flexibility
so that the joined peptides can assume the proper
structural orientation to bind with the tissue
protective receptor complex. Such fusion peptides may
have a synergistic effect, obtaining a greater tissue
protective effect jointly as opposed to individually
possibly through enhanced binding with the tissue
protective receptor complex or increased biological
half life. One of ordinary skill in the art will
recognize the benefit of combining various desired
structural elements in to a single peptide for
maximizing the tissue protective effects of such
compounds. Such chimeras may comprise amino acids
peptides, and non-amino acid elements, such as linkers
or bridging atoms or moieties. 5.1.3 Fusion Peptides
The present invention further contemplates that two or
more of the above noted tissue protective peptides,
fragment derived or chimera, may be linked to a
related or unrelated protein such as erythropoietin,
albumin, etc.5.1.4 Manufacture of Tissue Protective
Peptides Tissue protective peptides of the current
invention may be made using recombinant or synthetic
techniques well known in the art. In particular, solid
phase protein synthesis is well suited to the
relatively short length of the tissue protective
peptides and may provide greater yields with more
consistent results. Additionally, the solid phase
protein synthesis may provide additional flexibility
regarding the manufacture of the tissue protective
peptides. For example, desired chemical modifications
may be incorporated into the tissue protective peptide
at the synthesis stage: homocitrulline could be used
in the synthesis of the peptide as opposed to lysine,
thereby obviating the need to carbamylate the peptide
following synthesis. Synthesis In solid-phase
synthesis of a peptide an amino acid with both a-amino
group and side chain protection is immobilized on a
resin. See e.g. Nilsson, B., Soellner, M., and Raines,
R. Chemical Synthesis of Proteins, Annu. Rev. Biomol
Struct. 2005. 34:91-118; Meldal M. 1997. Properties of
solid supports. Methods Enzymol. 289:83-104 and
Songster MF, Barany G. 1997. Handles for solid-phase
peptide synthesis. Methods Enzymol. 289:126-74.
Typically, two types of a-amino-protecting groups are
used: an acid-sensitive tert-butoxycarbonyl (Boc)
group or a base-sensitive 9-
fluorenylmethyloxycarbonyl (Fmoc) group. Wellings DA,
Atherton E. 1997. Standard Fmoc protocols. Methods
Enzymol. 289:44-67. After the quick and complete
removal of these a-amino-protecting groups another
protected amino acid with an activated carboxyl group
can then be coupled to the unprotected resin-bound
amine. By using an excess of activated soluble amino
acid, the coupling reactions are forced to completion.
The cycleof deprotection and coupling is repeated to
complete the sequence. With side chain deprotection
and cleavage, the resin yields the desired peptide.
Guy CA, Fields GB. 1997. Trifluoroacetic acid cleavage
and deprotection of resin-bound peptides following
synthesis by Fmoc chemistry. Methods Enzymol.
289:67-83, and Stewart JM. 1997. Cleavage methods
following Boc-based solid-phase peptide synthesis.
Methods Enzymol. 289:29^4. Additional methods for
performing solid phase protein synthesis are disclosed
in Bang, D. & Kent, S. 2004. A One-Pot Total Synthesis
of Crambin. Angew. Chem. Int. Ed. 43:2534-2538; Bang,
D., Chopra, N., & Kent, S. 2004. Total Chemical
Synthesis of Crambin. J. Am. Chem. Soc. 126:1377-1383;
Dawson, P. et al. 1994. Synthesis of Proteins by
Native Chemical Ligation. Science. 266:116-119;
Kochendoerfer et al. 2003. Design and Chemical
Synthesis of a Homogenous Polymer- Modified
Erythropoiesis Protein. Science. 299: 884-887. (Each
reference recited in this 



paragraph is hereby incorporated by reference in its
entirety.) If necessary, smaller peptides derived from
solid phase peptide synthesis may be combined through
peptide ligations such as native chemical ligation. In
this process, the thiolate of an N-terminal cysteine
residue of one peptide attacks the Cterminal thioester
of a second peptide to affect transthioesterif cation.
An amide linkage forms after rapid (r)iVacyl transfer.
See Dawson, P. et al. 1994. Synthesis of Proteins by
Native Chemical Ligation. Science. 266:776-779, which
is hereby incorporated by reference in its entirety.
Further, one of ordinary skill in the art would
recognize, that the tissue protective peptides of the
current invention may encompass peptidomimetics,
peptides including both naturally occurring and
non-naturally occurring amino acids, such as peptoids.
Peptoids are oligomers of N-substituted glycines,
glycoholic acid, thiopronine, sarcosine, and
thiorphan. These structures tend to have a general
structure of (-(C=O)-CH2-NR-)n with the R group acting
as the side chain. Such peptoids can be synthesized
using solid phase synthesis in accordance with the
protocols of Simon et al., Peptoids: A molecular
approach to drug discovery, Proc. Natl. Acad. Sd USA,
89:9367-9371 (1992) and Li et al., Photolithographic
Synthesis of Peptoids, J. AM. CHEM. SOC. 2004, 126,
4088-4089, each of which is hereby incorporated by
reference in its entirety. Additionally, the current
invention contemplates the use of peptidemimetics or
peptide mimetics, non-peptide drugs with properties
analogous to those of the template peptide. (Fauchere,
J . (1986) Adv. Drug Res. 15:29; Veber and Friedinger
(1985) TINS p. 32; and Evans et al. (1987) J. Med.
Chem 30:1229, which are incorporated by reference).
Synthesis of various types of peptidomimetics has been
reviewed for example in: Methods of Organic Chemistry
(Houben-Weyl), Sythesis of Peptides and
Peptidomimetics - Workbench Edition Volume E22c
(Editor-in-Chief Goodman M.) 2004 (George Thieme
Verlag Stuttgart, New York, hereby incorporated by
reference in its entirety). Recombinant Techniques A
variety of host-expression vector systems may be
utilized to produce the tissue protective peptides of
the invention. Such host-expression systems represent
vehicles by which the tissue protective peptide of
interest may be produced and subsequently purified,
but also represent cells that may, when transformed or
transfected with the appropriate nucleotide coding
sequences, exhibit the modified erythropoietin gene
product in situ. These include but are not limited to,
bacteria, insect, plant, mammalian, including human
host systems, such as, but not limited to, insect cell
systems infected with recombinant virus expression
vectors (e.g., baculovirus) containing the tissue
protective peptide coding sequences; plant cell
systems infectedwith recombinant virus expression
vectors (e.g., cauliflower mosaic virus, CaMV; tobacco
mosaic virus, TMV) or transformed with recombinant
plasmid expression vectors (e.g., Ti plasmid)
containing erythropoietin-related molecule coding
sequences; or mammalian cell systems, including human
cell systems, e.g., HTl 080, COS, CHO, BHK, 293, 3T3,
harboring recombinant expression constructs containing
promoters derived from the genome of mammalian cells,
e.g., metallothionein promoter, or from mammalian
viruses, e.g., the adenovirus late promoter; the
vaccinia virus 7.5K promoter. In addition, a host cell
strain may be chosen that modulates the expression of
the inserted sequences, or modifies and processes the
gene product in the specific fashion desired. Such
modifications and processing of protein products may
be important for the function of the protein. As known
to those of ordinary skill in the art, different host
cells have specific mechanisms for the
post-translational processing and modification of
proteins and gene products. Appropriate cell lines or
host systems can be chosen to ensure the correct
modification and processing of the foreign protein
expressed. To this end, eukaryotic host cells that
possess the cellular machinery for proper processing
of the primary transcript, glycosylation, and
phosphorylation of the gene product may be used. Such
mammalian host cells, including human host cells,
include but are not limited to HT1080, CHO, VERO, BHK,
HeLa, COS, MDCK, 293, 3T3, and WI38. For long-term,
high-yield production of recombinant peptides, stable
expression is preferred. For example, cell lines that
stably express the recombinant tissue protective
cytokine-related molecule gene product may be
engineered. Rather than using expression vectors that
contain viral origins of replication, host cells can
be transformed with DNA controlled by appropriate
expression control elements, e.g., promoter, enhancer,
sequences, transcription terminators, polyadenylation
sites, and thelike, and a selectable marker. Following
the introduction of the foreign DNA, engineered cells
may be allowed to grow for 1-2 days in an enriched
media, and then are switched to a selective media. The
selectable marker in the recombinant plasmid confers
resistance to the selection and allows cells to stably
integrate the plasmid into their chromosomes and grow
to form foci that in turn can be cloned and expanded
into cell lines. This method may advantageously be
used to engineer cell lines that express the
tissue-protective product. Such engineered cell lines
may be particularly useful in screening and evaluation
of compounds that affect the endogenous activity of
the EPOrelated molecule gene product. Further
Modifications Additional modifications can be made to
the tissue protective peptides. For example, the
peptide may be synthesized with one or more (D)-amino
acids. The choice of including an (L)- or (D)- amino
acid into a peptide of the present invention depends,
in part, upon the desired characteristics of the
peptide. For example, the incorporation of one or more
(D)-amino acids can confer increasing stability on the
peptide in vitro or in vivo. The incorporation of one
or more (D)-amino acids can also increase or decrease
the binding activity of the peptide as determined, for
example, using the bioassays described herein, or
other methods well known in the art. Replacement of
all or part of a sequence of (L)-amino acids by the
respective sequence of entatiomeric (D)-amino acids
renders an optically isomeric structure in the
respective part of the polypeptide chain. Inversion of
the sequence of all or part of a sequence of (L)-amino
acids renders retro-analogues of the peptide.
