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TISSUE PROTECTIVE CYTOKINES F~OR THE TREATMENT
AND PREVENTION OF SEPSIS AND THE FORMATION OF ADHESIONS

FIELD OF THE INVENTION

The present invention is directed to a method of ~ treating, preventing, delaying the
onset, and/or reducing the effects of sepsis and related czomplications. In particular, the
present invention is directed to the use of tissue protecti_ve cytokines for the treatment,
prevention, delay, and/or reduction of complications wi—th regard to sepsis, adhesion
formation, and organ failure. Furthermore, the tissue pr-otective cytokines of the present
invention are also contemplated for treatment, prevention, delay, and/or reduction of

complications of general inflammatory conditions resul ting from infection.

BACKGROUND OF THE INVENTION

Several strategies exist for responding to infecti on, immune challenges, inflammation,
and trauma in 2 host. One mechanism by which the ho=st attempts to respond to these
challenges is through the upregulation of cytokines, nomnantibody proteins that act as
intercellular regulators. Some cytokines, known as pro-inflammatory cytokines, counteract
the challenges to the host by enhancing the disease in thae hopes of ridding the host of the
challenge and host cells damaged by the challenge. Predinflammatory cytokines include, but
are not limited to, interleukins (IL), such as IL-1, IL-6, IL-8, and IL-18, and tumor necrosis
factor (TNF).

When released, the proinflammatory cytokines have the effect at the site of injury of
increasing the release of antibodies and their compliments, T and B cell activation, the
adhesion of platelets to blood vessel walls, and extravamscuarization of lymphocytes and
macrophages. These changes lead to a localized envirconment at the site of injury including
fever, tissue injury, tumor necrosis, induction of other -cytokines and immunoregulation and
apoptosis. This localized response is toxic not only to the source of the challenge to the host
but also to the host cells within the penumbra of the pr-oinflammatory cytokine response.
Thus, it is not surprising that on a systemic level, such as may occur during overwhelming
infection or serious trauma to the host, many of these poroinflammatory cytokines are harmful
to the host producing fever, inflammation, tissue destrsuction, and, in some cases, shock and
death.
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Representative of the action of the various proinflammatory cytokines is T"NF. TNF
7is a proinflammatory cytokine produced by many cell types, including macrophagxes,
—monocytes, lymphoid cells and fibroblasts in response to inflammation, infection,. and other
-environmental challenges. TNF elicits & wide spectrum of cellular responses, including fever,

shock, tissue injury, tumor necrosis, anorexia, induction of other cytokines and
Simmunoregulatory molecules, cell proliferation, differentiation and apoptosis. W_hen released
~INF has an effect at the site of injury of increasing the release of antibodies and t"heir
-compliments, T and B cell activation, the adhesion of platelets to blood vessel wa1ls, and

extravascuarization of lymphocytes ancl macrophages. Systemically, TNF acts upoon the
“hypothalamus and liver. TNF stimulates the hypothalamus to release corticotropi-m releasing
Thormone, suppress appetite and induce fever. In response to TNF, the liver initiates an acute
-phase response resulting in the synthesis of several proteins including C-reactive porotein,
~coagulation factors and compliment factors. Also, TNF induces insulin resistance. In the
«defined area of injury or infection, TN is vital to removing the particular infectious agent
.and adapting the body's immune resporase to the particular injury.

On a systemic level, however, iz which TNF as well as other proinflammeaatory
-cytokines may be present at higher con.centrations or for prolonged times, TNF caan have
.deleterious effects on the body. At high concentrations TNF activates an IL-1 & 11-6 cascade
—that results in cachexia (wasting). Addi tionally, TNF can lead to systemic edema,
Thypoproteinemia, and neutropenia which can result in disseminated extravascular- coagulation

and eventually multiple organ failure. In chronic diseases such as cancer, TNF caan also
interfere with vital endogenous functiomns within the host. For example, TNF maye/ interfere
—with the ability of endogenous erythropoietin to maintain the hematocrit of the hosst, leading
~to a condition referred to as the anemia. of chronic diseases (ACD). A typical coumrse of
treatment with recombinant erythropoietin may not counteract the effects of the
—proinflammatory cytokine, thereby requiring the administration of elevated doses of
—recombinant erythropoietin just to maimtain the normal hematocrit of the host. Beyond the
additional costs associated with the increased dosing, there is also the risk of adve=rse side
effects from the increased doses of erythropoietin such as thrombosis. In additior to the
conditions detailed below, proinflamm atory cytokines, including, but not limited to, TNF are
associated with diseases such as chroni ¢ inflammation, bacterial septic shock, bacterial toxic
shock, graft vs. host disease, and HIV infection and AIDS.
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Sepsis

Sepsis is the body’s response to any kind of infecstion, e.g-, bacterial, viral, parasitic,
or fungal. Sites of infection are typically the lungs, the varinary tract, the abdomen, and the
pelvis. In some cases, however, the actual site of infecti on cannot be detected. Although
sepsis was once thought to be a systemic inflammatory r-esponse, it is now recognized that
sepsis also includes prothrombotic diathesis and impaire-d fibrinolysis.

Once sepsis commences, widespread inflammatieon and clotting occurs throughout the
body. Whereas in a healthy body, immune modulators v=sould be released to fight the
infection and heal the body, in sepsis, an overabundance of immune regulators is released.
The release of proinflammatory cytokines such as TNF, interleukin-1, and interleukin-18 lead
to the inflammation of endothelial linings, elevation of thhe core temperature, loss of appetite,
and anemia. In addition, inflammation of the lining of b lood vessels activates the blood
clotting process. Because sepsis decreases the body’s natural production of protein C, which
regulates blood clotting and controls inflammation, the >ody’s ability to break down the
formed blood clots is suppressed. This suppression lead-s to clotting in vital organs, limbs,
fingers, and toes, which, in tumn, leads to organ failure oE- gangrene.

Sepsis may present itself in varying degrees. For= example, in cases of severe sepsis,
which occurs when acute organ dysfunction or failure re sults, thc body’s normal defense
rcaction goes into overdrive, setting off a cascade of evesmts that can lead to widespread
inflammation and blood clotting in tiny vessels throughosut the body. Septic shock occurs
when a patient with severe sepsis experiences cardiovascular system failure. This failure
causes the blood pressure to drop, which, in turn, deprivees vital organs of an adequate
oxygenated blood supply. Septicemia is a sepsis that hass an infection in the bloodstream
itself. In fact, septicemia may cause ischemia, i.e., poor blood supply to at least one organ.
For example, when blood flow to the kidneys is reduced to dangerously low levels for
substantial time period, ischemic acute renal failure (AR_F) may develop. The depressed
blood flow also results in necrosis, or tissue death, in affected organs.

Providing the source of the sepsis can be identifieed, many cases of sepsis will respond
to treatment. Once isolated, a treatment regime specific to the cause of infection is initiated.
Known treatment includes the use of antibiotics, surgicall excision of infected or necrotic
tissues, drugs that increase activated protein, and steroid s (in cases of septic shock). For
example, a typical course of sepsis treatment includes adiministration of a broad spectrum

antibiotic until the cause of infection is isolated. Howev—er, the mortality rate of sepsis
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Poatients remains relatively high in casess of sepsis where the cause and/or area of infection i=s
mot ascertainable.

Depending on the severity of se=psis, anti-infection agents, draining techniques, fluicls,
«Jrugs to raise the mean arterial blood p ressure (MAP) such as norepinephrine and
ohenylephrine, drugs to improve renal —function such as dopamine, drugs to increase oxygera
«Jelivery and oxygen consumption suchs as dobutamine and epinephrine, mechanical
-ventilators to support breathing, and dizalysis for kidney failure may be used in the course o=
#reatment. In addition, pharmacologiczal agents that have been shown to have beneficial
«ffects on immune responses followings shock and sepsis include ATP-MgCly,
monanticoagulant heparin, calcium chamnel blockers, chloroquine, cyclooxygenase inhibitoms,
TPAF antagonists, anti-inflammatory cy tokines, growth factors, dietary manipulation, anti-
~INF antibodies, activated protein C (X igris®, Eli Lilly, Indianapolis, Indiana), and sex
Thormones. Recovery from sepsis is gresatest when the condition is quickly diagnosed and
—promptly treated.

Recombinant erythropoietin (rtmu-EPO), commercially available under tradenames
PROCRIT® (from Ortho Biotech Inc., Raritan, NJ), EPOGEN® (from Amgen, Inc.,
“Thousand QOaks, CA), and NEORECOIRMON (from Roche, Basel, Switzerland)has also
—recently been investigated with regard to treatment of various conditions related to sepsis. An

addition, U.S. Patent Publication No. 22003/0083251 generally discloses the use of thu-EPO
-to aid in the regeneration of renal tubuMar cells and prevention of apoptosis of the renal

tubular cells in order to treat patients wvith ischemic ARF. Furthermore, US Patent
Publication No. 2002/0061849 general ly discloses the use of thu-EPO to aid in the treatme=nt
of inflammation in a non-ischemic comxdition in one or more organs. However, because of
erythropoietin’s erythropoietic effects -- increased hematocrit, vasoconstriction,
hyperactivation of platelets, pro-coagu lant activity, and increased production of thrombocy~tes
—- treatment with rhu-EPO poses additcional risks given the widespread clotting in vital

organs, limbs, fingers, and toes that is associated with sepsis.

Adhesions.

In addition to sepsis, proinflanmmatory cytokines, such as TNF, have been associatesd
with the formation of adhesions, abnor-mal fibrous bands or connections between organs ard

other structures of the body, as well. _Adhesions may be a complication of, or related to,
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sepsis but also may occur independently. For example, adhesions may for-m as a result of
surgery, trauma, infection, chermotherapy, and radiation. In fact, adhesionss are almost an
inevitable outcome of surgery, i.e., about 93 percent of patients who have windergone
abdominal surgery suffer from adhesions to some degree (compared with zadhesion formation
in about 10.4 percent of patient's who had never undergone a previous abdcominal operation).
See D. Menzies and H. Ellis, Iretestinal Obstruction from Adhesions—How~ Big is the
Problem?, ANN. R. COLL. SURGS. ENGL. 72: 60-3 (1990).

The formation of adhes®ons can cause severe pain and apply unnatiyral pressure or
tension on organs or other strucstures of a patient. For example, adhesions -in the abdominal
region of the body may cause the intestines of a patient to become trapped or squeezed
between organs or other structmres of the body. In some cases, the intestin €s may become
blocked or significantly obstructed due to nearby adhesions.

The formation of these aabnormal connections between two parts of~ abody leadsto a
host of other conditions. For example, as cesarean sections are becoming &a more common
method of childbirth, women w~ho undergo this major abdominal surgery a-xe likely to form
adhesions and, as a result, expe-rience chronic pelvic pain. In addition, adbmesions involving
female reproductive organs mazy lead to infertility and dyspareunia.

A number of agents hav-e been researched in connection with preve=mnling and treating
adhesions, e.g., dextran, corticosteroids, phosphatidylcholine, phospholipa=se inhibitors, non-
steroidal anti-inflammatory dru_gs, proteoglycans, heparin, and tissue plasninogen activator.
See, e.g., C.L. Kowalczyk and TMLP. Diamond, The Management of Adhesi—ve Disease, in
PERITONEAL ADHESIONS 315-3224 (K.H. Treutner and V. Schumpelick, eds_., 1997). Some,
but not all of these agents, are believed to be effective in the treatment of a_dhesions because
of their ability to interfere with coagulation and fibrinolysis. Clinical expe=rience with the
majority of these agents, howewer, is limited due to bleeding complicationss. In addition,
hyaluronic acid derivatives hav-€ been shown to prevent postsurgical adhes ions, particularly
in the intra-abdominal area. Se, e.g., J.M. Becker et al., Prevention of Po.stoperative
Abdominal Adhesions by a Soddum Hyaluronate-based Bioresorbable Men-1brane: A
Prospective, Randomized, Dou#le-blind Multicenter Study, in J. AM. COLL . SURG. 183 297-
306 (1996). Furthermore, beta—glucan, which is a glucose polymer that birads with high
affinity to the receptors on momaocytes and neutrophils in a competitive ma-nner, has been
shown to have a reducing effect on the frequency of adhesion after experinmentally developed

intraabdominal sepsis in Wistar- rats. A. Bedirli et al., Prevention of. Intraperitoneal Adhesion
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Formation Usingz Beta-Glucan After Ileocolic Anastomossis in a Rat Bacterial Peritonitis
Model, in AM. J—. SURG. 185 339-343 (2003).

Surgery rmay also be used as a course of treatmen_t for adhesions. Generally, a
physician will pe=rform surgery to sever the adhesions fromm the organ or other part of the
body. Given tha=t adhesions are often a complication of ssurgery, however, surgery to remove
adhesions freque=ntly results in the formation of new adhe=sions. While soxme surgical
procedures invol—ve placement of sleeves over organs adjsacent to the areas affected by the
surgery and thus_, help to prevent adhesions involving the=se organs, such procedures have had
mixed results. Iy addition, the organ sleeves also require= additional surgery to remove the
sleeves.

Thus, desspite the increased awareness with regarcl to adhesions, research into
treatment methocds have met with limited success. Many— physicians are unwilling or unable
to address the tre=atment of adhesions and many insurancee companies are unwilling to pay for

treatments that azxe, at best, marginally successful.
Wound Healing,

Healing i_s an essential process of the body that rczcstablishes the integrity of damaged
tissue. This process is often viewed in terms of wounds, ulcers or lesions of the skin resulting
from various caumses such as trauma, surgery, pressure (b-ed sores), bums, diabetes, etc. The
severity of the w—ounds is characterized by the extent the wound penetrates the skin. Stagel
wounds are char: acterized by redness or discoloration, waarmth, and swelling or hardness.
Stage T wounds._., partial thickness wounds, penetrate the epidermis and superficial dermis of
the skin. Stage FLXI wounds, full thickness wounds, penet-rate through the dermis of the skin
but do not penetmrate the membrane separating the skin fr-om deeper organs. Stage IV wounds
involve damage to the underlying muscle or bone.

