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PROTECTION AND ENHANCEMENT OF 
ERYTHROPOIETIN-RESPONSIVE CELLS, 

TISSUES AND ORGANS 

This application is a continuation of, and claims 
priority to, U.S. application Ser No. 09/753,123 

filed Dec. 29, 2000, which is incorporated herein in 
its entirety. 

FIELD OF THE INVENTION 

0001. The present invention is directed to the protection 
and enhancement of cells, tissues and organs of a mamma 
lian body that may be isolated or Separated from the vas 
culature by an endothelial cell barrier. Protection is provided 
to cells, tissues and organs in Situ as well as those that may 
be temporarily removed, for instance, for transplant. Pro 
tection and enhancement is offered to cells, tissues and 
organs that are erythropoietin responsive or those that 
depend on erythropoietin-responsive cells for at least an 
aspect of function or viability. 

BACKGROUND OF THE INVENTION 

0002 For many years, the only clear physiological role of 
erythropoietin (EPO) had been its control of the production 
of red blood cells. Recently, several lines of evidence 
Suggest that EPO, as a member of the cytokine Superfamily, 
performs other important physiologic functions which are 
mediated through interaction with the erythropoietin recep 
tor (EPO-R). These actions include mitogenesis, modulation 
of calcium influx into Smooth muscle cells and neural cells, 
and effects on intermediary metabolism. It is believed that 
EPO provides compensatory responses that Serve to improve 
hypoxic cellular microenvironments. Although Studies have 
established that EPO injected intracranially protects neurons 
against hypoxic neuronal injury, intracranial administration 
is an impractical and unacceptable route of administration 
for therapeutic use, particularly for normal individuals. 
Furthermore, previous studies of anemic patients given EPO 
have concluded that peripherally-administered EPO is not 
transported into the brain (Marti et al., 1997, Kidney Int. 
51:416-8). 
0003 Copending U.S. application Ser. No. 09/547,220, 
the entire contents of which is incorporated herein by 
reference in its entirety, describes the heretofore unrecog 
nized and unappreciated property that a peripherally-admin 
istered erythropoietin is capable of crossing an endothelial 
cell barrier (e.g., the blood-brain barrier) and providing 
protection and enhancement of excitable tissue acroSS that 
barrier, for example, for protection or enhancement of 
neuronal function. It also describes the use of an erythro 
poietin as a carrier molecule to facilitate the penetration 
acroSS an endothelial cell barrier, Such as the blood-brain 
barrier, to Serve as a carrier for compounds which alone 
normally cannot croSS Such barriers. 
0004. It is towards the use of an erythropoietin for 
protecting or enhancing erythropoietin-responsive cells and 
asSociated cells, tissues and organs in Situ and eX Vivo, as 
well as delivery of an erythropoietin across an endothelial 
cell barrier for the purpose of protecting and enhancing 
erythropoietin-responsive cells and associated cells, tissues 
and organs distal to the vasculature, that the present inven 
tion is directed. 

Jul. 17, 2003 

0005 Citation or discussion of a reference herein shall 
not be construed as an admission that Such is prior art to the 
present invention. 

BRIEF SUMMARY OF THE INVENTION 

0006. In its broadest aspect, the present invention is 
directed to compositions and methods for protecting, main 
taining or enhancing the function or viability of an eryth 
ropoietin-responsive mammalian cell and associated cells, 
tissues and organs, using compounds which may or may not 
have erythropoietic activity. 
0007. In one aspect, the invention is directed to protect 
ing, maintaining or enhancing the viability of an erythro 
poietin-responsive mammalian cell, and associated cells, 
tissues and organs, wherein the mammalian cell, tissue or 
organ is distal to the vasculature by virtue of a tight 
endothelial cell barrier. The method involves administering 
to the vasculature an amount of an erythropoietin which is 
capable of translocation acroSS the intact endothelial cell 
banner and providing benefits to erythropoietin-responsive 
cells and to associated cells, tissues and organs dependent 
thereon distal to the vasculature. 

0008. The invention is based, in part, on the Applicant's 
discovery that particularly for chronic treatment for the 
various purposes herein, it is desirable to utilize an eryth 
ropoietin with positive effects on erythropoietin-responsive 
cells and tissues but lacking erythropoietic activity, to pre 
vent an undesirable rise in hemoglobin concentrations and 
hematocrit over the course of therapy. Such non-erythropoi 
etic forms of EPO may exhibit lack of stimulating erythro 
poiesis by any of Several non-limiting reasons, Such as 
altered pharmacokinetics or altered activity. For example, a 
Suitable non-erythropoietic form of erythropoietin may have 
too short of a half-life in circulation to be present at a 
concentration adequate to recruit proerythroblasts via the 
erythropoietin receptor. Alternatively, a chemically-modi 
fied, mutant, or otherwise altered form of erythropoietin 
which is not recognized by the erythropoietin receptor on 
proerythroblasts but maintains or has improved activity at 
enhancing viability and other positive effects on erythropoi 
etin-responsive cells is embraced herein. AS described 
herein, in the case wherein the EPO is non-erythropoietic, 
the range of doses may be as described, or may be lower 
depending on the potency of the non-erythropoietic mol 
ecule. Units of activity may be determined based on equiva 
lent activity against the target cells and tissues described 
herein, as the Units normally used for EPO relate to eryth 
ropoiesis and are irrelevant to non-erythropoietic EPOS. 
0009. The invention is also based, in part, on the Appli 
cant's discovery that organs and other bodily parts isolated 
from a mammalian body, Such as those intended for trans 
plant, are benefitted by exposure to an erythropoietin. 
0010 Thus, one aspect of the invention is directed to a 
method for protecting, maintaining or enhancing the viabil 
ity or function of a mammalian cell, tissue, organ or bodily 
part which includes an erythropoietin-responsive cell or 
tissue, in which the cell, tissue, organ or bodily part is 
isolated from the mammalian body. The method includes at 
least exposing the isolated mammalian cell, tissue, organ or 
bodily part to an amount of an erythropoietin for a duration 
which is effective to protect, maintain or enhance the afore 
mentioned viability or function. In non-limiting examples, 
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isolated refers to restricting or clamping the vasculature of 
or to the cell, tissue, organ or bodily part, Such as may be 
performed during Surgery; bypassing the vasculature of the 
cell, tissue, organ or bodily part, removing the cell, tissue, 
organ or bodily part from the mammalian body, Such may be 
done in advance of Xenotransplantation or prior to and 
during autotransplantation; or traumatic amputation of a 
cell, tissue, organ or bodily part. Thus, this aspect of the 
invention pertains both to the perfusion with an erythropoi 
etin in Situ and ex vivo. EX Vivo, the erythropoietin may be 
provided in a cell, tissue or organ preservation Solution. For 
either aspect, the exposing may be by way of continuous 
perfusion, pulsatile perfusion, infusion, bathing, injection, or 
catheterization. 

0.011 Such adverse conditions to function or viability 
mentioned above may result from clamping of the vascular 
Supply to an organ during repair or other Surgical procedure; 
isolating a Viscus or limb during perfusion to provide high 
levels of, for example, a chemotherapeutic agent, bypass 
Surgery; transcutaneous procedures in which blood flow to a 
particular tissue or organ may be temporally compromised, 
Such as endarterectomy, angioplasty, Stent placement, and 
cardiac catheterization. Need for protection of cells and 
tissues also occurs after traumatic amputation or Severance 
of a bodily part Such as a finger, toe or limb, Such that may 
be applied to the Severed part during the period before 
reattachment is performed. Administration of the pharma 
ceutical composition for the beneficial purposes described 
herein may be provided prior to the period of time during 
which the adverse conditions prevail, during the period of 
time, after the period of time, or any combination of times. 
0012. An erythropoietin useful for the practice of the 
invention includes human or another mammalian erythro 
poietin, an erythropoietin analog, an erythropoietin mimetic, 
an erythropoietin fragment, a hybrid erythropoietin mol 
ecule, an erythropoietin receptor-binding molecule, an 
erythropoietin agonist, a renal erythropoietin, a brain eryth 
ropoietin, an oligomer of any of the foregoing, a multimer of 
any of the foregoing, a mutein of any of the foregoing, a 
congener of any of the foregoing, a naturally-occurring form 
of any of the foregoing, a Synthetic form of any of the 
foregoing, a recombinant form of any of the foregoing, a 
glycosylation variant of any of the foregoing, a deglycosy 
lated variant of any of the foregoing, or a combination of any 
of the foregoing. By way of non-limiting example, the 
amount of an erythropoietin may be within the range from 
about 100 picograms/ml to about 1,000 nanograms/ml of 
erythropoietin, an erythropoietin receptor activity modula 
tor, an erythropoietin-activated receptor modulator, or a 
combination of any of the foregoing. The amount of eryth 
ropoietin also may be about 100 nanograms to about 50 
micrograms of an erythropoietin per kilogram of the cell, 
tissue, organ or bodily part. In terms of vascular concentra 
tion, the amount of an erythropoietin may be a dose to 
achieve about 10 picograms/ml to about 1000 nanograms/ 
ml. However, these amounts are merely illustrative and 
non-limiting. 

