-1- Use of low-dosage erythropoietin for stimulation of endothelial
progenitor cells, for organ regeneration and for slowing the progression of
end-organ damage Description The present invention relates to the use
of erythropoietin (EPO) especially in low doses, alone or in combination
with other chemical, thermal, mechanical and biological agents, for
stimulation of physiological mobilization, proliferation and differentiation of
endothelial progenitor cells, for stimulation of vasculogenesis, for therapy
of diseases related to a dysfunction of endothelial progenitor cells, and for
productlon of pharmaceutlcal composmons for treatment of such

.

regenerfiosiovs gm:hib' dﬂmrassm obands ghﬁddmaws and for
slowing the progression of organ damage. The present invention also
relates to the use of erythropoietin, especially in the inventive low doses,
and/or suitable active ingredients for application, preferably topical
cosmetl treatment and therefore in the sense of "beauty care" for the
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The present invention relates to the use of erytttropoietin
(EPOC) especially in low doses, alone or in combination with
other chemical, thermal, mechanical and biclogical agents,
for stimulation of physiclogical mobilization, proliferation and
differentiation of endothelial progenitor cells, for stimulation
of vasculogenesis, for therapy of diseases related to a
dysfunction of endothelial progenitor cells, and for production
of pharmaceutical compositions for treatment of such
diseases as well as pharmaceutical compositions -that
include erythropoietin and other suitable active ingredients
for stimulation of endothelial progenitor cells as well as for
organ protection, for organ regeneration, especially
formation of new vessels and tissues, and for slowing the

progression of crgan damage.

The present invention also relates to the use of
erythropoietin, especially in the inventive low doses, and/or
suitable active ingredients for application, preferably topical,
in cosmetic treatment, and therefore in the sense of “beauty
care” for the human or animal body, especially for prevention

or reduction of creases and wrinkies, for strengthening of the
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-2- connective tissue, for protection and tightening of the skin, especially
facial skin, against harmful environmental factors, and as makeup
foundation. Furthermore, the inventive topical use of erythropoietin
counteracts the formation and further development of age spots, refines
the skin texture, supports the skin rejyvenation process and accelerates
hair growth. The present invention also relates to the use of
erythropoietin, preferably in low doses, or in other words EPO, preferably

dosed as defined in.the section entitled "Inventive dosin EPQ"
orema e e 8 G b o SRR anng S0 el i

suitable espkdisdigfecdbskippligatio haarmdmmeiredantackifdbprgtural
circadian rhythm of EPO in_the human qr animal body, In humans,
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maximutapicdihadateaprreeporin soitdruastve asinigiratiag of the

low-dosage erythropoietin as defined in the foregoing preferably takes
place in?ﬁéh%ﬁﬁﬁa',omiafy%ﬂ%pséwﬂfeﬁﬁ 60361 3BEEE., in

order in ijiparey dRaakie YejavaRDN Proidieg isatiaac erafesealpo

therapeutic effect. Within this time period, the EPO can be administered
as a sin@é’%@e or as multiple doses. According to the invention, this use
as a single dose or as multiple doses is proposed particularly preferably

for all uses cited according to the present teaching, especially for
cosmetid B@d fHesgbutiavesinienadiaherpiaiesn dad dhémalise  of

erythropoietin, preferably in low doses, or in other words
EPQO, preferably dosed as defined in the section entitled
“Inventive dosing of EPQ" hereinafter, for production of a
pharmaceutical composition that is suitable and designed for
application in a manner adapted to the natural circadian
rhythm of EPOC in the human or animal body. In humans,
endogenous erythropoietin production has its acro phase
{daily maximum) in the late afternoon, and so the inventive
administration of the low-dosage erythropoietin as defined in
the foregoing preferably takes place in the morning,
especially in the period from 6:00 to 10:00 a.m., in order in
this way to achieve a maximum biolcgical and therefore also
therapeutic effect. Within this time period, the EPO can be
administered as a single dose or as muitiple doses.
According to the invention, this use as a single dose or as
multiple doses is proposed particularly preferably for all uses
cited according fo the present teaching, especially for
cosmetic and therapeutic treatment of the human and animal

body or cells.



body or cells. -3- According to the invention, it is provided in a further
embodiment of the use of erythropoietin that endothelial progenitor cells
will be applied simultaneously with other cell populations usable for cell
therapy, after prior incubation with low-dosage erythropoietin in vitro,
preferably in low doses, or local as well as systemic application of
erythropoietin in vivo, preferably in'low doses according to the invention,
in order in this way to ensure that the tissue cells useable for cell therapy

settle wijth sufficient binding to the vascular system. The inventi
therefoéecﬁﬁgg@aﬁé’s% g%(?é‘%? rﬁh 8pé@d’rﬁ%‘\mf8 ﬁr 'F'gﬁﬂ/m low
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The invention therefore also relaies to the use of
erythropoietin in vivo, preferably in low doses, preferably for
morning application in a period from 06:00 to 10:00 a.m.,
during application of endothelial progenitor cells having at
least one cell population usable for cell therapy, in order to
improve the settling, with sufficient binding to the vascuiar
system, of the cell population usable for cell therapy. The
invention also relates to the use of erythropoistin in vitro,
preferably in low doses, for incubation with endothelial
progenitor cells and at least one cell population usable for
cell therapy, in order to improve the settling, with sufficient
binding to the vascular system, of the cell popuiation usable

for cell therapy.

The invention also relates to the use of erythropoietin
especially in low doses, especially for production of a
pharmaceutical composition or of a kit for prevention or
treatment of diseases or for use during transplantation or
implantation, in sequential, timed successive administration

with at least one other chemical, thermal, mechanical or



treatment of diseases or for use during transplantation or implantation, in
sequential, timed successive administration with at least one other
chemical, thermal, mechanical or -4- biological agent, especially a
pharmacological active ingredient, for increasing the number and function
of endothelial progenitor cells and/grﬂfgr regeneration or slowing the
progression of tissue damage. The invention also relates to the use of use
of erythropoietin, especially for production of a pharmaceutical
compo itjoln ar of a kit, for prevention or treatment of diseases or for use
{PArlSg o

during atidh ’imﬁ?aﬁﬁeﬁ H, e@pee %Wﬁ%{ﬁg es?‘fgye
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chemical, t al, mechanical or_biological aggnt, for increasing the
umber NS LR G e Gtnerel or o ey e/ Sagey A of
regenersitenngy tistoprimgy¢ksipnogfréssionddissiee damage. The invention
therefore relates to the preferably sequential, timed successive or
simultaneous administration of low- dosage erythropoietin plus, in a

preferrethenimatitioenglsmeeiotandoctbehesp bimea il egitaicmsietn,
ingredie E. -CSF, M: iefi -1,
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number gng inclion el aodoihelial prapeniian.cells aodiarnoiripg,about
regeneration or slowing of the progression of tissue damage. In this
connectiggemdor simultaneous administration of erythropoietin and
at least one other chemical, thermal, mechanical or
biological agent, for increasing the number and function of
endothelial progenitor cells and/or for regeneration or

slowing the progression of tissue damage.

The invention therefore relates to the preferably sequential,
timed successive or simultaneous administration of low-
dosage erythropoietin plus, in a preferred embodiment, one
or more other pharmacological active ingredients, such as
VEGF, GM-CSF, M-CSF, thrombopoietin, SDF-1, SCF,
NGF, PIGF, an HMG coreductase inhibitor, an ACE inhibitor,
an AT-1 inhibitor and an NO donor, in order in this way to
increase the number and function of endothelial progenitor
cells and/or io bring about regeneration or slowing of the
progression of tissue damage. In this connection, the
intention according to the invention is to influence the
following sequence: A} quantitative and qualitative
optimization of stem cells and/or endothelial progenitor calls
in bone marrow or in specific tissue niches for stem ceils; B)

mobilization of stem cells and/or endothelial progenitor cells



intention according to the invention is to influence the following sequence:
A) quantitative and qualitative optimization of stem cells and/or
endothelial progenitor cells in bone marrow or in specific tissue niches for
stem cells; B) mobilization of stem cells and/or endothelial progenitor
cells -5- from bone marrow or other "stem cell" niches into peripheral
blood; C) quantitative and qualitati\'/'éo’ptimization of stem cells and/or
endothelial progenitor cells in peripheral blood and/or ex vivo under
selective culture conditions, preferably cultures under hypoxic conditions

with an YR THRER RIoPir0 TRcedodiBsdinifPerrisittells
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inventigndharefordalamnrintesidatthe senuentahdimst, refessiue or

simultanepus administration of erythropgjetin, in |%W doses according to
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herein e. in a manner adapied tq the natyral circadian rhythm of
endogdtSue B R B e e
is suitalyeemddthelial progenitor cells.

The invention therefore also relates to the sequential, timed
successive or simultaneocus administration of erythropoietin,
in low doses according to the invention, especially in vivo
and in vitro, and if necessary aiso of one or more chemical,
thermal, mechanical or biological agents, in order in this way
to increase the number and functicn of endothelial progenitor
cells and/or to bring about regeneration or slowing of the
progression of tissue damage, an optional and preferable
use being as described hereinabove, in a manner adapted fo
the natural circadian rhythm of endogenous EPC production,
or in other words in an application form that is suitable and
designed for administration in the period from 6:00 to 10:00

a.m.

The present invention alsc relates to the use of
erythropoietin, in low doses according to the invention, for
stimulation of physiological mobilization, proliferation and
differentiation of endothelial progenitor cells, for stimulation

of vasculogenesis, for therapy of diseases related to a



designed for administration in the period from 6:00 to 10:00 a.m. The
present invention also relates to the use of erythropoietin, in low doses
according to the invention, for stimulation of physiological mobilization,
proliferation and differentiation of endothelial progenitor cells, for
stimulation of vasculogenesis, for thetapy of diseases related to a -6-
dysfunction of endothelial progenitor cells, and for production of
pharmaceutical compositions for treatment of such diseases as well as

pharmacgutical compositi hat_include erythropoietin and pther
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of or foropapeatsnathidical dysimpEigitionise fdothiebalprrgeroforselts and
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Preferably the'invention relates to the aforesaid use w-dosage EPO

in the afbYesaiengatienbbsipRolrsiaeeiamis. totgvValad eayolmesie that is
suitable geldesiogrshior UKSHAYNG RRBlcation QPO kg etgd from
6:00 to 10:00 &a.m. ' ’
hyperhomocysteinemia and ¢) at least one end-organ
damage, such as left ventricular hyperirophy,
microalbuminuria, cognitive dysfunction, increased thickness
of the intima media in the carotid artery, proteinuria or a
glomeruiar filtration rate (GFR) of < 80 ml/min, especially 30,
preferably 40 fo 80 mi/min. Preferably the invention relates
to the aforesaid use of low-dosage EPQ in the aforesaid
patient groups defined in a) o ¢) in an embodiment that is
suitable and designed for undertaking application of EPC in

a period from 6:00 to 10:00 a.m.

The vascular endothelium is a layer of cells that lines the
blood vessels. The endothelium keeps the blood separate
from other vascular layers. However, the endothelium is not
merely a passive barrier, but it participates actively in
reguiation of vascular tone. This capability is also referred to
as endothelium-dependent vasodilation. Because of its
location, the endothelium is exposed at all times to
hemodynamic stress and metabolic stress. In pathogenic
conditions, such as high biood pressure, elevated L.DL

levels, elevated levels of asymmetric dimethylarginine, which



The vascular endothelium is a layer of cells that lines the blood vessels.
The endothelium keeps the blood separate from other vascular layers.
However, the endothelium is not merely a passive barrier, but it
participates actively in regulation of vascular tone. This capability is also
referred to as endothelium-dependgn{.t_vasodilation. Because of its
location, the endothelium is exposed at all times to hemodynamic stress
and metabolic stress. In pathogenic conditions, such as high blood
pressure, elevated LDL levels, elevated levels of mmetr
dimethy'l%rgi ire, vﬁﬂgﬂg#%%'?he 3?@%@ hou §inh itor O?Wéﬁ%gﬂﬁﬁ’etase,
hyperchojesteralssiarolestiiete dasiniiiddn ctionalvithmcgnmewdtar fifration
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such as ypertro microalbuminuria, protenuria,
neuropdtiiesast microcireddtigicathpaiatestable\ dermagely Sigh disltered
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microcirculation impairments. A very early sign of altered or

reduced endothelial function or endothelial dysfunction is a

decline of endothelium-dependent vasodilation.

in the case of coronary heart disease, or even when risk
factors are present without coronary heart disease,
especially hypertension, restricted renal function,
hyperlipoproteinemia, hyperhomocysteinemia, insulin
resistance or diabetes, endothelial function defects are
manifested in decreased production of NO (= EDRF) and
increased endothelin production. High plasma levels of
endothelin lead to abnormal coalescence of cells,
inflammation, vascular tumors and severe vascular
stenoses. Endothelial function impairments are additionally
characterized by increased production of adhesion
“molecules such as ICAM-1 and VCAM-1, whereby
thrombocytes and monocytes adhere to an increased degree
to the endothelium. This resuits in increased vasotonia. Thus
a disequilibrium favoring vasoconstriction, adhesion,
aggregation, coaguilation, atherosclerosis and

atherothrombosis develops in the most diverse systems.



resistance or diabetes, endothelial function defects are manifested in
decreased production of NO (= EDRF) and increased endothelin
production. High plasma levels of endothelin lead to abnormal
coalescence of cells, inflammation, vascular tumors and severe vascular
stenoses. Endothelial function impairgents are additionally characterized
by increased production of adhesion molecules such as ICAM-1 and
VCAM-1, whereby thrombocytes and monocytes adhere to an increased

degree igdhe sndpleliyp Lhisssultsdn sasehesalgni iy @

disequilibrium favoring vasoconstriction, adhesion, aggregation,
coagulativsfuativmsskicisiapreraisidatacoombosis ddesltps in the most
diverse systems. -8- Even mental stress leads to measurable endothelial
dysfunction, which can persist for as long as 4 hours. Endothelial cells

also pgﬁaﬁfg&elmh@ﬂ_&ﬁn@éﬁr@m@fﬂm@t@|dadtb@s§@1m®moof/e@,@m
formation 48 inyeesant B8da dss i TRRT-RbR A FRBBR=FY Y 23arge

embryogenesis, the female reproductive cycle, wound healing, tumor
growth SHEBRICVRFOREFARTrSHE L dfe PebYGIBREIFIgRaIEPakinatal

blood veggrdprmationyeldn ibanwokishiepd ¥asse! fpanationqiter
birth, was attributed mainly to angiogenic processes. B?/ angiogenesis

there wilSV effdrEiRliPth&f REHMERIBRAeWgieRREIBHR
sprouting Y apikabesioferRtiB I aaXiglingNGs CHGIosY BRIBd Disigl
A ation ahor Biih, e BANGMEs Ay 1o ahgogenc
processes. By angiogenesis there wiill be understood the
development of new blood vessels by sprouting of capillaries
from a preexisting vascular system. During angiogenesis,
the basement membrane surrcunding the blood vessels is
first destroyed by means of proteoivtic enzymes, and the
exiraceliular matrix in the perivascular space is fragmented.
The angiogenic stimuli released thereby cause already
existing differentiated endothelial cells to migrate toward the
chemotactic  stimulus, during which process they
simultaneously proiiferate and are ftransformed. New
vascular loops with a capillary-type lumen are then formed
by accretion of endothelial cells. Thereafter synthesis of a

new basement membrane begins.

Recent investigations, however, show that the formation of
new blood vessels in the adult organism depends not only
on angiogenesis but also on vasculogenic mechanisms. By
vasculogenesis there is understood formation of new vessels
from endothelial progenitor cells undergoing differentiation in

situ. The belief that vasculogenesis is confined to



first destroyed by means of proteolytic enzymes, and the extracellular
matrix in the perivascular space is fragmented. The angiogenic stimuli
released thereby cause already existing differentiated endothelial cells to
migrate toward the chemotactic stimulus, during which process they
simultaneously proliferate and are tragsformed. New vascular loops with
a capillary-type lumen are then formed by accretion of endothelial cells.
Thereafter synthesis of a new basement membrane begins. Recent

i”VeStigéﬂ%l%oBQWééﬁ%w%Q%m?éﬁiW%@%Q@&foﬁe&g ch?&lwaﬁaels in

the adult organism depends not only On angiogenesis but also on
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differentiation in situ. The belief that vasculo(%enesis is confined to -9-

embryo§EAaLeRhs PETGRRIBY thell§etdetiyachr EREbIRANE SREEHHor
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animal models, it was proved that the endothelial progenitor cells derived

from boHEmArodPSFiGci B 4ARRI  RBRUSURNaratiSHKRARES also
shown &@resspggific GilidAHeNaRiVEIRIGIITOUPR TGRS CYtafeRERSSING
I accEHPEREtel BRI BB EPE) GRS SO LHeanty
to the forowsittoof diiteod(FEaSEIsHn: themeiuiier geigiaficaatiybeo obkained
In vitro fgrnrg}éig%sgg gi%%é: [\)/gg'ge S lE% ('tbﬁséaha%{&te%rganism can be
obtained in vitro from CD133+ and CD34+ cells (Asahara et
al., Science, 275 (1997), 864-9€7; Crosby et al., Circ. Res.,
87 {2000), 728-730; Gehiing et al., Bicod, 95 (2000), 3106-
3112). it was also shown that injection of isolated CD34+
cells or cultivated endothelial progenitor cells accelerates
restoration of biood flow in diabetic mice (Schatieman et al.,
J. Clin. invest., 106 (2000), 571-578) and improves
neovascularization in vivo (Asahara et al., Circ. Res,, 85
(1999), 221-228; Crosby et al,, Circ. Res., 87 (2000), 728-
730; Murohara et al., J. Clin. Invest.,, 105 (2000), 1527-
15636). Furthermore, it was shown that neovascularization
induced by CD34+ cells improves cardiac function (Kocher
et al., Nat. Med., 7 (2001), 430-436). Besides CD34+ calls,
CD34-negative mononuclear blood cells can also be used as
a source of endothelial progenitor cells by appropriate

transdifferentiation.

However, the mechanisms underlying mobilization and
differentiation of endothelial progenitor cells have not yet

been fully explained. Molecular biological and cytobiological



al., Science, 275 (1997), 964-967; Croshy et al., Circ. Res., 87 (2000),
728-730; Gehling et al., Blood, 95 (2000), 3106- 3112). It was also shown
that injection of isolated CD34+ cells or cultivated endothelial progenitor
cells accelerates restoration of blood flow in diabetic mice (Schatteman et
al., J. Clin. Invest., 106 (2000), 571-548) and improves
neovascularization in vivo (Asahara et al., Circ. Res., 85 (1999), 221-228;
Crosby et al., Circ. Res., 87 (2000), 728- 730; Murohara at al., J. Clin.

Invest.,.10 £- F I it was shown .that .
neovas S s R S B i,
(Kochemgrewdh, féatotdedave (2001)a4680- 43 cB esidandbBi2dticce i,
CD34-negatiye ,mpnonuclear bl ?d.cehls can also be used as_a source of
endotheTI NSl PSP 481E%, S5 RS MAEareh Sh Bt S hever,
the medbamioms tivad piying ivgbhizatetvendudiifarewiEpani apilibthelial
progeni ells have not yet been fully explained. Molecular biolqgical
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endothelial progenitor cells in bone marrow. For exagﬁle, it is known that
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numberpiRRaiBcHRbRIRISRIER t8lls ddtaRare bRbFMBQaliodd
(1999), 3964-3972; Takahashi et al., Nat. Med., 5 (1999), 434-438).

VEGF (Feéeums BKURRChDdEsAthablerEes DR ENPamfRRRRIE S
VarouSyeGr-R1 (fit-1) and VEGF-R2 (flk-1), which occur, for

example, on the surface of growing endothelial cells
(Wernert et al., Angew. Chemie, 21 (1999), 3432-3435).
Activation of VEGF receptcrs leads via the Ras-Raf-MAP
kinase pathway to expression of proteinases and specific
integrins on the surface of endothelial cells or endothelial
progenitor cells, and finally to initiation of proliferation and
migration of these cells toward the angiocgenic stimulus. GM-
CSF {granulocyte-macrophage colony-stimulating factor) is a
cytokine that heretofore was known mainly for stimulation of
white blood corpuscles, including neutrophils, macrophages
and eosinophiis. PIGF (placental growth factor) is known to
stimulate the mobilization of endothelial progenitor cells but
not proliferation thereof. From investigations by Llevadot st
al. (J. Clin. Invest.,, 108 (2001), 399-405), it follows that
HMG-CoA reductase inhibitors, especially statins, which are
used as lipid-lowering medicaments and which reduce the
morbidity and mortality of coronary disease, are able to
mobilize endothelial progenitor cells. Dimmeler et al. (J. Clin.
Invest., 108 (2001), 391-387) were able to show further that



isoforms and that binds to the two tyrosine kinase receptors VEGF-R1
(flt-1) and VEGF-R2 (flk-1), which occur, for example, on the surface of
growing endothelial cells (Wernert et al., Angew. Chemie, 21 (1999),
3432-3435). Activation of VEGF receptors leads via the Ras-Raf-MAP
kinase pathway to expression of protgjnases and specific integrins on the
surface of endothelial cells or endothelial progenitor cells, and finally to
initiation of proliferation and migration of these cells toward the

angiogenig:st . GM-.CSFE ulgeyte-macraphage.
colony%?&frff ﬁ%%gﬁac%g)?ggv%%%ﬁnegﬁgat%@%%%géﬂ Wgé qi%%avvﬁl%ainly
for stimirtsionetheyldiféebtmtidibompirssids, areludinigocofreptiit)elial
macrophages .and epsinophils. PIGF (placental fagtor) is known to
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Invest., 108 (2001), 399-405), it fallows that HMG-CQA reductase
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medicagrefithang whigenroueeleantbthidiiaand axentaty aigosgnary
disease, are able tg mobilize endothelial progenitor cells. Dimmeler et al.