Althoug all wounds heal through the same proceess: inflammation, epithelialization,
angiogenesis, an-d the accumulation of matrix; the ease vavith which the wound heals is largely
based on the sev—erity of the wound and the health of the - wounded individual. In general,
Stage I and Stag: € II wounds heal through the regeneraticon of epithelial cells by the
underlying dermwis. Whereas, Stage III and IV wounds hseal through the production of a scar.
Proinflammatorsy cytokines, such as TNF, play a role in sthe healing of wounds, however, it is

speculated that WCNF may have an adverse effect on the anccumulation of collagen in the
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healing wound and ultimately on the time the “wound takes to heal and the strecmgth of the
repaired tissue.

Several therapeutics as well as therape-utic methods have been developeed to assist the
body in healing wounds. Several compounds are considered to have a therapeutic effect on
wound healing including, but not limited to, growth factors (epidermal growth_ factor, Insulin-
like Growth Factor, human growth hormone, fibroblast growth factor, vasculamr endothelial
growth factor, interleukin-6, and interleukin-140), nutritional supplements (argi—nine,
glutamine, vitamin C, vitamin BS, Bromelain, Curcumin, zinc, copper), and hesrbal
supplements (aloe vera, Centella). Furthermorre, various therapeutic methods i-nchuding, but
not limited to, hyperbaric oxygen therapy, whixlpool therapy, ultrasound therapoy, electrical
stimulation, and magnetic therapy have been w tilized to aid the body in healingz wounds.

If a wound does not heal properly or fails to heal at all it can lead to seweral
complications chief among them scarring and #infection. Depending upon the sseverity of the
wound, the body may generate scar tissue in healing the wound. Aside from tl-ae aesthetic
concems of a scar, the scar may impair moverraent of the individual depending upon its
severity. Additionally, a wound presents an opportunity for bacteria and other infectious
agents to enter the body. Depending upon the severity of infection it may spre. ad and become
systemic leading to sepsis or septicemia.

Rhu-EPQ has also been investigated fox its possible healing effects in r:at models of
random ischemic flaps. For example, rhu-EPO has been shown to reduce necreosis, decrease
neutrophil infiltration, and prevent increased temperature with regard to ischenmic skin flap
injuries. See M. Buemi et al., Recombinant Heisman Erythropoitein Influences
Revsacularization and Healing in a Rat Model of Random Ischaemic Flaps, AaCTA DERM
VENEREOL, 82: 411-417 (2002). This finding suggests that thu-EPO administr—ation can
improve the wound healing process, both in eaxly and late stages of injury, by mreducing the
inflammatory response, increasing the density of capillaries in ischemic flaps amnd allowing
earlier repair of a damaged area. However, as mentioned above, because rthu-F=PO has
erthyropoietic activity, the use of thu-EPO for treatment of these conditions maay cause a
greater degree of clotting or complications thar already initiated by the healings process.

In sum, no one agent or treatment stratezgy has demonstrated sufficient wwvalue for the
management of sepsis cases, the incidence of s epsis, the formation of adhesion _s, wound
healing or general inflammatory conditions. Iy fact, the mortality associated with sepsis and
related conditions remains high. Every year, approximately 215,000 people die= from severe

sepsis and one out of every three patients who develop severe sepsis will die w—ithin a month.

7
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And, c=ases of sepsis are expected to rise in the future dues to the increased awareness of the
conditi_on and sensitivity for the diagnosis, the number o £ immunocompromised patients, the
use of invasive procedures, the number of resistant micreoorganisms, and the growth of the
elderly~ population. In addition, the chronic pain associated with adhesions and general
inflam_mmatory conditions is often untreated due to the lacck of a successful treatment strategy.
Thus, there exists a need in the art for method arad therapeutics for treating,
preverting, delaying the onset of, and reducing the effects of proinflammatory cytokines for
the pu_xposes of limiting the penumbra of their action amd further addressing their systemic
effect. In particular, a need exists for treating, preventimg, delying the onset of, and reducing
the ef=Fects of proinflammatory cytokines in conditions «of sepsis, adhesions , wounds, chronic
diseasse and general inflammatory conditions. In additi<on, it would be beneficial to provide
methcdoligies that have the ability to repair or prevent damage to tissue in ischemic

condi_tions.

SUVMEMARY OF THE INVENTION

The present invention is directed to a method o f treating, preventing, delaying the
onsef, and/or reducing the effects of sepsis, adhesions, general inflammatory conditions, and
comboinations thereof by administering at least one tisssue protective cytokine in a
therampeutically effective amount. In addition, the pressent invention relates to the prevention
or re=duction of scarring relating to injury and incisionss using at least one tissue protective
cytokine. The at least one tissue protective cytokine rmay be any tissue protective cytokine
havi_ng tissue protective functionality. In one embodiament, however, the at least one tissue
prot ective cytokine is a chemically modified EPO. Im another embodiment , the chemically
modlified EPO is carbamylated EPO.

One embodiment of the present invention relates to a method of treating, preventing,
delaying the onset of, or reducing the effects of proin. flammatory cytokines in a mammal.
Otbmer embodiments relate to methods of treating, presventing, delaying the onset ofa
comdition associated with an effect of proinflammatosry cytokines. Some excamples of
comditions associated with the effects of proinflammaatory cytokines include sepsis,
adlesions, wounds, inflammation or chronic disease.. These mefhods may Lnvolve the steps
of sadministering a therapeutically effective amount of one or more tissue protective cytokines
in =a pharmaceutical carrier.

In addition, the present invention also is dire «cted to pharmaceutical compositions that

mamy be used in the methods described herein. For irastance, one embodimert is directed
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toward a pheamaceutical composition comprising am zmourt of at least one tissu-e protective

cytokine effesctive in treating, preventing, delaying ~the onset of, or reducing the ~effectsof

proinflammatory cytokines i 2 mammal. Another embodiment is directed towaard a
pharmacentiecal composition comprised of an amount of at least one tissue protecctive cytokine
effective in t-reating, preventing, delaying the onset ofa condition associated wit=h
proinflammaatory cytokines in 2 mammal.

Somes tissue protective cytokines used in thes present invention may be ciniemically
modified ery—thropoietin or mutated erythropoietin.

In somme embodiments where a chemically nmodified erythropoietin is use=d, the
chemically nodified erythropoietin may include on e or more of the following: i_) an
erythropoieti_m that lacks sialic acid moieties; ii) an erythropoietin having at leas tno sialic
acid moietiess; iii) an er ythropowtm having at least sno N-linked or no O—lmked c=arbohydrates;
iv) an erythroopoietin having at least a reduced carbohydrate content by virtue of= treatment of
native erythreopoietin with at least one glycosidase; v) an erythropoietin having aat least one or
more oxidize=d carbohydrates; vi) an erythropojetin having at least one or more coxidized
carbohydrates=s and is chemically reduced; vii) an er—ythropoietin having at least ©ne or more
modified arg-inine residues; viii) an erythropoietin 1naving at least one or more n—odified lysine
residues or a2~ modification of the N—tenninal amino group of the erythropoietin mmolecule; ix)
an erythropoi etin having at least a modified tyrosinue residue; x) an erythropoiet-in having at

Jeast a modified aspartic acid or a glutamic acid ressidue; xi) an erythropoietin h_aving at least

" amodified tr—yyptophan residue; xii) an erythr op01et:m having at least one amino  group

removed; xifi)an erythropoietin having at least an  opening of at least ozie of th_e cystine
linkages in tlme erythropoietin molecule; or xiv) 2 truncated erythropoietin. Jn zanother
émbodiment,, the chemically modified erythropoiet=in Jacks cryﬂ:ropoicﬁn’é erwsthropoietic
effects. The cchemically modified erythropoietin alsso may comprise catbamylat ed
erythropoieti=n. )

Simil arly, in some embodiments involviﬁg amutated erythropoietin, thes mutated
erythropoieti-mi may be selected {rom one or more o f the following mutations C™7S, R10I,
V11S,L12A., B13A, R14A,R14B, R14E, R14Q, Y154, Y15F, Y151, K20A, XZ20E, E21A,
C298, C29Y , €338, C33Y, P42N, T44L, K45A, KX<45D, VA46A, N4TA, FABA, F 481, Y49A,
Y498, W51 5, W51N, Q59N, E62T, L67S, L70A, ID96R, K97D, S100R,, S100E5, S100A,
S100T,G10M 'A, G1011, L102A, R103A, S1044, S 1041, L105A, T106A, T1067T, T107A,
T107L, L10S3X, L108A, S126A, F1421, R143A, S 46A, N14TK, N147A, F148Y, L149A,

R150A, G1S 1A, K152A, L153A, L155A, A160S, I6A, C7A, BI3A, N24K, /30N, H32T,

9
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TIN38K, N83K, P42A, D43A, K52A, K97A . K116A, T132A, T133A, T134A, K140A, F148A,
IRI50B, GI51A, K152W, K1544A, G158A, C161A, or R162A. . Inanother embodiment, the

zmutated erythropoietin lacks erythropoietin.’s erythropoietic effects.
Two examples of proinflammatory cytokines-are Interleukin and TINF. One or more
esffects of the proinflammatory cytoline ma-y include fever, wasting, lethargy, anemia, edema,

i schemia, organ failure and insulin resistanc=e. Additional features and advantages of the

1oresent invention are described in greater destail below.

I3BRIEF DESCRIPTION OF THE DRAWZINGS
Further features and advantages of thae invention can be ascertained from the

feollowing detailed description that is provid_ed in connection with the drawing(s) described
beeclow: . -

FIG. 1 is a graphical representation of the survival rate of Sprague Dawley rats after
¢ ecum ligation and puncture (CLP) and sub sequént treatment with saline Or a tissue -

p rotective cytokine of the invention,
FIG. 2 is a graphical representation eof the adhesion score for Sprague Dawley rats

féollowing CLP and subsequent treatment w=ith saline or a tissue protective cytokine of the
iLﬁ\'enﬁon;

FIG. 3 is a graphical representation «of the illness score for Spragueé Dawley rats
stubjected to CLP and subsequent treatment with saline or a tissue protective cytokine of the

irmavention;
TIG. 4 is a graphical representation. of the adhesion score for Spragne Dawley rats

foollowing CLP with and without sepsis intr=oduction and subsequent treatment with saline and

a tissue protective cytokine of the inventiom; and
FIG. 5 is a graphical representation  of the sernm TNF level for Sprague Dawley rats

following CLP with and without sepsis intr oduction and subsequent treatinent with saline and

a tissue protective cytokine of the inventior.
FIG. 6 is a chart demonstrating the <ore body temperature for Sprague Dawley rats

ti—eated with saline or a tissue protective cyt-okine after lippopolysaccharide (LPS) induced
se=psis for a period of 24 hours.

FIGS 7 (a) and (b) are charts demorastrating the levels of IL-6 (Fig. 7a) or TNF (Fig
771) in the serum of Sprague Dawley rats tresated with saline or a tissue protective cytokine

azfter LPS induced sepsis,

10
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FZIGS 8(a) and (b) are charts demonstrating the core body temperature of Spmrague
Dawley r—ats treated with a tissue protective cy~tokine peripherally (Fig. 8a) or centramlly (Fig.
8b) after 1PS induced sepsis.

F~1G 9 is a graphic representation of thee percentage of lesion healed in Sprag=ue
Dawley mrats thirty-four (34) days after being subjected to an ischemic skin flap test and
subsequesntly treated with saline or a tissue protective cytokine.

DETAIN_ED DESCRIPTION OF THE INVENTION

"Hhe present invention is directed to novel compositions for the treatment, pmcevention,
delay, omr reduction of the effects of proinflanmatory cytokines, such as TNF, in co-nditions
includin _g, but not limited to, sepsis and sepsis-related conditions, adhesions, wouned healing,
and chronic discase. The effects of the proinflammatory cytokines addressed by th_e tissue
protectiwe cytokines include, but are not limited to, fever, wasting, lethargy, anemi=a, edema,
ischemi=a, organ failure and insulin resistances. The compositions of the invention eare also
contempolated for the treatment, prevention, d elay, or reduction of the effects of inf lammatory
conditicons in one or more organ(s) or tissue(ss) resulting from infection, such as in —the case of
meningi tis. In particular, the present invention is directed to compositions includirng tissue
protecti—ve cytokines that are successful in the treatment of the effects of proinflam—matory
cytokinees in conditions including sepsis, adh esions, wound healing, chronic diseasse, and
inflammmnatory conditions.

Tn addition, the compositions of the imventions are useful in treating, preve-mting,
and/or mreducing the appearance of scarring fxrom injury. For example, when a tissiae
protect® ve cytokine of the present invention dis used in conjunction with abdominall surgery,
scarringz may be substantially reduced. In ore embodiment, the tissue protective c=ytokines of

the pressent invention are used to prevent scarring from surgical incisions.

Compositions of the Invention
Any cytokine that exhibits tissue prostective capability is contexmplated for use with the

presentt invention. The compositions of the invention may include erythropoietin_ For
examp1e, a snitable tissue protective cytokire of the invention may be an EPO mo>lecule,
which —xnay exist in a number of forms, e.g. «, B, asialo and others. The cand 8 forms have

the samne potency, biological activity, and molecular weight, but differ slightly in the
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carbohydr “ate components, while the asialo form is ancor ffom with the terminal sialic

acids remeoved fromi the carbohydrate components.