0013 In one embodiment, the erythropoietin is non 
erythropoietic in Vivo, Such as but not limited to an asialo 
erythropoietin, Such as human asialoerythropoietin. By way 
of non-limiting example, the amount of an erythropoietin 
may be within the range from about 100 picograms/ml to 
about 1,000 nanograms/ml of erythropoietin, an erythropoi 
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etin receptor activity modulator, an erythropoietin-activated 
receptor modulator, or a combination of any of the forego 
ing. The amount of a non-erythropoietic erythropoietin also 
may be about 100 nanograms to about 50 micrograms of an 
erythropoietin per kilogram of the cell, tissue, organ or 
bodily part. In terms of vascular concentration, the amount 
of an erythropoietin may be a dose to achieve about 10 
picograms/ml to about 1000 nanograms/ml. However, these 
doses and amounts are merely illustrative and non-limiting. 
0014. The foregoing methods are preferably applicable to 
human beings, but is useful for any mammal, Such as but not 
limited to companion animals, domesticated animals, live 
Stock and Zoo animals. 

0015. In another aspect of the invention, a method is 
provided for protecting, maintaining or enhancing the viabil 
ity or function of a cell, tissue or organ in a mammal, the 
cell, tissue or organ including at least an erythropoietin 
responsive cell or tissue. The cell, tissue or organ is sepa 
rated from the vasculature of the mammal by an endothelial 
cell barrier. The method involves at least administering to 
the vasculature an amount of an erythropoietin for a duration 
effective to translocate the erythropoietin acroSS the endot 
helial cell barrier and to protect, enhance or maintain the 
viability or function of the cell, tissue or organ. By way of 
non-limiting examples, the administering of the erythropoi 
etin may be provided by a route Such as oral, intravenous, 
topical, intraluminal, inhalation or parenteral administration, 
the latter including intravenous, intraarterial, Subcutaneous, 
intramuscular, intraperitoneal, Submucosal or intradermal. 
0016. By way of non-limiting example, the erythropoi 
etin-responsive cell or tissue may be neuronal, muscle, 
heart, lung, liver, kidney, Small intestine, adrenal cortex, 
adrenal medulla, capillary endothelial, testes, ovary, or 
endometrial cells or tissue. These examples of erythropoi 
etin-responsive cells are merely illustrative. In a particular 
embodiment, the mammalian cell, tissue or organ has 
expended or will expend a period of time under at least one 
condition adverse to the viability of the cell, tissue or organ. 
Such conditions may include traumatic in-situ hypoxia or 
metabolic dysfunction, Surgically-induced in-situ hypoxia or 
metabolic dysfunction, or in-situ toxin exposure, the latter 
Such as may be associated with chemotherapy or radiation 
therapy. 

0017. An erythropoietin may be dosed to the human 
being or non-human mammal using an amount, duration and 
frequency of dosing which achieves the desired enhance 
ment or protection. For chronic administration, it is desirable 
to avoid increasing the hematocrit by administering an 
erythropoietin at a dose, duration and frequency of dosing 
that avoids the erythropoietic activity of the erythropoietin 
but achieves the desired enhancement as described herein 
throughout. As will be described herein, based on the 
potency, half-life, and other factors, one of skill in the art 
may design a dosing regimen which achieves this desired 
goal. 
0018. In the foregoing aspect, the erythropoietin may be 
human or another mammalian erythropoietin, an erythropoi 
etin analog, an erythropoietin mimetic, an erythropoietin 
fragment, a hybrid erythropoietin molecule, an erythropoi 
etin receptor-binding molecule, an erythropoietin agonist, a 
renal erythropoietin, a brain erythropoietin, an oligomer of 
any of the foregoing, a multimer of any of the foregoing, a 
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mutein of any of the foregoing, a congener of any of the 
foregoing, a naturally-occurring form of any of the forego 
ing, a Synthetic form of any of the foregoing, a recombinant 
form of any of the foregoing, a glycosylation variant of any 
of the foregoing, a deglycosylated variant of any of the 
foregoing, or a combination of any of the foregoing. In this 
aspect of the invention, the amount of an erythropoietin may 
be within the range from about 100 nanograms per kilogram 
to about 50 micrograms per kilogram of erythropoietin, an 
erythropoietin receptor activity modulator, an erythropoi 
etin-activated receptor modulator, or a combination thereof, 
and a pharmaceutically acceptable carrier. A preferred 
amount of an erythropoietic erythropoietin is about 20 
micrograms per kilogram to about 50 micrograms per kilo 
gram. The amount of erythropoietin may also be a dose 
effective amount to achieve a circulating level of erythro 
poietin of greater than about 0.5 nanograms/ml to about 
1000 nanograms/ml of serum. In a preferred embodiment, 
the erythropoietin is non-erythropoietic, Such as but not 
limited to an asialoerythropoietin, Such as human asialo 
erythropoietin. In the case of the non-erythropoietic eryth 
ropoietin, a preferred amount is 100 nanograms per kilo 
gram up to about 50 micrograms per kilogram; in Serum or 
Solution, a concentration of about 10 picograms per milliliter 
to about 1000 nanograms per milliliter is desirable. Such 
doses and amounts are merely illustrative and are not 
intended to be limiting. 
0019. In one embodiment, an erythropoietin may have a 
biological half-life less than 50% that of native human 
erythropoietin, preferably less than 90% that of native 
human erythropoietin. AS mentioned above, the dose, dosing 
frequency and duration may be adjusted, particularly for 
chronic administration, to expose the human being or non 
human mammal to an erythropoietin which achieves the 
desired enhancement or protection but does not induce 
erythropoiesis or increase hematocrit. Thus, both erythro 
poietic and non-erythropoietic erythropoietins may be dosed 
to achieve these desired results. Preferably, for chronic 
administration, a non-erythropoietic erythropoietin is used. 
Dosing parameters may also be adjusted for the potency of 
the particular form of erythropoietin, and particularly a 
non-erythropoietic form of erythropoietin, for the uses 
herein. 

0020. The foregoing methods are preferably applicable to 
human beings, but is useful for any mammal, Such as but not 
limited to companion animals, domesticated animals, live 
Stock and Zoo animals. 

0021. The invention is also directed to a pharmaceutical 
composition in dosage unit form adapted for modulation of 
erythropoietin-responsive cells, tissueS or organs which 
includes at least, per dosage unit, an effective non-toxic 
amount within the range from about 1.5 mg to about 5 mg 
of an erythropoietin, an erythropoietin receptor activity 
modulator, an erythropoietin-activated receptor modulator, 
or a combination of any of the foregoing, and a pharmaceu 
tically acceptable carrier. In one embodiment, the effective 
non-toxic amount of EPO in the pharmaceutical composition 
comprises 1 to 5 mg of EPO; 1.5 to 5 mg of EPO; 2 to 5 mg 
of EPO; 2.5 to 5 mg of EPO; 3.5 to 5 mg of EPO; 4 mg to 
5 mg of EPO; or 4.5 to 5 mg of EPO. The erythropoietin may 
be human or other mammalian erythropoietin, an erythro 
poietin analog, an erythropoietin mimetic, an erythropoietin 
fragment, a hybrid erythropoietin molecule, an erythropoi 
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etin receptor-binding molecule, an erythropoietin agonist, a 
renal erythropoietin, a brain erythropoietin, an oligomer of 
any of the foregoing, a multimer of any of the foregoing, a 
mutein of any of the foregoing, a congener of any of the 
foregoing, a naturally-occurring form of any of the forego 
ing, a Synthetic form of any of the foregoing, or a recom 
binant form of any of the foregoing. 

0022. In another aspect, the invention is directed to a 
pharmaceutical composition in dosage unit form adapted for 
modulation of erythropoietin-responsive cells, tissueS or 
organs which comprises, per dosage unit, an effective non 
toxic amount within the range from about 5 micrograms to 
5 mg of a non-erythropoietic erythropoietin, a non-erythro 
poietic erythropoietin receptor activity modulator, a non 
erythropoietic erythropoietin-activated receptor modulator, 
or a combination of any of the foregoing, and a pharmaceu 
tically acceptable carrier. In a one embodiment, the non 
erythropoietic erythropoietin has altered pharmacokinetics 
compared with native, human erythropoietin, Such as but not 
limited to non-erythropoietic glycosylation variants of 
erythropoietin or non-erythropoietic deglycosylated variants 
of erythropoietin; one example being asialoerythropoietin. 
The ranges may include from about 5 micrograms to 5 mg 
of a non-erythropoietic erythropoietin; 10 micrograms to 5 
mg of a non-erythropoietic erythropoietin; 50 micrograms to 
5 mg of a non-erythropoietic erythropoietin; 100 micro 
grams to 5 mg of a non-erythropoietic erythropoietin; 500 
micrograms to 5 mg of a non-erythropoietic erythropoietin; 
0.5 mg to 5 mg of a non-erythropoietic erythropoietin; 0.6 
mg to 5 mg of a non-erythropoietic erythropoietin, 0.7 mg 
to 5 mg of a non-erythropoietic erythropoietin; 0.8 mg to 5 
mg of a non-erythropoietic erythropoietin; 0.9 mg to 5 mg 
of a non-erythropoietic erythropoietin; 1 mg to 5 mg of 
a-non-erythropoietic erythropoietin; 1.5 to 5 mg of a non 
erythropoietic erythropoietin, 2 to 5 mg of a non-erythro 
poietic erythropoietin, 2.5 to 5 mg of a non-erythropoietic 
erythropoietin; 3.5 to 5 mg of a non-erythropoietic erythro 
poietin; 4 mg to 5 mg of a non-erythropoietic erythropoietin; 
or 4.5 to 5 mg of a non-erythropoietic erythropoietin. 