(J. Clin STR0SE" #gtbed 112881 0P were able to show further that -11-

statins such as atorvastatin and simvastatin significantly improve the
differentiation, in vitro and in vivo, of endothelial progenitor cells in

mononUdiBap'ESRiaHY @Iﬁgﬂﬁ%@ﬁ%‘él%ﬁ iSistatee s ReaplasPapblood.
g%;‘:émmﬁaﬁ%%%%da"?ﬁé@ﬁ%%‘%?%‘?&é@@é‘ BFRAsRshnymber of
endothelial progenitor cells and for the therapy of disorders,
which in particular are associated with a dysfunction of
endothelial progenitor cells, and also of providing means and

methods for protection and regeneration of different tissues.

The present invention solves this technical problem by
teaching that erythropoietin and/or its derivatives, especially
in low doses, can be used for stimulation of the physiological
mobilization of endothelial progenitor cells, the proiiferation
of endothelial progenitor cells, the differentiation of
endothelial progenitor cells to endothelial cells andfor the
migration of endothelial progenitor cells toward an
angiogenic or vasculogenic stimulus in & human or animal
body. The inventive stimulation of the mobilization andfor
differentiation of endothelial progenitor cells represents an
important new therapeutic strategy for increasing postnatal
neovascularization, especially vasculogenesis, and for
treating diseases associated with a dysfunction of

endothelial progenitor cells and/or endothelial celis, as well



endothelial progenitor cells, and the statins exhibited just as strong an
effect as that of VEGF. The present invention is based on the technical
problem of providing means and methods for improved stimulation of
endothelial progenitor cells and for the therapy of disorders, which in
particular are associated with a dysfunction of endothelial progenitor
cells, and also of providing means_and. methods for protection and
regeneration of different tissues. The present invention solves this
technical problem by teaching that erythropoietin and/or its derivatives,
especially in low doses, can be us stimulatiqy; i9logical
mobiliz3 |o}!106f gﬁ%%ﬁ@?al S?c?ge%i (e)e?]ézﬁts?fgﬁqe&zro%{#ﬁg T%?nlqo ?n(%othelial
progeniemeets] the diffarectiatiberofaéncheitiehiaiqaiogeditoioteisab
endothelial cells and/or the migration of endothelial progenitor cells
toward 37 ﬁ'giogenic or vasculogenic stimulus in a human or animal
body. The inventive stimulation of the mobilization and/or differentiation of
endothelial progenitor cells represents an _important new therapeutic

strategy 16r irereRSI Ny HitARE O rRIVES NS riBLiBic R Syebiar) by

vasculqgenesis, aad [ saiing-dingrre SRApsRsiadivitna dysfignction

of endothelial progenitor cells and/or endothelial cells, as well -12- as for
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solves this technical problem by
and/or endothelial cells.

Furthermore, the present invention also solves this technical
problem by teaching the use of low-dosage erythropoietin
and/or its derivatives for protection and regeneration of
different tlissue types in diseased condition, or for
pathological states associated with a dysfunction of the

respective tissue function.

The underlying technical problem is also solved by the
sequential, timed successive or simultaneous adminisiration
of low-dosage erythropoietin pius one or more other

chemical, thermal, mechanical or biological agents.

in one aspeci there is orovided the use of ervihropoistin

and/or dervatives for production of a2 phammaceutical

composition containing a2 dose of 1 to 80 [Ukg of body

weaioht par week for prevention or freaiment of diseases,

wherain the ervihropoiatin In this dose s suilable and




teaching the use of low-dosage erythropoietin and/or its derivatives for
the therapy of diseases or pathological states associated with a
dysfunction of endothelial progenitor cells and/or endothelial cells.
Furthermore, the present invention also solves this technical problem by
teaching the use of low-dosage erythropoietin and/or its derivatives for
protection and regeneration of diffgkgnt tissue types in diseased
condition, or for pathological states associated with a dysfunction of the
respective tissue function. The underlying technical problem is also solved
lkz);\/lvtréeo dszequent aflé;tlgt_ed SL{CCG%S{I\{E% o ;géngylt?negus aldmlnlstratlokr;l I,Of
mechapigid r biviodical agents:do:oneaspselihere is/ provised the use of

erythropoietin_ and/oir deri vatrvtes for productron of a pharmac u |caI
DA, Sas 80 .'. a,a-.;__.; IR

for pregemtion £f tre@tmereh@tcdtseaﬁeerowberﬁmtt@wﬁ@/th@@%@@@ in this
dose is surtable and 12a— degsrgned for prventron or treatment of a human
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left ventricular hypertrophy,
of the infima media In the carotid arierv, proteinuria or a

glomerular filiration rate of 30 to 80 miimin.

The imvesticn-disclosure therefore relates in particutar to the
following embodiments A) to K), individually and/or in

combination:

A) The use of erythropoietin, preferably for production of a
pharmaceutical composition, for prevention or treatment of
diseases, wherein the erythropoietin  orfand  the

pharmaceutical composition is suitable and designed for



microalbuminuria cognitive dysfunction increased thickness of the intima
media in the carotid artery, proteinuria or a glomerular filtration rate of 30
to 80 ml/min. The ~wvé&,-4: coo ,-disciosure therefore relates in particular
to the following embodiments A) to K), individually and/or in combination:
A) The use of erythropoietin, prefe[alPéy_for production of a
pharmaceutical composition, for prevention or treatment of diseases,
wherein the erythropoietin or/and the pharmaceutical composition is

suitable and designed for -13- morning application to,a human or. animal
pody 1 0 BEAGIPRIGATELDE & HUIDE e B HIPHES B Dechibisiiet,
preferalftgrin &6MBnE0i00 with. embodiment A), especially for production
of a pharmaceutical composition, for prevention or treatment of diseases,

wherein the pharmaceutical composition in its low doses is suitable and
designed)fdhpresentioarpthgadivin pfeferabhamotanisivaltioatiamnth
exhibitin t least ong, dysfunction of epdothelial. progenitor cells, b) at
st ord CRAHIEL o s ben 8 hy Radagn  of '8
hyperchulestezomitiia) insuivoskistaice petatbcdrADViredeuels af

gtp\‘jgr‘]‘t%g%%% %?,‘W{?@iﬁqﬂ%ﬁ%ﬁﬁéé’&%ﬁ%%398#1@%%@%9% gn as
ypertrophy, microalbuminuria, cognitive dysfunction,
increasgdsbiclknssitabibthedriiesignestiaripnéecsdinnidraineaymerdtefnuria
ora glomerarfiltiation (atg of 580 MURRIE L5 0N SR % ne
dysfunction of endothelial progenitor cells, b) at least one
cardiovascular risk factor such as  hypertension,
hypercholesterclemia, insulin resistance, elevated ADMA
levels or hyperhomocysteinemia and ¢} at least one end-
organ damage such as left ventricular hypertrophy,
microalbuminuria, cognitive dysfunction, increased thickness
of the intima media in the carotid artery, proteinuria or a
glomerular filtration rate of < 80 mi/min, preferably 30 to 80

mi/min.

C) The use of erythropoietin, preferably in combination with
embodiment A), B} or A} and B), for cosmetic treatment of
the human or animal body, especially for treatment of
wrinkles, for strengthening of the connective tissue, for
protection and tightening of the skin, for protection against
harmful environmental effects, for treatment of age spots, for
acceleration of reepithelialization, for acceleration of hair

growth and/or as makeup foundation.

D) The use of erythropoietin, preferably in combination with

embodiment A}, B) or A) and B), for production of a cosmetic



ml/min. C) The use of erythropoietin, preferably in combination with
embodiment A), B) or A) and B), for cosmetic treatment of the human or
animal body, especially for treatment of wrinkles, for strengthening of the
connective tissue, for protection and tightening of the skin, for protection
against harmful environmental effegl;§4 for treatment of age spots, for
acceleration of reepithelialization, for acceleration of hair growth and/or
as makeup foundation. D) The use of erythropoietin, preferably in
combination with embodiment A), B) or A) and B), for production of a

cosmeti®-aREBG ar SBRCIE IG5 P RAb SREICH I Al SR REEfetic
treatmenlof he-Augiamer AR PaFYasrRSCIAbGIOT JEpRITGRL %5r

wrinkles, for strengthening of the connective tissue, for protection and
tightenirigeetmentiif, oinklese ciisnstigaiiBenmenfll dneircenmentive

effects, For treatment of age s for acceleration of reepithelialization,
for acoelBlon ChPRAT GION A S HTELhGLto TSUhACBFOES I Lo

of erythregaisiinh areferably v cerehinpidasdihfonesitmene of age
embodiments A), B), C) or D), and/or a mixture of endothelial progenitor

cells witAPQifedSt Ge2eieliRip ahivprisslirizsten) tReagspigsation
productigpr%fiiagmmgpgglﬁ ilon gomtaining erythropoietin and

a mixture of endothelial progenitor cells with at least one cell population
usable for cell therapy, for regeneration of tissues or vessels in a human
or animal body, wherein the mixture ) o )
The use of erythropoietin, preferably in combination with
one or more of embodimenis A), B), C) or D), and/or a
mixture of endothelial progenitor cells with at least cne cell
popuiation usable for cell therapy, for production of a
pharmaceutical composition containing erythropoietin and a
mixiure of endothelial progenitor celis with at least one cell
population usabile for cell therapy, for regeneration of tissues
or vesseis in a human or animal body, wherein the mixiure

has been brought into contact with erythropoietin in vitro

prior to application.

F) The use of ervthropoietin, preferably in combination with
one or more of embodiments A), B), C), D) or E), and/or a
mixiure of endothelial. progenitor cells with at least one ceil
popuiation usable for cell therapy, for production of a
pharmaceutical composition containing erythropoietin and/or
a mixture of endothelial progenitor cells with at least cne cell
population usable for cell therapy, for regeneration of tissues

or vesseis in a human or animal body, wherein erythropoietin



has been brought into contact with erythropoietin in vitro prior to
application. F) The use of erythropoietin, preferably in combination with
one or more of embodiments A), B), C), D) or E), and/or a mixture of
endothelial. progenitor cells with at least one cell population usable for
cell therapy, for production of a pharmaceutical composition containing
erythropoietin and/or a mixture of endothelial progenitor cells with at least
one cell population usable for cell therapy, for regeneration of tissues or

vessels in a human or animal body, wherein erythropoietin -15- is
adminidfeRsiigigterasilndhs: animahas gayrhafere satigfi8heously

with apgliﬁaﬂgﬂ cgl} Wﬁ%ﬁ@%ﬁ &q m&%mﬂ;&qpoietin, preferably in

combination with one or mo e embodiments according to A) to F),
and/or at least one chemical, thermal, mechanical or biological agent,
especialli f i@_garmacological active II<H‘9 ﬁ?ient, for production of a
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prevention or treatment of diseases, wherein the pharmaceutical

compoSiigiPer e PR sOREDISHRIGHsiSPRAR: sEREIIEAnd
successivgicimuligagousapplisalionof ligpndbeppaiclin wikthe at

least one chemical, thermal, mechanical or biological agent. The
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indicateg hereinanove ider SyviRsSEIBtHCand the at least one

chemical, thermal, mechanical or biological agent, for
prevention or treatment of diseases, wherein the
pharmaceutical composition or the kit is suitable and
designed for sequential, timed successive or simuitaneous
application of the erythropoietin with the at least one
chemical, thermal, mechanical or biclogical agent. The
invention therefore also relates to the use of erythropoietin in
the manner indicated hereinabove under G, wherein the
mechanical agents are endoprostheses, preferably
implantation supports for teeth, bones or ligament/iendon
replacements. The invention aiso relates to the use of
erythropoietin in the manner indicated hereinabove under
@), wherein the biclogical agents are solid organs such as
liver, kidneys, heart, pancreas or skin. In this connection,
hair implants will also be understood as biclogical agehts. in
a particularly preferred embodiment, the present invention
therefore relates to the use of erythropoietin for production of
a pharmaceutical composition ot of a kit for systemic or local
application at the implantation site of a biological agent of

the foregoing type or of an endoprosthesis, especially an



mechanical agents are endoprostheses, preferably implantation supports
for teeth, bones or ligament/tendon replacements. The invention also
relates to the use of erythropoietin in the manner indicated hereinabove
under G), wherein the biological agents are solid organs such as liver,
kidneys, heart, pancreas or skin. In this connection, hair implants will also
be understood as biological agents. In~a particularly preferred
embodiment, the present invention therefore relates to the use of
erythropoietin for production of a pharmaceutical composition or of a kit

for systeMRIFBHAIN sPPREsIfY o tiRCipiathisrRiRessPeabiolBg tal

agent ofi fafaresomo YpRESAEAD HIRPIATIATISfasRRERINARpL 6-
implantation support for a tooth, tooth replacement, tooth implant, bone
replacerifdff, RseBthasisiligameatiiangrmgPlasapafiandefsexample

ligamentiiGRERs TRRARREMETshd iR AP IR rFkdBISdIRMENboNesen

the erythropoietin IS applied systemically or [ocally prior to implantation of

the said spsétogicallyr enetsnaiicabagento oifpiantatinordd, fbie esaishple,

i T R
provide csKzan iriep (et atiwho pfottibesddd foiogioadler sneehardeks ggint,
e e R S s s
erythropiaietisroeraidingiinisiated &tetsoplanvialeah thisthiensiaidtation of
endoprot?]tgeséigig ' gafo oegig]a c%nigﬂaéc ra?{%glgi%%eﬁ?néhch as the
endoprosthesis, be undertaken simultaneously with the use
of erythropoietin. In a further embodiment, it is provided that
the erythropoietin be administered after implantation of the
said endoprosthesis or of the mechanical or biological agent.
According to these embodiments, the tissue or the body
structure in which the impilant such as a tooth or bone
prosthesis will be implanted is mobilized or conditioned, thus
enabling considerably better and thus faster integration of
the biclogical or mechanical agent, such as an implant, for

exampie by growth onto or into the body structurs.

H) The use of erythropoietin according to one or more of the
embodiments according to A) to G), wherein the
pharmaceutical composition does not lead to any increase of
the hematocrit during application in the human or animal
body, especially not more than 10% of the value of the

hematocrit prior to application of the erythropoietin.



According to these embodiments, the tissue or the body structure in
which the implant such as a tooth or bone prosthesis will be implanted is
mobilized or conditioned, thus enabling considerably better and thus
faster integration of the biological or mechanical agent, such as an
implant, for example by growth onto gy into the body structure. H) The
use of erythropoietin according to one or more of the embodiments
according to A) to G), wherein the pharmaceutical composition does not

lead to gy jnorease gt o nematacris during application n the buan or
animal body, eSpécially no RIGE A 6 0hE vANTe B the" Riethatocrit
prior to episditieentt thecergingpoiefii. i€l 44)) fhe usharmargdutagabietin
accordi n more. of. e di cording tg A ).in
pharma%%ﬁf?cga lGﬁ(‘:g()')]; Mposi i%;g? mgremﬂé%ﬁéiﬁ%ﬁpoglget%uils?ag%t_lagf’éoznd
designedegigries! Saidtheevaidtipretariione itaattherd sy, thexalyy idose that
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hypercholesterolemia, diabetes mellitus, insulin resistance,
endothelium-mediated chronic inflammatory disorders, endotheliosis

includingy&ieu|RendPIIeliReiSoiSHRCEREEIRHAS %o MR 'SRl of the

cardiovascular disease,” ischemic disorders of the extremities,

preeclafp8rgiments according to A) to 1), wherein the disease can
be hypercholesterolemia, diabetes mellitus, insulin
resistance, endothelium-mediated chronic inflammatory
disorders, endotheliosis including reticuloendotheliosis,
atherosclerosis, age-related cardiovascular disease,
ischemic disorders of the exiremities, preeclampsia,
Raynaud's disease, hepatic disorders such as hepatitis,
cirrhosis of the liver, acute or chronic liver failure, bone and
cartilage disorders or lesions, mucous membrane disorders
or lesions, especially in the gastrointestinal fract, Crohn's
disease, ulcerative colitis, pregnancy-induced hypertension,
chronic or acute renal failure, especially terminal renal
failure, renal function restrictions with glomerular filtration
rates of 30 {o 80 mi/min, microalbuminuria, proteinuria,
conditions with elevated ADMA levels or wounds and

sequelae thereof.

The invention also relates to the production of a kit
containing erythropoietin, endothelial progenitor cells and at
least one cell population usable for cell therapy, wherein the

erythropoietin is preferably present in low dose.



Raynaud's disease, hepatic disorders such as hepatitis, cirrhosis of the
liver, acute or chronic liver failure, bone and cartilage disorders or lesions,
mucous membrane disorders or lesions, especially in the gastrointestinal
tract, Crohn's disease, ulcerative colitis, pregnancy-induced hypertension,
chronic or acute renal failure, especially terminal renal failure, renal
function restrictions with glomerular filtration rates of 30 to 80 ml/min,
microalbuminuria, proteinuria, conditions with elevated ADMA levels or

wounds S hereof. The invention alsa relates to th
productioﬂnE %?%ﬁﬁ# g:%?ﬂﬁ'ﬁnfn\ééenr%?ﬁr’og)%e%sn,Sgﬁ%%?ﬁ%ﬁgl prec?gneﬁ%?%ells
and at |&zst dneatelepbpwithiofousdbiafm cetiythevapigtinhdegidsthéo

erythropqjetin.i r : tipglo ~1,8- i he
inve ntiorﬁ@ﬁgg gﬂ%ﬁisiﬂl%%/ﬁ)%geﬁegnﬂfoﬁfnﬁﬁ§ﬁ%§'§m%ﬁ%’§ﬁ%w%@s§age
erythropmb@ifelédhe wmhgs@ﬂ@‘wdl%ﬁzdﬂ&gﬁﬁmﬁat pedigenitor
cells, whergipih EHmQﬁé%ﬁf&‘éﬁ{ﬂﬂﬂo 'Ho_giﬁel&%%&e'_'?n's
increased and differentiation thereof Is induced. In addition, functional

deficits cidddiemdondinndeeiloptdne endotwlial progenierpells
pathological ceraiijong ey CUERERSASHHORRREIINIG- iR dAYendqn, it

has been shown that the number of circulating stem cells in patients with

chronic HEPEREFRS) ineRertdingitathedpurastas: dhagresn ishevarhy

subjectsyft iRd s BaliaT e iRg: SshniRb Y Jaifiraniiate to

endothelial cells via endothelial
chronic renal disorder in the terminal stage is just as high as
in healthy subjects, but in these patients they have lost the
ability to differentiate to endothelial cells via endothelial
progenitor cells. Thus the number of cells capable of
adhesion and exhibiting an endothelial cell phenotype is
distinctly reduced in patients with chronic renal disorder
compared with healthy subjects (de Groot et al., Kidney Int.
2004;66:641-8). This functional decline of endothelial
progenitor cells can already be seen in moderate restriction
of the renal function with a glomerular filtration rate of 30,
preferably 40 to 80 mi/min. According to the invention, it has
now been found that the number of circulating stem celis
increases significantly by more than 50% afier treatment
with low-dosage eryihropoietin according to the invention,
not only in these patients but also in patients and/or subjects
with healthy kidneys. In particular, the number of cells that
develop an endothelial phenotype increases dramatically. As
was demonstrated by means of a functional cell culture test,
the impaired adhesion ability of the endothelial progenitor
cells in patients with chronic renal disorder, characterized by

a glomerular filtration rate of 30, preferably 40 to 80 mi/min,



progenitor cells. Thus the number of cells capable of adhesion and
exhibiting an endothelial cell phenotype is distinctly reduced in patients
with chronic renal disorder compared with healthy subjects (de Groot at
al., Kidney Int. 2004;66:641-6). This functional decline of endothelial
progenitor cells can already be seen,jn moderate restriction of the renal
function with a glomerular filtration rate of 30, preferably 40 to 80 ml/min.
According to the invention, it has now been found that the number of

circulating stem cel(ljs increases sifgnif}ic%Etlé( by, mo ﬁth n 5Q% after
treatment Wi o o %g@ er@ﬁ%?op&eti 'éc%o%fngg B 1T esrﬂ%%, not
only in trgHeqatieiits betaisenin patientyeuis/@relibjecistiovith addithy
Kidneys, Jpartayias,dh number of gl Il deyelgn ap endaihelial
phenotype increases dramatically.” AS” was demonstrated by means of a
functiondieellachiesienessgbiiiy ingfaireddadhelsibn abiiggrifothe ezliothelial
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increast bhastacpessiahiriedfdre thav-tosmjprergthrspeidisseasatment.
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of two to three. The adhesion abllity thelial progenitor ce
undergbryanealiengation. seabecieidotaentiegsrasionis dlstieh &sic
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erythropoietin is able to inducé neovascularization, _espeuallP(
vasculd@j@l*é%?@ﬂ‘#ﬂ‘?&sd@%ﬁﬂfogemc or angiogenic stimuli are

released.