Combination of the enantiomeric (L to D, or D to L)
replacement and inversion of thesequence renders
retro-inverso-analogues of the peptide. It is known to
those skilled in the art that enantiomeric peptides,
their retro-analogues, and their
retro-inversoanalogues maintain significant
topological relationship to the parent peptide, and
especially high degree of resemblance is often
obtained for the parent and its retroinverso-
analogues. This relationship and resemblance can be
reflected in biochemical properties of the peptides,
especially high degrees of binding of the respective
peptides and analogs to a receptor protein. The
synthesis of the properties of retro-inverso anologues
of peptides have been discussed for example in Methods
of Organic Chemistry (Houben-Weyl), Synthesis of
Peptides and Peptidomimetics - Workbench Edition
Volume E22c (Editor-in-chief Goodman M.) 2004 (George
Thieme Verlag Stuttgart, New York), and in references
cited therein, all of which are hereby incorporated by
reference herein in their entireties. Amino acid
"modification" refers to the alteration of a naturally
occurring amino acid to produce a non-naturally
occurring amino acid. Derivatives of the peptides of
the present invention with non-naturally occurring
amino acids can be created by chemical synthesis or by
site specific incorporation of unnatural amino acids
into polypeptides during biosynthesis, as described in
Christopher J. Noren, Spencer J. Anthony-Cahill,
Michael C. Griffith, Peter G. Schultz, 1989 Science,
244:182-188, hereby incorporated by reference herein
in its entirety. Peptide mimetics that are
structurally similar to therapeutically useful
peptides may be used to produce an equivalent
therapeutic or prophylactic effect. Generally,
peptidomimetics are structurally similar to a paradigm
polypeptide (i.e., a polypeptide that has a
biochemical property or pharmacological activity), but
have one or more peptide linkages optionally replaced
by a linkage selected from the group consisting of:
-CH 2-NH-, -CH 2S-, -CH 2-CH 2- , -CH=CH- (cis and
trans), ~COCH2- , -CH(OH)CH 2--, and -CH 2SO-, by
methods known in the art and further described in the
following references: Spatola, A.F. in "Chemistry and
Biochemistry of Amino Acids, Peptides, and Proteins,"
B. Weinstein, eds., Marcel Dekker, New York, p 267
(1983); Spatola, A.F., Vega Data (March 1983), Vol. 1.
Issue 3, "Peptide Backbone Modifications" (general
review); Morely, J.S., Trends Pharma Sci (1980) pp.
463-468 (general review); Hudson, D. et al., (1979)
Int J Pept Prot Re 14: 177-185 (--CH2-NH-, -CH 2-CH
2-); Spatola, A.F. et al., (1986) Life Sci
38:1243-1249 (--CH2-S); Harm, M. M., (1982) J Chem Soc
Perkin Trans I 307-314 (-CH=CH-, cis and trans);
Almquist, R. G. et al., (1980) J Med Chem 23: 1392
(-COCH 2-); Jennings-White, C et al., (1982)
Tetrahedron Lett 23:2533 (-COCH 2-); Szelke, M et al.,
European Appln. EP 45665 (1982) CA: 97: 39405 (1982)
(-CH(OH)CH 2-); Holladay, M.W. et al., (1983) 



Tetrahedron Lett 24:4401-4404 (-C(OH)CH 2-); and
Hruby, VJ., (1982) Life Sci 31:189-199 (-CH 2-S-);
each of which is incorporated herein by reference. In
another embodiment, a particularly preferred
non-peptide linkage is - CH2NH-. Such peptide mimetics
may have significant advantages over polypeptide
embodiments, including, for example: more economical
production, greater chemical stability, enhanced
pharmacological properties (half-life, absorption,
potency, efficacy, etc.), altered specificity (e.g., a
broad-spectrum of biological activities), reduced
antigenicity, and others. A variety of designs for
peptide mimetics are possible. For example, cyclic
peptides, in which the necessary conformation is
stabilized by non-peptides, are specifically
contemplated, U.S. Patent No. 5,192,746 to Lobl, et
al., U.S. Patent No. 5,576,423 to Aversa, et al., U.S.
Patent No. 5,051,448 to Shashoua, and U.S. Patent No.
5,559,103 to Gaeta, et al., all hereby incorporated by
reference, describe multiple methods for creating such
compounds. Synthesis of nonpeptide compounds that
mimicpeptide sequences is also known in the art.
Eldred et al., J. Med. Chem. 37:3882 (1994), hereby
incorporated by reference herein in its entirety)
describe non-peptide antagonists that mimic the
peptide sequence. Likewise, Ku et al., J . Med. Chem
38:9 (1995) (hereby incorporated by reference herein
in its entirety )further elucidates the synthesis of a
series of such compounds. Further modifications
following synthesis may be implemented. For example,
the tissue protective peptides may be further
chemically modified, i.e. carbamylated, acetylated,
succinylated, etc., in accordance with U.S. Patent
Application No. 10/188,905, which published as
20030072737-A1 on April 17, 2003 and discloses
chemically modified EPO, and in accordance with U.S.
Patent Application No.10/612,665, filed July 1, 2003,
and U.S. Patent Application No. 09/753,132, filed
December 29, 2000, which are incorporated by reference
herein in their entirety. Additionally, the tissue
protective peptides may consist of recombinant tissue
protective peptides ~ muteins. The disclosed mutations
may include substitutions, deletions, including
internal deletions, additions, including additions
yielding fusion proteins, or conservative
substitutions of amino acid residues within and/or
adjacent to the amino acid sequence, but that result
in a "silent" change, and non-conservative amino acid
changes and larger insertions and deletions, as
previously disclosed in PCT/US03/20964 entitled
Recombinant Tissue Protective Cytokines and Encoding
Nucleic Acids Thereof for Protection, Restoration, and
Enhancement of Responsive Cells, Tissues, and Organs
(which is incorporated by reference herein in its
entirety) Either conservative or non-conservative
amino acid substitutions can be made at one or more
amino acid residues. Both conservative and
non-conservative substitutions can be made.
Conservative replacements are those that take place
within a family of amino acids that are related in
their side chains. Genetically encoded aminoacids can
be divided into four families: (1) acidic = aspartate,
glutamate; (2) basic = lysine, arginine, histidine;
(3) nonpolar (hydrophobic) = cysteine, alanine,
valine, leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan, glycine, tyrosine; and (4)
uncharged polar = asparagine, glutamine, serine,
threonine. Non-polar may be subdivided into: strongly
hydrophobic = alanine, valine, leucine, isoleucine,
methionine, phenylalanine and moderately hydrophobic =
glycine, proline, cysteine, tyrosine, tryptophan. In
alternative fashion, the amino acid repertoire can be
grouped as (1) acidic = aspartate, glutamate; (2)
basic = lysine, arginine, histidine, (3) aliphatic =
glycine, alanine, valine, leucine, isoleucine, serine,
threonine, with serine and threonine optionally be
grouped separately as aliphatic-hydroxyl; (4) aromatic
= phenylalanine, tyrosine, tryptophan; (5) amide =
asparagine, glutamine; and (6) sulfur -containing =
cysteine and methionine. (See, for example,
Biochemistry, 4th ed., Ed. by L. Stryer, WH Freeman
and Co., 1995, which is incorporated by reference
herein in its entirety). Alternatively, mutations can
be introduced randomly along all or part of the coding
sequence of a tissue protective peptide, such as by
saturation mutagenesis, and the resultant mutants can
be screened for biological activity to identify
mutants that retain activity. Following mutagenesis,
the encoded peptide can be expressed recombinantly and
the activity of the recombinant tissue protective
peptide can be determined. In another embodiment, the
tissue protective peptide may be further modified
through the additions of polymers (such as
polyethylene glycol), sugars, or additional proteins
(such as a fusion construct) in an effort to extend
the half-life of the tissue protective peptide or
enhance the peptide's tissue protective effects.
Examples of such modifications are disclosed within
WO/04022577 A3 and WO/05025606 Al, which are
incorporated herein by reference.5.2 ASSAYS FOR
TESTING TISSUE PROTECTIVE PEPTIDES 5.2.1 Biological
Screens or Assays Tissue protective peptides in
accordance with the present invention may be tested
for tissue protective activity, e.g., protecting
cells, tissues or organs. Protective activities may be
further tested using in vitro and in vivo assays. In
vitro tests that are indicative of tissue protective
activity include, for example, cell proliferation
assays, cell differentiation assays, or detecting the
presence of proteins or nucleic acids upregulated by
tissue protective receptor complex, e.g. tissue
protective cytokine receptor complex, activity, e.g.,
nucleolin, neuroglobin, cytoglobin, or frataxin.
Neuroglobin, for example, may be involved in
facilitating the transport or the short-term storage
of oxygen. Therefore, oxygen transport or storage
assays may be used as an assay to identify or screen
for compounds which modulate tissue protective
activity. Neuroglobin is expressed in cells and
tissues of the central nervous system in response to
hypoxia or ischemia and may provide protection from
injury (Sun etal. 2001, PNAS 98:15306-15311; Schmid et
al, 2003, J . Biol. Chem. 276:1932-1935, each of which
is incorporated by reference herein in its entirety).