0023 The invention is also directed to a perfusate solu 
tion comprising an erythropoietin, Such as but not limited to 
an erythropoietin, an erythropoietin receptor activity modu 
lator, an erythropoietin-activated receptor modulator, or a 
combination of any of the foregoing, and a pharmaceutically 
acceptable carrier. The erythropoietin may be human or 
another mammalian erythropoietin, an erythropoietin ana 
log, an erythropoietin mimetic, an erythropoietin fragment, 
a hybrid erythropoietin molecule, an erythropoietin recep 
tor-binding molecule, an erythropoietin agonist, a renal 
erythropoietin, a brain erythropoietin, an oligomer of any of 
the foregoing, a multimer of any of the foregoing, a mutein 
of any of the foregoing, a congener of any of the foregoing, 
a naturally-occurring form of any of the foregoing, a Syn 
thetic form of any of the foregoing, or a recombinant form 
of any of the foregoing. The perfusate may comprise an 
erythropoietin at a concentration of about 10 picograms per 
ml to about 1000 nanograms per ml. However, these 
amounts are merely illustrative and non-limiting. 

0024. These and other aspects of the present invention 
will be better appreciated by reference to the following 
Figures and Detailed Description. 
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BRIEF DESCRIPTION OF THE FIGURES 

0.025 FIG. 1 depicts the translocation of parenterally 
administered erythropoietin into the cerebroSpinal fluid. 
0.026 FIG. 2 shows the protection of myocardium to 
ischemic damage by erythropoietin. 
0027 FIG. 3 compares the in-vitro efficacy of erythro 
poietin and asialoerythropoietin on viability of Serum 
Starved P19 cells. 

0028 FIG. 4 shows protection of erythropoietin and 
asialoerythropoietin in a rat focal cerebral ischemia model. 
0029 FIG. 5 compares the in-vitro efficacy of erythro 
poietin and phenylglyoxal-modified erythropoietin on the 
viability of serum-starved P19 cells. 
0030 FIG. 6 depicts the effects of erythropoietin treat 
ment in a rat glaucoma model. 
0031 FIG. 7 shows the extent of preservation of retinal 
function by erythropoietin in the rat glaucoma model. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.032 “Erythropoietin-responsive cell” refers to a mam 
malian cell whose function or viability may be maintained, 
promoted, enhanced, or in any other way benefitted, by 
exposure to an erythropoietin. Non-limiting examples of 
Such cells include neuronal, muscle, heart, lung, liver, kid 
ney, Small intestine, adrenal cortex, adrenal medulla, capil 
lary endothelial, testes, ovary, and endometrial cells. More 
over, Such erythropoietin-responsive cells and the benefits 
provided thereto by an erythropoietin may be extended to 
provide protection or enhancement indirectly to other cells 
that are not directly erythropoietin responsive, or of tissues 
or organs which contain Such non-erythropoietin-responsive 
cells. These other cells, or tissueS or organs which benefit 
indirectly from the enhancement of erythropoietin-respon 
Sive cells present as part of the cells, tissue or organ as 
"asSociated” cells, tissues and organs. Thus, benefits of an 
erythropoietin as described herein may be provided as a 
result of the presence of a Small number or proportion of 
erythropoietin-responsive cells in a tissue or organ, for 
example, excitable or neuronal tissue present in Such tissue, 
or the Leydig cells of the testis, which makes testosterone. 
0033. The methods of the invention provide for the local 
or Systemic protection or enhancement of cells, tissues and 
organs within a mammalian body, under a wide variety or 
normal and adverse conditions, or protection of those which 
are destined for relocation to another mammalian body. AS 
mentioned above, the ability of an erythropoietin to croSS a 
tight endothelial cell barrier and exert its positive effects on 
erythropoietin-responsive cells (as well as other types of 
cells) distal to the vasculature offers the potential to prevent 
as well as treat a wide variety of conditions and diseases 
which otherwise wreak significant cellular and tissue dam 
age in an animal, and moreover, permit Success of heretofore 
unattemptable Surgical procedures for which risk tradition 
ally outweighed the benefits. The duration and degree of 
purposeful adverse conditions induced for ultimate benefit, 
Such as high-dose chemotherapy, radiation therapy, pro 
longed ex-Vivo transplant Survival, and prolonged periods of 
Surgically-induced ischemia, may be carried out by taking 
advantage of the invention herein. However, the invention is 
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not So limited, but includes as one aspect, methods or 
compositions wherein the target erythropoietin-responsive 
cells are distal to the vasculature by virtue of an endothelial 
cell barrier or endothelial tight junctions, but is directed in 
general to any erythropoietin-responsive cells and associ 
ated cells, tissues and organs which may benefit from 
exposure to an erythropoietin. 
0034. The various methods of the invention utilize a 
pharmaceutical composition which at least includes an 
erythropoietin at an effective amount for the particular route 
and duration of exposure to exert positive effects or benefits 
on erythropoietin-responsive cells within or removed from a 
mammalian body. Where the target cell, tissueS or organs of 
the intended therapy require the erythropoietin to croSS an 
endothelial cell barrier, the pharmaceutical composition 
includes the erythropoietin at a concentration which is 
capable, after crossing the endothelial cell barrier, of exert 
ing its desirable effects upon the erythropoietin-responsive 
cells. Molecules capable of interacting with the EPO recep 
tor and modulating the activity of the receptor, herein 
referred to as erythropoietin or erythropoietin receptor activ 
ity modulators, are useful in the context of the present 
invention. These molecules may be, for example, naturally 
occurring, Synthetic, or recombinant forms of erythropoietin 
molecules, as described above, or other molecules which 
may not necessarily resemble erythropoietin in any manner, 
except to modulate erythropoietin responsive cell activity, as 
described herein. It also includes chemically-modified forms 
of any of the erythropoietin molecules here, Such as but not 
limited to phenylglyoxal-treated erythropoietin or various 
glycosylation variants of erythropoietin. These molecules 
may be used in combination for the various purposes herein 
described. 

0035 Erythropoietin is a glycoprotein hormone which in 
humans has a molecular weight of about 34 kDa. The mature 
protein comprises 156 amino acids, and the glycosyl resi 
dues comprise about 40% of the weight of the molecule. The 
forms of erythropoietin useful in the practice of the present 
invention encompass naturally-occurring, Synthetic and 
recombinant forms of the following human and other mam 
malian erythropoietin-related molecules: erythropoietin, 
asialoerythropoietin, deglycosylated erythropoietin, erythro 
poietin analogs, erythropoietin mimetics, erythropoietin 
fragments, hybrid erythropoietin molecules, erythropoietin 
receptor-binding molecules, erythropoietin agonists, renal 
erythropoietin, brain erythropoietin, oligomers and multim 
ers thereof, muteins thereof, and congeners thereof. The 
term “EPO" and “erythropoietin” as well as “an EPO" or “an 
erythropoietin' may be used interchangeably or conjunc 
tively, and the various analogs, fragments, hybrid molecules, 
agonists, muteins, and other forms as described above 
embrace the variants in the extents of and Sites of glycosy 
lation of erythropoietin, including native, deglycosylated, 
asialylated, and other partially glycosylated forms of eryth 
ropoietin. Non-limiting examples of Such variants are 
described in Tsuda et al., 1990, Eur: J. Biochem. 188:405 
411, incorporated herein by reference. In one embodiment, 
the erythropoietin used for the purposes herein is non 
erythropoietic, Such as but not limited to an asialoerythro 
poietin. AS noted above, the invention herein embraces any 
and all erythropoietin receptor activity modulator molecules 
capable of exerting positive activity on erythropoietin-re 
Sponsive cells, regardless of any Structural relationship of 
the molecule with erythropoietin. 
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0.036 AS will be seen in the description herein and the 
examples below, it is desirable for chronic treatment for the 
various purposes herein to utilize an erythropoietin with 
positive effects on erythropoietin-responsive cells and tis 
Sues but lacking erythropoietic activity in Vivo, to prevent an 
undesirable rise in hemoglobin concentrations and hemat 
ocrit over the course of therapy. Such non-erythropoietic 
forms of EPO may exhibit lack of stimulating erythropoiesis 
by any of Several non-limiting reasons, for example, having 
too short of a half-life in circulation to be present at a 
concentration adequate to recruit proerythroblasts via the 
erythropoietin receptor. AS expression of the erythropoietin 
receptor on proerythroblasts occurs late in their develop 
ment, and only for a short period of time, multiple Small 
groups of proerythroblasts become Sensitive to EPO Sequen 
tially. Unless erythropoietin is present continuously, only a 
Small fraction will be recruited. 

0037 AS used herein, half-life refers to the biological 
half-life, or the half-life of the concentration of the intact 
molecule in plasma or Serum. Survival of erythropoietin in 
circulation is critically dependent on the presence or absence 
of carbohydrates, especially the terminal Sialic acids. For 
example, the elimination half-life of EPO in the rat is 180 
minutes; that of the nonerythropoietic EPO derivative asia 
loerythropoietin is only two minutes (Spivak and Hogans, 
1989, Blood 73:90-99). This derivative never reaches circu 
lating concentrations that achieve or Support erythropoiesis. 
In contrast, the erythropoietin receptor is present continu 
ously on other cells Such as endothelial, neuronal, and others 
as described herein, such that a boluses of EPO can maxi 
mally Saturate the receptors they express and elicit a bio 
logical response. By way of illustration and as shown in an 
example below, two groups of mice were each administered 
10 U of EPO subcutaneously such that one group received 
a single dose (which was rapidly cleared from the circula 
tion) and the other group received a continuous infusion 
from a delivery device containing a total of 10 U. After three 
weeks the hemoglobin concentration was found to be 
unchanged in the first group, whereas a significant increase 
in hematocrit occurred in the group receiving the continuous 
infusion of the same amount of EPO. 