According to the invention, low-dosage erythropoietin can be
used to stimulate physiological mobilization of endothelial
progenitor cells, proliferation of endothelial progenitor cells,
differentiation of endothelial progenitor cells to endothelial
cells and/or migration of endothelial progenitor cells toward a
vasculogenic or angiogenic stimulus in a human or animal
body, especially an aduit organism. According to the
invention, low-dosage erythropoietin can therefore be
employed advantageously to stimulate the formation of new
vessels by vasculogenesis in tissues or organs in which
pathoiogical vascular changes are present. In addition, the
formation of endothelial tissue can also be induced by virtue
of the stimulation of endothelial progenitor cells by low-
dosage erythropoietin. According to the invention, low-
dosage erythropoietin can therefore also be employed to
treat diseases of the human or animal body that are
associated with a dysfunction of endothelial progenitor celis

and/or endothelial cells. Patient popuiations exhibiting such



organs, of which kidneys are a particular example, in which

corresponding vasculogenic or angiogenic stimuli are released. According
to the invention, low-dosage erythropoietin can be used to stimulate
physiological mobilization of endothelial progenitor cells, proliferation of
endothelial progenitor cells, differenpigtion of endothelial progenitor cells
to endothelial cells and/or migration of endothelial progenitor cells toward
a vasculogenic or angiogenic stimulus in a human or animal body,

especiallyRarafiopl GRUS- ﬁé%?é’@%ﬂ‘iié@é@@ul@vﬁ@ﬁ%%%ﬁge

erythropoietin can therefore' be employed advantageously to stimulate the

formatici¥ oRYiesTianedaBs mypeaskaipgeraismin, tissudin ofesigtans® which
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endothelial tissue can also be induced by virtue of the stimulation of
endoth@rgaprogi@imageclisusy: lows ddefgevenititopoietivpardoerting to

the InveRiBaloNniRFRSS TGRS AR erelare g paploved

to treat diseases 0 man or anima are associated with a
dysfundiisimRf erizibtbediar pbbgéfitor8tet/mird/or endothelial cells. Patient
populations exhibiting such -20- a dysfunction usually have cardiovascular
risk factors such as hypertension, hypercholesterolemia, insulin

resistanues Hypertiomoeysicingiaties etevaiasl AlBMACE VRky-dsshgad-
organ damage such as left ventricular hypertrophy, microalbuminuria,
protein @ HCRYRiReMar RiRGHATaRNC regeneration of tissue

whose function has been jeopardized by the action of
chemical, thermal, mechanical or biological agents.
According to the invention, topical application of low-dosage
erythropoietin also relates to prevention and reduction of
already existing wrinkles of the skin, especially of the facial
skin, to protection of the skin and to reduction of age spots.
According to the invention, such use of low-dosage
erythropoietin or of a derivative can take place sequentially,
in timed succession or simultaneously with one or more
other chemical, thermal, mechanical or biological agents.
According to the invention, low-dosage erythropoietin can be
therapeutically used in a manner adapted fo its circadian
rhythm, in order in this way to achieve a maximum biological
effect. In a preferred embodiment according to the invention,
endothelial progenitor cells are applied simultaneously with
other cell populations usable for cell therapy, after prior
incubation with low-dosage erythropoietin in vitro and/or
local as well as systemic application of low-dosage

erythropoietin in vivo, in order in this way to ensure that the



(GFR) of 30, preferably 40 to 80 mi/min. The invention also relates to the
use of low-dosage erythropoietin for protection and regeneration of tissue
whose function has been jeopardized by the action of chemical, thermal,
mechanical or biological agents. According to the invention, topical
application of low-dosage erythrop”cggtin also relates to prevention and
reduction of already existing wrinkle€s of the skin, especially of the facial
skin, to protection of the skin and to reduction of age spots. According to
the invention, such use of low-dosage erythropoietin or of a derivative can

take pldseueeRligidisRols ifderelicdeany sediguitdiisfir®ith one or
more qihgfichenicalvHeinglsyarghanical or biological agents.

According to the invention, low-dosage erythropoietin can be
therapeutically used in a manner adapted to its circadian rhythm, in order

in this waydoreRifys avmRximsI M iisiogical ehiest, Inrerselprede
embodiment according to the invention, endothelial progenitor cells are
y

appliedEifeERiaRsh byyaRtRr RAISHEEIPh o LR chsYRsiBRR & herapy,
after prigypiBpHBEsigN WiliioW-desage, eryypeistin ihyitrogoater local
as well as systemic application of low-dosage erythropoietin in vivo, in
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settle wiheppifileiepedinding to the vascular system. In connection with the
present invention, there will be understood by "erythropoietin” or "EPO" a
substance that, in

Ervthropoietin is a glycoprotein having 166 amino acids,

three glycosylation sites and a molecular weight of about
34,000 Da. During EPO-induced differentiaticn of erythrocyte
progenitor cells, giobin synthesis is induced, synthesis of the
heme complex is augmented and the number of ferritin
receptors is increased. Thereby the cell can take up more
iron and synthesize functional hemoglobin. In mature
erythrocytes, hemoglobin binds oxygen. Thus the
erythrocytes and the hemoglobin contained therein play a
key role in supplying oxygen to the organism. These
processes are initiated through the interaction of EPO with
an appropriate receptor on the cell surface of the erythrocyte
progenitor cells (Graber and Krantz, Ann. Rev. Med. 29
(1978), 51-56).

The term “erythropoietin® used here includes EPO of every
origin, especially human or animal EPO. The term used here
encompasses not only the naturally occurring, or in other
words wild-type forms of EPO, but also its derivatives,
analogs, modifications, muteins, mutants or others, as long
as they exhibit the biological effects of wild-type
erythropoietin.



appropriately high dosage, controls the growth, differentiation and
maturation of stem cells via erythroblasts to erythrocytes. Erythropoietin
is a glycoprotein having 166 amino acids, three glycosylation sites and a
molecular weight of about 34,000 Da. During EPO-induced differentiation
of erythrocyte progenitor cells, globin synthesis is induced, synthesis of
the heme complex is augmented and4te number of ferritin receptors is
increased. Thereby the cell can take up more iron and synthesize
functional hemoglobin. In mature erythrocytes, hemoglobin binds oxygen.

Thus thénemﬁmﬁé@ aﬁiﬁthﬁ\ﬁem@@ﬁn?@bjﬂtﬁiﬁ@d ih@f@invﬂfb_y?@ key
role in S\Eﬁﬂ@s‘%@&(yg@' to 40g areanis My FRR3H ProcESRATAIR Intiiated

through the interaction of EPO with an appropriate receptor on the cell
surface dethwaiivgthroicwevtinepgiatior bells Whikbeetainingrdhez, basic Rev.

Med. 29 :56), term "ervthropqietin® ere includes
EPO of SUERTCRoRA S AE e bRRBA B ABSRIE o,
here encompassa®mast oniynthecobEn gibupsoorriegiduss, abpeciatiyds

ild- f f EPO, byt also its derivatives, lags, modificatjons,
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of wild-typel/erytinsgoigtiineldeith soquaatiss diffbrthepresanicihuention,
there will be ulpderstoo,d by "derivatives" fu ctiop\al equivalents or
naturally occurring ‘nhuman or animal erythropeietin protein in
at least one position but essentially have a high degree of
homology at the amino acid level and comparable biological
activity. Erythropoietin derivatives such as can be employed,
for example, in the present invention are known from WO
84/25055, EP 0148605 B1 or WO 95/05465, among other

sources.

“Homology” means especially a sequence identity of at least
80%, preferably at least 85% and particularly preferabiy at
least more than 90%, 95%, 97% and 9%%. The term
*homology” known by the person skilled in the art thus refers
to the degree of relationship between ifwo or more
polypeptide molecules. This is determined by the agreement
between the sequences. Such agreement can mean either
identical agreement or else a conservative exchange of

amino acids.

According to the invention, the term “derivative” also
includes fusion proteins, in which functional domains of
another protein are present on the N-terminal part or on the

C-terminal part. In cne embodiment of the invention, this



derivatives of erythropoietin that, while retaining the basic erythropoietin
structure, are obtained by substitution of one or more atoms or molecular
groups or residues, especially by substitution of sugar chains such as
ethylene glycol, and/or whose amino acid sequences differ from that of
the naturally occurring human or anignal erythropoietin protein in at least
one position but essentially have a high degree of homology at the amino
acid level and comparable biological activity. Erythropoietin derivatives

hown ROV 8 D060 i AR E B e odloBhew, Ghofe

other sstmem ‘Hamothegyfanteanthaspesially athaglatinge dfadityoaf at
least 80% efer bly at Ieast 85% and p rtlcula#é referably %t least

more th&RCS595!1850k08 99K YR G0 s TR YERAT 595k teDy the
person gibatdn, ticasiteusreters talhaldegseacfaatatignaipdeiween

two or more polypeptlde molecules. This is determined by the agreement

betweeRitAWEdRge RFRCts 08 differsntiatechrerriciheligteratentesl
agreemgph QLRSS AFANERTYANVE SEChaRgs Rr AERAGRAGIdP- gresarding to

the invention, the term "derivative" also includes fusion proteins, in which

functiorfacRIh & BB R base piertaiiastedsrvdbntastiane Regardingl part
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other protein may be, for example, GM-CSF
a strong mitogenic and chemotactic activity on endothelial

cells.

The differences between an erythropoietin derivative and
native erythropoietin may arise, for example, through
mutations such as deletions, substitutions, insertions,
additions, base exchanges and/or recombinations of the
nucleotide sequences ceding for the erythropoietin amino
acid sequences. According to the invention, (EPO-) alpha,
(EPO-) beta, Aranesp (darbepoetin aifa) or CERA
(continucus  erythropoietin  receptor antagonist) are
preferably used as erythropoietin. Obviously such
differences can also be naturally occurring sequence
variations, such as sequences from ancther organism or
sequences that have mutated naturally, or mulations
introduced selectively into the nucleic acid sequences coding
for erythropoietin, using common means knowln in the art,
such as chemicai agents and/or physical agents. In
connection with the invention, therefore, the term “derivative”
also includes mutated erythropoietin molecules, or in other

words erythropoietin muteins.



statin or another factor that has a stimulating effect on endothelial
progenitor cells. In a further embodiment of the invention, the other
protein may also be a factor that has a stimulating effect on differentiated
endothelial cells, for example angiogenin, VEGF (vascular endothelial
growth factor) or bFGF (basic fibroblast growth factor). Regarding bFGF
and VEGF, it is known that these groé\llﬂih factors exert a strong mitogenic
and chemotactic activity on endothelial cells. The differences between an
erythropoietin derivative and native erythropoietin may arise, for example,

through AFRREAIBEs tSuiea HyeriRs PERYSRUADIYOIRR rﬁé‘ﬁjsogﬁdﬁftlons
base exghan&ssH R OnERF URHINBHONS & (e HidrIREEESSSAHENR8S

coding for'the erythrop0|et|n amino acid sequences. According to the
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used as erythropoietin. Obviously such differences can also be naturally
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introduce nucleic a dsequences oding

erythropangtino psistincosmmdmeinehay khewen indhnpargblsudiiciegibaimical
agents and/o, ph s In con nection Wlth the | nventlon therefore,
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the ternt vz cmdeasnﬁo%%edré%thropme n mo?ecﬁ %S orin
other wesaspetyiicopiégtioontdizindn a suitable conformation, the

amino acid residues responsible for binding of erythropoietin
tc its receptors, and that are therefore able to simulate the
essential surface properties of the erythropoietin binding
region. Compounds of this type are described, for example,
in Wrighton et al., Science, 273 (1998), 458. The EPO used
according to the invention can be produced in varicus ways,
for example by isolation from human urine or from the urine
or plasma (including serum) of patients suffering from
apiastic anemia (Miyake et al., J.B.C. 252 (1977), 5558). As
an example, human EPO can also be obtained from tissue
cultures of human renal cancer cells (JA Unexamined
Application 55790/1879), from human lymphobiast cells,
which have the ability to produce human EPO (JA
Unexamined Application 40411/1982), and from a hybridoma
culture obtained by cell fusion of a human cell line. EPO can
also be produced by methods of gene technology, using
suitable DNA or RNA coding for the appropriate amino acid
sequence of EPO to produce the desired protein by genetic
engineering, for example in a bacterium, in a yeast, or in a

plant, animal or human cell line. Such methods are



-24- According to the invention, peptide or protein analogs of
erythropoietin may also be used. In connection with the present invention,
the term "analogs" includes compounds that do not have any amino acid
sequence identical to the erythropoietin amino acid sequence but have a
three- dimensional structure greatlyggsembling that of erythropoietin, so
that they have comparable biological activity. Erythropoietin analogs may
be, for example, compounds that contain, in a suitable conformation, the

amino gagi iques,r ible fordindli et '
recopt o b S ST sble (et g, Eee A ace
propertiss arfdHeePdtht6F8itin binding region. Compounds of this type
are described, for example, in Wrighton et al., Science, 273 (1996), 458.
The EPO used according to the invention can be produced in various

ways, Tdreepssnphe hywéasdlehoritites upmticuizetortrerugbeoiitove- or
plasma (including serum) of patients suffering from aplastic gnemia
(MBS 3 BYENP G, 7,858 AR ORI e PO can
also besahtaiagskrasn tiseysiofsdidegs aidiinzatdenalfcasagotriilJA
Unexamined Application 55790/1979), from human lymphoblast cells,

which RE98SRECE RS PERPBRIBEINL HaRNEPBgIAl RIRERAHRR&E!S:
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fusion of a human cell line. EPO can also be produced by methods of

gene tEEHEABEPUBIgGRtioN b eNIRikiaRNRISHIRE F6lSHEMS Gpriate

amino ggidyiagenic or angiogenic stimulus in a human or animal

body, especially an adult organism.

The invention also relates to sequential use of low-dosage
erythropoietin and at least one further suitable chemical,
thermal, mechanical or biological agent or active ingredient,
especially a pharmacological active ingredient, that
increases the function and number of endothelial progenitor
cells and also potentiates the effect of low-dosage

erythropoietin as regards organ protection and regeneration.

Furthermore, the invention therefore relates preferably fo
sequential, timed successive or simultaneous administration
of low-dosage ervthropoietin plus one or more other
pharmacological active ingredients, such as VEGF; GM-
CSF, M-CSF, thrombopoietin, SCF, SDF-1, NGF, PIGF, an
HMG coreductase inhibitor, an ACE inhibitor, an AT-1
inhibitor and an NO donor, in order in this way to increase
the number and function of endothelial progenitor cells

and/or to bring about regeneration or slowing of the



sequence of EPO to produce the desired protein by genetic engineering,
for example in a bacterium, in a yeast, or in a plant, animal or human cell
line. Such methods are -25- described, for example, in EP 0148605 B2 or
EP 0205564 B2 and EP 0411678 B1. The present invention relates in
particular to the use of low- dosage_egythropoietin and/or derivatives
thereof for stimulation of physiological mobilization of endothelial
progenitor cells, proliferation of endothelial progenitor cells, differentiation

of endothelipkauagentier felsdo aadalelah cofis andinidpipRiope!
endothelial progenitor cells toward a vasculogenic or angiogenic stimulus
in a huniaiedicthimesordag, éeptisalipeantanlt srganisiiugnesintistion
also relqgg@m@q%@h@ of ’LQW- ﬁaﬂgthrgggietia@ﬁa%@ast
one further suitable chemical, thermal, mechanical or biological agent or
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also potentiates the effect of low-dosage erythropoietin as regards organ
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of low-dosage eri/thropojeti,n plus one or more other pharmacological
active ingRediertd, YRMILEIVE GR] GvialtaiyenPesRiZaiion Bb RN,
SCF, Sigktid, Aafor Rikdotadtidi Mfo germrbtciaise inheiphaaliSidod
inhibitor, an AT-1 . . .
and/or ex vivo under selective culture conditions, preferably
cultures under hypoxic conditions with an oxygen
concentration of 0.1% to 10%,; D) homing of stem cells
and/or endothelial progenitor cells to the damage site; E)
adhesion and migration of stem cells and/or endothelial
progenitor cells into the target tissue; F) neovascularization

by endothelial progenitor cells.

The present invention therefore relates to application,
simultansously or at different times, of endothelial progenitor
cells and one or more cell populations usable for cell
therapy, especially hepétocytes, myocytes, cardiomyocytes
or island fransplants, after prior incubation with low-dcsage
erythropoietin in vitro andf/or local as well as systemic
application of low-dosage erythropoietin in vivo, thus
improving and accelerating the function, setlling,
vascularization and connection to the blood circulation of the

recipient of these cell populations used for csli therapy.

The present invention relates to the use of erythropoietin,

especially in low doses, or suitable active ingredients for



inhibitor and an NO donor, in order in this way to increase the number
and function of endothelial progenitor cells and/or to bring about
regeneration or slowing of the -26- progression of tissue damage. In this
connection, the intention according to the invention is to influence the
following sequence: A) quantitative and qualitative optimization of stem
cells and/or endothelial progenitor c&lls’ in bone marrow or in specific
tissue niches for stem cells; B) mobilization of stem cells and/or
endothelial progenitor cells from bone marrow or other "stem cell" niches

into pefRiERA BRSNS J dhftafAEaRE REMYVAEDHARRRDANYS stem
cells angfopreideiistialripsayiidrlinm srtrhaas bipadwandies ex vivo

under selective culture conditions, preferably cultures under hypoxic

conditiéienatheninsky §en theneeRtasdfPof 5398 1o PIOWSED M o#Rfhg of
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adhesion and migration of stem cells and/or endothelial progenitor cells
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simultaneously or at different times, of en al progenitor cells and
one or thertovskiiopuaddoshsnbey &opeierthefage epotsiakfines
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accelerates nair growth.

The present invention also relates to the use of low-dosage
erythropoietin  for production of a pharmaceutical
composition that is suitable and designed for application in a
manner adapted to the circadian endogenous rhythm of
erythropoietin. Endogenous erythropoietin production has its
acro phase (daily maximum) in the late afterncon, and so the
administration of the low-dosage ervthropoietin preferably
takes place in the morning, especially between 6:00 and
10:00 a.m., in order in this way to achieve a maximum

biclogical, therapeutic or cosmetic effect.

The present invention relates to the use of low-dosage
erythropoietin for stimulation of physiological mobilization,
and/er for proliferation and differentiation of endothelial
progenitor cells, and/or for stimuiation of vasculogenesis,
and/or for therapy of diseases related to a dysfunction of
endothelial progenitor cells, and/or for production of

pharmaceutical compositions for treating such diseases and



improving and accelerating the function, settling, vascularization and
connection to the blood circulation of the recipient of these cell
populations used for cell therapy. The present invention relates to the use
of erythropoietin, especially in low doses, or suitable active ingredients for
-27- topical application in the sense gf;"beauty care”, especially for
prevention or timely reduction of creases and wrinkles, strengthening of
the connective tissue, protection and tightening of the skin, especially

facial skin, against harmful environmental factors, and as makeu
foundaton R SRNCHRRL AR A0 AAMENT | e
formaticananafoethesudimibddo pasting ofragedipats, fefinesintbatikin tekture

and supports the skin rejuyenation process, .especially reepitheljalization.
e e RS T
also relatesdadbthubial ofuatoragecetiythrangietin fek predectionsf a

pharmaceutical composition that is suitable and designed for application
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erythropgjgircHensiaaasersLrythropoietigspipuction hasdisisge-phase
(daily maximum) in the late afternoon, and so the administration of the

low-dosBYeSERARRpGIingMEtersityaiake S P iIRYRES R, at
especially,Betupgn GiRaRAn] GAMAJE . yeFiesdn it Wakiscarleve a

maximum  biological, therapeutic or cosmetic effect. The present invention
relates oyt | oWk minuria, cognitive  dysfunction,

increased thickness of the intima media in the carotid artery,
proteinuria or a glomerular filtration rate (GFR) of less than

80 mi/min, especially 30, preferably 40 to 80 ml/min.