Al so, any tissue protective cytokine cap'able of tre=ating, preventing, delaying the onset
of, and/or reducing the effect of sepsis, sepsis-related conclitions, and general inflammatory
conditionss is contemplated as well. As used herein, the te=x1m “lissue protective cytokines”
refer to an=y cytokine that is a derivative of erythropoietin that possesses the tissue protective
activity ofS erythropoietin. Preferably the tissue protsciives cytokine lacks at least one Or more
of erythro—poietin’s erythropoietic effects. Most preferably, the tissue protective cytokine
facks all o~ fthe erthropoietic effects of erythropoietin. Fo=x example, this may be
accomplisshed by modifying erythropoietin through chem—ical or mutational processes that
affect its poharmacological attributes (reduction in half—lif:e) or structural ability to bind to the

erythropo—ietin receptor homodimer. Non-limiting examp_les of suitable tissue protective

" cytokines for use with the present invention include the t-issue protective cytokines disclosed

in Interna—tional Publication No. WO/ 02053580 and U.S. Patent Publication Nos.
2002/0080816 and 2003/00’72737, which are incorporate=d by reference herein in their
entirety. '

In . addition, the tissue protective cytokines for us € with the present invention may
include E-PO molecules with a’modiﬁcétion of at Jeast omie argininc, lysine, tyrosine,-

tryptopha-m, or cysteine residue or carboxyl groups are aM so contemaplated for use as tissue

protectives cytokines according to the present invention. These residués ma&r be chemically
modified by guanidination, amidination, carbamylation,. trinitrophenylation, acylation
(acetylati .on or succinylation), nitration, OF mixtiures themeof, as disclosed in International
Publicatieon No. WO/02053580.

Thus, the tissue protective cytokine of the pres et invention may be carbamylated
EPO. Ass discussed inthe background of the invention,. thu-EPO has been researched in
connecticon with treatment of acute renal failure, which is a possible complication of
septicem_ia. However, because Thu-EPO has erythropoTietic activity, i.e., the ability to
maintain_ hematocrit levels in the body and hyperactiva=tion of platelets, red blood cells are
increasecl and platelets becorne hyp eractive upon admiznistration shereof resulting in the bloo&d

thickenizmg and an increased 1isk of thrombosis. Thus, the use of thu-EPO would likely

exacerben te the widespread clotting that occurs as a reswuilt of sepsis.
1 Jnlike rhu-EPO and selected other modified EZPO molecules, carbamylated EPO doess
not retaizn erythropoietic activity and fails to bind with the classic homodimer erythrop oietin

receptor as is noted in PCT application no. PCT/US04/ 01309% filed April 26, 2004, hereby

* WO/2 004/096148 »
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inits entirety. Carbamylated EPO, h-owever, does advantageously maintain the

fendogenous EPO . It is believed that the retained tissue

jncorporat ed

tissue protective functionality o
media—ted through its interaction with a tis sue

ication no. PCT/US04/013 093e Thus,

nsct, and/or re duce the effects of ‘

protective fanction of carbamylated EPO is
protective eceptor complex as disclosed in PCT appl
carbamylated EPO maybe used to treat, prevent, Clelay theo

pro-inflam-apatory cytokines such as TNF within ceonditions including,
chronic diseasess and general inflammatory conditicoons

but ot limited to,

sepsis, adh esions, wound healing,

without possing the risk of further clotting associatesd with the administration of

erythropoiestin. In addition, because the carbamyleated EPO molecules of the present

invention a_te effective in protecting against necro <is, the carbamylated EP O moleculess of the

present inveention are particularly ‘beneficial in trea_ting, preventing, delaying the onsek, and/or

reducing th_e effects of sepsis, adhesions, and general inflammatory conditions in patiesnts

susceptible to stroke, myocardial infarction, deterieoration of mental facaliies, and age--related
conditions.

The-refore, the tissue protective cytokule of the invention may be a modified FEPR with

alteration o=Ff at least one or more lysine residues o= the N-terminal group of the EPO

molecule, verhich for purposes of this application, 1ay also be referred to as “‘sites”. T he

modlﬁca’uo:ns may resnlt from the reaction of the 1.ysine residue'or N-terminal amino group

with an ami mo-group modifying agent. For exampole, the generic reaction scheme below is

representati—ve of one method to carbamylate prote ins, such as BPO:

0
] i -
Carbamylated Protein

Isacyanic Acid

Amino Termmus
(or side chain of Lys or Arg)

In arother embodiment, one or more lysine residues on an EPOmolecule masy be

carbamylatesd by virtue of reaction with a cyanate -ion. For example, one OT more lys3ne
residues ma_y be modified by incubation with 4-su lfophenylisothiocyanate. In yet aneother
embodimenct, one or more lysine residues on the T PO molecule are alkyl-carbamylatesd, aryl-
carbamylatesd, or aryl-thiocarb amylated with an alZkyl isocyanate, an aryl isocyanate, oran
aryl-thioisocyanate, respectively. In still zinpther =mbodiment, one or more lysine residues

are aleylated_ by a reactive allcylcarboxylic or aryle arboxylic acid derivative, e.g., acettic

* WO/2004 /096148
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anhydride, succinic anhysdride, or phthalic anhydride. The modified lysine residu-e may also
be chemically reduced.

Ope or more lysire residues may also be carbamylated by reacting the res-idue(s) with
trinitrobenzenesulfonic a cid, or a salt thereof. In yet another embodiment, one or- more lysine
residues may be modifiec by reaction with a glyoxal or a glyoxal derivative, e.g.,
methylglyoxal ir 3-deoxywglucosone, to form the corresponding alpha-carboxyalk=yl
derivatives.

Other methods of carbamylation may be used in accordance with the pres ent
invention. For example, the method disclosed in Plapp e? al., J. BIOL. CHEM., 24€5: 939-945
(1971) is a suitable way ~of making the carbamylated EPO according to the presert invention.
Another example of a meethod of carbamylation is discussed in Satake et al, 19908, Biochim.
Biophys. Acta 1038:125—9, where six of the lysine residues in erythropoietin weree
carbamylated.

And, as mentione=d above, any of the forms of EPO may be used accordirg to the
present invention. Thus_, as an example: in one embodiment, the EPO molecule ssubject to
carbamylation is in ¢ fomm; in another embodiment, the EPO molecule subject to
carbamylation is in 8 fomm; and in yet another embodiment, the EPO molecule ssubject to
carbamylation is asialic-

The carbamylatieon process preferably occurs for a period of time sufficieent to
substantively reduce or - completely eliminate erythropoietic activity. In one emtoodiment, the
carbamylation process i s performed for a sufficient time period to remove at leasst about 90
percent of the sites. In zanother embodiment, the carbamylation process is perfommed for a
sufficient time period to remove at least about 95 percent of the sites. In still an_other
embodiment, the carbarmylation process is performed for a sufficient time periocd to remove
100 percent of the sites— Alternatively, this may be viewed as carbamylating erw/thropoietin
for a period of time suf-ficient to carbamylate at least six lysine residues in one =mbodiment,
at least seven lysines in_ another embodiment, and at least eight lysine residues i n another
embodiment. The time= required for sufficient carbamylation to occur may vary—. For
instance, sufficient cart>amylation may occur over a period up to about 6 to 24 Ixours, up to
about 10 to 20 hours, o=r up to about 16 hours.

The tissue prote=ctive cytokines for use with the present invention may a_lso be
obtained by limited prosteolysis, removal of amino groups, and/or mutational su_bstitution of
arginine, lysine, tyrosire, tryptophan, or cysteine residues by molecular biologi_cal techniques
as disclosed in Satake e=t al, 1990, Biochim. Biophys. Acta 1038:125-9, which iss incorporated
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by reference herein im is entirety.. For example, suitable tissue pi-otective cytokines include
at least one or more rmutated EPOs having a site mutation at C7S, R10], VI1S,L12A, E1 3A,
R14A,R14B, R14B, RI4Q, Y15A, Y15F, Y151, K204, K20, E2214A, C295, C29Y, C3385,
(C33Y, P42N, T441, B=45 A, K45D, VA6A, NATA, F48A, F481, Y4-9A, Y49S, WSIE, W5IN,
Q59N, E62T, L67S, ZLI0A, DGR, K97D, S100R, S100E, S100A. , S100T, G101A, G1011,
L102A, R103A, S10214, S104T, L1054, T1064, T106], T107A, W107L, L108K, L108A,
S126A, F1421, R143.A,S146A, N147K, N147A, F148Y, L149A, R150A, G151A, K1524,
L153A, L155A, A16 QS, I6A, C7A, B13A, N24K, A30N, H32T, N38K, N83K, P42A, D43A,
KS52A, K97A, K116/A, T132A,1133A, T134A, K140A, F148A, R150B, G151A, K152W,
K154A, G158A, C16 1A, and/or R162A. Examples of the above—referenced modifications
are described in co-pesnding U.S. Patent Publication Nos. 2003/0K 04988, 2002/0086816 and
2003/0072737, whicka are incorporated by reference herein in theix entirety. In the mutein
nomenclature used hesrein, the changed amino acid is depicted with the native amino acid’s
one letter code first, Followed by its position in the EPO molecules, followed by the
replacement amino acid one Jetter code. For example, S100E refers to a human EPO-
molecule in which, atc amino acid :100, the sgrine has been changesd to a glutamic acid.

Tn another em_bodiment, the tissue protective cytokine may include ome or more of the
above site mutations, providing that the site mutations do not inc-Iude I6 A, C7A, K20A,
P42A,D43A, K45D, K45A, F4ASA, Y49A, K524, K494, S100B=, R1034, K1 16A, T132A,
1133A, K140A, N1477K, N147A, R1504, R150E, G1514, K152_A, K1544, G1584, Cl61A,
or R162A.

Tn still anothe=r embodiment, the tissue protective cytokin_es may include combinations
of site mutations, suczh as K45D/S100E, K97D/S100E, A3ON/H32T, K45D/R150E,
R103B/1.1088, K140_AK52A, K140A/K52A/K45A, KOTAKLS 2A, KOTA/K1 S2A/KASA,
KOTAK152A/KA5AMK52A, KOTAKI52A/K45 A/KS2A/K140A,

K97TAK 152 A/KASAXES2A/K 140 A/K154A, N24K/N38K/NS3KT, and N24K/Y15A. In yet
another embodiment, the tissue protective cytokines do notinchzade any of the above
combinations. In another embodiment, the tissue protective cytokines may include any of the
above-referenced sites mutations providing that the site mutation s do not include any of the
following combinaticons of substitutions: N24K/N38K/N83K an<d/or A30N/E32T.

Certain modiffications o1 combinations of modifications aray affect the flexibility of
the mutein’s ability to bind with its receptor, such as an EPO receptor or secondary receptor.
Examples of such moodifications or combinations of modificatiozs include, but are not limited

to, K152W, R14A/Y 1154, I6A, C7A, D43A, P42A, F48A, Y494, T132A, 11334, T134A,
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N147A\, F148A, R1504, G151A, G158A, C161A, and R162A\. Corresponding mutation_s are
knowr, to thoss of ordinary skill in the art to be detrimental in Thuman growth hotrnone. T hus,
inone embodiment, the tissue protective cytokine does not inc-lude oxe or more of the

modifE cations or combinations of modifications that may affecst the flexibility of the mute=in’s
ability to bind with its receptor. Further discussion of such tis sue protective cytoldnes is
includesd in co—i:ending U.S. Patent Application No. 10/6 12,665?%ttomey docket no. 101655~
022-999, filed July 1, 2003, entitled “Recombinant Tissue Prostective Cytoldnes and Enccoding
Nuclei ¢ Acids Thereof for Protection, Restoration, and Enhari_cementofResponsive Cell: s,
Tissue s, and Organs,” the entire disclosure of which is incorpeorated by reference herein

Moreover, suitable tissus protective cytokines for use ~with the present invention
includess the long actiﬁg chemically modified EPO molecules disclesed in International
Appliccation No. US03/028 O”/?,- glked under attorney docketn o. 20528.0006 on Septemb er9,
2003, e=ntitled “Long Acting Erythropoietins that Maintain T1 sstie Protective Activity of
Endog eneous Erythropoietin®, which is incorporated in its en—tirety byreference herein.  For
examp-le, suitable tissue prétective cytokines foruse with the~ present invention includes - “EPO
that haus undergone at least one chemical modification to at le=ast one of the N-linked
oligosaaccharide chains or the O-linked oligos accharide chain , wherein the chemical
modifi cation includes oxidation, sulfétion, phosphorylation, BPEGylation, or a combinati_on
thereo=Ff, In one cmbodiment, the EPO molecule subject to clmemica modification. is n o=
form. Tn another embodiment, the EPO molecule subject to echemical modification is ins. §
form. TIn yet another embodiment, the EPO molecule subjecE to chernical modification ®s
asialic-. In yet another embodiment, the EPO molecule subje=ct to chemical rnodiﬁcétiom may
be AR_ANESP (Amges, Thousand Qaks, CA) or CERA (Ho—ffnann-La Roche Inc., Nut=ley,
NI).

A variety of host-expression vector systems may be witilized to produce thee tissimie
protec-tive cytokines of the present invention. For example, when the tissue protective
cytoki_ne is based on an EPO mol.ecule, various host-expresssion systems may beused.  Such
host-e Xpression systems represent vehicles by which EPO nmiay be produced and subsecjuently
purifiezd, but also represent cells that may, when transformecd or transfected with the
approporiate nucleotide coding sequences, exhibit the modifi_ed erythiopoietin gene proaduct in
siti. “These include but are not limited to, bacteria, insect, ps lant, rnammalian, includings
humar host systems, such as, but not limited to, insect cell ssystems infected with recor=mbinant
virus expression vectors (e.g., baculovirus) containing EPO coding sequences; plant ce2ll

systermas infected with recombinant virus expression veciorss (e.g., cauliflower mio saic winus,

* US 2004-0122216 16
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CaMW/; tobacco mosaic virus, TMV) or transformed writh recombinant plasmid expression
vector=s (e.g., Ti plasmid) containing erythropoietin-rel ated molecule coding sequences; or
mamr=nalian cell systems, including human cell system s, e.g., HT1080, COS, CHO, BHK,
293, 3 T3, harboring recombinant expression constructss containing promoters derived from
the ge=nome of mammalian cells, e.g., metallothionein ypromoter, or from mammalian viruses,
e.g., thhe adenovirus late promoter; the vaccinia virus 7 - 5K promoter.