0.038. Thus, as will be seen herein, particularly for 
chronic administration for the purposes herein, it is desirable 
to expose a human being or non-human mammal with a 
dose, duration and/or frequency of administration, by the 
appropriate route, to achieve the desirable effects herein 
without inducing erythropoiesis or causing a rise in the 
hematocrit. The dosing parameters (dose, frequency, dura 
tion, route, etc.) will be readily determinable by the skilled 
artisan based on the potency, biological half-life and other 
pharmacokinetic parameters of the particular erythropoietin 
being administered, among other factors. AS will be seen 
herein, a non-erythropoietic erythropoietin may be non 
erythropoietic as a result of any one or a combination of 
factors including but not limited to its structure, extent of 
Sialylation or carbohydrate content, interaction with an 
erythropoietin receptor, absorption, distribution, clearance 
and elimination kinetics in the body, Susceptibility to deg 
radation, among others. Such factors will be taken into 
account in providing a dosing regimen including the route, 
dose, frequency of administration, in order to achieve the 
desired objects of the invention preferably without increas 
ing the hematocrit. 
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0039. In addition to the above, other modifications of the 
erythropoietin molecule to reduce or eliminate erythropoi 
etic activity are embraced by the present invention, Such as 
modification or elimination of portions of the molecule 
responsible for interaction with the receptor responsible for 
erythropoiesis, or a peptide or other Small molecule without 
such activity, as will be further elaborated upon below. The 
means by which the erythropoietic activity of erythropoietin 
is absent from the preferred embodiment of the invention for 
the intended uses herein are not intended to be limiting in 
any way, and the examples described merely illustrative. 
0040. In addition to the many known and as yet unknown 
candidate compounds unrelated to EPO but still interact with 
and benefit EPO-responsive tissues, EPO itself may be 
modified to tailor its activities for a specific tissue or tissues. 
Several non-limiting Strategies may be carried out to achieve 
this desired tissue Specificity, include modifications that 
Shorten circulating half-life and thus reducing the time 
modified EPO can interact with erythroid precursors, or 
modification of the primary structure of the EPO molecule. 
One approach to reducing circulating half life is to remove 
or modify the glycosylation moieties, of which EPO has 
three N-linked and one O-linked. Such variants of glycosy 
lated EPO can be produced in a number of ways. For 
example, the Sialic acids which terminate the end of the 
Sugar chains can be removed by Specific Sialidases depend 
ing on the chemical linkage connecting the Sialic acid to the 
Sugar chain. Alternatively, the glycosylated Structure can be 
dismantled in different ways by using other enzymes that 
cleave at specific linkages. Techniques to modify the pri 
mary Structure are myriad and include Substitution of Spe 
cific amino acids, chemical modification of amino acids, or 
addition of other structures which interfere with the inter 
action of EPO with any of its receptors. Use of such 
modified forms of EPO are fully embraced herein. In a 
preferred embodiment, the half-life of the non-erythropoi 
etic erythropoietin of the invention is reduced by about 90% 
from that of native erythropoietin. 
0041. In addition, a number of mutant EPO molecules 
have been described which do not bind to the erythrocyte 
EPO receptor and thus do not support erythropoiesis in vivo 
or in vitro. Some of these molecules will nevertheless mimic 
the actions of EPO itself in other tissues or organs. For 
example, a 17-mer containing the amino-acid Sequence of 
31-47 of native EPO is inactive for erythropoiesis but fully 
active for neural cells in vitro (Campana & O'Brien, 1998: 
Int. J. Mol. Med. 1:235-41). Such non-erythropoietic mutant 
EPO molecules and peptides are fully embraced herein. 
0042. Furthermore, derivative EPO molecules desirable 
for the uses described herein may be generated by guanidi 
nation, amidination, trinitrophenylation, acetylation, Succi 
nylation, nitration, or modification of arginine residues or 
carboxyl groups, among other procedures, to produce eryth 
ropoietins which maintain an adequate level of activities for 
Specific organs and tissues but not for others, Such as 
erythrocytes. When erythropoietin is subjected to the above 
reactions, it has been found that in general the resultant 
molecule lacks both in-vivo and in-vitro erythropoietic 
activity (e.g., Satake et al; 1990, Biochim. Biophys. Acta 
1038:125-9). One non-limiting example as described here 
inbelow is the modification of erythropoietin arginine resi 
dues by reaction with phenylglyoxal (according to the 
protocol of Takahashi, 1977, J. Biochem, 81:395-402). As 
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will be seen below, such a modified EPO molecule fully 
retains its neurotrophic effect. Such modified erythropoietin 
molecules are fully embraced for the various uses and 
compositions described herein. 

0.043 Synthetic and recombinant molecules, such as 
brain erythropoietin and renal erythropoietin, recombinant 
mammalian forms of erythropoietin, as well, as its naturally 
occurring, tumor-derived, and recombinant isoforms, Such 
as recombinantly-expressed molecules and those prepared 
by homologous recombination are provided herein. Further 
more, the present invention includes molecules including 
peptides which bind the erythropoietin receptor, as well as 
recombinant constructs or other molecules which possess 
part or all of the Structural and/or biological properties of 
erythropoietin, including fragments and multimers of eryth 
ropoietin or its fragments. Erythropoietin herein embraces 
molecules with altered erythropoietin receptor binding 
activities, preferably with increased receptor affinity, in 
particular as pertains to enhancing transport acroSS endot 
helial cell barriers. It also includes erythropoietin variants 
that are leSS or non-erythropoietic. Muteins comprising 
molecules which have additional or reduced numbers of 
glycosylation sites are included herein. AS noted above, the 
terms “erythropoietin,' erythropoietin,” and “mimetics” as 
well as the other terms are used interchangeably herein to 
refer to the erythropoietin-responsive cell protective and 
enhancing molecules related to erythropoietin as well as the 
molecules which are capable of crossing endothelial cell 
barriers. Furthermore, molecules produced by transgenic 
animals are also encompassed here. It should be noted that 
erythropoietin molecules as embraced herein do not neces 
Sarily resemble erythropoietin Structurally or in any other 
manner, except for ability to interact with the erythropoietin 
receptor or modulate erythropoietin receptor activity or 
activate erythropoietin-activated Signaling cascades, as 
described herein. 

ss 

0044. By way of non-limiting example, forms of eryth 
ropoietin useful for the practice of the present invention 
include erythropoietin muteins, Such as those with altered 
amino acids at the carboxy terminus described in U.S. Pat. 
No. 5,457,089 and in U.S. Pat. No. 4,835,260; erythropoi 
etin isoforms with various numbers of Sialic acid residues 
per molecule, such as described in U.S. Pat. No. 5,856,292; 
polypeptides described in U.S. Pat. No. 4,703,008; agonists 
described in U.S. Pat. No. 5,767,078; peptides which bind to 
the erythropoietin receptor as described in U.S. Pat. Nos. 
5,773,569 and 5,830,851; Small-molecule mimetics which 
activate the erythropoietin receptor, as described in U.S. Pat. 
No. 5,835,382; and erythropoietin analogs described in WO 
9505465, WO 97.18318, and WO 98.18926. All of the 
aforementioned citations are incorporated herein to the 
extent that Such disclosures refer to the various alternate 
forms or processes for preparing Such forms of the eryth 
ropoietins of the present invention. 

0.045 Erythropoietin can be obtained commercially, for 
example, under the trademarks of PROCRIT, available from 
Ortho Biotech Inc., Raritan, N.J., and EPOGEN, available 
from Amgen, Inc., Thousand Oaks, Calif. 

0046) The activity (in units) of erythropoietin (EPO) and 
EPO-like molecules is traditionally defined based on its 
effectiveness in Stimulating red cell production in rodent 
models (and as derived by international standards of EPO). 