In a preferred embodiment, the invention also relates to
sequential, timed successive or simuitaneous administration
of low-dosage erythropoietin as well as one or more cther
chemical, thermal, mechanical and biologicai agents, in
order in this way {o increase the number and function of
endothelial progenitor cells and/or to bring about
regeneration or slowing of the progression of tissue damage.
Such mechanical agents can be endoprostheses, preferably
implantation supports for teeth, bones or ligament/tendon
replacements. Furthermore, the biological agents can be
solid organs such as liver, kidneys, heart, pancreas or skin,
or even hair implants. The invention therefore provides that
EPO, especially in low doses, wil be used so that
mechanical agents such as endoprostheses or biological
agents implanted simultanecusly, subsequently or

beforehand can grow or be integrated better, faster and



erythropoietin for stimulation of physiological mobilization, and/or for
proliferation and differentiation of endothelial progenitor cells, and/or for
stimulation of vasculogenesis, and/or for therapy of diseases related to a
dysfunction of endothelial progenitor cells, and/or for production of
pharmaceutical compositions for treating such diseases and -28- of
pharmaceutical compositions that inClude erythropoietin and other
suitable active ingredients for stimulation of endothelial progenitor cells, in

patients with a) a dysfunction,,of endothelial progenitor cells, and,b) at
gy o b e e
hypercholesigsnleneissfnsulilstesistassdo hypaibemeeysttirpmiain
elevated ADMA levels %) at least one end-org&r’] damage, such as left

nd
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or a glomerular filtration rate (GFR) of less than 80 ml/min, especially 30,
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low-dosage erythropoietin as well as one or more other chemical,
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bring about regeneration or slowing of the progression of tissu mage.

Such meistisaksagentdigampotéaadprostapkmsipesiisrabdych  as
cruciate ligaments. In this connection, it can be provided if
necessary that the erythropoietin will be used together with
cell populations suitable for cell therapy and/or endothelial
progenitor cells. in the aforesaid use of erythropoietin for
production of a pharmaceutical composition or of a kit for
improving, especially for promoting or accelerating,
integration of biological or mechanical agents into target
structures, especially target lissue, target bones or target
cartilage of a patient, it can be provided in a further preferred
embodiment that the mechanical agents to be used will be
made, for exampie, of steel, ceramic, plastic or another
matrix material. In addition, it can be provided that
csteoblasts, celfs having osteogenic potential, thrombocytes,
blood cells or similar agents can be used as cell populations
suitable for cell therapy in the present application. In a
further preferred embodiment, it can be provided that the
mechanical agent in particular to be used will be contained in
the pharmaceutical composition or in the pharmaceutical kit

together with organic adhesive, such as a fibrin glue.



implantation supports for teeth, bones or ligament/tendon replacements.
Furthermore, the biological agents can be solid organs such as liver,
kidneys, heart, pancreas or skin, or even hair implants. The invention
therefore provides that EPO, especially in low doses, will be used so that
mechanical agents such as endoprosifgeses or biological agents
implanted simultaneously, subsequently or beforehand can grow or be
integrated better, faster and -29- more efficiently into the surrounding body

structurg, TS QURBHOIPr i SR AIRRIR e U epiirggoiet

for production of a pharmaceutical composition or of a tfor improving,
especialfdergiassh sithpodatiwelielnegenitergealisn (Giffiolcgitalthgents or
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tooth replacements, tooth implants or other endoprostheses, such as
bone reglffeentiats, iooradoiplkliak cefipediatly dridodhetisr gstgesdkoor

Ilgament/tﬁndoggce Iarc]:ements such as crumate fi%aments |I’€thIS
connectlon it can %vuﬁjed"} necess Wt ¢ yﬁw'pop%letl Will be
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preferredotated from peripheral blood.

In connection with the present invention, there will be
understood by “mobilization” or “physiological mobilization”
the process of activating stem cells and/or progenitor cells
from the bone marrow or from alternative “stem cell” niches
by growth factors, wherein the stem cells or progenitor cells

enter the bloodstream, especially the peripheral blood.

In connection with the present invention, there will be
understood by “proliferation” the ability of cells to become
larger and subsequently divide into two or more daughter
cells. The EPO-mediated stimulation of endothelial
progenitor cells thus relates in particular to the number and

thus the dividing behavior of endothelial progenitor cells.

in connection with the present invention, there will be
understoed by “differentiation” of endothelial progenitor cells
the development of mononuclear cells originating from the

bone marrow or specific tissue niches via endothelial



embodiment that the mechanical agents to be used will be made, for
example, of steel, ceramic, plastic or another matrix material. In addition,
it can be provided that osteoblasts, cells having osteogenic potential,
thrombocytes, blood cells or similar agents can be used as cell
populations suitable for cell theramélp_the present application. In a
further preferred embodiment, it can be provided that the mechanical
agent in particular to be used will be contained in the pharmaceutical

ol O b e e T e
will be theceribbe aedermodbiie meltetiariosistHe BEIabisumat

reulate in { > it ; .
endomdi SH19 Fhrk e ARRayE De i iR et
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occurrigguipn they adult Oreégt‘ﬁ.?zi%e angioblastilike cells, wiy be

obtained ffom mononuclear cells, especially CD34+ to CD14+

monocy@sadigtng ebsiansasmeueiisandt RBve (secatichrlicemivad
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understood by "mabilization" or "physiological mobilization" the process of

activatibadsibipline flacprs prdrdieitins: eastixatienrl Bl Baft® or from
alternagﬁg "5F§8ib9§”"ﬁph%gmé%%"’%faq%é@m@er%@ﬁ*ﬁ%&éﬁ cells or
progenitor cells enter the bloodstream, especially the peripheral blood.
Endothelial cells also synthesize components of the
subendothelial connective tissue, especially type IV and V
collagens, cell adhesion proteins such as laminin, fibronectin
and thrombospondin, growth factors, for example for smooth

muscle cells, and factors for the formation of new vessels.

In connection with the present invention, there will be
understood by “migration” of endothelial progenitor celis the
fact that the endothelial progenitor cells present in the
bloodstream migrate toward a vasculogenic or angiogenic
stimuius and become concentrated in the region of the
vasculogenic or angiogenic stimulus. By “vasculogenic
stimulus” there will be understood a chemical stimulus in a
tissue or blocd vessel of 2 human or animal body that acis
specifibal!y on endothelial progenitor cells and brings about
migration thereof to that site in the body from which the
chemical stimulus originates. In this way, the vasculogenesis
process is induced by the vasculogenic stimulus. By
"angiogenic stimulus® there will be understood a chemical
stimulus in a tissue or blood vessei of a human or animal

body that acts specifically on differentiated endothelial cells



In connection with the present invention, there will be understood by
"proliferation” the ability of cells to become larger and subsequently divide
into two or more daughter cells. The EPO-mediated stimulation of
endothelial progenitor cells thus relates in particular to the number and
thus the dividing behavior of endotheligl progenitor cells. In connection
with the present invention, there will be understood by "differentiation” of
endothelial progenitor cells the development of mononuclear cells

originating from the _ban r cific tissue niches yia endpthelial
-31- progg%t%@géﬁs%n giﬁ%ﬁ%ﬁ%ﬁl E:ﬁe%%&g;téengitﬁigﬁa* cﬁqﬁ%ﬂ}%re will
be undefsioodviieicete tbhtMicaithsimntiegthetiginates inlotiieis weags the

monolayer, cellular ijin of vessels and. s avitEs. Endothelial cells
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vasodilagiigusiubstances such as EDRF (endothelial derived relaxing
factor) or constricting substances such as endothelin, factors for inhibition
or activation of blood clotting and factors for regulation of vascular

permealpity. firRiotbetinb epHE @t MBthesERIcAMBERE MSHRbded

subendothelial connective tissue, especially type IV and V collagens, cell

adhesiollBrdigfmsdudPagosAatin SRERIRBSIRtIMNBNMImBBE¥BIES,
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formation of new vessels. In connection with the present invention, there

will be (IeeesidIYISrHRfaERINET dfferRERdiDP-oderrElivalle the
invention erythropoietin is used in particular for improving the
adhesion ability or in other words the celi-to-cell adhesion of
endothelial progenitor cells. The adhesion of endothelial
progenitor cells undergoing differentiation or differentiated
endothelial cells is one of the basic prerequisites for the
formation of new vessels or of new endothelial tissue. Cell

adhesion is mediated by protein molecules.

The present invention also relates to the use of low-dosage
erythropoietin for stimulation of the formation of new vessels,
especially stimulation of vasculogenesis. In connection with
the present invention, there will be understood by
‘vasculogenesis” the formation of new vessels from
endothelial progenitor cells undergoing diffe?entiation in situ.
According to the invention, therefore, it is ensured by the use
of low-dosage erythropoietin that endothelial progenitor celis
can participate to an increased degree in formation of new
vessels or in local formation of new vessels o restore
damaged vascular regions. According to the invention,
therefore, it is provided that the use of low-dosage

“erythropoietin and/or its derivatives will promote formation of



fact that the endothelial progenitor cells present in the bloodstream
migrate toward a vasculogenic or angiogenic stimulus and become
concentrated in the region of the vasculogenic or angiogenic stimulus. By
"vasculogenic stimulus” there will be understood a chemical stimulus in a
tissue or blood vessel of a human or animal body that acts specifically on
endothelial progenitor cells and briﬁag about migration thereof to that site
in the body from which the chemical stimulus originates. In this way, the
vasculogenesisﬁ’ﬁsj)rocess is induced by the vasculogenic stimulus. By

"angiod&ic ¥ReSpls endiPhécniRra Bl dRermear ¥AsRWESE in a

tissue qehleRd trpssghabaantsRARIRBIMaly PRsdhekasls. specifically on
differentiated endothelial cells -32- and brings about migration thereof to

that site in the body from which the chemical stimulus originates. In this

way, industionobBaigganssht I5iNHEGRIHEIC ANUHQIENFovHIBYIUS. In

a further embodiment of the invention, there is provided the use of

low-dodkige '{;ﬁ?th@éptﬂ%@@&ﬁ@ﬁ)r eRfiveanistithersdfdbr irsieatieg the
adhesiona0/lity;0f enpotnalig W@%&ﬁ&ﬁgﬁeﬂﬁéﬂﬁg}g géﬁgrquatlon.

According to the invention erythropoletin Is us particular for
improviftgriasiosidifesndethsliay tissimenther words the cell-to-cell adhesion
of endothelial progenitor cells. The adhesion of endothelial progenitor
cells undergoing differentiation or differentiated endothelial cells is one of
the basic preadiputitds feeftreed embodiment of the invention, there

is provided the use of low-dosage erythropoietin andfor
derivatives thereof for the therapy of pathological states or
diseases of the human or animal body associated with a
dysfunction of endothelial progenitor cells, or of sequelae

thereof.

In connection with the present invention, there will be
understood by “diseases”, “pathological states” or “disorders”
impairments of vital processes in organs or in the entire
organism, resulting in subjectively experienced or objectively
detectable physical, emctional or mental changes. According
to the invention, these diseases are associated in particular
with a dysfunction of endothelial pregenitor cells, or in other
words diseases that either are the result of such a
dysfunction of these cells or are mediated by these cells.
Also according to the present invention, there will be
understood by “diseases”, “pathological states” or “disorders”
impairments of vital processes in organs or in the entire
organism that can be arrested or in particular slowed in their

progression by administration of low-dosage erythropoietin



formation of new vessels or of new endothelial tissue. Cell adhesion is
mediated by protein molecules. The present invention also relates to the
use of low-dosage erythropoietin for stimulation of the formation of new
vessels, especially stimulation of vasculogenesis. In connection with the
present invention, there will be under, %)od by "vasculogenesis" the
formation of new vessels from endothélial progenitor cells undergoing
differentiation in situ. According to the invention, therefore, it is ensured
by the use of low-dosage erythrgpoietin that endothelial progenitor cells

can parfipitay e Pritie 88PdiRIHSe R¥osRHEIRET HBRre ddlekeor in

local formwiistoba ecnrAaly ESERRIBES oHamagRs WReRIY Se8iRS.
According to the invention, therefore, it is provided that the use of

low-dosHFRrdeyRrSHEIBERAHMNGR WemPaNBE RNkl seRdPmation of
-33- new blood vessels and/or replacement of damaged vascular regions

through local formation of new blood vessels. In a further embodiment of
the inveltioeprheation ppstiddtietheresentf ioveatieagdimyehrapoiétn

and/or dl%a/artéy S reqf f rst{muJ,athn of.e de%t ell%é)ro enitor,.cells for

es,the
. 8091?1?/ gs uricqon” o .enf:loh a en %r lig
formation of endothelral tisSue. Th a particularly preferred embodiment of

the invegtidmphereeit proyidediihe asiefohiawrdosage asyeppitidc
and/or derjvatives thereof for the therapy of pathological states or

disease@_“éi“’@ﬁ@%dﬁﬁ??ﬁ?%ﬁﬁ’nﬁi%ﬁfy RitiatslHing LAt N of
endotheREPGERBAT BRIBNEOTEGHERS cells. A dysfunction of

endothelial progenitor cells may mean, for exampie, that
these cells proliferate not at all or only inadeguately. Since
the proliferation of endothelial progenitor cells is stimulated
by the use of erythropoietin, the deficient dividing behavior
both of endothelial progenitor ceils and of already
differentiated endothelial cells can thereby be compensated
and the number of endothelial progenitor celis or endothelial
cells increased. Dysfunction of endothelial progenitor celis
may consist, for example, of impaired ability of these cells to
differentiate to endcthelial celis. A dysfunction of endotheliai
progenitor celis may also be caused by their impaired
adhesion ability and/or their impaired ability to migrate
toward an angiogenic or vasculogenic stimulus. Such
dysfunctions of endothelial progenitor cells may lead, for
example, to impairment or prevention of the formation of new
endothelial tissue and/or of vasculogenesis. A dysfunction of
endothelial progenitor cells may also have a pathogenic
cause, for example due to hypertension,

hyperiipoproteinemia, elevated ADMA blood levels, uremia



thereof. In connection with the present invention, there will be understood
by "diseases", "pathological states" or "disorders" impairments of vital
processes in organs or in the entire organism, resulting in subjectively
experienced or objectively detectable physical, emotional or mental
changes. According to the invention, these diseases are associated in
particular with a dysfunction of end‘o%ﬁe"lial progenitor cells, or in other
words diseases that either are the result of such a dysfunction of these
cells or are mediated by these cells. Also according to the present

inventio®¥, tiehetel. bEheysfunaivpyofoassinibetialpprogfiienlosiiges” or
"disorders” impairments of vital pr es.in organs pr.in the.entir
organis%%ﬁa?carﬂ %%%??tgéte%%org f?l%%ﬁa@ﬁédt} r%g\?v%g i Wéi"r‘%%&?%ssion

by admGtratsDRAPvbgobiy esfyitispe (N0 8% - bosuilahignitive
ingredients. By "sequelae" there will be understood secondary diseases,

or in otHeFRBRes SadethlingRsruSisRRAMRY ineigaResh RS rHAdry
clinical gendiioniABRaRHOR Wik the Biase R YRIERN there will be

understood by "dysfunction” of endothelial progenitor cells an impairment
of essential cell functions such as metabolic activities, response to
stimuli, ‘%ng??tgitgg dividing behavior or  differentiation behav%())r.oft ese cells.

A dysTUASTER07 eI el R CERRTREY Ao AF s

examp?e, that

these cesRigtfioraiernasasnbm oydeater IRy afinee phigcular
prOIiferai’tai?pne?gheorggsottggii'g:ne;?gc?iggg{ecseIgéisiitslgisr?lg:[zastgi?n resistancs,
endothelium-mediated chreonic inflammatory disorders such
as vascular inflammations, endotheliosis  including
reticuloendotheliosis, atherosclerosis, age-related
cardiovascular disease, ischemic disorders of the
extremities, Raynaud's disease, preeclampsia, pregnancy-
induced hypertension, chronic or acute renal failure,
especially terminal renal failure, renal function restrictions
with glomerular filtration rates of 30 to 80 mi/min, preferably

40 to 80 mi/min, micrcalbuminuria, proteinuria, elevated

ADMA levels, wound healing and sequelae thereof.

“Hypercholesterolemia” is characterized by elevated
concentrations of cholesterol in the blood. By far the most
frequent form of primary hypercholesterolemia is polygenic
hypercholesterolernia. Secondary  hypercholesterotemia
frequently occurs in diabetes mellitus, nephrotic syndrome,

hypothyroidism and hepatic disorders.



by the use of erythropoietin, the deficient dividing behavior both of
endothelial progenitor cells and of already differentiated endothelial cells
can thereby be compensated and the number of endothelial progenitor
cells or endothelial cells increased. Dysfunction of endothelial progenitor
cells may consist, for example, of impaired ability of these cells to
differentiate to endothelial cells. A dySfunction of endothelial progenitor
cells may also be caused by their impaired adhesion ability and/or their
|mpa|red ability to mi rate toward an angiogenic or vascé%?genlc stimulus.

Such dy2 Buio fieRIMBrSRiItS AERKS TRIFR A, #YceREmple,
to impammemevmy@wrﬁee frmagiogifereny eneribrial sirgue

and/or of vasculogenesis. functl p nitor cells
may alswmgrﬁspat ge‘?ﬁ‘g' @§’e 1‘ x‘éﬁgmg Ii}%g $tBnsidn,
hyperlipesteiaiisiaiforc!datécvabhAdpiped Ieswetnuremm%ﬂons
diabetes., T sfunct n of e doth nltorc I
oo N B IR ST AR (ST SRR No
synthasasedNQS) faoen forngdingy mcsesissd eﬁohaihqilemrcekw:ttmmand/or
increas cﬂt roductlo ofa hesion molﬁcul ssuch AM 1.and
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dysfuncxmgatﬁ eiwoehehabiprgymutw CHfis &nmtnantloﬂlAGEs takes
hypercgi%%%e&fﬂ ?38 ABGteS ’%‘@ nﬁr&%‘é dnd RN increased
chronicin atory

endothéelium- me isorders suc as vascular
inflammextent jredikitedip sieihitiading Atzhetmef’s disease. Binding
of AGEs leads to oxidative stress, activation of the NF-«B
franscription factor and thus an impairment of endothelial

homeosiasis.

By “insulin resistance” there will be understood impaired
signal transmission in varicus body cells, which ignore the
physioclegical signal cascade of insulation. Affected patients

therefore lack normal glucose metabolism.

‘Endothelium-mediated chronic inflammatory disorders” are
disorders or conditions of a human or animal body that are
caused by a defense response of the organism and iis
tissues {o harmful stimuli, wherein certain signal molecules
alter the properties of endothelial celis, with the resuit that, in
interaction with the activation of other cell types, leukocytes
remain adhering to endothelial cells, finally penetrating into
the tissue and causing inflammation therein. One example of
endothelium-mediated inflammation is leukocytic vasculitis.
A central role in activation of an endothelium-mediaied
inflammatory event is played by the NF-xB transcription



reticuloendotheliosis, atherosclerosis, age-related cardiovascular
disease, ischemic disorders of the extremities, Raynaud's disease,
preeclampsia, pregnancy- induced hypertension, chronic or acute renal
failure, especially terminal renal failure, renal function restrictions with
glomerular filtration rates of 30 to 80 ml/min, preferably 40 to 80 ml/min,
microalbuminuria, proteinuria, elevatdd "ADMA levels, wound healing and
sequelae thereof. "Hypercholesterolemia” is characterized by elevated
concentrations of cholesterol in the blood. By far the most frequent form

of primdAFiffpefitRifiaiedieiem idgssiigenie Aperds
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nephrotic syndrome, hypothyroidism and hepatic disorders. -36-

"Diabeté¥ Y78 IR¥E € Shcompasses various forms of glucose metabolism
impairments having different etiologies and symptoms. In particular, the

AGE-RAGE system is responsible for the development of djabetic
ol o RS s Reth A P ASTRIEE RFRTR AR A or
end prostutifs)Aresfasmratulia seniasekcamitex rerstiodembolieniog
prolonged exposyre of proteins ot lipids.tg reducing, sugars, for,example
oS PR Rt gR STACSE QOSBRI RG! RE WOSE Stho
processdishizaninbeeasibdlil ehietiddptidiahstemmelitusandtislabeaimer's
disease. Binding of AGESs leads to oxidati tre ctivation of the
NP N S e S R e e R

disease.

By “Raynaud's disease” there will be understood episodically
occurring ischemic states caused by vasoconstriction, or in
other words vascular spasms, usually in the arteries of the
fingers. Primary Raynaud's disease is a purely functional
impairment of the small vessels supplying the distal parts of
the exiremities, whereas secondary Raynaud's disease
~ accompanies another disease such as vascular

inflammation.