Cytoglobin may play a similar role in protection, but
is expressed in a variety of tissues at varying levels
(Pesce et al, 2002, EMBO 3:1 146-1 151, which is
incorporated by reference herein in its entirety). In
one embodiment of the invention, the levels of an
upregulated protein in a cell may be measured before
and after contacting the tissue protective peptide to
a cell. In certain embodiments, the presence of an
upregulated protein associated with tissue protective
activity in a cell, may be used to confirm the tissue
protective activities of a peptide.Nucleolin may
protect cells from damage. It plays numerous roles in
cells including modulation of transcription processes,
sequence specific RNA-binding protein, cytokinesis,
nucleogensis, signal transduction, apoptosis induced
by T-cells, chromatin remodelling, or replication. It
can also function as a cell surface receptor DNA/RNA
helicase, DNA-dependent ATPase, protein shuttle,
transcription factor component, or transcriptional
repressor (Srivastava and Pollard, 1999, FASEB J.,
13:191 1-1922; and Ginisty et al, 1999, J . Cell Sci.,
112:761-772, each of which is incorporated by
reference herein in its entirety). Frataxin is a
protein involved with mitochondrial iron metabolism
and has previously been shown to be strongly
up-regulated by EPO both in vivo and in vitro (Sturm
et al. (2005) Eur J Clin Invest 35: 711, which is
incorporated by reference herein in its entirety)
Expression of an upregulated protein may be detected
by detecting mRNA levels corresponding to the protein
in a cell. The mRNA can be hybridized to a probe that
specifically binds a nucleic acid encoding the
upregulated protein. Hybridization may consist of, for
example, Northern blot, Southern blot, array
hybridization, affinity chromatography, or in situ
hybridization. Tissue protective activity of the
polypeptide of the invention can also be detected
using in vitro neuroprotection assays. For example,
primary neuronal cultures may be prepared from new
born rat hippocampi by trypsinization, and cultured as
by any method known in the art and/or described herein
e.g. in MEM-II growth medium (Invitrogen), 20 mM
D-glucose, 2 mM L-glutamine, 10% Nu-serum (bovine;
Becton Dickinson, Franklin Lakes, NJ) 52% B27
supplement (Invitrogen), 26.2 mM NaHCq 3, 100 U/ml
penicillin, and 1 mg/ml streptavidin (see, e.g., Leist
et al., 2004, Science 305:239-242, hereby incorporated
by reference in its entirety). One day after seeding,
1mM cytosinearabino-furanoside is added. Thirteen day
old cultures are then preincubated with increasing
doses of EPO or CEPO (3-3000 pM) for 24 h. On day 14,
the medium is removed and the cultures challenged with
300 mM NMDA in PBS at RT. After 5 min, pre-conditioned
medium is returned to the cultures which are then
returned to the incubator for 24 h. The cells are
fixed in paraformaldehyde, stained by Hoechst 33342
(Molecular Probes, Eugene, OR) and condensed apoptotic
nuclei may be counted. NGF (50 ng/ml) and MK801 ( 1
mM) are included as positive controls. Animal model
systems can be used to demonstrate the tissue
protective activity of a compound or to demonstrate
the safety and efficacy of the compounds 



identified by the screening methods of the invention
described above. The compounds identified in the
assays can then be tested for biological activity
using animal models for a type of tissue damage,
disease, condition, or syndrome of interest. These
include animals engineered to contain the tissue
protective receptor complex coupled to a functional
readout system, such as a transgenic mouse. Animal
models that can be used to test the efficacy of the
cell or tissue protective activity of an identified
compound include, for example, protection against the
onset of acute experimental allergic encephalomyelitis
(EAE; see, Example 12) in Lewis rats, restoration or
protection from diminished cognitive function in mice
after receiving brain trauma, cerebral ischemia
("stroke"; Example 5) or seizures stimulated by
excitotoxins (Brines et al., 2000, PNAS, 97: 10295-1
0672, which is incorporated by reference herein in its
entirety), protection from induced retinal ischemia
(Rosenbaum et ah, 1997, Vis. Res. 37:3443-51 which is
incorporated by reference herein in its entirety),
protection from injury to the sciatic nerve {see,
Example 2), and protection from ischemia-reperfusion
injury to the heart (in vitro cardiomyocyte studies
and in vivo ischemia-reperfusion injury, see, e.g.,
Calvillo et al., 2003, PNAS 100:4802-4806
andFiordaliso et al., 2005, PNAS 102:2046-2051, each
of which is hereby incorporated by reference in its
entirety). Such assays are described in further detail
in Grasso et al. (2004) Med Sci Monit 10: BR1-3 or PCT
publication no. WO02/053580, each of which is
incorporated by reference herein in its entirety. The
in vivo methods described therein are directed towards
administration of EPO, however, tissue protective
proteins administered in place of EPO have been
identified to also exhibit similar biologic activity,
e.g., Leist et al. (2004) Science 305; 239-242, which
is incorporated by reference herein in its entirety.
Peptides may be substituted for testing as well. Other
assays for determining tissue protective activity of a
peptide are well known to those of skill in the art.
5.2.2 Cell Binding Assays Alternatively, cell binding
assays can be for evaluation of the polypeptides of
the invention. For example, the tissue protective
peptide of interest can be bound to a biological
marker such as a fluorescent or radiolabled marker for
ease of detection and tested for binding to
transfected BaF3 cells expressing EPOR and/or bc
receptor. In a 96 well plate, eight 1:2 serial
dilutions of the tissue protective peptide of interest
in growth medium (RPMI 1640, 10% fetal bovine serum,
1mM sodium pyruvate, 2 mM L-glutamine) are plated,
such that the final volume in each well is about 100
ml. The BaF3 parental line and BaF3 cells transfected
with EPOR and/or bc receptor can be washed three times
in growth media (see above), pellets resuspended in
growth medium, and cells counted and diluted in growth
media to 5,000 cells/100 ml. 100 ml of diluted cells
are then added to each peptide dilution. The assay
plate is then incubated in a 37 C incubator for three
to four days. The plate/cells are then washed and the
plate is read on a fluorescent plate reader or by
other suitable method to detect the level ofbiomarker
associated with the biological activity of the tissue
protective peptide of interest. Similarly, a
competitive assay can be utilized to determine if a
tissue protective peptide is tissue protective. In the
competitive assay, a compound known to be tissue
protective including, but not limited to, tissue
protective cytokines such as those disclosed in U.S.
Patent Application Nos. 10/188,905 and 10/185,841
(each of which is incorporated by reference herein in
its entirety), can be attached to a suitable bio
marker. In a 96 well plate eight 1:2 serial dilutions
of a known tissue protective compound/biomarker in
suitable growth medium, and the same dilution series
of the known tissue protective compound/biomarker and
an excess of the tissue protective peptide of interest
are plated. The final volume of each dilution should
be about 100 ml . Once again, the BaF3 cells are
seeded into the plates as disclosed supra and allowed
to incubate. After an appropriate amount of time, the
cells are washed and the plate is read on a
fluorescent plate reader or by any other suitable
method known in the art to detect the biomarker. If
the readout of the plates and/or wells containing the
known tissue protective compound/biomarker and tissue
protective peptide of interest is less than the
readout of the plates containing only the known tissue
protective compound/biomarker then the tissue
protective peptide of interest is tissue protective.
5.2.3 Cytokine and Cell Proliferation/Differentiation
Activity Many protein factors discovered to date,
including all known cytokines, have exhibited activity
in one or more factor-dependent cell proliferation
assays, and hence these assays serve as a convenient
confirmation of cytokine activity. The activity of a
tissue protective peptide can be evidenced by any one
of a number of routine factor dependent cell
proliferation assays for cell lines including, without
limitation, 32D, DA2,DAlG, TlO, B9, B9/11, BaF3,
MC9/G, M+(preB M+), 2E8, RB5, DAl, 123, Tl 165, HT2,
CTLL2, TF-I , Mo7e and CMK. These cells are cultured
in the presence or absence of a tissue protective
peptide, and cell proliferation is detected by, for
example, measuring incorporation of tritiated
thymidine or by colorimetric assay based on the
metabolic breakdown of
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) (Mosman, 1983, J. Immunol. Meth.
65:55-63, which is incorporated by reference herein in
its entirety). 5.2.4 Other assays If a tissue
protective peptide exhibits a tissue protective
activity, one of ordinary skill in the art would
recognize that it would be beneficial to verify the
result using one of the neuroprotective and tissue
protective assays known to those skilled in the art,
such as, but not limited to, P-1 9 and PC- 12 cell
assays. Additionally, various in vivo models such as
animal models related to spinal cord injury, ischemic
stroke, peripheral nerve damage, heart, eyes, kidneys,
etc. would be helpful in further characterizing the
tissue protective peptide. Suitable in vitro and in
vivo assays are disclosed in U.S. Patent Application
Nos. 10/188,905 and 10/185,841, each of which is
incorporated by reference herein in its entirety. 5.3
THERAPEUTIC USE One of ordinary skill in the art would
recognize that the tissue protective peptides of the
current invention are useful as therapeutics for
treatment or prevention of various diseases,
disorders, and conditions. One skilled in the art
would also recognize that such peptides can be used to
achieve modulation of a tissue protective
receptorcomplex, e.g., tissue protective cytokine
complex. Both in vitro and in vivo techniques that can
be used for assessing the therapeutic indications of,
for example, the compounds identified by the inventive
assays disclosed above are disclosed in PCT
Application No. PCT/USOl/49479, U.S. Patent
Application Nos. 10/188,905 and 10/185,841,
incorporated herein by reference. The aforementioned
tissue protective peptides of the invention may be
useful generally for the prevention, therapeutic
treatment, or prophylactic treatment of human diseases
or disorders of the central nervous system or
peripheral nervous system which have primarily
neurological or psychiatric symptoms, ophthalmic
diseases, cardiovascular diseases, cardiopulmonary
diseases, respiratory diseases, kidney, urinary and
reproductive diseases, bone diseases, skin diseases,
connective tissue diseases, gastrointestinal diseases
and endocrine and metabolic abnormalities. Examples of
use include, but are not limited to, protection
against and repair of injury resulting from trauma and
resulting inflammation to the brain (ischemic stroke,
blunt trauma, subarachnoid hemorrhage), spinal cord
(ischemia, blunt force trauma), peripheral nerves
(sciatic nerve injury, diabetic neuropathy, carpal
tunnel syndrome), retinal (macular edema, diabetic
retinopathy, glaucoma), and heart (myocardial infarct,
chronic heart failure). In particular, such diseases,
disorders, and conditions include hypoxic conditions,
which adversely affect responsive tissues, such as
excitable tissues in the central nervous system
tissue, peripheral nervous system tissue, or cardiac
tissue or retinal tissue such as, for example, brain,
heart, or retina/eye. Therefore, the tissue protective
peptides of the invention can be used to treat or
prevent damage to responsive tissue resulting from
hypoxic conditions in a variety of conditions and
circumstances. Non-limiting examples of such
conditions and circumstances are provided in the table
herein below.The tissue protective polypeptides are
also of interest in the modulation of stem cell
activity. It has been established that cytokines
exhibiting tissue protective activity, e.g. EPO, are
able to mobilize stem cells, stimulating the migration
to regions of injury and aiding the repair process,
e.g. in a regenerative role. For example, in
experimental stroke, EPO mediates the migration of
neuroblasts into a region of ischemic injury to
regenerate neurons during the period of recovery (Tsai
et al, J . Neurosci (2006) 26:1269-74, incorporated
herein by reference in its entirety). As another
example, EPO and CEPO mobilize endothelial progenitor
cells from the bone marrow into the circulation. These
cells then home to distance regions and are involved
in the formation of new blood vessels (for effect of
EPO, see, Bahlmann et al, 2003, Kidney Int. 