Jul. 17, 2003 

One unit (U) of regular EPO (MW of -34,000) is ~10 ng of 
protein (1 mg protein is approximately 100,000 U). How 
ever, as mentioned above, one aspect of, and a preferred 
embodiment of the invention involves the use of non 
erythropoietic forms of erythropoietin or non-erythropoietic 
EPO-like molecules, Such as asialoerythropoietin, and as 
Such, this definition based on erythropoietic activity is 
inappropriate. Thus, as used herein, the activity unit of EPO 
or EPO-related molecules is defined as the amount of protein 
required to elicit the same activity in neural or other eryth 
ropoietin-responsive cellular Systems as is elicited by native 
EPO in the same system. Such systems are described herein 
as well as in Ser. Nos. 60/129,131 and 09/547,220, both 
incorporated herein by reference. The skilled artisan will 
readily determine the units of a non-erythropoietic erythro 
poietin or related molecule following the guidance herein. 
0047. In the practice of one aspect of the present inven 
tion, a pharmaceutical composition as described above con 
taining an erythropoietin may be administered to a mammal 
by any route which provides a sufficient level of an eryth 
ropoietin in the vasculature to permit translocation acroSS an 
endothelial cell barrier and beneficial effects on erythropoi 
etin-responsive cells. When used for the purpose of perfus 
ing a tissue or organ, Similar results are desired. In the 
instance where the cells or tissue is non-vascularized and/or 
the administration is by bathing the cells or tissue with the 
composition of the invention, the pharmaceutical composi 
tion provides an effective erythropoietin-responsive-cell 
beneficial amount of an erythropoietin. The endothelial cell 
barriers acroSS which an erythropoietin may translocate 
include tight functions, perforated junctions, fenestrated 
junctions, and any other types of endothelial barriers present 
in a mammal. A preferred barrier is an endothelial cell tight 
junction, but the invention is not So limiting. 
0048. In one embodiment, the invention provides a phar 
maceutical composition in dosage unit form adapted for 
protection or enhancement of erythropoietin-responsive 
cells, tissueS or organs distal to the vasculature which 
comprises, per dosage unit, an effective non-toxic amount 
within the range from about 0.5 mg to 5 mg of EPO; 0.6 mg 
to 5 mg of EPO; 0.7 mg to 5 mg of EPO; 0.8 mg to 5 mg 
of EPO; 0.9 mg to 5 mg of EPO; 1 to 5 mg of EPO; 1.5 to 
5 mg of EPO; 2 to 5 mg of EPO; 2.5 to 5 mg of EPO; 3.5 
to 5 mg of EPO; 4 mg to 5 mg of EPO; or 4.5 to 5 mg of 
EPO. of erythropoietin, an erythropoietin receptor activity 
modulator, or an erythropoietin-activated receptor modula 
tor and a pharmaceutically acceptable carrier. In a preferred 
embodiment, the effective non-toxic amount of an erythro 
poietic erythropoietin is within the range from about 2 mg to 
about 5 mg. In a preferred embodiment, the erythropoietin in 
the aforementioned composition is non-erythropoietic, at a 
range of about 5 micrograms to 5 mg of a non-erythropoietic 
erythropoietin; 10 micrograms to 5 mg of a non-erythropoi 
etic erythropoietin; 50 micrograms to 5 mg of a non 
erythropoietic erythropoietin; 100 micrograms to 5 mg of a 
non-erythropoietic erythropoietin; 500 micrograms to 5 mg 
of a non-erythropoietic erythropoietin, 0.5 mg to 5 mg of a 
non-erythropoietic erythropoietin, 0.6 mg to 5 mg of a 
non-erythropoietic erythropoietin, 0.7 mg to 5 mg of a 
non-erythropoietic erythropoietin, 0.8 mg to 5 mg of a 
non-erythropoietic erythropoietin; 0.9 mg to 5 mg of a 
non-erythropoietic erythropoietin; 1 mg to 5 mg of a non 
erythropoietic erythropoietin; 1.5 to 5 mg of a non-erythro 
poietic erythropoietin, 2 to 5 mg of a non-erythropoietic 
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erythropoietin, 2.5 to 5 mg of a non-erythropoietic erythro 
poietin; 3.5 to 5 mg of a non-erythropoietic erythropoietin; 
4 mg to 5 mg of a non-erythropoietic erythropoietin, or 4.5 
to 5 mg of a non-erythropoietic erythropoietin. 

0049. In one embodiment, such a pharmaceutical com 
position of erythropoietin may be administered Systemically 
to protect or enhance the target cells, tissue or organ. Such 
administration may be parenterally, transmucosally, e.g., 
orally, nasally, rectally, intravaginally, Sublingually, Submu 
coSally or transdermally. Preferably, administration is 
parenteral, e.g., via intravenous or intraperitoneal injection, 
and also including, but is not limited to, intra-arterial, 
intramuscular, intradermal and Subcutaneous administration. 

0050. In a preferred embodiment, an erythropoietin may 
be administered Systemically at a dosage between 100 
nanograms to about 50 micrograms per kg body weight, 
preferably about 20 micrograms to about 50 micrograms per 
kg-body weight. In the instance where an erythropoietic 
erythropoietin is used, the range may preferably be about 20 
micrograms to about 50 micrograms per kg body weight. 
This effective dose should be Sufficient to achieve serum 
levels of erythropoietin from about 10 picograms to about 
1000 nanograms per ml of Serum after erythropoietin admin 
istration. Such Serum levels may be achieved at about 1, 2, 
3, 4, 5, 6, 7, 8, 9, or 10 hours post-administration. Such 
dosages may be repeated as necessary. For example, admin 
istration may be repeated daily, or every other, third, fourth, 
fifth, Sixth, or Seventh day, as long as clinically necessary, or 
after an appropriate interval, e.g., every 1 to 12 weeks, 
preferably, every 3 to 8 weeks. In one embodiment, the 
effective amount of erythropoietin and a pharmaceutically 
acceptable carrier may be packaged in a single dose Vial or 
other container. In one embodiment, an erythropoietin is 
non-erythropoietic, i.e., it is capable of exerting the activities 
described herein but not causing an increase in hemoglobin 
concentration or hematocrit. Such a non-erythropoietic form 
of erythropoietin is preferred in instances wherein the meth 
ods of the present invention are intended to be provided 
chronically. In another embodiment, an erythropoietin is 
given at a dose greater than that necessary to maximally 
Stimulate erythropoiesis. 

0051. For other routes of administration, such as by use 
of a perfusate, injection into an organ, or other local admin 
istration, a pharmaceutical composition will be provided 
which results in Similar levels of an erythropoietin as 
described above. A level of about 10 pg/ml to about 1000 
ng/ml is desired. 
0.052 The pharmaceutical compositions of the invention 
may comprise a therapeutically effective amount of a com 
pound, and a pharmaceutically acceptable carrier. In a 
Specific embodiment, the term "pharmaceutically accept 
able” means approved by a regulatory agency of the Federal 
or a State government or listed in the U.S. Pharmacopeia or 
other generally recognized pharmacopeia for use in animals, 
and more particularly in humans. The term “carrier” refers 
to a diluent, adjuvant, excipient, or vehicle with which the 
therapeutic is administered. Such pharmaceutical carriers 
can be Sterile liquids, Such as Saline Solutions in water and 
oils, including those of petroleum, animal, vegetable or 
Synthetic origin, Such as peanut oil, Soybean oil, mineral oil, 
Sesame oil and the like. A Saline Solution is a preferred 
carrier when the pharmaceutical composition is adminis 
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tered intravenously. Saline Solutions and aqueous dextrose 
and glycerol Solutions can also be employed as liquid 
carriers, particularly for injectable Solutions. Suitable phar 
maceutical excipients include Starch, glucose, lactose, 
Sucrose, gelatin, malt, rice, flour, chalk, Silica gel, Sodium 
Stearate, glycerol monoStearate, talc, Sodium chloride, dried 
Skim milk, glycerol, propylene, glycol, water, ethanol and 
the like. The composition, if desired, can also contain minor 
amounts of wetting or emulsifying agents, or pH buffering 
agents. These compositions can take the form of Solutions, 
Suspensions, emulsion, tablets, pills, capsules, powders, 
Sustained-release formulations and the like. The composi 
tion can be formulated as a Suppository, with traditional 
binders and carrierS Such as triglycerides. The compounds of 
the invention can be formulated as neutral or Salt forms. 
Pharmaceutically acceptable salts include those formed with 
free amino groupS. Such as those derived from hydrochloric, 
phosphoric, acetic, oxalic, tartaric acids, etc., and those 
formed with free carboxyl groupS. Such as those derived from 
Sodium, potassium, ammonium, calcium, ferric hydroxides, 
isopropylamine, triethylamine, 2-ethylamino ethanol, histi 
dine, procaine, etc. Examples of Suitable pharmaceutical 
carriers are described in “Remington's Pharmaceutical Sci 
ences” by E. W. Martin. Such compositions will contain a 
therapeutically effective amount of the compound, prefer 
ably in purified form, together with a Suitable amount of 
carrier So as to provide the form for proper administration to 
the patient. The formulation should suit the mode of admin 
istration. 

0053 Pharmaceutical compositions adapted for oral 
administration may be provided as capsules or tablets, as 
powders or granules; as Solutions, Syrups or Suspensions (in 
aqueous or non-aqueous liquids); as edible foams or whips; 
or as emulsions. Tablets or hard gelatine capsules may 
comprise lactose, Starch or derivatives thereof, magnesium 
Stearate, Sodium Saccharine, cellulose, magnesium carbon 
ate, Stearic acid or Salts thereof. Soft gelatine capsules may 
comprise vegetable oils, waxes, fats, Semi-Solid, or liquid 
polyols etc. Solutions and Syrups may comprise water, 
polyols and Sugars. 

0054 An active agent intended for oral administration 
may be coated with or admixed with a material that delayS 
disintegration and/or absorption of the active agent in the 
gastrointestinal tract (e.g., glyceryl monostearate or glyceryl 
distearate may be used). Thus, the Sustained release of an 
active agent may be achieved over many hours and, if 
necessary, the active agent can be protected from being 
degraded within the Stomach. Pharmaceutical compositions 
for oral administration may be formulated to facilitate 
release of an active agent at a particular gastrointestinal 
location due to specific pH or enzymatic conditions. 
0055 Pharmaceutical compositions adapted for transder 
mal administration may be provided as discrete patches 
intended to remain in intimate contact with the epidermis of 
the recipient for a prolonged period of time. Pharmaceutical 
compositions adapted for topical administration may be 
provided as ointments, creams, Suspensions, lotions, pow 
ders, Solutions, pastes, gels, Sprays, aerosols or oils. For 
topical administration to the skin, mouth, eye or other 
external tissues a topical ointment or cream is preferably 
used. When formulated in an ointment, the active ingredient 
may be employed with either a paraffinic or a water-miscible 
ointment base. Alternatively, the active ingredient may be 
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formulated in a cream with an oil-in-water base or a water 
in-oil base. Pharmaceutical compositions adapted for topical 
administration to the eye include eye drops. In these com 
positions, the active ingredient can be dissolved or SuS 
pended in a Suitable carrier, e.g., in an aqueous Solvent. 
Pharmaceutical compositions adapted for topical adminis 
tration in the mouth include lozenges, pastilles and mouth 
washes. 