“Preeclampsia” is an endothelial and vascular disease of the
maternal organism, apparently caused by endotheliotropic
substances from the placenta, Preeclampsia is a
multisystem disorder that may lead o functional impairments
of numerous organs and be manifested by diverse
symptoms. The circulatory impairments typical of the
disorder result from increased vascular resistance, which
can vary locally in severity. For preeclampsia it has been
confirmed that an endothelial dysfunction is the central

component of the pathogenesis.



homeostasis. By "insulin resistance" there will be understood impaired
signal transmission in various body cells, which ignore the physiological
signal cascade of insulation. Affected patients therefore lack normal
glucose metabolism. "Endothelium-mediated chronic inflammatory
disorders" are disorders or conditions_ of a human or animal body that are
caused by a defense response of tﬁgz%r'ganism and its tissues to harmful
stimuli, wherein certain signal molecules alter the properties of
endothelial cells, with the result that, in nteraction with theia tivatign of

other cdlt tfBBEERHRRL s B nRLRS SBhIRRTHO Bn B¥thE R Bl ally
penetratirgdniail the tingieestasticasinginirnnaslinn thareinki@ngs
exampI? of endothel%;m-mediate%{?grlmma ian is Ieuﬁ%cytic.vasciulitis. A
central fBIEFHT: éﬂva‘d liReIRARate| {2 3H?§féedni gn‘rﬁ%@fm}ﬂevent
is playeddwatited\$tagBdr sins cripfiiantoIégldaterthdnsitheraysiewaleading to

the dev%cg)me t,of e d(?thelial. celém di:;(lt ?hnonjcrgnflqrprﬁa}io?ss is the
AGE- RAKE SIS C i BT (ReRBa or ST (IR 0T
degenetdtaraciez i obife ratiNapsed ofh dtial ekamdersy damithgendocrine
non-thrgmbapenic,.purpura. By "reticuloendotheliosis" there will be
underst%uoné) %§.’§g§§§% %ﬁ’é‘ {Pleéy?éticulohistiocytic system, such as reticulum,
reticulosis, reticulohistiocytosis and Hand-Schuller-Christian disease. By

"Raynauds JI5R88 IS TRVEH R VISPt SRRSY 68 Ncute renal
failure, which is also referred tc as acute renal insufficiency,
shock kidney or shock aneuria. Acute renal failure is
characterized by sudden pariial or total loss of the excretory
function of the kidneys as a resuit of kidney damage that is
usualy reversible. The causes may be hypoperfusion due fo
hypovolemia, hypotension and dehydration resuiting from
blood losses (polytrauma, gastrointestinal or postpartum
bleeding, major surgical procedures on the heari, vessels,
abdomen or prostate), shock (myocardial infarction,
embolism), serious infections (sepsis, peritonitis,
cholecystitis), hemolysis (hemolytic-uremic syndrome,
paroxysmal hemoglobinuria, transfusion reaction), myolysis
(crush syndrome, rhabdomyolysis, myositis, burns), water
and electrolvte losses (massive vomiling, diarrhea,
excessive sweating, ileus, acule pancreatilis). Further
causes may be nephrotoxins such as exogenous toxins, for
example aniline, glycol compounds, methanol and the like,
or endogencus toxins, for example myoglobin and oxalates.
Further causes of acute renal failure are renal disorders, for
example inflammatory nephropathies or rejection reactions

following kidney transplantation. Acute renal failure may also



occurring ischemic states caused by vasoconstriction, or in other words
vascular spasms, usually in the arteries of the fingers. Primary Raynaud's
disease is a purely functional impairment of the small vessels supplying
the distal parts of the extremities, whereas secondary Raynaud's disease
accompanies another disease SUCh'd%@ vascular inflammation.
"Preeclampsia” is an endothelial and vascular disease of the maternal
organism, apparently caused by endotheliotropic substances from the

placenta. Preeclampsia is a multisystem disorder that m Ieadd
Runctond? R A L RS S RRRl i ere
symptonring flewir¢baionentipaitasine ofpit actcherdistideerediit from
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central ibemipuaptionf heppavieotonesis. aBdeasicstimbuidenwith the

presentépﬁg%tégjbrpr"égggé @Mﬁ iﬁl}@p will be understood the restricted
t [

ability o neys to excrete substances normally contained in the
urine. In advanced stages, the ability to regulate the electrolyte, water
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Accordingnt thdunye Qnsaend atordcnrapdiefaitute mleakdadum:,, which

's also rgﬁggpufgragnﬁcy&gtﬂ%?n le'rré n%gick‘?é’r‘%!y disorders, infections
and congenital or acquired structural defects. Causes cof
chronic renal failure include chronic glomerulopathy, chronic
pyelonephritis, analgesic nephropathy, obstructive uropathy,
arteriosclerosis and arteriolosclerosis. The terminal stage of
chronic renal failure is uremia. The inventive treatment of
chronic renal failure with low-dosage erythropoietin leads
according to the invention to diminution of the pregression of

chronic renal failure.

In particular, the invention therefore relates to the use of
EPQ, preferably in low doses, for production of a drug for
prevention, diminution or slowing of the damage to kidney
tissue and/or for regeneration of damaged Kkidney tissue in

cases of acute or chronic renal fallure,

According to the invention, there will be understood by renal
function restriction conditions in which the glomerular
filtration rate has already slowed to less than 80 mi/min.
Renal function restriction therefore relates o the early phase

of glomerular, tubulointerstiial and vascular kidney



shock kidney or shock aneuria. Acute renal failure is characterized by
sudden partial or total loss of the excretory function of the kidneys as a
result of kidney damage that is usually reversible. The causes may be
hypoperfusion due to hypovolemia, hypotension and dehydration
resulting from blood losses (polytrauma, gastrointestinal or postpartum
bleeding, major surgical procedures on the heart, vessels, abdomen or
prostate), shock (myocardial infarction, embolism), serious infections

(sepsis, peritonitis, cholecystitis), hemolysis (hemolytic-uremic syndrome,
paroxys?f%rﬁgﬁoglggﬁ]uf%\f%ﬁwsfus%ﬁﬁgegong% mg%'fﬁiis ‘ﬂB S
syndromestrivtibeenwitity isv-auyesids doviins oiatier leadseratoolite;losses
(massive vgmiting, diarrhea ces§ive S\Iﬁe ting, ileus, acute

r
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toxins, iegenarmibe aiithe, ppgiohicgipdoey tisnisthandlaniditiotidike, or
endogeggyn%toxins, for example myoglobin and oxalates. Further causes
of acuté renarfailure are renal disorders, for example inflammatory
nephropathies or rejection reactions following kidney transplantation.

Acute r‘f:‘?a'c 'Wé%ﬁy\%ﬁo iﬁ%‘ B%%%H%eﬂx@gnmawfgs;snm fgliowing
obstruction of the™ urine flow. The inventive treatmeht of acute renal failure
with eryshdepeieeih, byréheicibBibhutoivies o3, diaidsl apichitinig tyhibe

inventiogo pravROROLAUISASAIMUBIARAI Lie-DrBereEsiBnAlncute

renal failur g to the invention, re ure may also be chronic
in the urine in excess of 30 mg per 24 hours. This increased

albumin excration is an early sign of the beginning of renal
function deterioration, and is a consequence of the first
pathological transformation processes in the kidneys,
accompanied by structural alterations of the kidney

architecture.

In connection with the present invention, there will be
understocd by ‘“proteinuria” a clinical picture in which
affected patients exhibit unphysiological excretion of proteins
in the urine in excess of 150 mg per 24 hours. This
increased protein excretion via the urine (> 150 mg per 24
hours) is considered to be pathological, requiring further
medical investigation and therapy.

In connection with the present invention, there will be
understood by “high ADMA levels” a clinical picture in which
affected patients exhibit an unphysiologically high ADMA
bicod concentration in excess of 1.3 pmolfl. This elevated
ADMA concentration is associated with an endothelial

dysfunction and is a consequence of metabolic dysfunctions



renal failure. Causes of chronic renal failure are vascular, glomerular and
tubulointerstitial kidney disorders, infections and congenital or acquired
structural defects. Causes of chronic renal failure include chronic
glomerulopathy, chronic pyelonephritis, analgesic nephropathy,
obstructive uropathy, arteriosclerosi 1a[\d arteriolosclerosis. The terminal
stage of chronic renal failure is uremia. The inventive treatment of
chronic renal failure with low-dosage erythropoietin leads according to the

invention tq.diminution of the progression of chronic renal failyre, In
(11 8 aaq ! eiFg?ably in

particulérr‘, thee in!‘\)/'gr%%ﬁ?ﬁercéffore SEERH tﬁg%sgxocfr E\Igsi‘(ir),@pre

low dosesyléamioduction of a drug for prevention, diminution or slowing
of the damage to kidney tissue and/or for regeneration of damaged
kidney tissue in cases of acute or chronic renal failure. According to the

inventioim tbermedtidre witterieodimseenalniwntlion rdstrstionicdrgitions
in which the glomerular, filtratjon rate has already slowed to less than 80
mimin. JRERE RS HRIACKBRABsei1e RINRRRG R BRRPRRESe of
glomeryisy rédarisiators i cutb yag tidankigne Yok Biodisgrdesduhae

inventive treatment of renal function restrictions with low-dosage

erythrojSSRRRAACEIRNREIAG PEIHGOIRAEHB HES Ui ARd FPBREIRS-
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healing), which in the case of a clean wound is characterized
by rapid and comglication-free closure and largely complete
recovery, resulting from minimal formation of new connective
tissue between the wound edges, which have a good blood
supply and have been approximated if necessary. In the
case of wounds with wound edges that are further apart,
especially crushed or necrotic wound edges, and of wound
infections, delayed secondary wound healing (second
intention healing) takes place. In such cases the tissue
defect becomes filled with granulation tissue as a result of
(a)bacterial inflammation, and scar tissue is formed more
extensively, Epithelialization starting from the edge
represents the compietion of wound healing. Such wound
healing is divided into three phases, known as latency
phase, proliferative phase and repair phase. The latency
phase in turn is divided info the exudative phase with scab
formation, especially in the first few hours after the wound
occurred, and the absorptive phase with catabolic autolysis,
extending over a period of one to three days after the wound
occurred. The proliferative phase is characterized by

anabolic repair with production of collagen by fibroblasts,



understood by "microalbuminuria” a clinical picture in which affected
patients exhibit unphysiological excretion of albumin in the urine in
excess of 30 mg per 24 hours. This increased albumin excretion is an
early sign of the beginning of renal function deterioration, and is a
consequence of the first pathoIogicaé#ransformation processes in the
kidneys, accompanied by structural afterations of the kidney architecture.
In connection with the present invention, there will be understood by
“proteinuria” a clinical picture in which affected patients exhibit

unphysiBRital2Kes RSB IBT Htn Ltith &L sR¥SGRtExEaYs Ftersiithg per
24 hourgyol g JRSIRASEITIRORIPHXSHRA iRy Me Shimee(2idRthagyer 24

hours) is considered to be pathological, requiring further medical
investigdfi§h afetharagd In eiiTERSion 3th tife presestteizadiodthere

will be yndersiaediBy digh ARMABYRIYsa RlinigsLpiekie in which
affected patients exhibit an unphysiologically high ADMA blood
concentration in excess of 1.3 mol/l. This elevated ADMA concentration is

associated wj d li Y, [on is.acC u f
metaboﬁ% d%/\é‘, ur%g'ﬁ%ﬁs% i?lht??eéggogc%gsés r})%\gggfa%%%%% ggg e(?%cretion
of this mbtleratecth bpraéetondlith theagltdsetitdnsentiiorihthafrésodl be
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mechanical injury or physically related cell damage. Within
the meaning of the present invention, a wound is also
considered {o be a disease. Types of wound are mechanical
wounds, thermal wounds, chemical wounds, radiation-
related wounds and disease-related wounds. Mechanical
wounds are caused by external violence and occur in
particular as cut and stab wounds, crushing, lacerating,
tearing and abrading wounds, scratch and bite wounds and
projectile wounds. Thermal wounds are caused by exposure
to heat or cold. Chemical wounds are caused in particular by
burning with acids or alkalis. Radiation-related wounds are
caused, for example, by exposure to actinic and ionizing
radiation. Wounds occurring in relation to disease are in
particular congestion-related wounds, traumatic wounds,
diabetic wounds etc. According to the invention, it is
provided in particular that low-dosage erythropoietin will be
administered for wound healing, preferably topically or

intravenously.

The present invention relates to the use of low-dosage

erythropoietin for the therapy of hypercholesterciemia,



especially formation of new connective tissue and capillaries. Wound
healing may be primary wound healing (first intention healing), which in
the case of a clean wound is characterized by rapid and complication-free
closure and largely complete recovery, resulting from minimal formation
of new connective tissue between tlgr wound edges, which have a good
blood supply and have been approxithated if necessary. In the case of
wounds with wound edges that are further apart, especially crushed or
necrotic wound edges, and of wound infections, dﬁli'%ed secon(%%rg

; s the

wound HERRGS SEESRES nfsHsh 1SRG fakesqRtEliym<Derig
tissue defgpidenmapmibRAWIdRRAloaiRIHeIRSE rapdllging

(a)bacterial inflammation, and scar tissue is formed more extensively.

Epitheli@iictieandaiiatiosism the cAIGETOERIRISSHSs the cASHIIRIFS!
wound healings SURSWOsRErdialingdabivied igiaotiese Phsegnknown

as latency phase, proliferative phase and repair phase. The latency
phase_ iﬁﬁ@m@%idmm@%&udm%&@e wigesssb fopgrtion,
eSpec'ac!%dP%‘é]% fE&EﬁF‘QM%ﬁ%ﬂH&r Hhenserndy gﬁéuﬁ(}’e‘?; Y&
absorptive phase with catabolic autolysis, extending over a period of one
to threectaysiafteettiaiis i rec amdech lag g rdifferdere pHasons,

characteri g’;y &cr ir Wi ro? ion o é[g%
fibrobla’g}g%,;% -ra{]r;%dl % &s p%ég%%lt e é%ﬁr%ﬁ%b é§§ent ﬁge@{a eer the
wound gastrvieteSinalrepact ph@sshbayinisemsee eiffdtriiisy aftéithe
wound occurred, and is chaFIacte'r%'zed. b|¥ .
pregnancy-induced nyperiensior, chronic or acute renat
failure, especially terminal renai failure, renal funclion
restrictions with glomerular filtration rates of < 80 mi/min,
especially 30 to 80 mi/min, preferably 40 to 80 mi/min,
microalbuminuria, proteinuria, elevated ADMA levels or

wounds and sequelae thereof.

According to the invention, it is provided that erythropoietin
will be administered to a patient in a therapeutically effective
dose sufficient to cure the condition of an aforementioned
disease, especially a disease associated with a dysfunction
of endothelial progenitor ceils, or to prevent this condition, to
stop the progression of such a disease and/or to alleviate the
symptoms of such a disease. The dose to be administered to
a patient depends on many factors, for example the age,
body weight and sex of the patient, the severity of the

disorders, etc.

“Inventive dosing of EPO”



transformation of the granulation tissue into a scar. In connection with the
present invention, there will be understood by a "wound" a break in the
continuity of body tissues with or without loss of substance, caused by
mechanical injury or physically related cell damage. Within the meaning
of the present invention, a wound is also considered to be a disease.
Types of wound are mechanical wogﬁsds thermal wounds, chemical
wounds, radiation related wounds and disease-related Wounds
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dlsorders dotheliosis Incl
especlaily doses of 20 to 1000 IU/week, especially doses of

20 to 950 IU/week, especially doses of 20 to 900 1UMeek,
especially doses of 20 to 850 IU/week, especially doses of
20 to 800 |U/week, especially doses of 20 to 750 IU/week,
especially doses of 20 to 700 |U/week, especially doses of
20 to 650 {U/week, especially doses of 20 to 600 {U/week,
especially doses of 20 to 550 {U/week, especially doses of
20 to 500 U/week, especially doses of 20 to 450 U/week,
especially doses of 20 to 400 1U/week, especially doses of
20 to 350 U/week, especially doses of 20 to 300 1U/week,
especially doses of 20 to 250 lU/week, especially doses of
20 to 200 [U/week, especially doses of 20 to 150 U/week,
according to the severily of the disorder and depending on
renal function. According to the invention, it is also provided
that doses of 1 to 450, preferably 1 to 8 [UAveek will be
used. All of the foregoing doses provided according to the
invention, for example of 1 to 2000 units (IU)week per
patient, especially, for example, of 500 to 2000 [U/week per
patient, are subpolycythemic doses, or in other words doses
that do not lead to an increase of the hematocrit, and in

particular do not lead to an increase of more than 10%,



reticuloendotheliosis, atherosclerosis, age-related cardiovascular
disorders, ischemic disorders of the extremities, preeclampsia, Raynaud's
disease, hepatic disorders such as hepatitis, cirrhosis of the liver, acute
or chronic liver failure, bone and cartilage disorders or lesions, mucous
membrane disorders or lesions, especially in the gastrointestinal tract,
Crohn's disease, ulcerative colitis,” pregnancy-induced hypertension,
chronic or acute renal failure especially terminal renal failure, renal
function restri tlo Wlth f||tra on rates of < .80 ml/min,
especwﬁﬁp%'? 4’11/[?1'. %%@%%ﬂfﬂ?%‘?&%‘%ﬂﬁ%muna
proteinuuitd, aievamda%mmiamelswrtmmdmm seith kO areef.

According to the ventlo it is rov that erythr etin_ will.be
admlnlst%q?ga ¥oya{%a Ien sest o ?d ?Ve#‘gtl?g(%!a%se s?ﬂ I8nt to

erapeu
cure thermmzbnod cbbamw‘ldlgemm&mrmédabmséaiseo Spacidly (# Disdase

associ (ﬁf%.) 4 2 gg%l%% émg%f ng% |a(]0p£ggégs gg ggg% J/% té?oprevent

this con 0 Sto ression such a OrF t0
alleviatiJthé ES@I!&M@M‘;W@ﬂ isepseiaiiid dosidtibbef &dfRifgtered to

o of e B e gt g of
EPO" -weightcoriingialithad m/e‘fﬁldhi |©fsfﬁ?@§f@@ﬁob@ﬂyumghhethods
and compasifipgs of the PrepeniteasiNg & body weight, or a

comparable weekly dose of Aranesp of 0.001 to 0.4 ug/kg of

body weight, 0.001 to 0.3 pg/kg of body weight, 0.001 to

0.25 ug/kg of body weight, 0.001 to 0.2 ug/kg of body

weight, 0.001 to 0.15 pg/kg of body weight, 0.001 to 0.1

ng/kg of body weight, 0.001 to 0.08 pg/kg of body weight,

0.001 to 0.08 ug/kg of body weight, 0.001 to 0.07 ng/kg of

body weight, 0.001 to 0.06 ng/kg of body weight, 0.001 to

0.05 pg/kg of bedy weight, 0.001 to 0.04 pg/kg of body

weight, 0.001 to 0.03 ug/kg of body weight, 0.001 to 0.02

ugfkg of body weight, 0.001 to 0.01 ug/kg of body weight,

0.001 to 0.009 ng/kg of body weight, 0.001 to 0.008 pg/kg of

body weight, 0.001 to 0.007 ug/kg of body weight, 0.001 tc

0.006 pg/kg of body weight, 0.001 to 0.005 ug/kg of body

weight, 0.001 to 0.004 ug/kg of body weight, 0.001 to 0.003

ugfkg of body weight, 0.001 {o 0.002 pg/kg of body weight.

Aranesp is a doubly PEGylated EPO.