64:1648-1652, incorporated by reference herein in its
entirety). While not wishing to be bound to any
particular theory, the isolated polypeptides disclosed
herein are believed to have a similar effect on the
migration of stem cells. In the example of the
protection of neuronal tissue pathologies treatable
and preventable using tissue protective peptides of
the invention, such pathologies include those which
result from reduced oxygenation of neuronal tissues.
Any condition which reduces the availability of oxygen
to neuronal tissue, resulting in stress, damage, and
finally, neuronal cell death, can be treated using
tissue protective peptides of the present invention.
Generally referred to as hypoxia and/or ischemia,
these conditions arise from or include, but are not
limited to, stroke, vascular occlusion, prenatal or
postnatal oxygen deprivation, suffocation, choking,
near drowning, carbon monoxide poisoning, smoke
inhalation, trauma, including surgery and
radiotherapy, asphyxia, epilepsy, hypoglycemia,
chronic obstructive pulmonary disease, emphysema,
adult respiratory distress syndrome, hypotensive
shock, septic shock, anaphylactic shock,insulin shock,
sickle cell crisis, cardiac arrest, dysrhythmia,
nitrogen narcosis, and neurological deficits caused by
heart-lung bypass procedures. In one embodiment, for
example, the tissue protective peptides of the present
invention identified using the inventive assay could
be administered alone or as part of a composition to
prevent injury or tissue damage resulting from risk of
injury or tissue damage prior to, during, or
subsequent to a surgical procedure or a medical
procedure. For example, surgical procedures may
include tumor resection or aneurysm repair and medical
procedures may include labor or delivery. Other
pathologies caused by or resulting from hypoglycemia
which are treatable using tissue protective peptides
of the present invention include insulin overdose,
also referred to as iatrogenic hyperinsulinemia,
insulinoma, growth hormone deficiency,
hypocortisolism, drug overdose, and certain tumors.
Other pathologies resulting from excitable neuronal
tissue damage include seizure disorders, such as
epilepsy, convulsions, or chronic seizure disorders.
Other treatable conditions and diseases include, but
are not limited to, diseases such as stroke, multiple
sclerosis, hypotension, cardiac arrest, Alzheimer's
disease, Parkinson's disease, cerebral palsy, brain or
spinal cord trauma, AIDS dementia, age-related loss of
cognitive function, memory loss, amyotrophic lateral
sclerosis, seizure disorders, alcoholism, retinal
ischemia, optic nerve damage resulting from glaucoma,
and neuronal loss. The specific tissue protective
peptides of the present invention may be used to treat
or prevent inflammation resulting from disease
conditions or various traumas, such as physically or
chemically induced inflammation. The tissue protective
peptides are also contemplated for the treatment and
prevention of inflammatory conditions in one or more
organs or tissues including, but not limited to, the
brain, spinal cord, connective tissue, heart, lung,
kidney and urinary tract, pancreas, eyes and
prostate.Non-limiting examples of such trauma include
tendonitis, angitis, chronic bronchitis, pancreatitis,
osteomyelitis, rheumatoid arthritis,
glomerulonephritis, optic neuritis, temporal
arteritis, encephalitis, meningitis, transverse
myelitis, dermatomyositis, polymyositis, necrotizing
fascilitis, hepatitis, and necrotizing enterocolitis.
Further the tissue protective cytokines may used to
treat or prevent inflammation resulting from ischemic
and non-ischemic conditions including, but not limited
to, allergies, rheumatic diseases, sports related
inuries, infections including viral, fungal, and
bacterial. The inflammation may be acute or chronic.
Further applications in the field of inflammation are
noted within PCT/US2004/031789 filed September 29,
2004 and published as WO 2005/032467, hereby
incorporated by reference in its entirety. The
specific tissue protective peptides of the present
invention may be used to treat central nervous and
peripheral nervous system diseases resulting from
demyelination or impairment of the mylin sheath. These
diseases are defined as mainly involving inflammatory
myelin sheath lesions of unknown origin, with the
exception of myelination deficiency diseases, such as
leukodystrophy, and diseases due to obvious causes.
Multiple sclerosis (MS) is a typical disease among
demyelinating diseases, and pathologically, it is
characterized by changes, mainly, inflammatory
demyelination, and gliosis. Since its etiology is
unknown, its diagnosis is made based on its clinical
features, i.e., spatial multiplicity and multiplicity
over time of central nervous system lesions.
Furthermore, acute disseminated encephalomyelitis
(ADEM), inflammatory diffuse sclerosis, acute and
subacute necrotizing hemorrhagic encephalomyelitis,
and transverse myelitis are included in demyelinating
diseases. Also, peripheral nervous tissues rely upon
Schwann's cells to maintain the myelin sheath, if
these cells are impaired, peripheral demyelinating
disease is caused.The tissue protective peptides of
the present invention may be used to treat or prevent
conditions of, and damage to the heart including any
chronic or acute pathological event involving the
heart and/or associated tissue (e.g., the pericardium,
aorta and other associated blood vessels), including
ischemia-reperfusion injury; congestive heart failure;
cardiac arrest; myocardial infarction;
atherosclerosis, mitral valve leakage, atrial flutter,
cardiotoxicity caused by compounds such as drugs
(e.g., doxorubicin, herceptin, thioridazine and
cisapride); cardiac damage due to parasitic infection
(bacteria, fungi, rickettsiae, and viruses, e.g.,
syphilis, chronic Trypanosoma cruzi infection);
fulminant cardiac amyloidosis; heart surgery; heart
transplantation; angioplasty, laparoscopic surgery,
traumatic cardiac injury (e.g., penetrating or blunt
cardiac injury, and aortic valve rupture), surgical
repair of a thoracic aortic aneurysm; a suprarenal
aortic aneurysm; cardiogenic shock due to myocardial
infarction or cardiac failure; neurogenic shock and
anaphylaxis. The tissue protective peptides of the
current invention may also be used to treat those
individuals at risk for heart disease such as cardiac
failure (/. e., where the heart is not able to pump
blood at a rate required by the metabolizing tissues,
or when the heart can do so only with an elevated
filling pressure). Such at risk patients would include
patients having or being at risk of having cardiac
infarction, coronary artery disease, myocarditis,
chemotherapy, cardiomyopathy, hypertension, valvular
heart diseases (most often mitral insufficiency and
aortic stenosis) and toxin-induced cardiomyopathy
(e.g. ethanol, cocaine, etc.) and the like. The tissue
protective peptides of the present invention may be
used to treat or prevent conditions of, and damage to,
the eyes, e.g., retinal tissue. Such disorders
include, but are not limited to retinal ischemia,
macular degeneration, retinal detachment, retinitis
pigmentosa, arteriosclerotic retinopathy, hypertensive
retinopathy, retinal artery blockage, retinal vein
blockage, hypotension, and diabetic retinopathy.In
another embodiment, the tissue protective peptides of
the present invention and principles of the invention
may be used to prevent or treat injury resulting from
radiation damage to responsive tissue. A further
utility of the tissue protective peptides of the
present invention is in the treatment of poisoning,
such as neurotoxin poisoning (e.g., domoic acid
shellfish poisoning), toxins (ethanol, cocaine, etc.),
as the result of chemotherapeutic agents of radiation
exposure; neurolathyrism; Guam disease; amyotrophic
lateral sclerosis; and Parkinson's disease. As
mentioned above, the present invention is also
directed to tissue protective peptides of the present
invention for use in enhancing tissue function in
responsive cells, tisses and organs in a mammal by
peripheral administration of a tissue protective
cytokine as described above. Various diseases and
conditions are amenable to treatment using this
method. For example this method is useful for
enhancing function in excitable tissues resulting in
an increase in cognitive function even in the absence
of any condition or disease. Further, the tissue
protective cytokines are useful for improving the
quality of wound healing, reducing the time required
to heal, improving the quality of the healed tissues
and reducing the incidence of adhesions resulting from
the wound. See PCT/US2004/03 1789 filed September 29,
2004 and published as WO 2005/032467, hereby
incorporated by reference in its entirety. These uses
of the present invention are describe in further
detail below and include enhancement of learning and
training in both human and non-human mammals.