In addition, a host cell strain may be chosen that modulates the expression of the
inserte=d sequences, or modifies and processes the genes product in the specific fashion
desire-d. Such modifications and processing of protein. products may be important for the
functi=on of the protein. As known to those of ordinary~ skill in the art, different host cells
have sspecific mechanisms for the post-translational processing and modification of proteins
and ge=ne products. Appropriate cell lines or host systesms can be chosen to ensure the correct
modification and processing of the foreign protein expxessed. To this end, eukaryotic host
cells tThat possess the cellular machinery for proper proscessing of the primary transcript,
glycossylation, and phosphorylation of the gene produc-t may be used. Such mammalian host
cells, —including human host cells, include but are not 1i mited to HT1080, CHO, VERO, BHK,
HeLa,. COS, MDCK, 293, 3T3, and WI38.

For long-term, high-yield production of recombyinant proteins, stable expression is
prefer—xed. For example, cell lines that stably express the recombinant tissue protective
cytok# ne-related molecule gene product may be engineered. Rather than using expression
vector—s that contain viral origins of replication, host ceslls can be transformed with DNA
controlled by appropriate expression control elements, e.g., promoter, enhancer, sequences,
transc-xiption terminators, polyadenylation sites, and th e like, and a selectable marker.
Followving the introduction of the foreign DNA, engincered cells may be allowed to grow for
1-2 d=ays in an enriched media, and then are switched t« a selective media. The selectable
markesT in the recombinant plasmid confers resistance to the selection and allows cells to
stably~ integrate the plasmid into their chromosomes amd grow to form foci that in turn can be
clonec] and expanded into cell lines. This method may- advantageously be used to engineer
cell limnes that express the EPO mutein-related molecul« gene product. Such engineered cell
lines ray be particularly useful in screening and evalu ation of éompounds that affect the
functisonality of the EPO-related molecule gene producst.

Alternatively, the expression characteristic of an endogenous EPO mutein gene within
acell line or microorganism may be modified by inserting a heterologous DNA regulatory

elememnt into the genome of a stable cell line or cloned microorganism such that the inserted
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regulatory element is operatively linked with the endogesnous erythropoietin mutein gene.
For example, an endogenous EPO mutein gene that is neormally "transcriptionally silesnt", i.e.,
an EPO gene that is normally not expressed, or is expresssed only at very low levels 1mmn a cell
line, may be activated by inserting a regulatory element that is capable of promotingg  the
expression of an expressed gene product in that cell lines or microorganism. Altemattively, a
transcriptionally silent, endogenous EPO gene may be a ctivated by insertion of a

promiscuous regulatory element that works across cell tZypes.

A heterologous regulatory element may be inserted into a stable cell line or c1oned
microorganism, such it is operatively linked with an enclogenous erythropoietin gen €=, using
techniques, such as targeted homologous recombinatiom, which are well known to theose of
skill in the art, and also described French Patent No. 2646438, U.S. Patent Nos. 4,2 1:-5,051
and 5,578,461, and International Publication Nos. WO9 3/09222 and WO91/06667, tHhe entire

disclosures of which are incorporated by reference heremn.

Pharmaceutical Compositions
The present invention also relates to pharmaceutical compositions including #&he tissue

protective cytokines of the present invention. Because tthe tissue protective cytokine s of the
present invention advantageously have the ability to am_eliorate the effects of

proinflammatory cytokines, such as TNF, as well as the= ability to protect tissues frormn cell
death, the cytokines are contemplated for the treatment of sepsis, adhesions, wound s , chronic
disease and inflammatory conditions in individuals alsow at risk for various tissue inj \aries,
such as stroke and myocardial infarction.

In addition, the tissue protective cytokines of the= present invention are contex—aplated
for treatment of sepsis, adhesions, wounds and general Dinflammatory conditions in
individuals also experiencing deterioration of mental fa_culties, such as Alzheimer’s .
Parkinson’s and the like.

The pharmaceutical compositions of the inventi on contain a therapeutically effective
amount of the tissue protective cytokine of the present invention, preferably in purifmied form.
As used herein, the term “therapeutically effective amo—unt” means an amount of tisssue
protective cytokine that is nontoxic but sufficient to provide the desired effect and
performance at a reasonable benefit / risk ratio attendin_g any medical treatment.

The formulation should suit the mode of admini stration. In other words, the
pharmaceutical compositions of the invention include a=n amount of the tissue protecstive

cytokine(s) of the invention such that the targeted effec-ts of proinflammatory cytokimmes, i.e.,
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fever, wastirag, lethargy, anemia, edema, ischemia, organ failwire, and insulin resistance, or
conditions reslated to proinflammatory cytokines, i.e., sepsis, madhesions, wound healing,
chronic disemase or an inflammatory condition, is treatable prosvided the proper dose and
strategy is ermployed. And, as discussed in more detail below=, the pharmaceutical
composition should be delivered in a non-toxic dosage amourt.

In omme embodiment, a chemically modified or mutatecd erythropoietin is included in
the pharmaceeutical composition of the invention. In another eembodiment the chemically
modified ery=thropoietin is a carbamylated EPO. The carbam=ylated EPO may be an EPO
molecule witth at least one or more modified lysine residues ot a modified N-terminal group.
In another ermbodiment, the mutated erythropoietin may be S 100E. In addition, the present
invention comtemplates the use of a mixture of tissue protectiwe cytokines produced by any of
the methods of the present invention described above in the p_harmaceutical compositions of
the inventiora. For example, the pharmaceutical composition of the invention may include at
least one carbamylated EPO that is a result of modifying one or more lysine residues and at
least one mu-tated EPO that is the result of modifying an amimo group within erythropoietin,
such as SI00OE.

The poharmaceutical compositions of the invention ma_y include a therapeutically
effective ameount of the tissue protective cytokine and a suitalole amnount of a
pharmaceuticsally acceptable carrier so as to provide the form for proper administration to the
patient. In 2 specific embodiment, the term "pharmaceuticall=y acceptable” means approved
by a regulatosry agency of the Federal or a state government o-r listed in the U.S.
Pharmacopei 2 or other generally recognized foreign pharmacenpeia for use in animals, and
more particu_larly in humans. The term "carrier” refers to a di_lIuent, adjuvant, excipient, or
vehicle with which the therapeutic is administered.

Such pharmaceutical carriers can be sterile liquids, suach as saline solutions in water
and oils, incl uding those of petroleum, animal, vegetable or smymthetic origin, such as peanut
oil, soybean «o0il, mineral oil, sesame oil and the like. A saline= solution is a preferred carrier
when the phzarmaceutical composition is administered intravenously. Saline solutions and
aqueous dextzrose and glycerol solutions can also be employecd as liquid carriers, particularly
for injectables solutions. Suitable pharmaceutical excipients irclude starch, glucose, lactose,
sucrose, gela-tin, malt, rice, flour, chalk, silica gel, sodium stezarate, glycerol monostearate,
talc, sodium «chloride, dried skim milk, glycerol, propylene, gtycol, water, ethanol and the
like.
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The pharmaceutical compositions of £he invention may also contain mi-nor amounts of
wetting or emulsifying agents, or-pH bufferimg agents. These compositions cam take the form.
of solutions, suspensions, emulsion; tablets, pills, capsules, powders, sustained-release
formulations and the like. |

The compounds of the invention can be formulated as neutral or salt fo-rms.
Pharmaceutically acceptable salts include tho se formed with free amino groupss such as those
derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., and tknose formed
with free carboxyl groups such as those derived from sodium, potassium, amm onium,
caloium, ferric hydroxides, isopropylamine, triethylamine, 2-ethylamino ethanc]; histidine,

“procaine, étc,

“Treatment and Administration Methods
The aforementioned tissue protective cytokines and phannaéc—:utical corzipositions

1 meluding the tissue protective cytokines are iratended for the therapeutic or progphylactic
t-xeatment, prevention, delay, and reduction of the effects of proinflammatory csﬁoldnes, such.
azs TNF. These effects include fever, wasting, lethargy, anemia, edema, ischem.ia, organ
fTailure and insulin resistance. For examples, as demonstrated below in Example= 4, the tissue
p-xotective cytokines of the present invention reduced the fever, elevation of the- body’s core

teemperature above the body” s normal core temyperature, associated with the relezase of

- proinflammatory cytokines. As is demonsirated in Figure 6, the administration  of a tissue

pxotective cytokine, cartbamylated erythropoietin, resulted in a greater than 50%S reduction in
tlze fever experienced as aresult of subjecting aratto LPS. The tissue protective cytokines
m ay be administered to treat, prevent, delay or reduce conditions related to proinflammatory
cytokines such as sepsis and sepsis-related con ditions such as adhesions.

In addition, the tissne protective cytokixies of the present invention are a-Iso
coontemplated for the treatnient and prevention of inflammatory conditions in orae or more
or~gan(s) or tissue(s). The organs include, but ar-enot limited to, the airways and lung, the
kiedney and urinary tract system, and the prostate. As used herein, the term *‘in #lammatory
co- ndition” refers to a condition in which mechamisms such as the reaction of spescific T
lymmphocytes or antibody with antigen causes tlne recruitment of inflammatory ce=lls and
en dogenous mediator chemicals. In some cases, the normal Tunction of the orgaan or tissue

wi 1l be altered by an increase in vascular permesability and/or by contraction of ~isceral

sum.ooth muscle.
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Thus, the tissue protective cytokines of the present invention may be used to treat
and/or prevent inflammatory conditions wherei# the normal function of the organ(s) or
tissue(s) is altered. These conditions may inclu de ischemia-related conditions, as well as
non-ischemia-related conditions, such as allergy, rtheumatic diseases, and infection including
viral, fungal, and bacterial infection. Furthermore, the injury or infection may be acute or
chronic. In one embodiment, the tissue protect&ve cytokines of the invention are
contemplated for use in treating and/or preventi ng inflammatory conditions under non-
ischemia conditions, i.e., conditions where theres is a substantially normal blood supply to the
organ(s) and/or tissue(s) in question.

Furthermore, the tissue protective cytok-ines of the present invention may be used to
enhance the healing of wounds. This may be accomplished by reducing the time needed to
heal, reducing the appearance of or completely eliminate scarring, reducing the risk of
complications, or otherwise improving the qualsty of healing. For example, scarring from an
incision may be dramatically reduced, if not coxnpletely avoided, when the tissue protective
cytokines of the present invention are employed prior to, during, or after the incision occurs.
In addition to surgical procedures the tissue pro-tective cytokines of the present invention are
useful in addressing wounds resulting from con_ditions including but not limited to trauma
(blunt force and cuts), pressure (bed sorcs), burms, and diseases, such as diabetes or vascular
insufficiencies.

Moreover, the tissue protective cytokines and pharmaceutical compositions of the
present invention may be used to address the effects of proinflammatory cytokines, such as
TNF. As demonstrated in Figures 7a and 7b, &he tissue protective cytokines of the present
invention can reduce the upregulation of proinflammatory cytokines, IL-6 and TNF
respectively, in response to an injury or infectivee agent. The tissue protective cytokines of
the present invention may be administered in thmerapeutic doses to treat, prevent, reduce, or
eliminate effects of proinflammatory cytokines such as fever, wasting, lethargy, anemia,
edema, ischemia, organ failure and insulin resisstance, Given that the tissue protective
cytokines interfere with the upregulation of pro inflammatory cytokines, the tissue protective
cytokines of the present invention may be able to restore endogenous functions interrupted by
the proinflammatory cytokines without directly~ affecting those endogenous functions.
Additionally, the tissue protective cytokines of the present invention may be administered in
conjunction with other known therapeutic treatrments for conditions related to
proinflammatory cytokines to provide a synergiistic effect. For example, a treatment for the

anemia associated with cancer or other chronic diseases may involve the administration of a
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typical therapeutic dosse of recombinant erythropoietin to . restore the patient’s hematocrit and
a therapeutic dose of thhe tissue protective cytokines of the present invention to counteracst the
effects of proinflammaatory cytokines. This would permit= the use of lower doses of
recombinant erythropoietin in such chronic disease theret>y greatly reducing the risk of
thrombolic events.

The tissue protective cytokines of the present inve=ntion may be used for systemaatic or
chronic administratior, acute treatment, and/or intermittemt administration. In one
embodiment, the pharammaceutical compositions of the inve=ntion are administered chronically
to protect or enhance #the target cells, tissue or organ. In zanother embodiment, the
pharmaceutical compcsitions of the invention may be adrministered acutely, i.e., for a simgle
treatment during injur y. In yet another embodiment, the ppharmaceutical compositions Ofthe
invention are adminisstered in a cyclic nature.

The compositi ons of the invention may be adminil stered prior to injury. As sucha, the
tissue protective cytolines of the present invention may toe administered prior to a surgi_cal
procedure to prevent Ssepsis, delay the onset of sepsis, anci/or reduce complications fronm
sepsis. For example, -the tissue protective cytokines of thme present invention may be givwen to
a patient prior to abdc>minal surgery. And, as briefly mertioned above, administering tine
tissue protective cytoEcines of the present invention prior to surgery may not only have aan
effect with regard to ssepsis, adhesions, and general inflarnmatory conditions, but they mnay
also reduce the appea-rance of, or completely eliminate sccarring from the surgery.

In addition, th_e compositions of the invention ma:y be administered at the time Of
injury or shortly theresafter. Thus, a patient undergoing mmajor abdominal surgery may e
given the tissue prote-ctive cytokines of the present invermtion at the time of, or shortly
thereafter, the surgicaal procedure in order to prevent, del_ay the onset of, or reduce
complications stemm_ing from sepsis, adhesions, or gene—ral inflammatory conditions. Whe
tissue protective cyto kines of the present invention may also reduce the appearance of, or
completely eliminate scarring from the surgery if adminmstered during or after injury.