0056 Pharmaceutical compositions adapted for nasal 
administration may comprise Solid carrierS Such as powders 
(preferably having a particle size in the range of 20 to 500 
microns). Powders can be administered in the manner in 
which Snuff is taken, i.e., by rapid inhalation through the 
nose from a container of powder held close to the nose. 
Alternatively, compositions adopted for nasal administration 
may comprise liquid carriers, e.g., nasal Sprays or nasal 
drops. These compositions may comprise acqueous or oil 
Solutions of the active ingredient. Compositions for admin 
istration by inhalation may be Supplied in Specially adapted 
devices including, but not limited to, pressurized aerosols, 
nebulizers or insufflators, which can be constructed So as to 
provide predetermined dosages of the active ingredient. In a 
preferred embodiment, pharmaceutical compositions of the 
invention are administered via the nasal cavity to the lungs. 
0057 Pharmaceutical compositions adapted for rectal 
administration may be provided as Suppositories or enemas. 
Pharmaceutical compositions adapted for vaginal adminis 
tration may be provided as pessaries, tampons, creams, gels, 
pastes, foams or Spray formulations. 

0.058 Pharmaceutical compositions adapted for 
parenteral administration include aqueous and non-aqueous 
Sterile injectable Solutions or Suspensions, which may con 
tain antioxidants, buffers, bacterioStats and Solutes that ren 
der the compositions substantially isotonic with the blood of 
an intended recipient. Other components that may be present 
in Such compositions include water, alcohols, polyols, glyc 
erine and vegetable oils, for example. Compositions adapted 
for parenteral administration may be presented in unit-dose 
or multi-dose containers, for example Sealed ampules and 
vials, and may be stored in a freeze-dried (lyophilized) 
condition requiring only the addition of a sterile liquid 
carrier, e.g., Sterile Saline Solution for injections, immedi 
ately prior to use. Extemporaneous injection Solutions and 
Suspensions may be prepared from Sterile powders, granules 
and tablets. In one embodiment, an autoinjector comprising 
an injectable Solution of an erythropoietin may be provided 
for emergency use by ambulances, emergency rooms, and 
battlefield situations, and even for Self-administration in a 
domestic Setting, particularly where the possibility of trau 
matic amputation may occur, Such as by imprudent use of a 
lawn mower. The likelihood that cells and tissues in a 
severed foot or toe will Survive after reattachment may be 
increased by administering an erythropoietin to multiple 
Sites in the Severed part as Soon as practicable, even before 
the arrival of medical perSonnel on Site, or arrival of the 
afflicted individual with severed toe in tow at the emergency 
OO. 

0059. In a preferred embodiment, the composition is 
formulated in accordance with routine procedures as a 
pharmaceutical composition adapted for intravenous admin 
istration to human beings. Typically, compositions for intra 
venous administration are Solutions in Sterile isotonic aque 
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ouS buffer. Where necessary, the composition may also 
include a Solubilizing agent and a local anesthetic Such as 
lidocaine to ease pain at the Site of the injection. Generally, 
the ingredients are Supplied either Separately or mixed 
together in unit dosage form, for example, as a dry lyo 
philized powder or water-free concentrate in a hermetically 
Sealed container Such as an ampule or Sachette indicating the 
quantity of active agent. Where the composition is to be 
administered by infusion, it can be dispensed with an 
infusion bottle containing Sterile pharmaceutical grade water 
or Saline. Where the composition is administered by injec 
tion, an ampule of Sterile Saline can be provided So that the 
ingredients may be mixed prior to administration. 
0060 Suppositories generally contain active ingredient in 
the range of 0.5% to 10% by weight; oral formulations 
preferably contain 10% to 95% active ingredient. 
0061 A perfusate composition may be provided for use 
in transplanted organ baths, for in Situ perfusion, or for 
administration to the vasculature of an organ donor prior to 
organ harvesting. 
0062) Such pharmaceutical compositions may comprise 
levels of an erythropoietin or a form of an erythropoietin not 
Suitable for acute or chronic, local or System administration 
to an individual, but will serve the functions intended herein 
in a cadaver, organ bath, organ perfusate, or in Situ perfusate 
prior to removing or reducing the levels of the erythropoietin 
contained therein before exposing or returning the treated 
organ or tissue to regular circulation. 
0063. The invention also provides a pharmaceutical pack 
or kit comprising one or more containers filled with one or 
more of the ingredients of the pharmaceutical compositions 
of the invention. Optionally associated with Such contain 
er(s) can be a notice in the form prescribed by a govern 
mental agency regulating the manufacture, use or Sale of 
pharmaceuticals or biological products, which notice reflects 
approval by the agency of manufacture, use or Sale for 
human administration. 

0064. In another embodiment, for example, erythropoi 
etin can be delivered in a controlled-release System. For 
example, the polypeptide may be administered using intra 
venous infusion, an implantable osmotic pump, a transder 
mal patch, liposomes, or other modes of administration. In 
one embodiment, a pump may be used (see Langer, Supra; 
Sefton, 1987, CRC Crit. Ref. Biomed. Eng. 14:201; Buch 
wald et al., 1980, Surgery 88:507; Saudek et al., 1989, N. 
Engl. J. Med. 321:574). In another embodiment, the com 
pound can be delivered in a vesicle, in particular a liposome 
(see Langer, Science 249:1527-1533 (1990); Treat et al., in 
Liposomes in the Therapy of Infectious Disease and Cancer, 
Lopez-Berestein and Fidler (eds.), Liss, N.Y., pp. 353–365 
(1989); WO 91/04.014; U.S. Pat. No. 4,704,355; Lopez 
Berestein, ibid., pp. 317-327; see generally ibid.). In another 
embodiment, polymeric materials can be used see Medical 
Applications of Controlled Release, Langer and Wise (eds.), 
CRC Press: Boca Raton, Fla., 1974; Controlled Drug Bio 
availability, Drug Product Design and Performance, Smolen 
and Ball (eds.), Wiley: N.Y. (1984); Ranger and Peppas, J. 
Macromol. Sci. Rev. Macromol. Chem. 23:61, 1953; see 
also Levy et al., 1985, Science 228:190; During et al., 1989, 
Ann. Neurol. 25:351; Howard et al., 1989, J. NeuroSurg. 
71:105). 
0065. In yet another embodiment, a controlled release 
System can be placed in proximity of the therapeutic target, 
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i.e., the target cells, tissue or organ, thus requiring only a 
fraction of the Systemic dose (see, e.g., Goodson, pp. 115 
138 in Medical Applications of Controlled Release, vol. 2, 
Supra, 1984). Other controlled release Systems are discussed 
in the review by Langer (1990, Science 249:1527-1533). 
0.066. In another embodiment, erythropoietin, as properly 
formulated, can be administered by nasal, oral, rectal, vagi 
nal, or Sublingual administration. 

0067. In a specific embodiment, it may be desirable to 
administer the erythropoietin compositions of the invention 
locally to the area in need of treatment; this may be achieved 
by, for example, and not by way of limitation, local infusion 
during Surgery, topical application, e.g., in conjunction with 
a wound dressing after Surgery, by injection, by means of a 
catheter, by means of a Suppository, or by means of an 
implant, Said implant being of a porous, non-porous, or 
gelatinous material, including membranes, Such as Silastic 
membranes, or fibers. 

0068. Selection of the preferred effective dose will be 
determined by a skilled artisan based upon considering 
several factors which will be known to one of ordinary skill 
in the art. Such factors include the particular form of 
erythropoietin, and its pharmacokinetic parameterS Such as 
bioavailability, metabolism, half-life, etc., which will have 
been established during the usual development procedures 
typically employed in obtaining regulatory approval for a 
pharmaceutical compound. Further factors in considering 
the dose include the condition or disease to be treated or the 
benefit to be achieved in a normal individual, the body mass 
of the patient, the route of administration, whether admin 
istration is acute or chronic, concomitant medications, and 
other factors well known to affect the efficacy of adminis 
tered pharmaceutical agents. Thus the precise dosage should 
be decided according to the judgment of the practitioner and 
each patient's circumstances, e.g., depending upon the con 
dition and the immune Status of the individual patient, 
according to Standard clinical techniques. 