Conditions and diseases treatable or preventable using
tissue protective peptides of the present invention
directed to the central nervous system include but are
not limited to mood disorders, anxiety disorders,
depression, autism, attention deficit hyperactivity
disorder, and cognitive dysfunction. These conditions
benefit from enhancement of neuronal function. Other
disorders treatable in accordance with theteachings of
the present invention include sleep disruption, for
example, sleep apnea and travel-related disorders;
subarachnoid and aneurismal bleeds, hypotensive shock,
concussive injury, septic shock, anaphylactic shock,
and sequelae of various encephalitides and
meningitides, for example, connective tissue
disease-related cerebritides such as lupus. Other uses
include prevention of or protection from poisoning by
neurotoxins, such as domoic acid shellfish poisoning,
neurolathyrism, and Guam disease, amyotrophic lateral
sclerosis, Parkinson's disease; postoperative
treatment for embolic or ischemic injury; whole brain
irradiation; sickle cell crisis; and 



eclampsia. A further group of conditions treatable or
preventable using tissue protective peptides of the
present invention include mitochondrial dysfunction,
of either a hereditary or acquired nature, which are
the cause of a variety of neurological diseases
typified by neuronal injury and death. For example,
Leigh disease (subacute necrotizing encephalopathy) is
characterized by progressive visual loss and
encephalopathy, due to neuronal drop out, and
myopathy. In these cases, defective mitochondrial
metabolism fails to supply enough high energy
substrates to fuel the metabolism of excitable cells.
A tissue protective peptide optimizes failing function
in a variety of mitochondrial diseases. As mentioned
above, hypoxic conditions adversely affect excitable
tissues. The excitable tissues include, but are not
limited to, central nervous system tissue, peripheral
nervous system tissue, and heart tissue. In addition
to the conditions described above, the tissue
protective peptides of the present invention are
useful in the treatment of inhalation poisoning such
as carbon monoxide and smoke inhalation, severe
asthma, adult respiratory distress syndrome, and
choking and near drowning. Further conditions which
create hypoxic conditions or by other means induce
responsive tissue, such asexcitable tissue damage
include hypoglycemia that may occur in inappropriate
dosing of insulin, or with insulin-producing neoplasms
(insulinoma). Various neuropsychologic disorders which
are described to originate from excitable tissue
damage are treatable using tissue protective peptides
of the present invention. Chronic disorders in which
neuronal damage is involved and for which treatment or
preventable by the present invention is provided
include disorders relating to the central nervous
system and/or peripheral nervous system including
age-related loss of cognitive function and senile
dementia, chronic seizure disorders, Alzheimer's
disease, Parkinson's disease, dementia, memory loss,
amyotrophic lateral sclerosis, multiple sclerosis,
tuberous sclerosis, Wilson's Disease, cerebral and
progressive supranuclear palsy, Guam disease, Lewy
body dementia, prion diseases, such as spongiform
encephalopathies, e.g., Creutzfeldt-Jakob disease,
Huntington's disease, myotonic dystrophy, Freidrich's
ataxia and other ataxias, as well as Gilles de Ia
Tourette's syndrome, seizure disorders such as
epilepsy and chronic seizure disorder, stroke, brain
or spinal cord trauma, AIDS dementia, alcoholism,
autism, retinal ischemia, glaucoma, autonomic function
disorders such as hypertension and sleep disorders,
and neuropsychiatric disorders that include, but are
not limited to schizophrenia, schizoaffective
disorder, attention deficit disorder, dysthymic
disorder, major depressive disorder, mania,
obsessive-compulsive disorder, psychoactive substance
use disorders, anxiety, panic disorder, as well as
unipolar and bipolar affective disorders. Additional
neuropsychiatric and neurodegenerative disorders
include, for example, those listed in the American
Psychiatric Association's Diagnostic and Statistical
Manual of Mental Disorders (DSM), the most current
version of which in incorporated herein by reference
in its entirety.A further group of conditions
treatable or preventable using tissue protective
peptides of the present invention include kidney
diseases such as renal failure, acute and chronic.
Blood supply to the kidneys can be cut off due to
several causes including shock from infections
invading the bloodstream (septicemia), internal or
external hemorrhaging, loss of fluid from the body as
a result of severe diarrhea or burns, reactions to
transfusions, cardiac arrest or arythmias, surgical
trauma and kidney transplantations. The reduced flow
of blood to the kidneys resulting from the above
conditions may reduced blood flow to dangerously low
levels for a time period great enough to cause the
development of acute renal failure. The depressed
blood flow also results in necrosis, or tissue death,
in the kidney, damaging the renal tubular cells. Renal
failure may also result from diseases (interstitial
and diabetic) nephrotic syndromes, infections, injury
(CPB-induced), toxins (contrast-induced,
chemotherapy-induced, cyclosporine), autoimmune
inflammation {e.g. Lupus, erythrotosis, etc.) The
tissue protective peptides of the current invention
assist in the repair or prevention of this damage
helping to ameliorate acute renal failure. The
following table lists additional exemplary,
non-limiting indications as to the various conditions
and diseases amenable to treatment by the
aforementioned tissue protective peptides.Cell, tissue
or Dysfunction or Condition or disease Type organ
pathology Congenital heart disease Valvular
Cardiomyopathy Prinzmetal angina Cardiac rupture
Aneurysmatic Septal perforation Angiitis Arrhythmia
Tachy-, bradyarrhythmia Stable, unstable
Supraventricular, Hypersensitive carotid sinus
ventricular node Conduction abnormalities Congestive
heart failure Left, right, bi-ventricular,
Cardiomyopathies, such as systolic, diastolic
idiopathic familial, infective, metabolic, storage
disease, deficiencies, connective tissue disorder,
infiltration and granulomas, neurovascular Myocarditis
Autoimmune, infective, idiopathic Cor pulmonale
Radiation injury Blunt and penetrating trauma Toxins
Cocaine toxicity, adriamycin Vascular Hypertension
Primary, secondary Decompression sicknessCell, tissue
or Dysfunction or Condition or disease Type organ
pathology Fibromuscular hyperplasia Aneurysm
Dissecting, ruptured, enlarging Lungs Obstructive
Asthma Chronic bronchitis, Emphysema and airway
obstruction Ischemic lung disease Pulmonary embolism,
Pulmonary thrombosis, Fat embolism Environmental lung
diseases Ischemic lung disease Pulmonary embolism
Pulmonary thrombosis Interstitial lung disease
Idiopathic pulmonary fibrosis Congenital Cystic
fibrosis Cor pulmonale Trauma Pneumonia and
Infectious, parasitic, pneumonitides toxic, traumatic,
burn, aspiration Sarcoidosis Pancreas Endocrine
Diabetes mellitus, type I Beta cell failure,
dysfunction and II Diabetic neuropathyFluid Flow
Devices Related Applications [0001] This application
claims the benefit of United States Provisional Patent
Application Serial No. 60/706,846 filed August 9,
2005, for FLUID FLOW DEVICES, the entire disclosure of
which is fully incorporated herein by reference.
Background of the Invention [0002] A variety of known
fluid flow devices include first and second metal
components 



disposed on opposite sides of a third metal component
to press against the third metal component to form a
seal. Examples of such known fluid flow devices are
disclosed in US Patent Number 4,552,389 entitled
"Fluid Coupling," US Patent Number 6,685,234 entitled
"Fluid Fitting With Torque Suppression Arrangement,"
US Patent Number 4,687,017 entitled "Inverted Bellows
Valve," US Patent Number 6,189,861 entitled "Diaphragm
Valve," and US Patent Number 4,684,106 entitled
"Valve," the entire disclosures of which are fully
incorporated herein by reference. Summary [0003] The
disclosure is directed broadly to fluid flow devices
with one or more metal components that are at least
partially hardened for forming a seal with another
portion of the device that is softer than the hardened
portion. An example of one such fluid flow device
includes first and second metal components assembled
on opposite sides of a third metal component. A load
is applied by the first and second metal components to
the third metal component. A hardened engaging portion
is included on at least one of the metal components.
The hardened engaging portion engages and plastically
deforms the metal component it is pressed against to
form a seal. In one embodiment, the hardened engaging
portion indents into and plastically deforms the metal
component it is pressed against to form a seal, while
in another embodiment, the hardened engaging portion
compresses andplastically deforms a projecting portion
or corner of the metal component it is pressed
against. In another embodiment, the fluid flow device
is a fluid coupling, a diaphragm valve, or a bellows
valve. [0004] Another inventive aspect disclosed in
this application relates to hardening a portion of a
fluid flow device for forming a seal with another
portion of the device that is softer than the hardened
portion hi one embodiment, a diffusion based surface
treatment, such as for example, low temperature
carburization, is used to produce a hardened surface
without the formation of carbide precipitates, hi this
disclosure, reference to producing a hardened surface
"without formation of carbide precipitates" means that
the amount of carbide precipitates formed, if any, is
too small to adversely affect the corrosion resistance
of the hardened portion. [0005] Further advantages and
benefits will become apparent to those skilled in the
art after considering the following description and
appended claims in conjunction with the accompanying
drawings. Brief Description of the Drawings [0006] hi
the accompanying drawings, which are incorporated in
and constitute a part of the specification,
embodiments of the invention are illustrated, which,
together with a general description of the invention
given above, and the detailed description given below,
serve to exemplify embodiments of the invention [0007]
Figure 1 is a schematic illustration of a portion of a
fluid flow device; [0008] Figure 2 is a schematic
illustration of a seal area of a fluid flow device;
[0009] Figure 3 is a schematic illustration of a seal
area of a fluid flow device; [0010] Figure 4 is a
schematic illustration of a seal area of a fluid flow
device; [0011] Figure 5 is a schematic illustration of
a seal area of a fluid flow device; [0012] Figure 6 is
a schematic illustration of a seal area of a fluid
flow device; [0013] Figure 7 is a schematic
illustration of a seal area of a fluid flow device;
[0014] Figure 8 is a sectional view of a fitting;
[0015] Figure 9 is a sectional view of a seal area of
a bellows valve; [0016] Figure 10 is a sectional view
of a seal area of a diaphragm valve; and [0017] Figure
11 is a sectional view of a seal area of a diaphragm
valve. Detailed Description [0018] The present
application is directed broadly to fluid flow devices
with metal to metal seals. The fluid flow device
includes a first metal component having a hardened
engaging surface or portion and a second metal
component that is softer than the hardened portion.