For example, the tissue protective cytokines of tixxe present invention may be useed for
irrigation purposes, e~ g, while cleaning the wound, a sal_ine solution including the tisstae
protective cytokine o fthe present invention may be adm_inistered to treat, prevent, dela_y the
onset of, or reduce coomplications stemming from sepsis.. adhesions, or general inflarnmatory
conditions. Furthermore, the tissue protective cytokines: of the present invention may e
given to 2 pregnant wsoman following a cesarean section.. in order to prevent, delay the eonset

of, and/or reduce comnplications from sepsis, adhesions, and/or general inflammatory
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conditions. As anothesr example, the tissue protective cytokines of the present inv-ention may
be given to a patient dluring chemotherapy to stave off sepsis, adhesions, or geper=al
inflammatory conditicomns.

In one embodi_ment, the tissue protective cytokines of the present invention are
administered intraven_ously at the time of injury and subcutaneously for a predetem-mined
period of time thereaf~ter in order to prevent, delay the onset of, or reduce compliccations
stemming from sepsiss, adhesions, or general inflammatory conditions. For examg> le, the
compositions of the iravention may be administered in an amount of about 10 pg/l<xg
intravenously at the ti_me of injury followed by 10 ug/kg subcutaneously for an al lotted time.

In cases of a peositive sepsis diagnosis, the compositions of the invention rmay be
administered daily to treat sepsis, stabilize the patient, and prevent the sepsis conedition from
progressing to a more= serious stage, e.g., severe sepsis or septic shock. In additiosn, the tissue
protective cytokines ©f the present invention may be administered with known amtibiotics,
anti-fungals, anti-viramls, and the like, including those listed within International PPublication
No. WO 2004/00465 @6, hereby incorporated by reference in its entirety.

The administr—ation of the composition may be parenteral, i.e., by a metho=d other than
the via the digestive tract. For example, parenteral administration may include iratravenous
injection, intraperitoreal injection, intra-arterial, intramuscular, intradermal, or sxabcutaneous
administration. The acomposition may also be administered via inhalation or tran_smucosally,
e.g., orally, nasally, rectally, intravaginally, sublingually, submucosally, and tranmsd ermally.
In addition, the tissues protective cytokines of the present invention may be admieistered
locally to the area in meed of treatment, such as by the use of a perfusate; topical application,
e.g., in conjunction vevith a wound dressing after surgery; by injection; by means =of a catheter;
by means of a suppossitory; or by means of an implant, said implant being of a poOrous, non-
porous, or gelatinouss material, including membranes, such as silastic membraness, or fibers.
Combinations of the administration methods discussed above are contemplated toy the present
invention.

In one embocliment, the administration of the pharmaceutical composition of the
invention is parenter=al. Such administration may be performed in a dose amount= of about
0.01 pg to about 5 m_g, preferably about 1 pg to about 5 mg. Inone embodiment=, the dose
amount is about 500 pg to about 5 mg. In another embodiment, the dose amoun-t is about 1
ng to about 5 mg. Imm yet another embodiment, the dose amount is about 500 ng ~to about 5
mg. In still another eembodiment, the dose amount is about 1 ug to about 5 mg. For example,

the dose amount ma=y be about 500 ug to about 5 mg. In another embodiment, thhe dose
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amount may be about 1 mg to about 5 mg. Such compositions may include aquecus and non-
aqueous sterile injectable soluti ons or suspensions, which may contain antioxidan-ts, buffers,
bacteriostats and solutes that remder the compositions substantially isotonic with tdhe blood of
an intended recipient. In this asspect of the invention, the pharmaceutical composi tions may
also include water, alcohols, porlyols, glycerine, vegetable oils, and mixtures thereof.
Pharmaceutical compositions adapted for parenteral administration may be presented
in unit-dose or multi-dose containers, for example sealed ampules and vials, and ramay be
stored in a lyophilized (freeze-ried) condition requiring only the addition of a ste=rile liquid
carrier, e.g., sterile saline soluti on for injections, immediately prior to use. Extenx poraneous
injection solutions and suspensions may be prepared from sterile powders, granuless and
tablets. In one embodiment, an. autoinjector comprising an injectable solution of & long
acting EPO of the invention may be provided for emergency use by ambulances, emergency

rooms, and battlefield situations.

Intravenous Administration

In one embodiment, the pharmaceutical composition of the invention is fomrmulated in
accordance with routine proced ures as a pharmaceutical composition adapted for Entravenous
administration to human beings. For cxample, the pharmaceutical composition m_ay be in the
form of a solution in sterile isotonic aqueous buffer. Where necessary, the pharmzaceutical
composition may also include a solubilizing agent and/or a local anesthetic such a s lidocaine
to ease pain at the site of the injection. The ingredients may be supplied either sepoarately or
mixed together in unit dosage foorm, for example, as a dry lyophilized powder or vwater-free
concentrate in a hermetically-sealed container such as an ampule or sachette indiating the
quantity of active agent. When. the pharmaceutical compositions of the invention are to be
administered by infusion, an infusion bottle with sterile pharmaceutical grade water or saline
may be used for dispensing the composition. And, when the pharmaceutical compposition are
to be administered by injection_ an ampule of sterile saline may be provided to mix the

ingredients may be mixed prior- to administration.

Oral Administration

One of ordinary skill in the art will recognize the pharmaceutical compositions of the
present invention may be adapted for oral administration as capsules or tablets; powders or
granules; solutions, syrups or suispensions (in aqueous or non-aqueous liquids); eclible foams

or whips; emulsions; or combirnations thereof, The oral formulation may include zabout 10
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percent to about= 95 percent by weight active ingredient. In one embodfiment, the active
ingredient is inc=Iuded in the oral formulation in an amount of about 20 Ppercent to about 80
percent by weig'ht. In still another embodiment, the oral formul ation imacludes about 25
percent to about= 75 percent by weight of the active ingredient.

Tablets crhard gelatine capsules may include lactose, starch or derivatives thereof,
magnesium stea-rate, sodium saccharine, cellulose, magnesium carbona-te, stearic acid or salts
thereof. Soft ge-latine capsules may include vegetable oils, waxes, fats, semi-solid, liquid
polyols, or mixt—ures thereof. Solutions and syrups may include water, goolyols, sugars, or
mixtures thereoff.

Moreover, 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 stract. For example, the active agent may admixed or co>ated with glyceryl
monostearate, glMyceryl distearate, or a combination thereof. Thus, the ssustained release of an
active agent ma=y be achieved over many hours and, if necessary, the ac=tive agent can be
protected from eing degraded within the stomach. Pharmaceutical cormpositions for oral
administration mnay also be formulated to facilitate release of an active agent at a particular

gastrointestinal location due to specific pH or enzymatic conditions.

Transdermal Ad®@ministration

Pharmac=eutical compositions adapted for transdermal administr—ation may be provided
as discrete patclnes intended to remain in intimate contact with the epideermis of the recipient
for a prolonged —period of time. In addition, pharmaceutical compositiosns adapted for topical
administration mnay be provided as ointments, creams, suspensions, loti_ons, powders,
solutions, pastess, gels, sprays, aerosols, oils, eye drops, lozenges, pastil_les, and mouthwashes
and combinatiorns thereof. When the topical administration is intended for the skin, mouth,
eye, or other ext-emal tissues, a topical ointment or cream is preferably —used. And, when
formulated in ara ointment, the active ingredient, i.e., the long acting EF2O, may be employed
with either a par-affinic or a water-miscible ointment base. Alternativel y, the active
ingredient may toe formulated in a cream with an oil-in-water base or a water-in-oil base.
When the topicaml administration is in the form of eye drops, the pharmaaceutical compositions
of the invention preferably include the active ingredient, which is disso -1ved or suspended in a

suitable carrier, e.g., in an aqueous solvent,

Nasal and Pulm-onary Administration
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Phamaceutical compositions adapted for nasal an_d pulmonary administration may
include soli _d carriers such as powders (preferably having aparticle size of about 20 microns
to about 50%0 microns). Powders may be administered by rapid inhalation through the nose
from a cont-ainer of powder held close to the nose. In an zlternate embodiment,
pharmaceutkical compositions intended for nasal administsration according to the present
invention nmay include liquid carriers, e.g., nasal sprays om nasal drops. Preferably, the
pharmaceutkical compositions of the invention are adminisstered into the nasal cavity directly.

Direact lung inhalation may be accomplished by deep inhalation through a mouthpieces
into the orospharynx and other specially adapted devices imcluding, but not limited to,
pressurized_. aerosols, nebulizers or insufflators, which car be constructed so as to provide
predetermimed dosages of the active ingredient. Pharmac-eutical compositions intended for
lung inhala-tion may include aqueous or oil solutions of tihe active ingredient. Preferably, the=
pharmaceuttical compositions of the invention are adminisstered via deep inhalation directly

into the oraspharynx.

Rectal and Vaginal Administration

Phasrmaceutical compositions adapted for rectal aciministration may be provided as
suppositori_es or enemas. In one embodiment, the suppos:itorics of the invention includes
about 0.5 peercent to 10 percent by weight of active ingreclient. In another embodiment, the
suppositorsy includes about 1 percent to about 8 percent b-y weight active ingredient. In still
another ermbodiment, the active ingredient is present in tie suppository in an amount of abouat
2 percent teo about 6 percent by weight. In this aspect of sthe invention, the pharmaceutical
compositiosns of the invention may include traditional biraders and carrier, such as
triglyceridess.

Ph=maceutical compositions adapted for vaginal administration may be provided ass

pessaries, t-ampons, creams, gels, pastes, foams or spray #ormulations.

Perfusion Administration

The= pharmaceutical compositions of the inventiomn may also be administered by use cof
a perfusate=, i.e., pumping a liquid into an organ or tissue (especially by way of blood vesselss).
In such enmbodiments, the pharmaceutical composition pmreferably has about 0.01 pM to abowxt
30 pM, presferably about 15 pM to about 30 nM, of the tisssue protective cytokine of the
present invention. In one embodiment, the perfusion solrution is the University of Wisconsimn
(UW) solu~tion (with a pH of about 7.4 to about 7.5 and aen osmolality of about 320 mOSm/1 ),
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which contains about 1 U(10ng)/ml to about 25 U(250ng )/ml of an EPO compound of the
present invention; S percent hydroxyethy! starch (preferably having a molecular weight from
about 200,000 to about 300,000 and substantially free of -ethylene glycol, ethylene
chlorohydrin, sodium chloride, and acetone), 25 mM KH=oPO,, 3 mM glutathione; 5 a1
adenosine; 10 mM glucose; 10 mM HEPES buffer; 5 mM1 magnesium gluconate; 1.5ms1
CaCly; 105 mM sodium gluconate; 200,000 units penicill-in; 40 units insulin; 16 mg
dexamethasone; and 12 mg phenol red. The UW solutiorn is discussed in detail in U.S. BPatent
No. 4,798,824, which is incorporated in its entirety by re£erence herein.

Local Administration

It may be desirable to administer the pharmaceutiacal compositions of the invent& on
locally to the area in need of treatment. Such administrat-ion may be achieved by local
infusion during surgery; topical application, e.g., in conjumnction with a wound dressing  after
surgery; by injection; by means of a catheter; by means o f a suppository; or by means o—f an
implant, said implant being of a porous, non-porous, or geelatinous material, including

membranes, such as silastic membranes, or fibers.

Controlled-Release Systems

In addition, as briefly discussed above with respect to transdermal administratio—n, the
tissue protective cytokines of the present invention may e delivered in a controlled-relasase
system. For example, the tissue protective cytokine may be administered using intraveraous
infusion, an implantable osmotic pump, a transdermal pastch, liposomes, or other modes- of
administration. Such controlled release systems may be golaced in proximity of the
therapeutic target, i.e., the target cells, tissue or organ, thras requiring only a fraction of ~the

systemic dose.

Dosing

Selection of the preferred effective and non-toxic dose for the administration me=thods
above will be determined by a skilled artisan based upon factors known to one of ordinaary
skill in the art. Examples of these factors include the par@icular form of tissue protectiv-e
cytokine; the pharmacokinetic parameters of the tissue pr-otective cytokine, such as
bioavailability, metabolism, half-life, etc. (provided to thee skilled artisan); the conditior—x to be
treated; the benefit to be achieved in a normal individual; the body mass of the patient; ~the

method of administration; the frequency of administratior, i.e., chronic, acute, intermitt-ent;
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Concomitant medications; and other factors weall known to affect the efficacy of administe=red
P>harmaceutical agents. Thus the precise dosagge should be decided according to the judgn—ent
oOfthe practitioner and the circurmstances of thes particular patient.

& reatment Kits

The invention also provides a pharmac «utical pack or kit that include one or more
containers filled with one or more of the ingreclients of the pharmaceutical compositions oof
tThe invention. In one embodiment, the effectisve amount of the tissue protective cytokine =and
em pharmaceutically acceptable carrier may be packaged in a single dose vial or other
container.

When the pharmaceutical composition of the invention is adapted for parenteral
administration, for example, the composition rmay be stored in a lyophilized condition. Tknws,
{he kit may include the lyophilized composition, a sterile liquid carrier, and a syringe for
ijections.

In one embodiment, the kit includes an. ampule containing enough lyophilized
raaterial for several treatments such that the administrator would weigh out a specific amosunt
o fmaterial and add a specific amount of carriesr for each treatment session. In another
embodiment the kit may contain a plurality of ampules gach containing specific amounts ©f
t¥he lyophilized material and a plurality of cont ainers each containing specific amounts of
carrier, such that the administrator need only maix the contents of one ampule and one carr—ier
c—ontainer for each treatment session without mmeasuring or weighing. In yet another
e=mbodiment, the kit contains an autoinjector iticluding an injectable solution of the tissue
porotective cytokine(s) of the invention. In stilk another embodiment, the kit contains at lezxast
one ampule with the lyophilized composition, at least one container of carrie1: solution, at
leeast one container with a local anesthetic, and. at least one syringe (or the like). The ampumles
aand containers are preferably hermetically-sealed.