According 1o the invention, it is particularly preferred for all
uses, methods and compositions of the present teaching that
erythropoietin be used in small quantities, smaller than the

quantities known fo be used for the treatment of renal



erythropoietin be used in small quantities, smaller than the quantities
known to be used for the treatment of renal anemia. Within the meaning
of the present teaching, there will be understood by a small or low dose
or dosage, especially in vivo, or in other words per patient, EPO doses of
1 to 2000, preferably 20 to 2000 unitgé(lp; international units)/week,
preferably doses of 20 to 1500 IU/week, especially doses of 20 to 1000
IU/week, especially doses of 20 to 950 IU/week, especially doses of 20 to

900 IU/week, . ially.d f 20 tq 850 U/ ially d f
20 0 SO R LUBBITAEY A I5toPTEBS ) WSt e By
doses of@0 t708dbYeieel, egpecishyatioses|olv 20060 [Hhwegk,

especially doses of 20,to 600 IU/week, especially doses of 20 to 550
IU/weelkERERIRINI{PE¥8s ¥ BEtBeEIHA va@%k,géé‘ﬁé‘éiaﬁlﬁ‘ﬁdi%%,e8f 20 to

450 U/ weelgoaspeamliyrdrsesiof €0de 498dUiweskipshesiaiioirpes of
20 to 350 IU/week, especially doses of 20 to 300 IU/week, especially

doses otpitslo peo kikgeak, eépkediwRight senaveeloERpsFlly
especialiydases gl 459 gk, acqosdinmiadieseyeripsabthe

disorder and depending on renal function. According to the invention, it is

also pro%@dﬁ@%%e@&ﬂﬂqét%d?ﬁeéf@fa@l@ﬁ. te @%M@Mﬁﬁi’%e
R
of 500 tef200Ib| thwetK Paumeaaint capesidiyoljesesenfidddsde, 8Pin
i‘;ther WOIFRGIRRRR, NALARi0R) 'eRdiR Al s sse oL RBAIRER: and
especially doses of 0.05 to 25 tU/kg/week, especially doses
of 0.05 to 23 IU/kg/week, especially doses of 0.05 to 21
IU/kg/week, especially doses of 0.05 to 20 IUlkg/week,
especially doses of 0.05 to 19 1U/kg/week, especially doses
of 0.05 to 17 1U/kg/week, especially doses of 0.05 to 16
IU/kg/week, especially doses of 0.05 to 13 1U/kg/week,
especially doses of 0.05 to 11 1U/kg/week, especially doses
of 0.05 to 9 1U/kg/week, especially doses of 0.05 to 7
iU/kg/week, especially doses of 0.05 to 5 1Ul/kg/week,
especially doses of 0.05 to 3 1U/kg/week, especially doses of
0.05 to 1 IU/kg/week, according to the severity of the
disorder and depending on renal function. According to the
invention, it is also provided that doses of 0.001 to 20,
preferably 0.05 to 10 IU/kg/week will be used. All of the
foregoing doses provided according to the invention, for
example of 0.01 o 90 units (lU)Ykg/week per patient,
especiaily, for example, of 0.01 to 50 1U/kg/week per patient,
are subpolycythemic doses, or in other words doses that do

not lead to an increase of the hematocrit, and in particular do



particular do not lead to an increase of more than 10%, -45- especially
5%, preferably 2% in the hematocrit compared with the hematocrit prior to
the treatment with EPO. The subpolycythemic doses provided according
to the invention correspond to weekly doses of about 1 to 90 units (IU) of
EPO/kg of body weight, especially | tp.45, especially 1 to 30 U of EPO/kg
of body weight, especially | to 20 IU of EPO/kg of body weight, especially
1to 15 IU of EPO/kg of body weight, especially 1 to 10 IU of EPO/kg of

e e e

comparablie week se of Aranesp

weight, Br@Rt=olp.3294kginf hibey \meiglatodri0ldemPated)/kyith by
weight, 0.001 to 0.2 4g/kg of boﬁ weight, 0.001 to, 1%_3%3 of pody
weight, BERARSH. 1 pd%% ofDodySei %lagﬁ"@@ 106109 447Ky of By
weight, QEEehemhr#oldeses hadyneiDBEddREAdad Bié 48lesminbody
weight, 0.001 to 0.06 4g/kg of body weight, 0.001 to 0.05 pig/kg of body

weight, BPHGERE1 02 MREISIIRRER RekPrub 86P1:19.68 gl E¥body

weight, & . i i Q.00 Qh4 dy
B N e LAY TR Lo

body wé@t! 60682 tH OOBT B breguyMpiahit sompially 4.606%/kg of

pochy wagh O 0D 00 ot Sohe it 6 D01 90 000 Mk of

body weighodxravrightis esgeaisaiyP EG9latel EPDEPO/kg of body
weight, or a comparable weekly dose of Aranesp of
0.000005 to 0.45 pg per kilogram of body weight, 0.00025 to
0.250 ng/kg of body weight, 0.00025 to 0.225 ug/kg of body
weight, 0.06025 to 0.2 upg/kg of body weight, 0.00025 to
0.175 pg/kg of body weight, 0.00025 to 0.165 ng/kg of body
weight, 0.00025 to 0.155 pg/kg of body weight, 0.00025 to
0.145 pgtkg of body weight, 0.00025 to 0.135 ug/kg of body
weight, 0.00025 to 0.125 nugrkg of body weight, 0.00025 fo
0.115 pg/kg of body weight, 0.00025 to 0.105 nuglkg of body
weight, 0.00025 to 0.085 pgrkg of body weight, 0.00025 fo
0.085 pg/kg of body weight, 0.00025 to 0.075 ng/kg of body
weight, 0.00025 to 0.065 ug/kg of body weight, 0.00025 to
0.055 ng/kg of body weight, 0.00025 to 0.045 ng/kg of bedy
weight, 0.66025 to 0.035 po/kg of body weight, 0.00025 to
0.025 ug/kg of body weight, 0.00025 to 0.015 ug/kg of body
weight, 0.00025 to 0.005 ug/kg of body weight. Aranesp is a
doubly PEGylated EPC. Compared with the initial dose of 90
to 150 1U/kg of body weight per week (beginning with 4000
to 8000 lU/week as a rule, but even much higher if the result

of therapy is not satisfactory) usually used for therapy of



According to the invention, it is particularly preferred for all uses, methods
and compositions of the present teaching that erythropoietin be used in
small quantities, smaller than the gquantities known to be used for the
treatment of renal -46- anemia. Within the meaning of the present
teaching, there will be understood by a small or low dose or dosage,
especially in vivo, or in other words f:)é’fgﬁatient, EPO doses of 0.001 to
90, preferably 0.001 to 50 units (IU; international units) per kilogram of
body weight per week, especially doses of 0.05 to 45 IU/kg/week,

especiallFHIsReHB.05e5Mall Inges eird abmugatjianyle o 35

IU/kg/wegls eesecinfiylogss 06 0.QRHgRAME ek RaRagially dpses
of 0.05 to 31 IU/kg/week, especially doses of 0.05 to 29 IU/kglweek,
especialfpaesiaihvf PoRrePPIR/Ief/\0K o ptiamjtadesyesio perto 25

kgweslaipesily doses R0 APIUKENBGE faReralyloses

of 0.05 to 21 [U/kg/week, especially doSes of 0.05 to week,
especialliegtivesiopDdisereses ny/kgthvelokjcd piaiaky afsseiatedondtito 17

IU/kg/w ial 0f Q.02 to 15.. 1U/kg/week, especially doses
of 0.05 to S(W‘g w%fe%?‘%é%s%é’g@%!né @géﬁét%? 8%% to 1%%%\’55'” an/%g”,
especialigvdoses of 0.05 to 9 IU/kg/week, especially doses of 0.05 to 7
IU/kg/week, especially doses of 0.05 to 5 IU/kg/week, especially doses of

0.05 to 3 IU/kg/week, especially doses of 0.05 to | lU/kg/week, according
to tEe SQYRIREOh eSO Kl LI eRengie aBd&HEs TIRCURR-ieePrding
to the
doses to be administered weekly, although they can also be
divided into several individual doses in a week, or in other

words administered by muitiple dosing.

A particularly preferred embodiment of the invention relates
to the use of low-dosage ervthropoietin and/or its derivatives
as defined in the foregoing section entitied “Inventive dosing
of EPO" as active ingredient for production of a
pharmaceutical composition or as a drug for the therapy of
pathological conditions or diseases associated with a

dysfunction of endothelial progenitor ceils.

According to the invention, there will be understood by
“active ingredient” an endogenous or exogenous substance
that, on contact with target molecules or target ceils or target
tissues, influences specific functions of tissues, organs or
organisms in differentiated manner. According to the
invention, therefore, it is provided that erythropoietin, as

active ingredient of the inventive pharmaceutical



invention, it is also provided that doses of 0.001 to 20, preferably 0.05 to
10 1U/kg/week will be used. All of the foregoing doses provided according
to the invention, for example of 0.01 to 90 units (IU)/kg/week per patient,
especially, for example, of 0.01 to 50 IU/kg/week per patient, are
subpolycythemic doses, or in other words doses that do not lead to an
increase of the hematocrit, and in particular do -47- not lead to an
increase of more than 10%, especially 5%, preferably 2% in the
hematocrit compared with the hematocrit prior to the treatment with EPO.

The sUBERRIEHGRICBESeSPTERH AR R 8! RECBRRIRORES,
correspqpe rmwsa&évﬁﬂemﬁéﬁé}%,%ﬁ@fgmﬂw US A ﬂﬁ@ﬁgf&

body weight, especially 0.001 to 50, especi 001to 45|
of body Wefigivipedheciallyirl totibnkn afirER O of bardgiweéigktjarsecially

1to 10 IU of EPO/kg . of hody weight cjally | to 4 IU of EPO/kg of
body W&Eﬁt&&?%&%ﬂmé@ﬁy% ﬁe%‘k‘i{?%ﬁ%%%?%&%% &eﬁ?(ﬁ%b 8 to
0.45 g pesifasisarcal fedyhyeita 90828 ang. 23 atkasdfrdeweight,
0.00025 to 0.225 gg/kg of body weight, 0.00025t0 0.2 g /k%l of body

G

weight, @088 gyhurrtiorgan Raipliesiiraiocootedad alevaiad of
body wejigh to 0.1 (kg of. body weight, 0,000 . 5
g/kg of k?)o%ytevlv%%%%% .00 f&255%3%/3.(%133 '5’5' %/egf b%adt{/ v?/glgk%[%%)ggggﬁ to
0.125 ggiteyehtmilyivisighisd .00023d0 BAl the/kgef b itywadighaige
0.00025 to 0.105 ga/kg of body weijght, 0.00025 to 0.095 gg/kg of bod
weight, @yg@%@@q& in gwi!l l?eag botr? to organ regeneratigr% agnd to Y
siowing of the progression of functional restrictions in

different organs and organ systems.

In connection with the present invention, there will be
understood by “pharmaceutical composition” or “drug” a
mixture used for diaghostic, therapeutic and/or preventive
purposes, or in other words a mixture that promotes or
restores the health of 2 human or animal body, which
mixture includes at least one natural or synthetically
produced active ingredient that brings about the therapeutic
effect. The pharmaceutical composition may be either a solid
or a liquid mixiure. For example, a pharmaceutical
composition that includes the active ingredient may contain
one or more pharmaceutically tolerable components. The
pharmaceutical composition may additionally include
additives normally used in the art, for example stabilizers,
finishing agents, release agents, disintegrants, emulsifiers or
other substances normally used for production of

pharmaceutical compositions.



0.085 g/kg of body weight, 0.00025 to 0.075 g/kg of body weight, 0.00025
to 0.065 gg/kg of body weight, 0.00025 to 0.055 g/kg of body weight,
0.00025 to 0.045 g/kg of body weight, 0.00025 to 0.035 gg/kg of body
weight, 0.00025 to 0.025 g/kg of body weight, 0.00025 to 0.015 g/kg of
body weight, 0.00025 to 0.005 g/kggé1 body weight. Aranesp is a doubly

PEGylated EPO. Compared with the“nitial dose of 90 to 150 1U/kg of

body weight per week (beginning with 4000 to 8000 IU/week as a rule,
but even much higher if the result of therapy is not satisfactory) usually

used folGREHEyOIcAle iBvantippniereis fravidesk s kadigwpo e for
example the dose of 0.001.t0 90 units/ka/week per,patient, an
especia ??fo?té%@ﬁé?%éﬂ%Ogr%%as%fgit's'?kz?v\@eglg S|C)ees?’ p%'%fﬁ’{ &s
provided ARRAGHNEhER4EE HRVaBHAD faGlegidhedtiners@hdlineasary

pathological states associated with dysfunction of endothelial progenitor

cells - dief dhgetheraplowf binresshiraieratospiscifiiabetescimslidssages

are one:time_doses to be administergd, weekly, althqugh they, can. also be
i T8 CoverdE AT dockit M A IaME R F or vt

adminisigrasmatoHtipis slesing. darrtisylarhsaipieried amRadinent of

the invention relates to the use of low-dosage erythropoietin and/or its
derivatiggsiciRalietiscinchitiedosdgoingruiheliasisitiathenosstaiosidosing

of EPO" as actiye jngredient for production of a pharmageutical

compodiit SR CROURA U HARFaP. ScHemis disorders of
the exiremities, Raynaud's disease, hepatic disorders such
as hepatilis, cirrhosis of the liver, acute or chronic liver
failure, bone and cartilage disorders or lesions, mucous
membrane disorders or lesions, especially in the
gastrointestinal tract, Crohn's disease, uicerative colitis,
preeclampsia, pregnancy-induced hypertension, chronic or
acute renal failure, especially terminal renal failure, renal
function restrictions with glomerular filtration rates of < 80
mifmin. especially 30, preferably 40 to 80 mi/min,
microalbuminuria, proteinuria, elevated ADMA levels or

wounds and sequelae thereof.

The inventive pharmaceutical composition may be suitable

both for topical and for systemic administration.

In a preferred embodiment of the invention, it is provided that
the pharmaceutical composition will be used for parenteral,

especially intravenous, intramuscular, intracutanecus or



pathological conditions or diseases associated with a dysfunction of
endothelial progenitor cells. According to the invention, there will be
understood by .active ingredient” an endogenous or exogenous
substance that, on contact with target molecules or target cells or target
tissues, influences specific functions gf tissues, organs or organisms in
differentiated manner. According to the “invention, therefore, it is provided
that erythropoietin, as active ingredient of the inventive pharmaceutical
-49- composition, upon contact with endothelial progenitor cells, will

influencBUPEHRBRR AR RIra R S IR B iFaRbA N RARIGIBY
thereof 3R HPLGRERIhETRRRITN 4R FHERRdYEYithaigysfunctions of

endothelial progenitor cells can be compensated and the diseases
occurring as a consequence of these dysfunctions can be effectively

controlled, allgyiatey geglimintedhidbaseriipeaseseranipalaRtively

prevented. It is also provided that the use of low-dosage erythropoietin
will leadoRBRiEnSI gUIRrEGERESRbPampes el be BEBI¥gie®sion of
functionglggstrictipnsdangiiferal WBARDRBBHISSRAHPESAMy i

connection with thegr,esent_inv_ention, there will be understoofi?(iyyIS
"pharmAHDHUEIEEMPBsioIIUA "areReEaHRTEIEST & drlghtRtic,

therapeytig RuidRinPERVEMigoRU ROSesoiIRd IpretienytRidsacmixtig that
promotes or restores the health of a human or animal body, which

mixture {RBi&kes at least one natural or synthetically

in a further use, it is provided that the pharmaceutical
compoesition will be suitable for pulmonary administration or
for inhalation. According to the invention, therefore, it is
provided that erythropoietin will be administered in
therapeutically effective manner directly {o the lungs of the
patient. This form of administration of erythropoietin permits
rapid delivery of an erythropoietin dose to a patient without
the need to perform an injection. By absorption of
erythropoietin through the lungs, considerable quantities of
erythropoietin can be delivered via the lungs to the
bloodstream, leading fo  elevated  erythropoietin
concentrations in the bioodstream. In a preferred
embodiment of the invention, the pharmaceutical
composition to be absorbed through the lungs is an aqueous
or nonaqueous solution or a dry powder. When the
erythropoietin-containing drug to be administered by the
pulmonary route is in the form of a dry powder, the said
powder preferably comprises erythropoietin-containing
particles, wherein the pariicles have a diameter of smaller
than 10 pum, thus enabling the drug to reach even distal



produced active ingredient that brings about the therapeutic effect. The
pharmaceutical composition may be either a solid or a liquid mixture. For
example, a pharmaceutical composition that includes the active
ingredient may contain one or more pharmaceutically tolerable
components. The pharmaceutical “cgglposition may additionally include
additives normally used in the art, for'example stabilizers, finishing
agents, release agents, disintegrants, emulsifiers or other substances

normally used for. production af pharmaceutical compositions. -50-
Accordl STt B BRL Thbre (& Khb e hirP B EELALY (RSIoLieds
erythropoibtidirpesfiecdiilye nrventiosed, Bnofovidedetinztihe thargdbas
active 'ﬁgrgglﬁfﬁ?sf%rgﬁoﬁg ?Hégg%l%ﬁ%af rrE)huPt t%ﬁ?gg 9']; the form of
hypercholesterolemia, diabetes mellitus; insufin resistance,
endothatiuaerssdiated chronic inflammatory disorders such as vascular
inflammations, endotheliosis including reticuloendotheliosis,
atherosclerosis, a;;e-related cardiovascular disease, ischemic disorders

of the ExhEtiRHATRRIFSHPE GRbadimesd fictardvertiancriates
hepatitig, citeosigsd thefliveryndisomstiehrdoie liyesdiadiiss, bepe and
cartilage _disorders.or Jesions, mucous membrane disorders or lesions,
especiﬁerffﬁnﬁ%e"ggﬁlroiﬁ%@?ﬁgﬁf@ct, @Foh CHREast! LIS colitis,
pr_eeclmp@mmgﬂ%aydwuoethﬁypfaandetbﬂliahmoitqagﬂwgnal
failure, GroRGial LR LRRAL UK BBk WM ERRTaIRS HEHOgYVith
glomerular filtration rates of < 80

erythropoietin as active ingredient but also at least one

further additional active ingredient for stimulation of

endothelial progenitor cells.

The further active ingredient is preferably an active
ingredient that in particular stimulates the physiological
mobilization of endothelial progenitor cells from bone marrow
or “other stem cell” niches. According to the invention,
however, the further active ingredient may also be an active
ingredient that in particular stimulates the dividing behavior,
or in other words the proliferation, of endothelial progenitor
cells. According to the invention, however, the possibility
also exists that the further active ingredient will stimulate in
particuiar the differentiation behavior and/or the migration
behavior of endcthelial progenitor cells. Particularly
preferably, the further aclive ingredient that stimulates
endothelial progenitor cells is VEGF, PIGF, GM-CSF, an
HMG-CoA reductase inhibitor, especially a statin such as
simvastatin, mevastatin or atorvastatin, an ACE inhibitor
such as enalapril, ramipril or trandolapril, an AT-1 blocker
such as irbesartan, lorsartan or olmesaratan, and/or an NO
donor, especially L-arginine.



mi/min. especially 30, preferably 40 to 80 ml/min, microalbuminuria,
proteinuria, elevated ADMA levels or wounds and sequelae thereof. The
inventive pharmaceutical composition may be suitable both for topical
and for systemic administration. In a preferred embodiment of the
invention, it is provided that the pharmaceutical composition will be used
for parenteral, especially intravenot@Jitramuscular, intracutaneous or
-51- subcutaneous administration. Preferably the erythropoietin-
containing drug has the form of an injection or infusion. In a further use, it

is provideFIiEtBdehynisiEeR. tdnalstrpridadbatthantdesstsition
will be agmainistipfiest Otrltivd-OfrR)FaAIBIA, tRErADIEIERPOIRINEPRERIRING

drug is administered in a liquid_presentation such as a solution,

suspendifeEEiAGEioR GPIER RN GfioNsLRNEs Aveitifet Hi8a
furth%: U;}ﬁ%lifbi?zmﬂvﬁﬁdi&atﬁ@émﬁfmﬁéﬁwf fﬁa?mommﬁamhélli@eh
suitable for pulmonary admipistration or. for jnhalatjon. A ing to the
pt R R T B T S S e
in therafisatitadlyetach \fasranoeadgrebnio. the lungs of the patient.
This form of administration of erythropoietin permits rapid delivery of an

erythropoietin dose to a patient without the need to perform an injection.
By abso#pfimthet enybudipeset rofhiles glvthrdibum gslatesduldhablesguaintities

of erythL ORISR LA DR RN ELRTAMALE HENTS W tive ingredient
for production of a pharmaceutical composition for
stimulation of endothelial progenitor cells, especially for
stimulation of mobilization, proliferation, differentiation to
endothelial celis and/or migration toward a vasculogenic or
angiogenic stimulus. According to the invention, it is further
provided that erythrepoietin and/or its derivatives will be
used as active ingredient for production of a pharmaceutical
composition for stimuiation of vasculogenesis and/or
endothelium formation, especially in the adult human or

animal organism.

The present invention therefore also relates o
pharmaceutical compositions for stimuiation of endothelial
progenitor cells, especially for stimulation of mobilization,
proliferation, differentiation thereof to endotheiial csils and/or
migration toward a vasculogenic or angiogenic stimulus, for
stimulation of vasculogenesis and/or endothelium formation
and for treatment of diseases of the human or animal body
that are associated with a dysfunction of endothelial
progenitor cells and/or endothelial cells. In particular, the

present invention relates to pharmaceuticat compositions or



bloodstream, leading to elevated erythropoietin concentrations in the
bloodstream. In a preferred embodiment of the invention, the
pharmaceutical composition to be absorbed through the lungs is an
agueous or nonaqueous solution or a dry powder. When the
erythropoietin-containing drug to besgdministered by the pulmonary route
is in the form of a dry powder, the said powder preferably comprises
erythropoietin-containing particles, wherein the particles have a diameter

of smalieigthamal Qantahisgiablirgcie SsUsctEcrefieiien diakal=H2-

regions of the patient's lungs. In a particularly preferred embodiment of

the inviSftRin, & pfdtRRNd Sl YRe MEPHCHe J0misimilaiog vl
pulmorgricwidieavitbgeiniihe dole afdasr atiflesehtixieartidathepsferred
embodiment of the invention relates , to the use of erythropoietin, for
productBFor 8 ghHES &l EoaHiIReHon 15 HEFARY of HeLERs
associagtstedth adysivimatinaczhitioddtheliahpogtniter calimtaldiagein the
pharmacﬂt—%tlﬁ[!ical %%mposigogtc gt%'ns QOt ?n[_l%‘ eryth%o oietir} %isea tive
ingredig (TR0 5t fEESt Bhe S Rtn@P 2 ailiofhr AEtVe ir%?e 1At Tor
stimulatelnadédefrdothibkagprogerstopaeirsy MeGEtRbGactob IgEdient is
preferably, ctive ingredient that in particular stimulates the, __
physio org%[fliém‘b'é%zraet%ﬁg 5 8&{%{1’1@ Eil %? 88’%’? r el fom hoﬁ%
marroveitar astatnsteravesitic hes . stooastignto ane AVEntiampitor
such as enalapril, ramipril or trandolapril, an AT-1 blocker
such as irbesartan, lorsartan or olmesaratan, an NO donor,

especially L-arginine, bFGF and angiogenin.