The second metal component is assembled with the first
component such that the hardened surface engages and
plastically deforms the second metal component to
provide a metal to metal seal. [0019] A fluid flow
device in which at least a portion of one of the
components that forms a metal to metal seal is
hardened, may have certain advantages as compared to
fluid flow devices that form metal to metal seals
between two unhardened metal components. For example,
hardening one or both of the metal components may
allow for greater versatility in the materials used in
a fluid flow device. In addition, hardening at least a
portion of one of the components that forms a metal to
metal seal may result in a seal that has a lower leak
rate. Furthermore, hardening a surface that by low
temperature carburization, or other hardening process,
may increase the corrosion resistance of the surface,
which may be advantageous in certain applications.
[0020] While the exemplary embodiments described
herein are presented in the context of fluid flow
devices, such as for example, a bellows valve, a
diaphragm valve, and a fluid coupling, those skilled
in the art will readily appreciate that the present
invention may be configured in other ways. The fluid
flow device may take a wide variety of different
forms. In this application a fluid flow device refers
to any device that fluid flows through. Examples of
fluid flow devices include, but are not limited to
valves, fittings, couplings, meters, and pumps. These
examples and the disclosed exemplary embodiments are
intended to illustrate the broad application of the
invention and provide no limitation on the present
invention.[0021] While various inventive aspects,
concepts and features of the inventions may be
described and illustrated herein as embodied in
combination in the exemplary embodiments, these
various aspects, concepts and features may be used in
many alternative embodiments, either individually or
in various combinations and sub-combinations thereof.
Unless expressly excluded herein all such combinations
and sub-combinations are intended to be within the
scope of the present inventions. Still further, while
various alternative embodiments as to the various
aspects, concepts and features of the inventions-such
as alternative materials, structures, configurations,
methods, circuits, devices and components, software,
hardware, control logic, alternatives as to form, fit
and function, and so on-may be described herein, such
descriptions are not intended to be a complete or
exhaustive list of available alternative embodiments,
whether presently known or later developed. Those
skilled in the art may readily adopt one or more of
the inventive aspects, concepts or features into
additional embodiments and uses within the scope of
the present inventions even if such embodiments are
not expressly disclosed herein. Additionally, even
though some features, concepts or aspects of the
inventions may be described herein as being a
preferred arrangement or method, such description is
not intended to suggest that such feature is required
or necessary unless expressly so stated. Still
further, exemplary or representative values and ranges
may be included to assist in understanding the present
disclosure, however, such values and ranges are not to
be construed in a limiting sense and are intended to
be critical values or ranges only if so expressly
stated. Moreover, while various aspects, features and
concepts may be expressly identified herein as being
inventive or forming part of an invention, such
identification is not intended to be exclusive, but
rather there may be inventive aspects, concepts and
features that are fully described herein without being
expressly identified as such or as part of a specific
invention, the inventions instead being set forth in
the appended claims. Descriptions of exemplary methods
or processes are not limited to inclusion of all steps
as being required in all cases, nor is the order that
the steps are presented to be construed as required or
necessary unless expressly so stated [0022] In this
disclosure, reference to carburizing stainless steel
"without formation of carbide precipitates" means that
the amount of carbide precipitates formed, if any, is
too small to adversely affect the corrosion resistance
of the stainless steel. [0023] Figure 1 schematically
illustrates an example of a fluid flow device 12. The
fluid flow device 12 includes a metal seal component
14, and first and second metal clampingcomponents 16,
18. The clamping components 16, 18 are assembled on
opposite sides of the seal component 14. The clamping
components 16, 18 are pressed together as indicated by
arrows 20, 22. Load is applied by the first and second
clamping components 16, 18 to the seal component 14.
Referring to Figures 2-7, one or more hardened
engaging portions 10 are included on the seal
component 14, the first clamping component 16, and/or
the second clamping component 18. The hardened
engaging portion 10 engages and plastically deforms
the metal seal component 14, or one of the metal
clamping components 16, 18 to form a seal. In the
Figures 2-7, the hardened engaging portions 10 are
illustrated as a portion extending or projecting from
at least one of the seal component or clamping
components to indent into the component it is being
pressed against. The engaging portion, however, may be
a hardened portion or surface that engages a
non-hardened extending or projecting portion to
compress and plastically deform the extending or
projecting portion to form a seal without indenting
into it. [0024] The seal component 14 and the clamping
components 16, 18 may take a variety of different
forms in fluid flow devices 12. Examples of seal
components include, but are not limited to, diaphragms
used in diaphragm valves, bellows used in bellows
valves, bellows 



supports used in bellows valves, and gaskets used in
fittings. Examples of clamping components 16, 18
include, but are not limited to, valve bodies, such as
diaphragm valve bodies and bellows valve bodies, and
fitting gland members. The hardened engaging portion
may take a variety of different forms. In an exemplary
embodiment, the hardened engaging portion 10 is an
annular, axially extending projection that is hardened
by a diffusion based surface treatment. The hardened
engaging portion may be formed by hardening the entire
component that includes the hardened engaging portion
or may be formed by hardening only a portion of the
component that forms the hardened engaging portion.
The hardened engaging portion is harder than the metal
fluid flow device component that it engages in an
exemplary embodiment. For example, stainless steel
hardened by a low temperature carburization process
may have a typical hardness of about 900-1 100
Vickers, though higher hardness values, such as about
1400 Vickers have been achieved. Unannealed stainless
steel, meanwhile, may have a hardness of about 250-350
Vickers and annealed stainless steel may have a
hardness of about 125-175 Vickers. The actual hardness
difference between the hardened engaging portion and
the component is selectable by user.[0025] The seal
component 14 and the clamping components 16, 18 may be
made from a wide variety of different metals. Examples
include iron, copper, nickel, titanium, magnesium,
manganese, alloys of these metals and any other metal
or alloy known to be useful in making valves, valve
components and other fluid flow devices. In one
embodiment, the particular component or components
which define hardened engaging portion 10 is made from
a metal or metal alloy which has been case hardened by
low temperature carburization or other hardening
process to not only increase surface hardness but also
preferably, although not necessarily, to increase
corrosion resistance. [0026] Low temperature
carburization ("LTC") of stainless steel has been
described in a number of publications including U.S.
Patent No. 5,792,282, EPO 0787817, Japanese Patent
Document 9-14019 (Kokai 9-268364), U.S. Patent No.
6,165,597 and U.S. Patent No. 6,547,888, the
disclosures of which are fully incorporated herein by
reference, hi this technology, a workpiece is
contacted with a carbon-containing gas at an elevated
temperature less than 1000 F (538 C). As a result,
high concentrations of elemental carbon diffuse into
the workpiece surfaces without formation of carbide
precipitates. The result is that surface hardness and
corrosion resistance of the workpiece are
significantly enhanced. [0027] hi low temperature
carburization, atomic carbon diffuses interstitially
into the workpiece surfaces, i.e., carbon atoms travel
through the spaces between the metal atoms. Because
the processing temperature is low, these carbon atoms
form a solid solution with the metal atoms of the
workpiece surfaces. They do not react with these metal
atoms to form other compounds. Low temperature
carburization is therefore different from normal
carburization carried out at higher temperatures in
which the carbon atoms react to form carbide
precipitates, i.e., specific metal compounds such
asM23C6 (e.g., Cr23C6 or chromium carbide), M5C2 and
the like, arranged in the form of discrete phases
separate and apart from the metal matrix in which they
are contained. [0028] Other processes are known for
altering the surface characteristics of a metal
workpiece. That is, other processes are known in which
the hardness, corrosion resistance and/or other
surface characteristic of a metal workpiece may be
altered by interstitial diffusion of atoms into the
workpiece surfaces to form solid solutions with the
metal atoms therein without formation of new compounds
in separate phases. Examples include nitriding of
iron, chromium and/or nickel based alloys,
carbo-nitriding of iron, chromium and/or nickelbased
alloys, and nitriding of titanium-based alloys, to
name a few. For convenience, all of these processes
will be referred to collectively as "diffusion based
surface treatments." All such diffusion-based surface
treatments can be applied using the technology of this
disclosure. [0029] In the technology of this
disclosure, the hardened engaging portion 10 may be
formed by making one or more components, or a portion
of the components, from a metal or alloy that will
case or surface harden in response to a
diffusion-based surface hardening treatment. The
component, or the portion of the component, may then
be subjected to this hardening treatment. For example,
if the hardened engaging portion 10 is formed in the
clamping component 16 by low temperature
carburization, then the entire clamping component 16
or just the portion to be hardened may be made from a
metal or alloy that exhibits a hardening response to
this particular diffusion process. [0030] Metals and
alloys which exhibit a hardening response to the
diffusion-based surface treatments are known. For
example, the materials which will exhibit a hardening
response to low temperature carburization are
described in the above-noted US Patent No. 5,792,282,
U.S. Patent No. 6,093,303, U.S. Patent No. 6,547,888,
EPO 0787817 and Japanese Patent Document 9-14019
(Kokai 9-268364), the disclosures of which are fully
incorporated herein by reference. Examples include,
but are not limited to: steels containing 5 to 50,
preferably 10 to 40, wt.% Ni; alloys that contain 10
to 40 wt.% Ni and 10 to 35 wt.% Cr; stainless steels,
such as AISI 300 and 400 series steels, including AISI
316, 316L, 317, 317L and 304 stainless steels; alloy
600; alloy 625; alloy 825; alloy C-276; alloy C-22 and
alloy 20 Cb, to name a few. [0031] In the same way,
the materials that will exhibit a hardening response
to the other diffusion-based surface treatments
mentioned above are also known. [0032] Figures 2-7
illustrate examples of configurations of the seal
component 14, clamping members 16, 18, and hardened
engaging portion 10. In each example illustrated by
Figures 2-7, the seal component 14 is clamped between
the clamping members 16, 18. hi the example
illustrated by Figure 2, the hardened engaging portion
10 is included on the seal component 14. The hardened
engaging portion 10 engages and plastically deforms
one of the clamping components 16 to form a
seal.[0033] In the example illustrated by Figure 3,
the hardened engaging portion 10 is included on one of
the clamping components 18. The hardened engaging
portion 10 engages and plastically deforms the seal
component 14 to form a seal. [0034] In the example
illustrated by Figure 4, a first hardened engaging
portion 10 is formed on a first side 23 of the seal
component and a second hardened engaging portion 10 is
formed on a second side 24 of the seal component. The
hardened engaging portions 10 on the first and second
sides 23, 24 of the sealing component engage and
plastically deform the clamping components 16, 18 to
form seals. [0035] hi the example illustrated by
Figure 5, a first hardened engaging portion 10 is
formed on the first clamping component 16 and a second
hardened engaging portion 10 is formed on the second
clamping component 18. The hardened engaging portions
10 defined by the first and second clamping components
engage and plastically deform the first and second
sides 23, 24 of the sealing component 16, 18 to form
seals. [0036] hi the example illustrated by Figure 6,
first and second hardened engaging portions 10 are
formed on the seal component 14. The hardened engaging
portions 10 defined by the seal component engage and
plastically deform one of the clamping components 16,
18 to form first and second seals. [0037] In the
example illustrated by Figure 7, first and second
hardened engaging portions 10 are formed on one of the
clamping components 16, 18. The hardened engaging
portions 10 defined by the clamping component engage
and plastically deform the seal component 14 to form
first and second seals. [0038] In accordance with this
disclosure, it has been found that hardening at least
a portion of one of the components that forms a metal
to metal seal has advantages when compared to fluid
flow device seals between two unhardened metal
components. For example, hardening of one or both of
the metal components allows for greater versatility in
the materials that can be used in a fluid flow device.