When the pharmaceutical compositionss of the invention are to be administered by
imfusion, the kit preferably includes at least on<e ampule with the pharmaceutical composit=ion
a-nd at least one infusion bottle with sterile pharmaceutical grade water or saline.

A kit according to the present inventior: may also include at least one mouthpiece oor
s-pecially adapted devices for direct lung inhalation such as pressurized aerosols, nebulizer—s,
owrx insufflators. In this aspect of the invention, the kit may include the device for direct lnrng

imhalation, which contains the pharmaceutical composition, or the device and at least one

28



WO 2005/032467 PCT/TWUS2004/031789

ampule of aqueous or oil solutions of the tissue pprotective cytokine(s) of the pressent
invention.

When the tissue protective cytokine(s) of the invention is adapted for ora_1,
transdermal, rectal, vaginal, or nasal, the kit preferably includes at least one ampeule
containing the active ingredient and at least one administration aid. Examples o—f
administration aids include, but are not limited tO, measuring spoons (for oral ad_mninistration),
sterile cleaning pads (for transdermal adminstrat¥on, and nasal aspirators (for nassal
administration). Such kits may include a single close of the tissue protective cyteokine (acute
treatment) or a plurality of doses (prolonged trea tment).

Tn addition, the kit may be outfitted with one or more types of solutions.  For
example, the tissue protective cytokines of the inavention may be made in an albwimin solution
and a polysorbate solution. If the kit includes th e polysorbate solution, the worcis “Albumin
free” preferably appear on the container labels as wells as the kit main panels.

Moreover, the kit may also include a notice in the form prescribed by a governmental
agency regulating the manufacture, use or sale oof pharmaceuticals or biological products,
which notice reflects approval by the agency of Imanufacture, use or sale for hur-man

administration.

Assays to Detexmine Sepsis / Inflammation T reatability

The present invention also contemplates assays to determine whether a stissue
protective cytokine is able to effectively treat, prrevent, delay the onset of, or recduce
complications of sepsis, adhesions, and inflamnnation resulting from infection.  Any assay
that includes laboratory controlled sepsis inducttion, adhesion induction, or inflaammatory
response induction is contemplated for the present invention.

For example, a suitable assay according to the invention may include a “blind study
where the cecum of Sprague Dawley rats are excposed and ligated just distally t-© the ileocecal
valve to avoid intestinal obstruction. The cecurn js then be punctured and squesezed gently to
force out a small amount of feces, and then retrarned to the abdominal cavity. The release of
feces into the organ induces infection which, ira turn, induces sepsis, adhesions , inflammation,
or a combination thereof. The abdomen is thera sutured. The rats are preferabliy separated
into groups with at least one group receiving saline and another group receivin_g the tissue
protective cytokine to be tested. At the time of ligation, the various groups of aanimals are
given a predetermined amount of saline or the ®issue protective cytokine, prefesrably
intraveneously. Subcutaneous administration of the selected treatment, i.e., sa_line or the
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tissue protective cytokine, may be unde-xtaken for a predetermined time following the liggation
procedure. In addition, the study may imclude a group of rats that have been opened, bumt not
subjected to infection.

The animals may then be monitored for adhesions and illness scores. Table 1

provides a method of scoring an animal based on the formation of adhesions.

TABLE 1. CUMULA"TIVE ADHESION SCORING SCALE

Points | 0 No adhesions

+1 | One adhesive band fro-m the omentum to the target organ

+1 | One adhesive band fro-1m the omentum to the scar

+ 1 | One adhesive band fro-m the omentum to the another place

+1 | One adhesive band fro 1m adnexa / epididymal fat bodies to the target omrgan
+1 | One adhesive band fro.m adnexa / epididymal fat bodies to scar

+ 1 | One adhesive band fro-m adnexa / epididymal fat bodies to another placce
+1 | Any adhesive band otlmer than described above (e.g., liver to scar)

+1 | Target organ adherent to abdominal wall

+1 | Target organ adherent to abdominal scar

+1 | Target organ adherent to bowel

+1 | Target organ adherent ~to liver or spleen

i +1 | Any other organ adher=ent

Total
Score

One point is given for each adhession and a cumulative adhesion score is calculate=d.
M1 one embodiment, the cumulative adhession score is preferably 8 or less. In another
e=mbodiment, the cumulative adhesion sccore is about 5 or less. In still another embodime=nt,
trhe cumulative adhesion score is about 3 or less.

An illness score may also be calczulated for each animal based on a variety of faciors.
FF-actors used for this score include, but asre not limited to, behavioral factors such as wall=ing
poosture, Tope hanging ability, investigatcary behavior regarding surroundings, climbing foam
pad up a wall, body responses such as ersectness of hair, and oxygenation, and the numbe=r of
=adhesions formed. For example, when a rat is ill, the animal will hunch while walking aznd
wovill not investigate his/her surroundings.. In addition, the pulse rate of an ill rate is
i=naccurate, while a healthy rat typically Inas a pulse rate of about 300 beats/minute. Tablee 2
porovides a method of scoring each animaml with regard to illness in order to assess the

e=ffectiveness of the tissue protective cytcokine being used for treatment
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TABLE 2. CUMULATIVE I LLNESS SCORE

Behavioral Tests
+1 _pilcerection (hairs stand to erect)

+1 immmobility

+1 Losss of Beam Balance

+1 una_ble to hold or climb

+1 Not= using claws

+1 Becoming hunchbacked

+1 Abimormal walking

+1 No exploration of surroundings

+1 Not= grasping a string within 30 seconds
+1 reduaced reflexes

+1 Lac’ k of appetite (food and drink)
+1 Los_s of body weight
+1 mor—ibund

+1 Abrormal Heart Rate (< or > 50% normal)

+ 1 _Spo-ntaneous Hemorrhage

+1 Dec=reased Oxygen Saturation

Total
Score

On a ccontinuum, a cumulative illness score o—f 14 or above signifies the deat"h of the
anima), while amuch lower score indicates that the amnimal is relatively healthy. In one
embodiment, a sepsis-induced animal has an illness sscore of about 5 or less after 8 clays of
treatment with at least one tissue protective cytokine of the invention. In another
embodiment, an animal has an illness score of about 4 or less after treatment. In ye~t another
embodiment, an animal has an illness score of about 2 or less after treatment. In sti_1lanother

embodiment, an animal has an illness score of about 1 or less after treatment.

EXAMPLES.

The fosllowing non-limiting examples are mer—ely illustrative of the preferred_
embodiments of the present invention, and are not to be construed as limiting the in—vention,
the scope of wwhich is defined by the appended claimss. Parts are by weight unless o®herwise
indicated.

Example 1: BBlind Study Using Rat Abdominal Seyosis Model
The cescum of Sprague Dawley rats was expossed, ligated just distally to the i_leocecal

valve to avoid_ intestinal obstruction, punctured twice with a 18-gange needle, squee=zed

gently to forces out a small amount of feces, and then —returned to the abdominal cavi—ty (feces
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introduced ima peritoneum, which induced infection). Th_e abdomen was closed with 3-0 siT1k
sutures.

The =animals were allocated to two groups:

Grouzp 1: Sepsis induced, treated with saline (n = 8). At time of ligation, animals imn
Group 1 wer—e given 100 pl saline intraveneously. Daily— subcutaneous saline administration
(100 1) follaowed for 8 days or until death.

Grouxp 2: Sepsis induced, treated with carbamyleated EPO (n = 8). At time of ligatzion,
animals weree given 10 ug/kg carbamylated EPO (prepar—ed so that erythropoietic activity i=s
effectively e liminated) intraveneously in 100 ! of saline=. Daily subcutaneous treatment
followed for— 8 days (or until death) at a dosage amount ©f 10 pg/kg in 100 pl saline.

Morbidity arsid Mortality

In Grrroup 1, less than about 50 percent of the animmals survived after 8 days. In Group
2, however, —the survival rate was greater than about 50 [>ercent, as illustrated graphically im
FIG. 1. In p. articular, one day following the treatment thnere was about a 60 percent surviv:al
rate for aninmals in Group 1 compared to about a 80 perc-ent survival rate for animals in Gr-oup
2. After 3 daays, however, the survival rate of Group 1 d_ropped significantly to about 25
percent surv-ival rate, whereas the survival rate of Groups 2 animals was greater than about 60
percent. Thwus, the animals receiving the carbamylated EZPO of the present invention had =

much higher— survival rate than animals receiving salme.

Cumulative .. Adhesion Score

Spec-imens were taken from the peritoneal fluid zand abscesses for aerobic and
anaerobic cunlture. For aerobic culture, samples were incubated on blood on EMB agar fomr 24
hours at 37°C. For anaerobic culture, samples were laye=red on anaerobic blood agar and
incubated in_ a Gas-Pak jar for 24 hours at 37°C. Growimng colonies were identified with
standard bac=teriologic techniques.

Deac animals were autopsied within 4 hours andll the causes of death were recordeci.
Using Table= 1 described earlier in the application, a curmulative adhesion score was
calculated foor each animal 24 hours post-injury and ther averaged for the group (shown
graphically &n FIG. 2). In particular, the average total scCore of Group 1 was about 10,
whereas the average total score of Group 2 was about 6.. In sum, the animals receiving thes

carbamylatesd EPO of the present invention had less adh_esions than animals receiving salimne.
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Iliness Score

An illomess score was calculated as described ear-lier in the application in Table 2 an_d
the results are illustrated graphically in FIG. 3. In parti cular, one day following the
treatment, the average illness score of Group 1 animals was about 9 compared to an averagze
illness score o fGroup 2 animals of about 3. After 5 da~ys, the Group 1 animals had an

average illnesss score of about 12, whereas the Group 2 animals had an average illness scor—e
of about 5 ox L ess.

Scarrin
The Ta_ts were also visually examined for scarricag from the incisions. Group 2 rats

had less scarrmng than Group 1 rats.

Example 2: B3lind Study Using Rat Abdominal Seps-is Model

The ce=cum of Sprague Dawley rats was expose=d, ligated just distally to the ileocecal
valve to avoici intestinal obstruction, punctured twice vwith a 18-gauge needle, squeezed
gently to foxrc-e out a small amount of feces, and then rezturned to the abdominal cavity (feces
introduced in peritoneum, which induced infection). T he abdomen was closed with 3-0 smlk
sutures.

The amnimals were allocated to three groups:

Groupo 1: Opened as described above, but no seepsis induced (n = 6).

Groupo 2: Sepsis induced, treated with saline (1 = 8). At time of ligation, animals in
Group 2 were= given 100pl saline intraveneously. Dailiy subcutaneous saline administraticon
(100 ul) follawwed for 8 days (or until death).

Grougp 3: Sepsis induced, treated with carbam-ylated EPO (n =8). At time of ligastion,
animals were= given 10 ug/kg carbamylated EPO in 10@0 yl saline intraveneously. Daily
subcutaneouss treatment followed for 8 days (or until Feath) at a dosage amount of 10 pg/kgin
100 pl saline=.

Cumulative ~ddhesion Score

Speciimens were taken from the peritoneal flui_d and abscesses for aerobic and
anaerobic cu_lture. For aerobic culture, samples were - incubated on blood on EMB agar feor 24
hours at 37°C_. For anaerobic culture, samples were l=ayered on anaerobic blood agar andi
incubated imw a Gas-Pak jar for 24 hours at 37°C. Gro=wing colonies were identified with

standard bac-teriologic techniques.
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Dead animals were autopsied within 4 hours anc] the causes of death were rescorded.
Us:zing Table 1 described earlier in the application, a curmulative adhesion score was
cal_culated for each animal 24 hours post-injury and themn averaged for the group (shcown
graaphically in FIG. 4). In particular, the average total s core of Groups 1, 2, and 3 w ~ere less
thaaxn about 2, about 10 and about 6, respectively. Thus,. the animals receiving the

car-bamylated EPO of the present invention had less adi-iesions than animals receivirng saline.

Tu:rmor Necrosis Factor Study

The level of tumor necrosis factor (TNF) preserat in the blood of animals aftesr a period
of time was examined using an ELISA from R&D Syst-ems (#RTA00) capable of tos detecting
rat= TNF-alpha for each group in an effort to determine a mechanism behind carbam- ylated
EFPPO’s ability to decrease adhesions. As shown in FIG . 5, the difference in the amo-unt of
TIF after 24 hours is not significantly different betweean the three groups. After thmree hours
(peecak inflammation), the amount of TNF in the system. decreased for all three groupos. These
ressults suggest that the accepted mechanism behind adBhesions, i.e., an inflammmator=sy
ressponse, may not be the accurate mechanism. In fact, the TNF study suggests that - the
meechanism behind adhesion may be due to cell death amnd, because the carbamylate :d EPO of
thee present invention has a tissue protective function, 1"he adhesions may decrease uapon

adllministration because of decreased cell necrosis.

Sccarring
Upon visual examination, the rats in Group 3 h_ad substantially less scarringe: than
G—roups 1 and 2.

E-xample 3: Blind Study Using Abdominal Sepsis MAodel
The cecum of Sprague Dawley rats was expose=d, ligated just distally to the ileocecal

vaalve to avoid intestinal obstruction, punctured twice wwith a 18-gauge needle, sque=ezed
geently to force out a small amount of feces, and then r-eturned to the abdominal cawity (feces
irytroduced in peritoneum, which induced infection). Trhe abdomen was closed wit"h 3-0 silk
suatures.

The animals were allocated to four groups:

Group 1: Opened as described above, but no ssepsis induced (n = 6).
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Group 2: Sepsis induced, treated with saline (n = 8). At time of Tligation, animals in
Group 2 were given 100 pl saline intraveneously. Daily subcutaneous samline administration
(100 pl) followed for 8 days (or umtil death).