A further preferred embodiment of the invention relates to
the use of erythropoietin for production of a transplantable
endothelial cell preparation. Accerding to the invention, it is
provided in particular in this embodiment that endothelial
cells will be produced in vitro by cultivation of endothelial
progenitor cells in the presence of erythropoietin and will
then be transpianted into a recipient organism, especiailyxan
organism suffering from a disease associated with a
dysfunction of endothelial progenitor cells. For example,
mononuclear cells (MNC) can be isolated from blood by
density gradient centrifugation and cultivated in suitable
culture media in vitro. Methods for isolation and in vitro
cultivation of mononuclear cells are described, for example,
in Asahara, Science, 275 (1997), 964-967; Dimmeler et al.,
J. Clin. tnvest., 108 (2001), 391-397 and Llevadot et al., J.
Clin. Invest., 108 (2001) 399-405. The mononuclear cells are
then further cuiltivated in the presence of erythropoietin, in



however, the further active ingredient may also be an active ingredient
that in particular stimulates the dividing behavior, or in other words the
proliferation, of endothelial progenitor cells. According to the invention,
however, the possibility also exists that the further active ingredient will
stimulate in particular the differentig% n behavior and/or the migration
behavior of endothelial progenitor cells. Particularly preferably, the further
active ingredient that stimulates endothelial progenitor cells is VEGF,

PIGF, Gi&=h a”st%“dfé’f&"ﬁwéedﬁ%ﬁ%‘?—éﬁ@'{?“‘gﬁ&sp éar:%ﬁa%‘c?f%‘”
such as™ simvastatin, mevdstatin of atorvastatin, an ACE ThAIbitor such as
enalaprisefznipribd e etdcindisinpfdgéritoc ket ssaohtageti deatitan,
lorsarta Ime, t an NO, especially |.-argininge. -53-
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active w&gredient for production of a pharmaceutical composition for

stimulatdrebteHiedifchergnblienitstce RardsplasiyprierabiyuHiRsg of
mobilizadiorearalferpiRpiiHeimsiiatien p=endathelinl erisca/an
migration toward a vasculogenic or _
NO donor such as L-arginine, an ACE inhibitor such as
enalapril, ramipril or trandolapril, an AT-1 blocker such as
irbesartan, lorsartan or olmesaratan, or an HMG-CoA
reductase inhibitor such as a statin, in particular simvastatin,

mevastatin or atorvastatin.

In a further preferred embodiment of the invention,
endothelial progenitor cells are applied to corresponding
patients simultaneously with other cell populations usable for
cell therapy, such as hepatocytes, myocytes,
cardiomyocytes or island cells, after prior incubation with
low-dosage erythropoietin in vitro and/or local as well as
systemic application of low-dosage erythropoietin in vivo, in
order in this way to ensure that the tissue cells usable for cell

therapy settle with sufficient binding to the vascular system.

A further preferred embodiment of the invention also relates
to the use of erythropoietin for production of a
pharmaceutical domposition or of a kit for sequential, timed
successive or simultaneous administration of low-dosage

erythropoietin as well as one or more other chemicai,



angiogenic stimulus. According to the invention, it is further provided that
erythropoietin and/or its derivatives will be used as active ingredient for
production of a pharmaceutical composition for stimulation of
vasculogenesis and/or endothelium formation, especially in the adult
human or animal organism. The present invention therefore also relates
to pharmaceutical compositions forstfrulation of endothelial progenitor
cells, especially for stimulation of mobilization, proliferation, differentiation
thereof to endothelial cells and/or migration toward a vasculogenic or

angiogethe@tmuraoschanisghai diiadicslasgenigeineerdemie sretviicghelium
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trandolapidiicaitAiTadhlRCkBR be solid organs such as liver, kidneys,
heart, pancreas or skin, or even hair implants. The invention
therefore provides that EPO, especially in low doses, will be
used so that mechanical agents such as endoprostheses or
biological agents implanted simuitaneously, subsequently or
beforehand can grow or be integrated better, faster and
more efficiently into the surrounding body structure. The
invention therefore alsc relates to the use of erythropoietin
for production of a pharmaceutical composition or of a kit for
improving, especially for promoting and/or accelerating,
integration of biological agents or endoprostheses into
surrounding body structures, especially of teeth, tooth
replacements, tooth implants or other endoprostheses, such
as bone replacements, bone implants, especially hip joint
prostheses or ligament/tendon replacements, such as
cruciate ligaments. In this connection, it can be provided if
necessary that the erythropoietin will be used together with
cell populations suitable for cell therapy and/or endothelial
progenitor cells. In the aforesaid use of erythropoietin for
production of a pharmaceutical composition or of a kit for

improving, especially for promoting and/or accelerating,



such as irbesartan, lorsartan or olmesaratan, an NO donor, especially
L-arginine, bFGF and angiogenin. A further preferred embodiment of the
invention relates to the use of erythropoietin for production of a
transplantable endothelial cell preparation. According to the invention, it is
provided in particular in this embodiment that endothelial cells will be
produced in vitro by cultivation of ehrgztﬁelial progenitor cells in the
presence of erythropoietin and will then be transplanted into a recipient
organism, especially an_grganism suffering from a disease associated

with a d)SERURIH Bf Hnlsishh %OW@'S?ESP@(&%@?QQ
mononuglerirals @4pEaiann Redeolataddroprginoddnesiensibrgeadient

centrifugation and cultivated in suitable culture media in vitro. Methods for
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Clin. Invest., 108 (2001), 391-397 and Llevadot et al., J. Clin. Invest., 108
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further sebsteomedbanstizuitatde tHerprodifierttemamnd wifferefurdtien
preferred embodiment, it can be provided that the
mechanical agent in particular to be used be contained in the
oharmaceutical composition or in the pharmaceutical kit

together with organic adhesive, such as a fibrin glue.

In a further preferred embodiment of the invention, there is
provided the use of erythropoietin or suitable active
ingredients for topical application in the sense of “beauty
care”, especiaily for prevention or timely reduction of creases
and wrinkles, strengthening of the connective tissue,
protection and tightening of the skin, especially facial skin,
against harmful environmental factors, and as makeup
foundation. The fopicali application of erythropoietin is
intended to counteract the formation and further
development of age spots, to refine the skin texture and to
support not only the skin rejuvenation process, preferably by

accelerated reepithelialization, but also hair growth.



of endothelial progenitor cells. Particularly preferably, there is used as the
further substance VEGF, PIGF, GM-CSF, an NO donor such as
L-arginine, an ACE inhibitor such as enalapril, ramipril or trandolapril, an
AT-1 blocker such as irbesartan, lorsartan or olmesaratan, or an
HMG-CoA reductase inhibitor such §§ a statin, in particular simvastatin,
mevastatin or atorvastatin. In a furtherpreferred embodiment of the
invention, endothelial progenitor cells are applied to corresponding

patients simul ously with qgther cell populations usable for cell therapy,
such aglﬁeﬁat{:éa"g 8& %cy?%s?%‘i?%?g yoc%\%@oﬁslg%"é!&é,&ﬁer prior
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target $terchievedemeinrEasiaiegigahatiacind function of endothelial
progenitor cells and/or to bring about regeneration or slowing of the

progression of tissue damage. ] . ) )
In a further embodiment of the invention, there is provided

the use of low-dosage erythropoietin for pretreatment and/or
further treatment of tissues or organs tc be transplanted. In
this case, the ftransplants are treated with low-dosage
erythropoietin before transplantation, preferably immediately
before, while still in the donor organism. The recipient
Grgahism can also be treated with low-dosage erythropoietin
from the time of fransplantation onward. By this
erythropoistin treatment of the organs or tissues to be
transplanted, both directly before and after transplantation, it
is ensured according to the invention that new blood vessels
will form rapidly by induced vasculogenesis in the transplant
after transplantation has taken place into a body, and that
these newly formed blood vessels will be rapidly connected
to the biood system of the recinient organism. The formation
of endothelia is also achieved rapidly in this way. Such
treatment of organ or tissue transplants with low-dosage
erythropoietin therefore achieves faster growth of these
systems into the body, whereby the risk of rejection is
considerably reduced. Furthermore, organ regeneratioh is
stimulated by the administration of low-dosage
erythropoietin.



Such mechanical agents can be, for example, endoprostheses, preferably
implantation supports for teeth, bones or ligament/tendon replacements.
Furthermore, the biological agents can be solid organs such as liver,
kidneys, heart, pancreas or skin, or even hair implants. The invention
therefore provides that EPO, especiqég in low doses, will be used so that
mechanical agents such as endoprostheses or biological agents
implanted simultaneously, subsequently or beforehand can grow or be

integrated bettey, faster and maore_ efficiently into tﬂe_surrou ding body
structurl® TS ARG RHBRONBIE 87158 FEYSRLB s e Paboretin
for prodinetiosrgha phartatruticahspiamesitivl obof additéal efsrying,
especially for prgmoting and/or agcelerating, integration of hiological
agents%%relﬁﬁ%@%bﬁﬁ%ses‘ﬁ%{b sf]?r‘gié‘?d?ﬂé%od E?lﬁ’l%'é,%'gspemally of
teeth, tamimbiapticoe withtgttdedbtinpéafistioen fiaetanthairetthakstes such
o bone?}r?%i%' SO Rl }mBE’}PFS'ﬁ%Be?E‘%'g()F'Egog‘#?ﬂ%ﬁ%ﬁwe%es or
igament/iendon repfacéments, stch as cruciate ligaments.”1n this
connectiohsitban belpobaddiEdri theagresarctmaptisngrh@poielBRyill be
used topgineith, galepriasionsssuiiadle faroed AR anglor
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or mechanical agents into target structures, especially target tissue,
target bbhet Ppgkigiesuch as irbesartan, lorsartan or olmesaratan or

an NO donor, especially L-arginine. In a further embodiment,

it is provided that the organ or tissue transplants will be

treated before transplantation not only with erythropoietin but

also with a further substance that stimulates proliferation and

migration of differentiated endothelial cells. Particularly

preferably, this substance is angiogenin or bFGF. In a further

embodiment, it is provided that the pretreaiment of the organ

or tissue transplants with erythropoietin will take place using

isolated endothelial progenitor cells, which have been

expanded in vitro if necessary.

In a further particularly preferred embodiment of the
invention, it is provided that low-dosage erythropoietin will be
used to produce implantabie or transplantable, cell-
containing, in-vitro organs or tissues. According to the
invention, it is provided in particular that the organ or tissue
produced in vitro will be treated prior to transplantation or
implantation with low-dosage erythropoietin in vitro, in order
to stimulate the endothelial progenitor cells present in the
body of the recipient organism, and especially physiological



cartilage of a patient, it can be provided in a further preferred embodiment
that the mechanical agents to be used are made, for example, of steel,
ceramic, plastic or another material. In addition, it can be provided that
osteoblasts, cells having osteogenic potential, thrombocytes, blood cells
or similar agents can be used in the present application as cell
populations suitable for cell therapy. ftr a further preferred embodiment, it
can be provided that the mechanical agent in particular to be used be
contained in the pharmaceutical composition or in the pharmaceutical kit
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erythrogbietin-vitro organ or tissue system after transplantation or
implantation has taken place into a body, and that these
newly formed blood vessels will be rapidly connecied to the
blood system of the recipient organism. Rapid formation of
endothelia and thus reendothelialization is also achieved in
this way. Such ftreatment of the in-vitro organ or tissue
transplant systems with low-dosage erythropoietin therefore
achieves faster growth of these systems into the body,
whereby the risk of rejection is considerably reduced, and it

also serves to protect the transplant.

By “in-vitro organ or tissue system” there will be understood
a ftransplantable or implantable cell-containing tissue or
organ, which is produced in vilro, under defined culture
conditions, using defined cells and/or defined tissues. By
“implantable in-vitro organ or iissue system” there wili be
understooed a system that includes not only cells but also
exogenous materials. By “transplantable in-vitro organ or
tissue system” there will be understood in particular a cell-
containing system that contains not only cells, tissue or

organs of the same or of a different individual but aiso



production has its acro phase (daily maximum) in the late afternoon, and
so the administration of the low-dosage erythropoietin should preferably
take place in the morning, especially between 6:00 and 10:00 a.m., in
order in this way to achieve a maximum biological effect. In a further
embodiment of the invention, there igprovided the use of low-dosage
erythropoietin for pretreatment and/or further treatment of tissues or
organs to be transplanted. In this case, the transplants are treated with

fw-dossﬁgoséﬁgmgpgﬁém&g@ ”lﬂﬂﬁﬂ%ﬁ‘”&% ARsPIsfetally, Inmediately
efore, while®still'in"the donor organism. The récipient organism can also
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place into a body, and that these newly formed blood vessels will be
rapidly connected to the blood system of the recipient organism. The

formatiqn gheNAQIIRRISHBRARRNCG TRPIGISIHENS tWaY - st to
treatment of organ or tissue transplants with low-dosage erythropoietin

thereforéeEmaRatierer dronanationsthejawile iRtgaReBolisS¥thereby
the risk @é@?&“W_iilisoéol@éﬁié@lﬂmﬁegk&ﬁﬁ%ﬂf&mrmoé%nﬁfﬁféﬁon
regeneration is stimulated by the administration of low-dosage
erythroﬁﬂ?@tiﬁf‘ least one further factor that stimulates endothelial
progenitor cells. This factor is preferably one or more
substances selected from the group comprising VEGF,
PIGF, GM-CSF, an HMG-CoA reductase inhibitor, especially
simvastatin, mevastatin or aforvastatin, an ACE inhibitor
such as enalapril, ramipril or trandolapril, an AT-1 blocker
such as irbesartan, lorsartan or olmesaratan, and an NO
donor. In a further embodiment, it is provided that, prior to
transplantation or implantation, the in-vitro organ or tissue
systems will be freated not only with erythropoietin but aiso
with a further substance that stimulates proliferation and
migration of differentiated endothelial cells. Parti'cu!ariy
preferably, this substance is angiogenin or bFGF. in a further
embodiment, it is provided that the in-vitro organ or tissue
sysitems will additionally contain isolated endothelial
progenitor cells, which have been expanded in vitro if

necessary.

A further preferred embodiment of the invention relates to
the use of low-dosage erythropoietin for production of
vascular prostheses or heart valves, wherein the vascular
prostheses or heart valves are coated with erythropoietin



-59- In a further embodiment of the invention, it is provided that the organ
or tissue transplants will be treated before transplantation with
low-dosage erythropoietin in combination with at least one further factor
that stimulates endothelial progenitor cells. This factor is preferably a
substance selected from the group comprising VEGF, PIGF, GM-CSF, an
HMG-CoA reductase inhibitor, for e‘><§?n‘ple a statin, especially
simvastatin, mevastatin or atorvastatin, an ACE inhibitor such as
enalapril, ramipril or trandolapril, an AT-1 blocker such as jrbesartan,
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especially in the inventive doses. Thereby endothelial layers
form more rapidly on the inserted vascular prostheses, and
growth into the relevant area of the body takes place more
rapidly. In a preferred embodiment, it is provided that
isolated endothelial progenitor cells, which have been
expanded in vitro if necessary, are additionally used for

coating the vascular prostheses and heart valves.

The present invention also relates fo a method for

stimulation of endothelial cell formation in vitro, comprising

a) isolation of cell poputations containing endothelial
progenitor cells from bicod by means of density gradient
centrifugation,

b) cullivation of the isolated cell populations comprising

endothelial progenitor cells in cell culture medium, and

c) cultivation of the cell populations in the presence of low-

dosage erythropoietin.



implantation with low-dosage erythropoietin in vitro, in order to stimulate
the endothelial progenitor cells present in the body of the recipient
organism, and especially physiological -60- mobilization, migration,
proliferation and differentiation thereof. After transplantation or
implantation of the in-vitro organ or tissue, the recipient organism is
preferably further treated with low- d@gage erythropoietin in the inventive
doses. By treatment of the in-vitro organ or tissue with erythropoietin prior
to transplantation or implantation, and by post-treatment of the recipient

organ|srﬁ"rﬁ%dé'&tﬁ?o%é’ﬁneﬁt'ﬁ@eé‘é%%‘@t‘ﬁqsoéneﬁr@ﬁua%‘&BWﬁHB% the
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blood vessels will be rapidly connected to the blood system of the
recipien anism. Rapid format end elia and thus
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organ, w RS produce ro un ned cu ure conditions, using
defined m& ane/ottuufichmimisslidbeByal, mechanical and biological

agent, is administered to a patient with such a disease. The
inventive method is suitable in particular for freating
diseases of the human body such as hypercholesteroiemia,
diabetes meliitus, insulin resistance, endothelium-mediated
chronic  inflammatory  disorders such as  vascular
inflammations, endotheliosis including reticuloendothetiosis,
atherosclerosis, age-related cardiovascular  disorder,
ischemic disorders of the exiremities, Raynaud's disease,
hepatic disorders such as hepatitis, cirrhosis of the liver,
acute or chronic liver failure, bone and cartilage disorders or
lesions, mucous membrane disorders or lesions, especially
in the gasirointestinal tract, Crohn’s disease, ulcerative
colitis, preeclampsia, pregnancy-induced hypertension,
acute or chronic renal failure, especiaily terminal renai
failure, renal function restrictions with glomerular filtration
rates of < 80 mi/min, especially 30 to 80 mi/min, preferably
40 to 80 mi/min, microaibuminuria, proteinuria, elevated

ADMA levels or wounds and sequelae.



“Implantable in-vitro organ or tissue system" there will be understood a
system that includes not only cells but also exogenous materials. By
“transplantable in-vitro organ or tissue system" there will be understood in
particular a cell- containing system that contains not only cells, tissue or
organs of the same or of a different individual but also -61- endogenous
substances. In-vitro organs or tissue§%re characterized in particular by
the fact that their structure corresponds largely to that of the native

organs or tissues to be replaced, thus enabling them to assume the
functiondf aherREprERE dHaRoEIBIERh L6 esB¥sRtNGo MeheE ifoentive
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ACE inhibitor will be an active ingredient such as enalapril,
ramipril or frandolapril. The administered AT-1 blocker will be
active ingredients such as irbesartan, lorsartan or
olmesaratan. The administered NO donor will preferably be

L.-arginine.

In a further preferred embodiment of the inventive method
for treatment of diseases associated with a dysfunction of
endothelial progenitor cells, it is provided that endothelial
progenitor cells will be isciated from the biood of a human
organism, expanded in vitro using low-dosage ervthropoietin
and differentiated to endothelial cells, after which the
differentiated endothefial cells or the endothelial progenitor
cells undergoing differentiation will be purified and isolated,
then transplanted selectively into a patient’'s body region,
tissue or organ that has been damaged because of the
dysfunction of endothelial progenitor cells and/or endothelial
cells, in order to induce local formation of new endothelium
therein. In this way the damaged body regions, tlissues
and/or organs of the patient can be treated more selectively

and rapidly. This embodiment of the inventive method for



preferably, this substance is angiogenin or bFGF. In a further
embodiment, it is provided that the in-vitro organ or tissue systems will
additionally contain isolated endothelial progenitor cells, which have been
expanded in vitro if necessary. A further preferred embodiment of the
invention relates to the use of low-dgsage erythropoietin for production of
vascular prostheses or heart valves, ftherein the vascular prostheses or
heart valves are coated with erythropoietin -62- prior to insertion into a
body, especially a human body. By such coatir}g of the vascular

prosthedabPRBhb Pl fiERa7RRA aRRPRAIERIWIR P iffinetigp of
endothegatiptreraliisiogelinoindaies kehis{dee fespiRalpigatipa will be

stimulated. In particular, their mobilization from bone marrow, their
proliferation, their differentiation to endothelial cells and their migration to
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the vascular prosthesijs oy heart valves produced jn this yay haye been
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erythropegetifugsipmeially in the inventive doses. Thereby endothelial
layers form more rapidly on the inserted vascular prostheses, and growth
into the relevant area of the body takes place more rapidly. In a preferred
embodirb i itivetyo videithéh atili sodateld oo thetiti pirag esvitiotbells] which
have been exrﬁfande in Vitr ifur}{scessar . are additionally used for

coating theadctiar p?olgt gses and e%rfuvngrves.
c) cultivation of the cell populations coniaining endothelial
progenitor cells in the presence of low-dosage erythropoietin
in order to stimulate proiiferation of endothelial progenitor

cells and/or differentiation thereof to endothelial ceils,

d) isolation and purification of the differentiated endothelial

cells, and

&) transplantation of the differentiated endothelial cells into a
body with a disease associated with a dysfunciion of

endothelial progenitor cells.

After transplantation of the differentiated endothelial cells
into a body, such a body can be freated further with
erythropoietin, especially in the low doses provided
according to the invention, or in other words the doses
defined in the section entitled “Inventive dosing of EPO”, for
example of 1 and preferably 0.001 to 90 U/kg/week or of 20
to 2000 [U/week.