For example, if a fluid flow device 12 includes
unhardened clamping components that are made from
stainless steel, the sealing component may be made
from a softer material, such as annealed stainless
steel or nickel, to provide a hardness differential
between the clamping components and the sealing
component. Annealed stainless steel can be more
difficult in some cases to work with than non-annealed
stainlesssteel, and nickel is more susceptible to
corrosion in harsh environments than stainless steel.
When the clamping components 16, 18 include hardened
engaging portions 10, the seal component 14 may be
made from harder materials, such as stainless steel,
and still have enough of a hardness differential to
form a good seal. For example, the clamping components
16, 18 may be made from stainless steel and processed
to form one or more hardened engaging portions 10 and
the seal component may be made from stainless steel,
such as 316 stainless steel. The hardness differential
between the hardened engaging portion 10 and the
stainless steel facilitates a seal between hardened
engaging portion 10 and the seal component. According
to another example, the clamping components may be
made from stainless steel and the seal component may
include a hardened engaging portion or portions.
[0039] The differential hardness of the hardened
engaging portion 10 and a stainless steel component is
greater than the differential hardness between
non-annealed stainless steel and annealed stainless
steel or nickel. As a result, a seal that has a lower
leak rate may be formed if a hardened engaging portion
10 is included. For example, a seal formed between a 



stainless steel surface and a hardened engaging
portion 10 that is hardened using a low temperature
carburization process may seal light gasses even more
effectively than a seal formed between stainless steel
and nickel, because the differential hardness is
greater. Examples of light gasses include hydrogen and
helium. A seal formed between a stainless steel
surface and a hardened engaging portion 10 that is
hardened using a low temperature carburization process
can be effective to contain light gasses at pressures
greater than 1000 psi, and even greater than 5000 psi,
with a leak rate of less than 1 std cc/hr. [0040]
Figures 8-11 illustrate examples of fluid flow devices
12 that may include hardened engaging portions. U.S.
Patent Nos. 3,521,910 and 6,685,234 (herein "the '234
patent") disclose coupling assemblies that include a
pair of glands having ends that seal on opposite faces
of a seal member. U.S. Patent Nos. 3,521,910 and
6,685,234 are incorporated herein by reference in
their entirety. Figure 8 illustrates the coupling 30
shown in Figure 1 of the '234 patent modified to
include hardened engaging portions 10. The coupling 30
includes first and second glands 32, 34 or coupling
members and a seal member 36 or gasket. The glands
have sealing faces 38, 40 that are brought into
sealing engagement with end faces 42, 44 of the seal
member 36. Each sealing face preferably includes a
circumferential continuous bead 46 that extends
axially outward for engaging the seal member 36. Each
bead 46 is hardened to form a hardened engaging
portion 10. A pair of coupling nuts 50 may be
threadably engaged orotherwise joined for urging the
glands into sealing engagement with the seal member
36. Further details of the of the coupling can be
obtained by referencing the '234 patent. In one
exemplary embodiment, the sealing member 36 and the
glands 32, 34 are made from stainless steel and the
beads 46 are hardened using a low temperature
carburization process. The beads 46 indent into and
plastically deform the metal washer to form a seal. In
one embodiment, the hardened beads 46 are provided on
the sealing member 36 rather than the glands and the
glands are not hardened. In another embodiment, the
surface, or contact portion thereof, of the glands or
sealing member that contacts the beads 46 is hardened
and the beads are not hardened. Thus, the hardened
surface compresses and plastically deforms the beads
46 to form a seal. [0041] U.S. Patent No. 4,687,017
(herein "the '017 patent") discloses a bellows valve.
U.S. Patent No. 4,687,017 is incorporated herein by
reference in its entirety. Figure 9 illustrates the
seal arrangement of the bellows valve shown in Figure
3 of the '017 patent modified to include a hardened
engaging portion 10. The bellows valve 60 includes a
valve body 62, a bonnet 64, and a closing member 66
with an attached bellows 68. The valve bonnet 64
extends outwardly from the valve body 62 and is held
thereon by a retaining member 67. hi an exemplary
embodiment, the valve body 62, the bonnet 64, the
closing member 66, and the bellows 68 are constructed
of stainless steel. In an exemplary embodiment, the
bellows 68 is pleated or folded for accommodating
selective axial movement. The closing member 66
includes an enlarged diameter flange 70 that is
designed to overlay or close the valve chamber open
end 72. More particularly, the enlarged diameter
flange is adapted to sealingly engage the valve body
62 adjacent the chamber open end 72. [0042] The
sealing engagement between flange 70 and the valve
body 52 at the open end 72 is provided through use of
a bead seal arrangement. Preferably, a continuous
rounded or arcuate annular bead 74 is provided on the
lower surface of the enlarged diameter flange 70. In
an exemplary embodiment, the closing member 66 is made
from stainless steel and the bead 74 is hardened by a
process, such as low temperature carburization, to
form a hardened engaging portion 10. The bead 74 may
be designed for mating engagement with a generally
planar shoulder 76 formed on the valve body 62 in
circumferential surrounding relation to the valve
chamber open end 72. The hardened bead 74 indents into
and plastically deforms the planar shoulder 76 to
provide a fluid tight seal around the open end of the
valve chamber. Pressurized fluid, such as light gas,
is thereby confined in the valve chamber and
leakagetherefrom is inhibited. As will be appreciated,
the orientation of the bead seal can be reversed,
i.e., by placing an arcuate bead on the valve body and
having an associated planar surface on the closing
member. In another embodiment, the planar surface that
contacts the bead, whether on the valve body or the
closing member, may be hardened and the bead may not
be hardened. Thus, the surface may compress and
plastically deform the bead to form a seal. Further
details of the valve shown in Figure 9 can be obtained
by referencing the '017 patent. [0043] U.S. Patent No.
6,189,861 (herein "the '861 patent") discloses a
diaphragm valve. U.S. Patent No. 6,189,861 is
incorporated herein by reference in its entirety.
Figure 10 illustrates the seal arrangement of the
diaphragm valve shown in Figure 5B of the '861 patent
modified to include one or more hardened engaging
portions 10. The diaphragm valve 80 includes a valve
body 82, a diaphragm arrangement 84, and a bonnet 86.
The diaphragm arrangement may comprise a single
diaphragm or may include multiple diaphragms as
illustrated by Figure 10. The valve body 82 includes a
circumferential raised flange or collar 90. [0044]
Figure 10 shows of the relationship between the flange
or collar 90, the diaphragm arrangement 84, and the
lower clamping edge portion of the bonnet 86. The
diaphragm 84 is shown in position on the top planar
surface 90a of the collar 90. The diaphragm 84 may be
provided with a convex center section and a generally
planar, radially extending peripheral edge section
84a. The bonnet 86 may have a contoured lower
peripheral surface that includes a flat 86a that is
surrounded by a cylindrical wall 86b that terminates
in a corner 86c. In one exemplary embodiment, the flat
86a, the wall 86b, and/or the corner 86c of the bonnet
are hardened. When the bonnet 86 is driven into
clamping engagement as shown in Figure 10, the flat
86a clamps the top surface of the diaphragm assembly
84 as shown. The corner 86c deflects and bends the
outer peripheral portion of the diaphragm 84
downwardly creating a high sealing pressure over the
corner 92 of the collar 90. In an exemplary
embodiment, the corner 92 may be hardened to form a
hardened engaging portion 10. In another exemplary
embodiment, the valve body 82 and the bonnet 86 are
made from stainless steel and the corner 92 is
hardened using a low temperature carburization
process. In another embodiment, the diaphragm is
hardened and the valve body 82 and the bonnet 86 are
not hardened so that the diaphragm plastically deforms
the valve body and/or the bonnet 86 to form a
seal.[0045] The clamping sequence is as follows. When
the bonnet is driven into initial clamping engagement,
the comer 86c deflects and bends the outer peripheral
portion 84a of the diaphragm downward and over the
corner 92 of the collar 90. The flat 86a then begins
clamping the top surface of the diaphragm 84 against
the top planar surface 90a of the collar 90. Li an
exemplary embodiment, the collar 90 is hardened and is
substantially harder than the diaphragm 84, which
maybe made from Elgiloy, 316 stainless steel, and Inc
X 750, for example. The corner 86c continues acting on
the diaphragm 84 peripheral portion 84a, thus bending
and crimping the diaphragm 84 around the corner 92.