0069. In another aspect of the invention, a perfusate or 
perfusion Solution is provided for perfusion and Storage of 
organs for transplant, the perfusion Solution including an 
amount of an erythropoietin effective to protect erythropoi 
etin-responsive cells and associated cells, tissueS or organs. 
Transplant includes but is not limited to Xenotransplantation, 
where a organ (including cells, tissue or other bodily part) is 
harvested from one donor and transplanted into a different 
recipient; and autotransplant, where the organ is taken from 
one part of a body and replaced at another, including bench 
Surgical procedures, in which an organ may be removed, and 
while eX Vivo, resected, repaired, or otherwise manipulated, 
Such as for tumor removal, and then returned to the original 
location. In one embodiment, the perfusion Solution is the 
University of Wisconsin (UW) solution (U.S. Pat. No. 
4.798.824) which contains from about 1 to about 25 U/ml 
erythropoietin, 5% hydroxyethyl starch (having a molecular 
weight of from about 200,000 to about 300,000 and sub 
Stantially free of ethylene glycol, ethylene chlorohydrin, 
sodium chloride and acetone); 25 mM KHPO 3 mM 
glutathione; 5 mM adenosine; 10 mM glucose; 10 mM 
HEPES buffer; 5 mM magnesium gluconate; 1.5 mM CaCl2. 
105 mM sodium gluconate; 200,000 units penicillin; 40 
units insulin; 16 mg Dexamethasone; 12 mg Phenol Red; 
and has a pH of 7.4-7.5 and an osmolality of about 320 
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mOSm/1. The solution is used to maintain cadaveric kidneys 
and pancreases prior to transplant. Using the Solution, pres 
ervation may be extended beyond the 30-hour limit recom 
mended for cadaveric kidney preservation. This particular 
perfusate is merely illustrative of a number of Such Solutions 
that may be adapted for the present use by inclusion of an 
effective amount of an erythropoietin. In a further embodi 
ment, the perfusate Solution contains from about 5 to about 
35 U/ml erythropoietin, or from about 10 to about 30 U/ml 
erythropoietin. 

0070 While the preferred recipient of an erythropoietin 
for the purposes hereinthroughout is a human, the methods 
herein apply equally to other mammals, particularly domes 
ticated animals, livestock, companion and Zoo animals. 
However, the invention is not so limiting and the benefits 
may be applied to any mammal. 

0071. In another aspect of the invention, methods and 
compositions for enhancing the viability of cells, tissueS or 
organs which are not isolated from the vasculature by an 
endothelial cell barrier are provided by exposing the cells, 
tissue or organs directly to a pharmaceutical composition 
comprising an erythropoietin, or administering or contacting 
an erythropoietin-containing pharmaceutical composition to 
the vasculature of the tissue or organ. Enhanced activity of 
erythropoietin-responsive cells in the treated tissue or organ 
are responsible for the positive effects exerted. 

0072. As described above, the invention is based, in part, 
on the discovery that erythropoietin molecules can be trans 
ported from the luminal Surface to the basement membrane 
Surface of endothelial cells of the capillaries of organs with 
endothelial cell tight junctions, including, for example, the 
brain, retina, and testis. Thus, erythropoietin-responsive 
cells acroSS the barrier are Susceptible targets for the ben 
eficial effects of erythropoietin, and others cell types or 
tissueS or organs which contain and depend in whole or in 
part on erythropoietin-responsive cells therein are targets for 
the methods of the invention. While not wishing to be bound 
by any particular theory, after transcytosis of erythropoietin, 
erythropoietin can interact with an erythropoietin receptor 
on an erythropoietin-responsive cell, for example, neuronal, 
muscle, heart, lung, liver, kidney, Small intestine, adrenal 
cortex, adrenal medulla, capillary endothelial, testes, ovary, 
or endometrial cell, and receptor binding can initiate a signal 
transduction cascade resulting in the activation of a gene 
expression program within the erythropoietin-responsive 
cell or tissue, resulting in the protection of the cell or tissue, 
or organ, from damage, Such as by toxins, chemotherapeutic 
agents, radiation therapy, hypoxia, etc. Thus, methods for 
protecting erythropoietin-responsive cell-containing tissue 
from injury or hypoxic StreSS, and enhancing the function of 
Such tissue are described in detail hereinbelow. 

0073. In the practice of one embodiment of the invention, 
a mammalian patient is undergoing Systemic chemotherapy 
for cancer treatment, including radiation therapy, which 
commonly has adverse effects Such as nerve, lung, heart, 
ovarian or testicular damage. Administration of a pharma 
ceutical composition comprising an erythropoietin as 
described above is performed prior to and during chemo 
therapy and/or radiation therapy, to protect various tissues 
and organs from damage by the chemotherapeutic agent, 
Such as to protect the testes. Treatment may be continued 
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until circulating levels of the chemotherapeutic agent have 
fallen below a level of potential danger to the mammalian 
body. 

0.074. In the practice of another embodiment of the inven 
tion, various organs were planned to be harvested from a 
Victim of an automobile accident for transplant into a 
number of recipients, Some of which required transport for 
an extended distance and period of time. Prior to organ 
harvesting, the victim was infused with a pharmaceutical 
composition comprising an erythropoietin as described 
herein. Harvested organs for shipment were perfused with a 
perfusate containing erythropoietin as described herein, and 
Stored in a bath comprising erythropoietin. Certain organs 
were continuously perfused with a pulsatile perfusion 
device, utilizing a perfusate containing an erythropoietin in 
accordance with the present invention. Minimal deteriora 
tion of organ function occurred during the transport and 
upon implant and reperfusion of the organs in situ. 
0075. In another embodiment of the invention, a surgical 
procedure to repair a heart Valve required temporary car 
dioplegia and arterial occlusion. Prior to Surgery, the patient 
was infused with 500 U erythropoietin per kg body weight. 
Such treatment prevented hypoxic ischemic cellular dam 
age, particularly after reperfusion. 
0.076 The present invention may be better understood by 
reference to the following non-limiting Examples, which are 
provided as exemplary of the invention. The following 
examples are presented in order to more fully illustrate the 
preferred embodiments of the invention. They should in no 
way be construed, however, as limiting the broad Scope of 
the invention. 

EXAMPLE 1. 

EPO Crosses the Blood-Cerebrospinal Fluid Tight 
Barrier 

0.077 Adult male Sprague-Dawley rats were anesthetized 
and administered recombinant human erythropoietin intra 
peritoneally. CerebroSpinal fluid was Sampled from the 
cisterna magna at 30 minute intervals up to 4 hrs and the 
EPO concentration determined using a Sensitive and Specific 
enzyme-linked immunoassay. As illustrated in FIG. 1, the 
baseline EPO concentration in CSF is 8 mU/ml. After a 
delay of several hours, the levels of EPO measured in the 
CSF begin to rise and by 2.5 hours and later are significantly 
different from the baseline concentration at the p-0.01 level. 
The peak level of about 100 m U/ml is within the range 
known to exert protective effects in vitro (0.1 to 100 
mu/ml). The time to peak occurs at about 3.5 hrs, which is 
delayed significantly from the peak Serum levels (less than 
1 hr). The results of this experiment illustrate that significant 
levels of EPO can be accomplished across a tight cellular 
junction by bolus parenteral administration of EPO at appro 
priate concentrations. 

EXAMPLE 2 

Maintenance of Function in Heart Prepared for 
Transplant 

0078 Wistar male rats weighing 300 to 330 g are given 
EPO (5000 UI/kg body weight) or vehicle 24 h prior to 
removal of the heart for ex vivo Studies, done in accordance 
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with the protocol of Delcayre et al., 1992, Amer. J. Physiol. 
263:H1537-45. Animals are sacrificed with pentobarbital 
(0.3 mL), and intravenously heparinized (0.2 mL). The 
hearts are initially allowed to equilibrate for 15 min The left 
Ventricular balloon is then inflated to a Volume that gives an 
end-diastolic pressure of 8 mmHg. A left ventricular pres 
Sure-Volume curve is constructed by incremental inflation of 
the balloon volume by 0.02 ml aliquots. Zero volume is 
defined as the point at which the left ventricular end 
diastolic pressure is Zero. On completion of the pressure 
volume curve, the left ventricular balloon is deflated to set 
end-diastolic pressure back to 8 mmHg and the control 
period is pursued for 15 min, after check of coronary flow. 
Then the heart is arrested with 50 mL Celsior-molecule to 
rest at 4 C. under a pressure of 60 cm H2O. The heart is then 
removed and stored 5 hours at 4 C. in plastic container 
filled with the same Solution and Surrounded with crushed 
ICC. 

0079. On completion of storage, the heart is transferred to 
a Langendorff apparatus. The balloon catheter is re-inserted 
into the left ventricle and re-inflated to the same volume as 
during preischemic period. The heart is re-perfused for at 
least 2 hours at 37 C. The re-perfusion pressure is set at 50 
cm H2O for 5 min of re-flow and then back to 100 cm H2O 
for the 2 next hours. Pacing (320 beats per minute) is 
re-instituted. ISOVolumetric measurements of contractile 
indexes and diastolic pressure are taken in triplicate at 25, 
45, 60, 120 min of reperfusion. At this time point pressure 
Volume curves are performed and coronary effluent during 
the 45 mn reperfusion collected to measure creatine kinase 
leakage. The two treatment groups are compared using an 
unpaired t-test, and a linear regression using the end-dias 
tolic pressure data is used to design compliance curves. A 
Significant improvement of Volume-pressure curve, decrease 
of left diastolic Ventricular preSSure and decrease of creatine 
kinase leakage indicate improvement of recovery of cold 
Stored hearts after treatment with erythropoietin. 

EXAMPLE 3 

EPO Protects Myocardium From Ischemic Injury 

0080 Adult male rats given rhEPO (5000 U/kg body 
weight) 24 hrs previously are anesthetized and prepared for 
coronary artery occlusion. An additional dose of EPO is 
given at the Start of the procedure and the left main coronary 
artery occluded for 30 minutes and then released. The same 
dose of EPO is given daily for one week after treatment. The 
animals are then studied for cardiac function. AS FIG. 2 
illustrates, animals receiving a sham injection (Saline) dem 
onstrated a large increase in the left end diastolic pressure, 
indicative of a dilated, Stiff heart Secondary to myocardial 
infarction. In contradistinction, animals receiving EPO Suf 
fered no decrement in cardiac function, compared to Sham 
operated controls (difference significant at the p<0.01 level). 