Group 3: Sepsis induced, treated with rhu-EPO (n=8). At time o=fligation, animals
were given 10 pg/kg rhu-EPO intraveneously in 100 ul saline. Daily subecutaneous treatment
followed for 8 days (or until deatln) at a dosage amount of 10 ug/kg in 1080 ul of saline.

Group 4: Sepsis induced, treated with carbamylated EPO (n=8) . At time of ligation,
animals were given 10 pg/kg carb amylated EPQO intraveneously in 100 p”1saline. Daily
subcutaneous treatment followed —for 8 days (or until death) at a dosage a-amount of 10 pg/kg in
100 pl saline

Morbidity and Mortality

One day following ligatior, all of the animals in Group 1 (sham) =survived, whereas

none of the animals in Group 2 su_rvived. Only 2 of the animals in Group> 3 (thu-EPO)
survived compared to S animals i Group 4. Thus, the animals receivingz the carbamylated
EPO of the present invention had a much higher survival rate than anima«Js receiving saline or
thu-EPO.

Scarring
Upon visual examination, the rats in Group 4 had substantially le=ss scarring than

Groups 1-3.

Example 4: Lipopolysaccharid e induced response in Rats

The purpose of this example was #o determine the effectiveness of carbarmylated
erythropoietin on sepsis-like sym-ptoms induced by lipopolysaccharide (_LPS). IPSis an
endotoxin present on the surface of bacteria which induces sepsis-like ressponse (core
temperature increase and cytokines induction) in animals. Male Sprague/_Dawley rats (300-
350g) were administered 240 ug/keg, i.p. The animals were then treated —with saline (n=6) or
carbamylated erythropoietin (n=6)) at 10 ug/kg, i.v. The concentration deependent effects of
LPS on core body temperature we=re then determined. Alternatively, the direct
intraventricular application (Seele=y et al, (1996) Horm Metab Res. 28:66-4-8.) of
carbamylated erythropoietin (5 ugs/kg in 2 ul) was administered to deternine if the route of
application alters the core temperaature differentially. Core temperature v=vill be monitored
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during the first 24 hrs. In some cases, blood was removed. for subsequent cytokine (e.g. .,
TNF, IL-6) analysis. Seeley et al, (1996) Horm Metab Re=s.28:664-8.

Core Temperature.

As part of the sepsis-like conditions induced by LPS, the amnimals administered LPS

experience a biphasic fever. The first phase of the fever iss characterized by a precise inmcrease
in temperature accompanied by an increase in blood pressmure and wakefulness of the af~flicted
individual. Whereas the second phase of the fever is less gorecise, and is accompanied by
either normotension or hypotension as well as lethargy aned sleepiness. It is theorized tEaat the
phases of the fever represent a transition in the strategy thaat the body utilizes to combat= the
sickness. (Romanovsky et al., Am. J. Physiol, 271: R244—R253, 1996) In the present

example, the administration of carbamylated erythropoieti i to LPS treated animals resizalted in
a reduction in both phases of the fever as demonstrated by= Figure 6.

Serum levels of TNF and I1-6.

Carbamylated erythropoietin’s ability to mediate the fever response to LPS was further—
correlated by its ability to suppress the presence of pyrogenic cytokines such as TNF arad IL-
6, as demonstrated in Figure 7(a) and Figure 7(b). ELISA.. was used to determine the
presence of TNF and IL-6 within the serum sampled from- the rats. Both Figures 7(a) amand
7(b) demonstrate that the treatment with carbamylated ery=thropoietin significantly redumced
the presence of pro-inflammatory cytokines, IL-6 and TN_F.

Peripheral v. Central Administration of Carbamylated E; opoietin.

In order to rule out the direct effect of carbamylated eryth ropoietin upon the hypothala=nus,
the carbamylated erythropoietin was administered intravemtricularly in the manner note=d
above. As Figure 8(a) and Figure 8(b) demonstrate, there= was no correlation in the redluction
of core temperature between the peripherally and centrall~y administered carbamylated
erythropoietin. In light of these results as well as carbam-ylated erythropoietin’s effectss on
the pyrogenic cytokines, it appears that carbamylated erythropoietin effects the core
temperature through the suppression of the pyrogenic cytokines. This suggests that tis:sue
protective cytokines, such as carbamylated erythropoietine, are useful in mediating,
ameliorating or preventing the effects of these cytokines i_n chronic illnesses (wasting,

lethargy, anemia, etc.).
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Example 5: Effexct of Erythropoietin analogues on Ischemic SSkin Flap Injury in Rats

An ischemic woumnd flap model was performed to determine the esffect of carbamylated
erythropoietin on_. ischemic skin flap wound recovery. Male Spraague/Dawley rats (300-350g)
were anesthetizec using isoflurane. A skin flap 9 cm long and 3 cm wide was then cut in the
back of the rat. T-he flap included skin, subcutaneous layer and poanniculus carnosus.
Following incision, the flap was raised and then immediately re-=sutured in its bed, as
described (Buem-i, M., et al., (2002) Acta Derm. Venereol. 82:41 1-417, Sarau, A., et al.,
(2003) Laryngosecope. 113:85-89). Animals were dosed with an erythropoietin analogue,
carbamylated EP O, (0.3 pg/kg, s.c.) immediately following surg=ery, day 1, day 2 and then
bi-weekly durings analysis. Animals were weighed and the wourad photographed weekly.
Buemi, M., et al. , (2002) Acta Derm. Venereol. 82:41 1-417. Thee area of the wound healed
was then quantifiied based on photographs of the animals taken 34 days following the
proceedure. As iis demonstrated in Figure 9, the rats that receive=d carbamylated
erythropoietin hamd a greater percentage of the wound healed thara those treated with saline for
the same time pe=riod.

The invertion described and claimed herein is not to be 1 imited in scope by the
specific embodimments herein disclosed, since these embodimentss are intended as illustrations
of several aspect_s of the invention. In particular, one of ordinarsy skill in the art will
recognize that alsthought the above examples were performed usmng carbamylated EPO,
similar results weould be expected of any of the tissue protective cytokines of the present
invention. Any equivalent embodiments are intended to be witknin the scope of this
invention. Indee=d, various modifications of the invention in addllition to those shown and
described herein will become apparent to those skilled in the art from the foregoing
description. Suc~h modifications are also intended to fall within ~the scope of the appended
claims. All patemnts and patent applications cited in the foregoings text are expressly

incorporate herefin by reference in their entirety.
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CLAIMS
What is claimed is :
1. Use of a theerapeutically effective amount of at least one “tissue protective

cytokine for the m=anufacture of a medicament for treating, preveenting, or delaying the

onset of, or reducimg the effects of proinflammatory cytokines ira a mammal.

2. The use of claim 1, wherein the at least one tissue protecztive cytokine

comprises a chemi.cally modified erythropoietin or a mutated er_ythropoietin.

3. The use of claim 2, wherein the chemically modified or mutated erythropoietin
is selected from the group consisting of i) an erythropoietin that lacks sialic
acid moiet# es; ii) an erythropoietin having no N-linked ar no O-linked
carbohydrates; iii) an erythropoietin having a reduced caarbohydrate content by
virtue of tr-eatment of native erythropoietin with at least one glycosidase; iv) an
erythropoicctin having at Icast one or more oxidized carb ohydrates; v) an
erythropoiestin having at least one or more oxidized carb ohydrates and is
chemically= reduced; vi) an erythropoietin having at leas® one or more modified
arginine re=sidues; vii) an erythropoietin having at least ©ne or more modified
lysine resicdues or a modification of the N-terminal amimo group of the
erythropoieetin molecule; viii) an erythropoietin having aat least a modified
tyrosine re sidue; ix) an erythropoietin having at least a rmodified aspartic acid
or a glutamic acid residue; x) an erythropoietin having aat least a modified
tryptopham residue; xi) an erythropoietin having at least one amino group
removed; =ii) an erythropoietin having at least an openimg of at least one of the
cystine linJkages in the erythropoietin molecule; or xiii) -a truncated

erythropoi e€tin.

4. The use of= claim 3, wherein the chemically modified or mutated erythropoietin

lacks erythropoiet. in's erythropoietic effects.

38
Amendezd sheet: 30 August 2007



WO 2005/032467 PCT/US2004/031789

5. The use o= fclaim 2, wherein the chemically mnodified or mutated erythropoietin
has one or more cof the following mutations: C7S, R10I, V11S, L12A, E13A, R14A,
R14B, R14E, R1-4Q, Y15A, Y15F, Y151, K20A, K2 OE, E21A, C29S, C29Y, C338S,
C33Y, P42N, T4-4], K45A, K45D, V46A, N47A, F4-8A, F481, Y49A, Y49S, WSIF,
WSIN, Q59N, E&2T, L67S, L70A, D96R, K97D, ST100R, S100E, S100A, S100T,
G101A, GI01L, L _102A, R103A, S104A, S1041, L1085A, T106A, T1061, TIO7A,
T107L, L108K, L _108A, S126A, F1421, R143A, S14-6A, N147K, N147A, F148Y,
L149A, R150A, &«G151A, K152A, L153A, L155A, A_160S, I6A, C7A, B13A, N24K,
A30N, H32T, N3 8K, N83K, P42A, D43A, K52A, K_97A, K116A, T132A, [133A,
T134A, K140A, “F148A, R150B, GI151A, K152W, KX154A, G158A, C161A, and/or
R162A.

6. The use o fclaim 5, wherein the chemically mmodified or mutated erythropoietin

lacks erythropoie -tin's erythropoietic effects.

7. The use o fclaim 1 wherein the proinflammat=ory cytokine comprises an
Interleukin or TNEF.

8. The use o—f claim 7 wherein the proinflammat-ory cytokine is TNF.

0. The use o=f claim 1 wherein the effect of the proinflammatory cytokine

comprises fever, =wasting, lethargy, anemia, edema, i schemia, organ failure or insulin

resistance.

10. Use of a thherapeutically effective amount of =t least one tissue protective
cytokine for the mmanufacture of a medicament for trezating, preventing, or delaying the
onset of a conditieon associated with an effect of proi-nflammatory cytokines in a

mammal.

11. The use o claim 10, wherein the at least one tissue protective cytokine

comprises a chemm ically modified erythropoietin or mautated erythropoietin.
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12. The usse of claim 11, wherein the chemically maodified or mutated
erythropoietir is selected from the group consisting of 1) an erythropoietin that lacks
sialic acid mosieties; ii) an erythropoietin having no N-L inked or no O-linked
carbohydratess; iii) an erythropoietin having a reduced czarbohydrate content by virtue
of treatment osf native erythropoietin with at least one g=lycosidase; iv) an
erythropoietimm having at least one or more oxidized car bohydrates; v) an
erythropoietina having at least one or more oxidized carTbohydrates and is chemically
reduced; vi) am erythropoietin having at least one or mcre modified arginine residues;
vii) an erythrospoietin having at least one or more modi=fied lysine residues or a
modification Ofthe N-terminal amino group of the eryt_hropoietin molecule; viii) an
erythropoietin_ having at least a modified tyrosine residmue; ix) an erythropoietin having
at least a modm fied aspartic acid or a glutamic acid resiclue; x) an erythropoietin having
at least a modm fied tryptophan residue; xi) an erythropo-ietin having at least one amino
group removead ; xii) an erythropoietin having at least a-n opening of at least one of the

cystine linkagees in the erythropoietin molecule; or xiii) atruncated erythropoietin.

13. The us-€ of claim 12, wherein the chemically mcodified or mutated

erythropoietin lacks erythropoietin's erythropoietic effe. cts.

14. The usee of claim 11, wherein the chemically moedified or mutated
erythropoietin has one or more of the following mutatioens: C7S, R10I, V118§, L12A,
E13A,R14A, ZR14B, R14E, R14Q, Y15A, Y15F, Y151, K20A, K20E, E21A, C29S,
C29Y, C338S, CC33Y, P42N, T441, K45A, K45D, V46A,_ N47A, F48A, F481, Y49A,
Y49S, W51F, "W5SIN, Q59N, E62T, L67S, L70A, D96RR, K97D, S100R, S100E,
S100A, S100T", G101A, G1011, L102A, R103A, S104Aa, S1041, L105A, T106A,
T1061, TI07A_, TI107L, L108K, L108A, S126A, F1421, R143A, S146A, N147K,
N147A, F148Y, L149A, R150A, G151A, K152A, L1538 A, L1S5A, A160S, I6A, CTA,
B13A, N24K, _A30N, H32T, N38K, N83K, P42A, D43 /A, K52A, K97A, K116A,
T132A,1133A, T134A, K140A, F148A, R150B, G151/, K152W, K154A, G158A,
C161A, and/or RI162A.
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15. The use of claim 14, wherein the c’hemically modified or mutated

erythropoietin lacks erythropoietin's erythxopoietic effects.

16. The use of claim 10 wherein the effect of the proinflammatory cytokine
comprises fever, wasting, lethargy, anemia, edema, ischemia, organ failure, or intsulin

resistance.

17. The use of claim 10, wherein the condition associated with the effects of
proinflammatory cytokines comprises sepssis, adhesions, wounds, inflammation or

chronic disease.

18. A pharmaceutical composition comprising an amount of at least one tissume
protective cytokine effective in treating, preventing, delaying the onset of, or red—ucing

the effects of proinflammatory cytokines im a mammal.

19.  The pharmaceutical composition o¥ claim 18, wherein the at least onc tissuc
protcctive cytokine comprises a chemicallsy modified erythropoietin or mutated

erythropoietin.