The force applied during this make-up procedure is
sufficient to plastically deform or yield the
diaphragm 84 against the hardened corner 92 to create
a primary body seal there between. Further details of
the valve shown in Figure 10 can be obtained by
referencing the '861 patent. [0046] U.S. Patent No.
4,684,106 (herein "the '106 patent") discloses a
diaphragm valve. U.S. Patent No. 4,684,106 is
incorporated herein by reference in its entirety.
Figure 11 illustrates the seal arrangement of the
diaphragm valve shown in Figure 2 of the '106 patent
modified to include one or more hardened engaging
portions 10. The diaphragm valve 100 may include a
metal valve body 102, a metal diaphragm 104, and a
bonnet 106. Figure 11 shows an enlarged peripheral
edge portion of the body 102 and the bonnet 106 having
the diaphragm 104 axially clamped therebetween. The
valve body 102 and the bonnet 106 may have spaced-
apart opposite flat and parallel circumferential areas
116,1 18 between which an inner or primary
circumferential area of the diaphragm 104 may be
axially clamped over an inner circumferential area.
Tightening of a bonnet nut (not shown) moves the
clamping surfaces 116,118 toward one another for
squeezing the diaphragm 104 therebetween. [0047] The
valve body 102 and the bonnet 106 may also include
secondary flat and parallel clamping surfaces 120,122
spaced axially and radially from the primary clamping
surfaces 116,118. The primary surfaces 116,118 may be
separated from the secondary surfaces 120,122 by
relatively sharp corners 124,126 across which the
diaphragm 104 is bent axially. In an exemplary
embodiment, the corners 124, 126 are hardened and
plastically deform the softer metal diaphragm to form
a seal. The axial spacing between corners 124,126 are
less than the normal axial thickness of the diaphragm
104 and less than the axial spacing between the
clamping surfaces 116,118. As a result, the corners
124,126 provide excellent seals against the opposite
face surfaces of the diaphragm 104. An outer
circumferential flange 130 extends axially from the
secondary clamping surface 120 on the body 102 for
protecting theinner or primary clamping surface 116
against lcnicks and other damage during processing and
assembly of the valve. The axial projection of the
flange 130 may be substantially greater than the axial
spacing between the primary and the secondary surfaces
116,120. Directly opposite from the protective flange
130, the bonnet member 106 may be provided with an
enlarged recess 134 for receiving a terminal end
portion 136 of the diaphragm 104 in a free and
undamped condition. Secondary corners, generally
indicated as 142,144, may be 



axially spaced from one another a distance
substantially less than the axial spacing between the
corners 124,126 so that the outer end portion 136 of
the diaphragm 104 is axially deformed to a greater
degree than the axial deformation thereof between the
corners 124,126. In an exemplary embodiment, the
corners 124, 126, 142, 144 are hardened to form
hardened engaging portions 10. The corners 124, 126,
142, 144 are harder than the diaphragm and plastically
deform the diaphragm to provide primary and secondary
seals. In another embodiment, the diaphragm 104 is
hardened and the corners 124, 126, 142, 144 are not
hardened so that the diaphragm plastically deforms the
corners to form a seal. [0048] The invention has been
described with reference to the preferred embodiments.
Modification and alterations will occur to others upon
a reading and understanding of this specification. It
is intended to include all such modifications and
alterations insofar as they come within the scope of
the appended claims or the equivalents thereof.Claims
1. A fluid coupling, comprising: a generally annular,
metal sealing gasket; first and second metal coupling
components; the metal coupling components assembled on
opposite sides of the metal sealing gasket such that a
load is applied by the metal coupling components to
the metal sealing gasket; and a generally annular,
hardened sealing bead included on at least one of the
metal sealing gasket, the first metal coupling
component and second metal coupling component that
indents into and plastically deforms at least one of
the metal sealing gasket, the first metal coupling
component and second metal coupling component to form
a seal therebetween. 2. The fluid coupling of claim 1
wherein fluid flowing through the fluid coupling
contacts the first and second metal coupling
components and the metal sealing gasket. 3. The fluid
coupling of claim 1 wherein the hardened sealing bead
is included on the first metal coupling component and
wherein the hardened sealing bead indents into the
metal sealing gasket to form the seal. 4. The fluid
coupling of claim 3 wherein the hardened sealing bead
is hardened using a low temperature carburization
process to produce a hardened surface without
formation of carbide precipitates. 5. The fluid
coupling of claim 1 wherein the hardened sealing bead
is included on the metal sealing gasket and wherein
the hardened sealing bead indents into the first metal
coupling component to form the seal. 6. The fluid
coupling of claim 5 wherein the hardened annular
sealing bead is hardened using a low temperature
carburization process to produce a hardened surface
without formation of carbide precipitates. 7. The
fluid coupling of claim 1 further comprising a second
generally annular, hardened sealing bead; wherein the
first and second metal coupling components have
opposed radial end faces that include the hardened
sealing beads extending axially therefrom toward each
other; and wherein the hardened sealing beads indent
into and plastically deform opposite face areas of the
gasket to form seals.8. The fluid coupling of claim 1
wherein the metal sealing gasket is made from
nonannealed stainless steel. 9. The fluid coupling of
claim 1 wherein the metal coupling components and the
metal sealing gasket are made from stainless steel.
10. The fluid coupling of claim 1 wherein the metal
coupling components and the metal sealing gasket are
made from stainless steel and the hardened sealing
bead is hardened using a diffusion based surface
treatment process. 11. The fluid coupling of claim 10
wherein the diffusion based surface treatment process
is a low temperature carburization process to produce
a hardened surface without formation of carbide
precipitates. 12. The fluid coupling of claim 1
wherein the seal is effective to contain light gasses
at pressures greater than 1000 psi with a leak rate at
or below 1 std. cc/hr. 13. The fluid coupling of claim
1 wherein the seal is effective to contain light
gasses at pressures greater than 5000 psi with a leak
rate at or below 1 std. cc/hr. 14. A bellows valve,
comprising: a metal valve body having inlet and outlet
passages and a valve seat disposed between the inlet
and outlet passages; a valve stem received by the
valve body; the valve stem adapted for selective
sealing engagement with the valve seat; a bellows
having a first end and a second end, the first end
being sealingly connected to the valve stem; a metal
closing member adapted to receive the valve stem
therethrough, the metal closing member being sealingly
connected to the second end of the bellows; a bonnet
member, wherein the bonnet member and the metal valve
body are assembled on opposite sides of the metal
closing member such that a load is applied by the
valve body and the bonnet member to the closing
member; and a generally circumferentially continuous,
hardened bead extending axially outward from one of
the valve body and the closing member that indents
into and plastically deforms a generally planar
surface located on the other of the valve body and the
closing member to form a seal therebetween.15. The
bellows valve of claim 14 wherein the hardened bead is
located on the metal closing member and indents into
the valve body to form the seal. 16. The bellows valve
of claim 14 wherein the hardened bead is located on
the valve body and indents into the metal closing
member to form the seal. 17. The bellows valve of
claim 14 wherein the hardened bead is hardened using a
low temperature carburization process to produce a
hardened surface without formation of carbide
precipitates. 18. The bellows valve of claim 14
wherein the hardened bead is made from stainless steel
and is hardened using a diffusion based surface
treatment process. 19. The bellows valve of claim 14
wherein the bonnet, the valve body, the closing
member, and the bellows are made from stainless steel.
20. The bellows valve of claim 14 wherein the seal is
effective to contain light gasses at pressures greater
than 1000 psi with a leak rate at or below 1 std.
cc/hr. 21. The bellows valve of claim 14 wherein the
seal is effective to contain light gasses at pressures
greater than 5000 psi with a leak rate at or below 1
std. cc/hr. 22. A diaphragm valve, comprising: a valve
body and a bonnet member, a metal diaphragm
arrangement including one or more diaphragms, wherein
the bonnet member and the valve body are assembled on
opposite sides of the metal diaphragm arrangement such
that a load is applied by the bonnet member and the
valve body to the metal diaphragm arrangement; and a
hardened engaging portion included on at least one of
the metal diaphragm arrangement, the bonnet member,
and the valve body near a respective outer periphery
thereof; the hardened engaging portion engages and
plastically deforms at least one of the metal
diaphragm arrangement, the bonnet member, and the
valve body to form a seal therebetween. 23. The
diaphragm valve of claim 22 wherein the metal
diaphragm comprises a plurality of diaphragms in a
stacked arrangement. 24. The diaphragm valve of claim
22 wherein the hardened engaging portion comprises an
annular edge of the bonnet that engages the diaphragm
arrangement.25. The diaphragm valve of claim 22
wherein the valve body and the bonnet member each
includes a generally flat surface near a respective
outer periphery thereof; at least one of the generally
flat surfaces being adjacent an outer corner thereof;
the diaphragm assembly being clamped between the
generally flat portions; the diaphragm assembly having
an outer peripheral portion adjacent the generally
flat surfaces that bends over and seals at the corner.
26. The diaphragm valve of claim 25 wherein the
hardened engaging portion comprises the corner. 27.
The diaphragm valve of claim 22 wherein the hardened
engaging portion is hardened using a low temperature
carburization process to produce a hardened surface
without formation of carbide precipitates. 28. The
diaphragm valve of claim 22 wherein the bonnet, the
valve body, and the diaphragm arrangement are made
from stainless steel. 29. The diaphragm valve of claim
22 wherein the hardened engaging portion is made from
stainless steel and is hardened using a diffusion
based surface treatment process. 