EXAMPLE 4 

Generation of Molecules that Possess Activities in 
Erythropoietin-Responsive Organs or Tissues but 

are Inactive at Raising the Hemoglobin 
Concentration. In Vivo 

0081. There are many diseases and conditions that are 
chronic or Subacute in nature and therefore likely require 
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many doses of EPO to confer adequate and prolonged 
protection in accordance with the methods and uses 
described herein. If native EPO is used chronically to treat 
these conditions, in most cases treatment will be accompa 
nied by a gradual, undesirable rise in the hemoglobin level 
and hematocrit. Evidence illustrating that the biological half 
life of an EPO-receptor-activating molecule is critical for 
producing an erythrocytic response was obtained by the 
following experiment. Two groups of 6 female mice were 
each administered 10 U of EPO subcutaneously such that 
group I received a single dose (which was rapidly cleared 
from the circulation) and group II received a continuous 
infusion from a delivery device containing a total of 10 U. 
After three weeks the hemoglobin concentration was deter 
mined to be unchanged in group I (12.5 g/dL: SEM 0.25) 
whereas group II exhibited a significant increase (13.5 g/dL, 
SEM 0.26; p<0.01). Therefore, use of compounds which 
benefit the tissue or organ targeted for protection but do not 
affect the red cell mass is desired and preferred for uses 
herein. In addition to the many known and as yet unknown 
candidate compounds unrelated to EPO but that still interact 
with and benefit EPO-responsive tissues, EPO itself may be 
modified to tailor its activities for a specific tissue or tissues. 
Several non-limiting Strategies that may be carried out to 
achieve this desired tissue specificity include modifications 
that shorten circulating half-life and thus reducing the time 
modified EPO can interact with erythroid precursors or 
modification of the primary structure of the EPO molecule. 
One approach to reducing circulating half life is to remove 
or modify the glycosylation moieties, of which EPO has 
three N-linked and one O-linked. Such variants of glycosy 
lated EPO can be produced in a number of ways. For 
example, the Sialic acids which terminate the end of the 
Sugar chains can be removed by Specific Sialidases depend 
ing on the chemical linkage connecting the Sialic acid to the 
Sugar chain. Alternatively, the glycosylated Structure can be 
dismantled in different ways by using other enzymes that 
cleave at Specific linkages. Techniques to modify the pri 
mary Structure are myriad and include Substitution of Spe 
cific amino acids, chemical modification of amino acids, or 
addition of other structures which interfere with the inter 
action of EPO with any of its receptors. Use of Such 
modified forms of EPO are fully embraced herein. 
0082 To validate these principles, recombinant human 
EPO was desialized using Sialidase A(Prozyme Inc) accord 
ing to the manufacturer's protocol. Successful chemical 
modification was confirmed by running the reaction product 
on an SDS polyacrylamide gel and Staining the resultant 
bands which showed that the chemically-modified EPO 
possessed an apparent molecular weight of ~31 kD as 
expected, compared to unmodified EPO which was -34 kD. 
The asialoerythropoietin or unmodified EPO was then 
administered intraperitoneally to Balb/c mice at a dose of 10 
U every other day for two weeks, and Serial hemoglobin 
concentrations were determined (which showed that no 
differences between treatment groups occurred). Although 
administration of the unmodified EPO produced the 
expected rise in hemoglobin over the two week period 
(p<0.05), administration of asialoEPO did not, consistent 
with a loss of erythropoietic activity. However, asialoEPO 
was as effective as native EPO for neural cells in vitro and 
in vivo as shown in FIGS. 3 and 4. In-vitro testing (FIG. 3) 
was carried out using neural-like embryonal carcinoma cells 
(P19) that undergo apoptosis upon the withdrawal of serum. 
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Twenty-four hours before the removal of serum, 1-1000 
ng/ml of EPO or asialoEPO were added to the cultures. The 
following day the medium was removed, the cells washed 
with fresh, non-Serum containing medium, and medium 
containing the test Substance (no Serum) added back to the 
cultures for and additional 48 hours. To determine the 

number of viable cells, a tetrazolium reduction assay was 
performed (CelTiter 96; Promega, Inc.). AS FIG. 3 illus 
trates, asialoEPO appears to be of equal potency to EPO 
itself in preventing cell death. 

0083) Retention of neuroprotective activity in vivo was 
confirmed using a rat focal ischemia model in which a 
reversible lesion in the territory of the middle cerebral artery 
is performed as described previously (Brines et al., 2000, 
Proc. Nat. Acad. Sci. U.S.A. 97: 10526-31). Adult male 
Sprague-Dawley rats were administered asialoEPO or EPO 
(5000 U/kgBW intraperitoneally) or vehicle at the onset of 
the arterial occlusion. Twenty-four hours later, the animals 
were sacrificed and their brains removed for study. Serial 
Sections were cut and Stained with tetrazolium Salts to 
identify living regions of the brain. As shown in FIG. 4, 
asialoEPO was as effective as native EPO in providing 
neuroprotection from 1 hour of ischemia. 

EXAMPLE 5 

Modification of Primary Structure of EPO and 
Effectiveness at Neural Protection 

0084. A number of mutant EPO molecules have been 
described which do not bind to the erythrocyte EPO receptor 
and thus do not Support erythropoiesis in Vivo or in vitro. 
Some of these molecules will nevertheless mimic the actions 
of EPO itself in other tissues or organs. For example, a 
17-mer containing the amino-acid Sequence of 31-47 of 
native EPO is inactive for erythropoiesis but fully active for 
neural cells in vitro (Campana & O'Brien, 1998: Int. J. Mol. 
Med. 1:235-41). 

0085) Derivative EPOs desirable for the uses described 
herein may be generated by guanidination, amidination, 
trinitrophenylation, acetylation, Succinylation, nitration, or 
modification of arginine residues or carboxyl groups, among 
other procedures, to produce erythropoietins which maintain 
their activities for Specific organs and tissues but not for 
others, Such as erythrocytes. When erythropoietin is Sub 
jected to the above reactions, it has been found that in 
general the resultant molecule lackS both in-vivo and in 
vitro erythropoietic activity (e.g., Satake et al; 1990, Bio 
chim. Biophys. Acta 1038:125-9). To test whether such 
modifications produce an EPO with preservation of its 
non-erythropoietic actions, Such as neuroprotection, argin 
ine residues were modified by using phenylglyoxal accord 
ing to the protocol of Takahashi (1977, J. Biochem, 81:395 
402) carried out for variable lengths of time ranging from 
0.5 to 3 hrs at room temperature. The reaction was termi 
nated by dialyzing the reaction mixture against water. The 
phenylglyoxal-modified EPO was tested using the neural 
like P19 cell assay described above. As FIG. 5 illustrates, 
this chemically-modified EPO fully retains its neurotrophic 
effect. 
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EXAMPLE 6 

Protection of Retinal Ischemia by 
Peripherally-Administered EPO 

0.086 Retinal cells are very sensitive to ischemia Such 
that many will die after 30 minutes of ischemic stress. 
Further, Subacute or chronic ischemia underlies the deterio 
ration of vision which accompanies a number of common 
human diseases, Such as diabetes mellitus. At the present 
time there are no effective therapies to protect cells from 
ischemia. A tight endothelial barrier exists between the 
blood and the retina that eXcludes most large molecules. To 
test whether peripherally-administered EPO will protect 
cells Sensitive to ischemia, an acute, reversible glaucoma rat 
model was utilized as described by Rosenbaum et al. (1997; 
Vis. Res. 37:3443-51). Specifically, saline was injected into 
the anterior chamber of the eye of adult male rats to a 
preSSure above Systemic arterial preSSure and maintained for 
60 minutes. Animals were administered saline or 5000 U. 
EPO/kg body weight intraperitoneally 24 hours before the 
induction of ischemia, and continued as a daily dose for 3 
additional dayS. Electroretinography was performed on 
dark-adapted rats 1 week after treatment. FIG. 6 illustrates 
that the administration of EPO is associated with good 
preservation of the electroretinogram (ERG) (Panel D), in 
contrast to animals treated with Saline alone (Panel C), for 
which very little function remained. FIG. 7 compares the 
electroretinogram a- and b-wave amplitudes for the EPO 
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treated and Saline-treated groups, and shows significant 
protection afforded by erythropoietin. 
0087. The invention is not to be limited in scope by the 
Specific embodiments described which are intended as Single 
illustrations of individual aspects of the invention, and 
functionally equivalent methods and components are within 
the Scope of the invention. Indeed various modifications of 
the invention, in addition to those shown and described 
herein will become apparent to those skilled in the art from 
the foregoing description and accompanying drawings. Such 
modifications are intended to fall within the scope of the 
appended claims. 
0088 All references cited herein are incorporated by 
reference herein in their entireties for all purposes. 
What is claimed is: 

1. A method for protecting, maintaining or enhancing the 
Viability or function of a cell, tissue or organ in a human 
being, Said cell, tissue or organ comprising an erythropoi 
etin-responsive cell or tissue, Said cell, tissue or organ being 
Separated from a vasculature in Said human being by an 
endothelial cell barrier, Said method comprising administer 
ing to Said vasculature an amount of human asialoerythro 
poietin for a duration effective to translocate, Said endothe 
lial cell barrier and protect, maintain or enhance Said 
Viability or function of Said cell, tissue or organ. 
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