20. The pharmaceutical composition of claim 19, wherein the chemically moedified
or mutated erythropoietin is selected from the group consisting of 1) an erythropoeictin
that lacks sialic acid moieties; ii) an erythreopoietin having no N-linked or no O-1ii nked
carbohydrates; iii) an erythropoietin having a reduced carbohydrate content by vi_rtue
of treatment of native erythropoietin with at least one glycosidase; iv) an
erythropoietin having at least one or more ©oxidized carbohydrates; v) an

erythropoietin having at least one or more ©xidized carbohydrates and is chemicamlly
reduced; vi) an erythropoietin having at least one or more modified arginine resicdues;
vii) an erythropoietin having at least one or more modified lysine residues or a
modification of the N-terminal amino grou p of the erythropoietin molecule; viii) an
erythropoietin having at least a modified ty-rosine residue; ix) an erythropoietin hzaving

at least a modified aspartic acid or a glutamic acid residue; x) an erythropoietin h.aving
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at M east a modified tryptophan residue; xi) an erythro-poietin having at least one armino
group removed ; Xii) an erythropoietin having at leas t an opening of at least one Ofthe

cysstine linkages in the erythropoietin molecule; or xi_1i) a truncated erythropoietir.

21 The pharmaceutical composition of claim 20, wherein the chemically modified

or mutated erythropoictin lacks erythropoietin's erytlaropoietic effects.

22 . The pharmaceutical composition of claim 19_, wherein the chemically moedified
or mutated erythropoietin has one or more of the foll. owing mutations: C7S, R10HK,
VL 1S, L12A, E13A, R14A, R14B, R14E, R14Q, Y1 5A, Y15F, Y15], K20A, K2-OE,
E2= 1A, C29S, C29Y, C33S, C33Y, P42N, T441, K45 A, K45D, V46A, N47A, FAESA,
F4-81, Y49A, Y49S, WSI1F, WSIN, QS9N, E62T, L6=7S, L70A, D96R, K97D, S1 O0R,
S1 OQ0E, S100A, S100T, G101A, G1011, L102A, R10O3A, S104A, S1041, L105A,

T1 06A, T1061, T107A, T107L, L108K, L108A, S1226A, F1421, R143A, S146A,

NR 47K, N147A, F148Y, L149A, R150A, G151A, K2 152A, L153A, L155A, A16®0S,
16.A, C7A, B13A, N24K, A30N, H32T, N38K, N83F<, P42A, D43A, K52A, K97~ A,
K1 16A, T132A, I1133A, T134A, K140A, F148A, R1_50B, G151A, K152W, K15=1A,
G1R 58A, C161A, and/or R162A.

23 .  The pharmaceutical composition of claim 22 , wherein the chemically mo=dified

or mutated erythropoietin lacks erythropoietin's eryt_hropoietic effects.

24-.  The pharmaceutical composition of claim 18. wherein the proinflammatomy

cytokine comprises an Interleukin or TNF.

25 .  The pharmaceutical composition of claim 24~ wherein the proinflammatomsry
cy-tokine is TNF.
26w.  The pharmaceutical composition of claim 1& wherein the effect of the

pr-~oinflammatory cytokine comprises fever, wasting., lethargy, anemia, edema,

ischemia, organ failure or insulin resistance.
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27. A pharamaceutical composition comprised of ~ an amount of at least one tissue
protective cytomkine effective in treating, preventing, or delaying the onset of a

condition assoeciated with proinflammatory cytokine=s in a mammal.

28.  The pha=ammaceutical composition of claim 27 , wherein the at least one tissue
protective cyto_kine comprises a chemically modifiec erythropoietin or mutated

erythropoietin.

29. The phammmaceutical composition of claim 28,. wherein the chemically modifie d
or mutated eryt_hropoietin is selected from the group consisting of i) an erythropoietine
that lacks sialic acid moieties; ii) an erythropoietin haaving no N-linked or no O-linkecd
carbohydrates; diii) an erythropoietin having a reducecd carbohydrate content by virtue
of treatment of mnative erythropoietin with at least one= glycosidase; iv) an
erythropoietin maving at least one or more oxidized caarbohydrates; v) an

erythropoietin hw aving at least one or more oxidized czarbohydrates and is chemically
reduced; vi) an eerythropoietin having at Icast one or mmore modified arginine residue;
vii) an erythropoietin having at least one or more modditied lysine residues or a
modification of the N-terminal amino group of the ersythropoietin molecule; viii) an
erythropoietin haaving at least a modified tyrosine resi-due; ix) an erythropoietin havings
at least a modifieed aspartic acid or a glutamic acid res idue; x) an erythropoietin havings
at least a modifie=d tryptophan residue; xi) an erythrop-oietin having at least one amino
group removed; xii) an erythropoietin having at least =an opening of at least one of the

cystine linkages 1in the erythropoietin molecule; or xiii ) a truncated erythropoietin.

30. The pharmmaceutical composition of claim 29, wwherein the chemically modified

or mutated erythmropoietin lacks erythropoietin's erythreopoietic effects.

31. The pharrnmaceutical composition of claim 28, vevherein the chemically modified
or mutated erythr-opoietin has one or more of the followving mutations: C7S, R10I,
V11S, L12A, E13A, R14A, R14B, R14E, R14Q, Y15AA, YI5F, Y151, K20A, K20E,
E21A, C29S, C29Y, C33S, C33Y, P42N, T44], K45A,, K45D, V46A, N4TA, F48A,
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F481, Y49A, Y49S, WSI1F, WSIN, Q59N, E62T, L67S, L70A, D96R, K97D® S100R,
S100E, S100A~, S100T, G101A, G1011, L102A, R103A, S104A, S1041, L10=5A,
T106A, T1061, T107A, T107L, L108K, L108A, S126A, F142], R143A, S14e06A,
N147K, N147/, F148Y, L149A, R150A, G151A, K152_A, L153A, L155A, AA160S,
I6A, C7A, B13 A, N24K, A30N, H32T, N38K, N83K, P=12A, D43A, K52A, EX97A,
K116A, T1324a,1133A, T134A, K140A, F148A, R150B , G151A, K152W, K 154A,
G158A, C161M, and/or R162A.

32. The phamrmaceutical composition of claim 31, wherein the chemically —xmodified

or mutated erythhropoietin lacks erythropoietin's erythropcietic effects.

33.  The phaarmaceutical composition of claim 27, whe=rein the condition asssociated
with the effects of proinflammatory cytokines comprises =sepsis, adhesions, wcounds,

inflammation or— chronic disease.

34, The use «of any of claims 4, 6, 13, or 15, wherein tPhe chemically modifmied or

mutatcd erythroppoietin comprises carbamylated erythropowietin.

35. The use Of claim 34, wherein the carbamylated ery=thropoietin is PEGyM ated.

36. The use ©fany of claims 4, 6, 13, or 15, wherein thme chemically modifi-ed or

mutated erythropoietin comprises PEGylated erythropoietin.

37. The use o=f claim 34, wherein the carbamylated ery®thropoietin has at lea-st 90%
of the sites carbammylated, 95% of the sites carbamylated, o -r 100% of the sites

carbamylated.

38. The use o=f claim 34, wherein the carbamylated eryt_hropoietin has at leasst six
lysine residues ca.rbamylated, at least seven lysine residues carbamylated, or at “least

eight lysine residuaes carbamylated.
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39. The use of claim 2 or 11, wherein the chemically modified or mutated

erythropoietin is an erythropoietin having at least no sialic acid moieties.

40. The use of claim S or 14, wherein the mutation is not [6A, C7A, K20A, P42A,
D43A, K45D, K45A, F48A, Y49A, K52A, K49A, S100B, R103A, K116A, T132A,
1133A, T134A, K140A, N147K, N147A, F 148A, R150A, R150E, G151A, K152A,
K152W, K154A, G158A, C161A, or R162.A.

41. The use of claim 5 or 14, wherein thre mutation is not R14A/Y 15A,
K45D/S100E, K97D/S100E, A30N/H32T, K45D/R150E, R103E/L108S,
KI140A/K52A, K140A/K52A/K45A, KOTA/K152A, KOTA/K152A/K45A,
IK97A/K152A/K45A/K52A, K97A/K152A/ K45A/K52A/K140A,
E<97A/K152A/K45A/K52A/K140A/K 154 A , N24K/N38K/N83K, or N24K/Y15A.

A2, The use of claim 10, wherein the infl ammatory condition is an inflammatory
condition of the abdomen, airways, kidney system, lung, prostate, urinary tract

sTwystem, vascular system, or visceral smooth anuscle.

43, The use of claim 1 or 10, wherein the: inflammatory condition is an ischemia-

related condition.

4%, The use of claim 1 or 10, wherein the inflammatory condition is a non-

isechemia-related condition.

45 .  The use of claim 44 wherein the non-i schemia-related condition is allergy,

rheeumatic disease, or infection.

46 . The use of claim 7, wherein the Interleukin is IL-6.

47.. The pharmaceutical composition of claim 19 or 28, wherein the chemically

mo-dified or mutated erythropoietin is selected from the group consisting of i) an
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erythropoietin having areduced carbohydrate content by vir-tue of treatment of na_tive
erythropoietin with at least one glycosidase; ii) an erythroposictin having at least o ne or
more oxidized carbohsy/drates; iii) an erythropoietin having a_t least one or more

oxidized carbohydrate:s and is chemically reduced; iv) an ersythropoietin having at

least one or more mod-ified lysine residues or a modification of the N-terminal am ino
group of the erythropo ietin molecule; v) an erythropoietin haaving at least a modifi- ed
tyrosine residue; vi) amm erythropoietin having at least a modi fied aspartic acid or a
glutamic acid residue; " vii) an erythropoietin having at least am modified tryptophan
residue; viii) an erythrcpoietin having at least one amino gro-up removed; ix) an
erythropoietin having &t least an opening of at least one of the € cystine linkages in the

erythropoietin molecul-€; or x) a truncated erythropoietin.

48. The pharmaceu-tical composition of claim 47, whereir the chemically modi_ fied

or mutated erythropoiestin lacks erythropoietin's erythropoieti ¢ effects.

49, The pharmaceuttical composition of any of claims 21, 23, 30, 32, or 48,
wherein the chemically modified or mutated erythropoietin ceomprises carbamylate=d

erythropoietin.

50. The pharmaceut ical composition of claim 49, whereim the carbamylated

erythropoietin is PEGyl ated.

51. The pharmaceutiical composition of any of claims 21, 23, 30, 32, or 48,
wherein the chemically -modified or mutated erythropoietin coomprises PEGylated

erythropoietin.

52. The pharmaceuti_cal composition of claim 49, wherein the carbamylated
erythropoietin has at leasst 90% of the sites carbamylated, 95%5 of the sites

carbamylated, or 100% f the sites carbamylated.
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53. The pharmaaceutical composition of claim 49, wherein the carbamylated
erythropoietin has &t least six lysine residues carbamylated, aat least seven lysine

residues carbamyla-ted, or at least eight lysine residues carbammylated.

54. The pharma_ceutical composition of claim 19 or 28, w~herein the chemically
modified or mutatecd erythropoietin is an erythropoietin havirg at least no sialic acid

moieties.

55. The pharmaeceutical composition of claim 22 or 31, w—herein the mutation is not
I6A, C7A, K20A, P 42A, D43 A, K45D, K45A, F48A, Y49A, KS52A, K49A, S100B,
R103A, K116A, T1.32A,[133A, T134A, K140A, N147K, NL 47A, F148A, R150A,
R150E, GI151A, K1_52A, K152W, K154A, G158A, C161A, asr R162A.

56. The pharmaceutical composition of claim 22 or 31, whherein the mutation is not
R14A/Y15A, K45D./S100E, K97D/S100E, A30N/H32T, K45 D/R150E,
R103E/L108S, K14OA/KS52A, K140A/K52A/K45A, KO9TA/K152A,
K97A/K152A/K45Am , K97A/K152A/K45A/K52A,
K97A/K152A/K45Aa/K52A/K140A, K97A/K152A/K45A/K5 2A/K140A/K154A,
N24K/N38K/N83K, or N24K/Y15A.

57. The pharmaceeutical composition of claim 27, wherein the inflammatory
condition is an inflamnmatory condition of the abdomen, airwa ys, kidney system, lung,

prostate, urinary tracst system, vascular system, or visceral smooth muscle.

58. The pharmace=utical composition of claim 18 or 27, wh_erein the inflammatory

condition is an ischermia-related condition.

59. The pharmacezutical composition of claim 18 or 27, wheerein the inflammatory

condition is a non-isc-hemia-related condition.
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60. The pharmace=utical composition of claim 59, wherein the non-ischemia-

related condition is aBllergy, rheumatic disease, or infection.
61. The pharmace=utical composition of claim 24, wherein the Interleukin is IL-6.

62. A method for -testing the ability of a tissue protective cytokine to effectively
treat, prevent, delay the onset of, or reduce complications Of sepsis, adhesions,
or inflammaticn resulting from infection comprising:

(1) induacing sepsis, adhesions, inflammation, or a combination thereof
in A laboratory mammal,
(i1) admninistering to said mammal the tissue protective cytokine to be
test-ed; and
(it1) det-ermining the adhesion score of the mammal,
wherein an adlzaesion score of 8 or less, compared to a negative control,
indicates that thhe tissue protective cytokine effectively treats, prevents, delays
the onset of, or- reduces complications of sepsis, adhesions, or inflammation

resulting from mnfection.
63. The method of claim 62, wherein the adhesion score is 5 or less or 3 or less.

64. A method for te=sting the ability of a tissue protective cytoki ne to effectively
treat, prevent, d_elay the onset of, or reduce complications of sepsis, adhesions,
or inflammatior resulting from infection comprising:

(1) inducsing sepsis, adhesions, inflammation, or a commbination thereof
in a lamboratory mammal,
(i) admii nistering to said mammal the tissue protectiwe cytokine to be
tested 5 and
(iii) dete-rmining the illness score of the mammal,
wherein an illnewss score of about 5 or less after treatment with said tissue

protective cytok-ine, compared to a negative control, indicates that the tissue
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65.

less.

prootective cytokine effectively treats, prevents, delays- the onset of, or reduces

cormplications of sepsis, adhesions, or inflammation re sulting from infection.

Thee method of claim 64, wherein the illness score is 4 or less, 2 or less, or 1 or
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