The present invention also relates to a method for stimulation of
endothelial cell formation in vitro, comprising a) isolation of cell
populations containing endothelial progenitor cells from blood by means
of density gradient centrifugation, b) cultivation of the isolated cell
populations comprising endothelial grogenitor cells in cell culture medium,
and c) cultivation of the cell populatEﬁ‘ls in the presence of low- dosage
erythropoietin. -63- According to the invention, cultivation of the cell
populations can take %?ace in the pr sence of a further substance that

stimulateSOREG dRat PR olRREPRe iR THE  H RARHES RIS 6ORIRINRG
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and the AT-1 blocker wiil be substances such as irbesarian,

lorsartan or olmesaratan.

According to the inveniion, cell populations containing
endothelial progenitor cells can be treated with sequential,
timed successive or simultanecus administration of low-
dosage erythropoietin as well as one or more other
chemical, thermal, mechanical or biological agents, in order
in this way to increase the number and function of
endothelial progenitor cells andfor to bring about

regeneration or slowing of the progression of tissue damage.

A further preferred embodiment of the invention relates to a

method for treatment of vascular disorders, comprising:

a) isolation of cell populations containing endcthelial
progenitor cells from blood by means of density gradient

centrifugation,

b} cultivation of the cell populations containing endothelial

progenitor cells in cell culture medium,



hepatic disorders such as hepatitis, cirrhosis of the liver, acute or chronic
liver failure, bone and cartilage disorders or lesions, mucous membrane
disorders or lesions, especially in the gastrointestinal tract, Crohn's
disease, ulcerative colitis, preeclampsia, pregnancy-induced
hypertension, acute or chronic renal failure, especially terminal renal
failure, renal function restrictions witi’%romerular filtration rates of < 80
ml/min, especially 30 to 80 ml/min, preferably 40 to 80 ml/min,
microalbuminuria, proteinuria, elevated ADMA levels or wounds and

sequela®) BRIVALLR efefhsy &hRRRHBHRS tRaNkRiBiNg ehraihstiabr
treatmepiQiHfBARALISWRR G YEHA gy shynckistbriiend Bhediplo

progenitor cells, it is provided that there will be admijnistered to the patient
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selectediifferedfiatiie therung shtbWBlal cBIGF, GM-CSF, an HMG-CoA
reductase inhibitor and an NO donor. Preferably the administered

HMG-CoA reductase inhibitor will be a statin such as simvastatin,

mevastatjnisuiatiory asidtipuriedom sfister egiffatehtintibitonadthbizan
active inf%rj dient,such as enalapril, ramipril or trandolapril. The
administeted %\nlql blocker will be active ingredients such as irbesartan,
lorsartan or olmesaratan. The administered NO donor will preferably be

L-argining, 02 fiherarelpred subodinantgfihe nveplys fighed for
treatmerit of diS€ases associatéd with a dysfunction o
vascular disorder.

After transplantation of the endothelial cells into the body
with a vascular disorder, such a body can be further treated
with erythropoietin, especially in the low doses according to
the invention, or in other words the doses defined in the
section entitled “Inventive dosing of EPO", for example of
0.001 to 90 units/kg/week or of 20 iU/week to 2000 1U/week.

According to the invention, it is possible to cultivate the cell
populations containing endothelial progeniter cells in the
presence of at least one further active ingredient selected
from the group comprising VEGF, PIGF, GM-CSF, an ACE
inhibitor, an AT-1 blocker andfor an HMG-CoA reductase
inhibitor. Preferably the ACE inhibitor used for cultivation will
be substances such as enalapril, ramipril or trandolaprii, and
the AT-1 blocker used for cultivation will be substances such
as irbesartan, lorsartan or olmesaratan, and the HMG-CoA
reductase inhibitor used for cultivation will be a statin such

as simvastatin, mevastatin or atorvastatin.



endothelial progenitor cells, it is provided that endothelial progenitor cells
will be isolated from the blood of a human organism, expanded in vitro
using low-dosage erythropoietin and differentiated to endothelial cells,
after which the differentiated endothelial cells or the endothelial
progenitor cells undergoing differentjation will be purified and isolated,
then transplanted selectively into apatiént's body region, tissue or organ
that has been damaged because of the dysfunction of endothelial
progenitor cells and/or endothelial cells, in order to induce local formation

of new &rEEIREIGMOthBIRININYEIHISvaF$He BERYBRELS 0GP REIIAS,
tissues r pal n,he e ¥ely and
rapicy, oG Nerr BT cafl el f e R CsRahely
diseasetimsdosiatedssivie acdysiomdtemeotise ribthieitiiglioyeoaitdoeells

comprises the following steps: zr;%isolat'% n of cell populations containing
endothé?%?aﬁﬁ)gﬁﬂﬁm%é@f Yy %Io‘gﬁquﬁeé’ﬁ'é)oioaeﬁ@ﬂgﬁgrg Eht
centrifugREaklcR) eHEMMIOTREIMGEl BPRItHIGRE CasEARING erdathelial

progenitor cells in cell culture medium, c) cultivation of the cell populations
containiify drigotielal tprdgersasiecelieiniHepassaict strsiicibsahe
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purificatiepepidhistiiereisialieg ehdethebgreseltn afitissue damage.
Such mechanical agents can be endoprostheses, preferably
implantation supports for teeth, bones or ligament/tendon
replacements. Furthermore, the biological agents can be
solid organs such as liver, kidneys, heart, pancreas or skin,
or even hair implants. The invention therefore provides that
EPQ, especially in low doses, will be used so that
mechanical agents such as endoprostheses or biological
agents implanted simultaneously, | subsequently or
beforehand can grow or be integrated betier, faster and
more efficiently into the surrounding body structure. The
invention therefore aiso relates to the use of erythropoietin
for production of a pharmaceutical composition or of a kit for
improving, especially for promoting and/or accelerating,
integration of biological agents or endoprostheses into
surrounding body structures, especially of teeth, tooth
replacements, tooth implants or other endoprostheses, such
as bone replacements, bone implants, especially hip joint
prostheses or ligament/tendon replacements, such as

cruciate ligaments. In a preferred embodiment, it can then be

provided that the erythropoietin will be used together with



e) transplantation of the differentiated endothelial cells into a body with a
disease associated with a dysfunction of endothelial progenitor cells.
After transplantation of the differentiated endothelial cells into a body,
such a body can be treated further with erythropoietin, especially in the
low doses provided according to the invention, or in other words the
doses defined in the section entitieddriventive dosing of EPO", for
example of 1 and preferably 0.001 to 90 IU/kg/week or of 20 to 2000
IU/week. -66- According to the invention, the cell populations containing

endothedfl méati@n%_ea@taﬁfeb‘@bmﬁwatf@fa@mﬁradfpfhenmwﬁi_e of at
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blocker will'be substances Such as irbesartan, lorsartan or olmesaratan.

Accordisigucienesinespeoialyelasopliiseurs, dengahihgnesdutHeliget
progenitor cells can be {.reated with seqruential .timed successive or

simulta LR RISEIR0N Brioh Seasus e Mo BETRPSs one
or moresgibedisheinigat thiesmakcheshanicalertbialodieal rgentgsdn order
made, for example, of steei, ceramic, plastic or another
material. In addition, it can be provided that ostecblasts,
celis having osteogenic potential, thrombocytes, biocod cells
or similar agents can be used in the present application as
cell populations suitable for cell therapy. In a further
preferred embodiment, it can be provided that the
mechanical agent in particular to be used will be contained in

the pharmaceutical composition or in the pharmaceutical kit

together with organic adhesive, such as a fibrin giue.

The inventive method for treatment of vascular disorders
thus provides that endothelial progenitor ceils will be isolated
from the blood of a human organism, expanded in vitro using
iow-dosage erythropoietin and differentiated to endothelial
celis, after which the differentiated endothelial cells or the
endothelial progenitor cells undergoing differentiation will be
purified and isolated, then transplanted selectively into a
damaged blood vessel or an ischemic region, in order to
induce local neovascularization therein. In this way damaged

blood vessels or ischemic tissues can be treated more



in this way to increase the number and function of endothelial progenitor
cells and/or to bring about regeneration or slowing of the progression of
tissue damage. A further preferred embodiment of the invention relates to
a method for treatment of vascular disorders, comprising: a) isolation of
cell populations containing endothelia] progenitor cells from blood by
means of density gradient centrifugation, b) cultivation of the cell
populations containing endothelial progenitor cells in cell culture medium,

-67- [tivati f | lati [ ini dothelial i
colts 1 B A SP BN DG R SR BT BB HHE e ion o
endothedistplepgeiited eellssandiebidifiareatiatoatverctrbiaraadpisielial

cells, d) isolation and purification of the differentiated erl/fiothelial ells,
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vascular disorder, such a body can be further treated with erythropoietin,
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the do%g@r@%i@%ﬁig,ﬁption entitled "Inventive dosing of EPO", for
example of 0.001 to 90 units/kg/week or of 20 IU/week to 2000 1U/week.

According to the invention, it is possible to cultivate the cell populations

containingcQdoRelA RO BRSNS of the invention are

specified in the dependent claims.

The invention will be explained in more detail on the basis of

the figures and examples hereinafter.

Fig. 1 shows the results of a FACS analysis of circulating
CD34+ stem cells (¢cSC). (A-D): patients’ samples; (E-F):
isotype controls. ¢cSC were identified by means of the
additional expression of the CD34 marker (B and F), by
means of the characteristic low to moderate CD45 antigen
expression (C and G) and by means of the characteristic
fight scattering properties (D and H). The absolute ¢SC
number was calculated per 100,000 moenocytes and

lymphocytes.

Fig. 2 shows a quantitative assay of circulating stem cells by
means of flow cytometry. The figure shows the time-
dependent effect of erythropoietin treatment using rhEPO
(recombinant human erythropoietin) after 0, 2, 4, 6 and 8
weeks. n = 11, the values correspond to mean values *

standard deviation. Medians are shown by lines.



presence of at least one further active ingredient selected from the group
comprising VEGF, PIGF, GM-CSF, an ACE inhibitor, an AT-1 blocker
and/or an HMG-CoA reductase inhibitor. Preferably the ACE inhibitor
used for cultivation will be substances such as enalapril, ramipril or
trandolapril, and the AT-1 blocker usgg for cultivation will be substances
such as irbesartan, lorsartan or olmesaratan, and the HMG-CoA
reductase inhibitor used for cultivation will be a statin such as simvastatin,

mevastati tQrv in.-68- rdi inventi I
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dosage gpiheopoietin as well as one or more other chemical, thermal,
mechanical or biological agents, in order in this way to increase the
number and function of endothelial progenitor cells and/or to bring about
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mechanical agents can be endoprostheses, preferably implantation
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their adhesion ability and the two markers acLDL-Dil and
UEA-1 FITC. n = 11, the values correspond {o mean values

+ standard deviation. Medians are shown as lines.

*: p < 0.01 compared with the period before treatment; #: p <

0.001 compared with the period before treatment.

Fig. 4 shows the quantitative assay of cultivated endothelial
progenitor cells (EPC). The figure shows that the absolute
number of EPCs before initiation of rhEPO therapy is
significantly reduced compared with healthy subjects of
matched age and sex. Patients with renal anemia therefore
exhibit distinct EPC dysfunction compared with control
subjects. This reduced number of functional EPC was
compensated 8 weeks after initiation of rhEPO therapy for
renal anemia. EPCs were isolated before the treatment of
kidney patients with rhEPO and 2, 4, 6 and 8 weeks after
treatment of the patients with rhEPO, and were
characterized by means of their adhesion ability and the two
markers acLDL-Dil and UEA-1 FITC. n = 11. The example



more efficiently into the surrounding body structure. The invention
therefore also relates to the use of erythropoietin for production of a
pharmaceutical composition or of a kit for improving, especially for
promoting and/or accelerating, integration of biological agents or
endoprostheses into surrounding bogy structures, especially of teeth,
tooth replacements, tooth implants or'other endoprostheses, such as
bone replacements, bone implants, especially hip joint prostheses or

igamengjendongplacsments, seh as ruclaye faaments, dn aefered
embodimen\ﬁ' It San then be provi e&’%a‘ft the erythropoietin Wil beused
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can be provided that osteoblasts, cells having osteogenic potential,
thrombocytes, blood cells or similar agents can be used in the present
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preferred embodiment, it can be provided that the mechanical agent in
particuldt R 8aieEsENRI (BB ebtdigalhy young subjects. The figure

shows that treatment with rhEPO (30 1U of epoetin beta per
kg of body weight per week) increases the relative number of
EPCs. EPCs were isolated before the treatment of the
subjects with rhEPO as well as weekly at 1, 2, 3, 4, 5, 6 and
7 weeks after treatment of the patients with rhEPO, and
were characterized by means of their adhesion ability and
the two markers acl.DL-Dil and UEA-1 FITC. n = 4, the

values correspond to mean values + standard deviation.

Fig. 6 shows a quantitative assay of cultivated endothelial
progenitor cells (EPC). The representative photographs
show that the absolute number of EPCs in uremic patients is
significantly reduced compared with healthy subjects of
matched age and sex (top row = in vivo). Patients with
restricted renal function therefore exhibit distinct EPC
dysfunction compared with control subjects. if endothelial
progenitor cells of a healthy subject are cocultivated with
serum of uremic patients, the differentiation ability of his or
her endothelial progenitor cells is reduced (bottom row = in
vitro). Thus restricted renal function with uremia derived
therefrom leads to dysfunction of endothelial progenitor cells.



the pharmaceutical composition or in the pharmaceutical kit together with
organic adhesive, such as a fibrin glue. The inventive method for
treatment of vascular disorders thus provides that endothelial progenitor
cells will be isolated from the blood of a human organism, expanded in
vitro using low-dosage erythropoietin.and differentiated to endothelial
cells, after which the differentiated endothelial cells or the endothelial
progenitor cells undergoing differentiation will be purified and isolated,

then rapsplangk selegtiveliinin i JRmASEH IRYVEs el gp dasphemic

region, In r to induce local neovascularization therein. IS way

damageioBRiitPU s ol fst e Aft eamiks patianésrwiite sasioiried o-
ZeIeCSiv%n@nﬂnﬁf@tiwwva@?énfsrgh{ﬂteagtm%@¥ér@@tra EtéﬁdV%@E,U'ar )
isorders is sujtaple in particulay for treatm scylar disorders suc
e R s e R
extremiti@h sievkentiestasarteltiakobe usiem, arkre)l dédusiratdisedse,
Raynaugd’s, i e j rther ] iments of
theyinv:%t%#ligja? sp E?ﬁegﬁﬁptﬁge E:)jfpl‘detﬁ% ng}tr%gﬁ'?ﬁs} %{T/égr%?owswill be

explain&igiifipandisadreadneosapasast withridhreberithyxariinsts.
hereinaftetidrig; lushowsdheresuliemia pAGRANBNsIFLCIEMAing
oS0 el s Y HOSHE S FERED 3 A R leEIahe CD34
marker (B and F), by
Fig. 8 shows the effect of erythropoietin on wound healing.
The figure shows that, when a standardized skin wound
inflicted on mice using a tissue punch was treated with
erythropoietin, it already closed completely after seven to
eight days. In contrast, when the wound was treated with
physiological salt solution (saline), it did not close completely
until after thirteen to fourteen days. Treatment with
erythropoietin or physiological salt solution began 7 days
before the skin wound was inflicted. Recombinant human
erythropoietin was administered one time per week by s.c.
{subcutaneous) injection (0.1 mg/kg Aranesp) (n = 5 in each

group).

Fig. 9 shows that erythropoietin reduces the loss of renal
function after acute renal failure (acute renal insufficiency).
Sprague Dawley rats (250 to 300 g} were included in the
study. The rats were anesthetized with ketamine (120
mg/kg) and Rompun (10 mg/kg). One of the experimental
groups received 0.1 pg of Aranesp per kg of body weight
one time on the day before induction of the acute renal
failure. For comparison, there was used a group of

experimental animals, each of which was given an s.c.



means of the characteristic low to moderate CD45 antigen expression (C
and G) and by means of the characteristic light scattering properties (D
and H). The absolute cSC number was calculated per 100,000
monocytes and lymphocytes. Fig. 2 shows a quantitative assay of
circulating stem cells by means of flow cytometry. The figure shows the
time- dependent effect of erythropoietin treatment using rhEPO
(recombinant human erythropoietin) after 0, 2, 4, 6 and 8 weeks. n = 11,
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(EPC). The figure shows that rhEPO treatment increases the relative
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p < 0.001 COIBS ared with the period before treatment. Fig. 4 shows the
quantitAePRSSKy st e AHEE BRdRRERIPD- In the animals treated

with saline, the 45-minute ischemia with subsequent
reperfusion of the remaining right kidney led to massive
acute loss of renal function. This is reflected by the fact that
the serum creatinine level 24 h after ischemia and
reperfusion was 7 times higher than the level before
ischemia and reperfusion (p < 0.05). In contrast, the animals
treated with the erythropoietin analog Aranesp exhibited only
a four-fold increase in the serum creatinine levels one day
after induction of damage by ischemia and reperfusion. No
increase in retention fevels was found in the animals
subjected to left nephrectomy and a sham operation on the
right kidney. The figure shows the creatinine concentration in
the serum of EPO-treated animals (IR+EPQO), NaCl-treated
animals (IR) and sham-operated animals (sham OP) before
ischemia-reperfusion (IR) injury and 24 hours thereafter. It is
evident from the figure that the serum creatinine
concentration 24 hours after ischemia-reperfusion injury is
almost halved in the animals treated with Aranesp compared
with the control without Aranesp (NaCl treatment).

Fig. 10 shows the Kaplan-Mayer survival curves of two
experimental groups treated either with Aranesp or NaCl

after induction of chronic renal failure. 8-week old Sprague



progenitor cells (EPC). The figure shows that the absolute number of
EPCs before initiation of rhEPO therapy is significantly reduced
compared with healthy subjects of matched age and sex. Patients with
renal anemia therefore exhibit distinct EPC dysfunction compared with
control subjects. This reduced number of functional EPC was
compensated 8 weeks after initiation’of thEPO therapy for renal anemia.
EPCs were isolated before the treatment of kidney patients with rhEPO
and 2, 4, 6 and 8 weeks after treatment of the patients with rhEPO, and

were chiRuieyizat byerealncogriindhesishidpilit endatie wese
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or NaCl by s.c. injection. The animals treated with the
erythropoietin analog Aranesp exhibited a significant survival
advantage compared with the animals treated with saline (p
= 0.027; log rank test).

For the two experimental groups that were treated either with
Aranesp or NaCl and whose Kaplan-Mayer survival curves
are illustrated in Fig. 10, Figs. 11 to 18 show optical
microscopic kidney sections 6 weeks after induction of

chronic renal failure.

Fig. 11 shows the histological changes in a Sprague-Dawley
rat with chronic renal failure after NaCl treatment one time
per week for a period of 6 weeks, beginning immediately
after induction of chronic renal failure. The chronic renal
failure was caused by removal of the right kidney and
ligation of the segmental arteries supplying the upper and
lower renal poles of the left kidney. The figure shows a
medium-sized preglomerular artery with characteristic

onionskin-like vessel wall proliferation associated with



were characterized by means of their adhesion ability and the two
markers acLDL-Dil and UEA-1 FITC. n = 4, the values correspond to
mean values standard deviation. Fig. 6 shows a quantitative assay of
cultivated endothelial progenitor cells (EPC). The representative
photographs show that the absolutegumber of EPCs in uremic patients is
significantly reduced compared with healthy subjects of matched age and
sex (top row = in vivo). Patients with restricted renal function therefore

exhibit QUSHACt FRGrEMSIAECHIm SRR p@ﬁ%@\fw“gsc%ﬁ?‘s%?@@eﬁdaﬁ "

endothelial progenitor cells of a héalthy subject are cocultiv

serum bephepsidgrasisngtrendiféestigation ability of his or her
endothelial progenitor cells is reduced (bottom row = in vitro). Thus
restricted renal function with uremia derived therefrom leads to
dysfunéiigniéf gmlesHbliahjntotrgitel cedisge3inFigS prabowdDaviggntitative
assay of cultivated endothelial .progenitor.cells (EPC) in 46 uremic
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brogenip baNSURR GleEp Al Ao i, UGt B Abared
with thesherdthysujeotsedP alierésndit restiktedignakiunsiioniherefore
exhibit_distinct EPC dysfunction compared with control subjects. Fig. 8
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focal-segmental glomerulosclerosis, known as proliferative
FSGS (right glomerulus). The other glomerulus (left) exhibits
ischemic collapse of the loop convolution. A small vessel
with severe endothelial damage is visible in the lower part of
the photograph. The observed histological changes
correspond to hypertensive organ damage or changes
associated with overload nephropathy following 5/6

nephrectomy.

Fig. 13 shows the histological changes in a Sprague-Dawley
rat with chronic renal failure after NaCl treatment one time
per week for a period of 6 weeks, beginning immediately
after induction of chronic renal failure. The chronic renal
failure was caused by removal of the right kidney and
ligation of the segmental arteries supplying the upper and
lower renal poles of the left kidney. The figure shows almost
complete sclerosis or destruction of a glomerulus with
compensatory enlargement and pronounced hyalinosis or

fibrinoid necrosis of the associated afferent arterioles.



inflicted on mice using a tissue punch was treated with erythropoietin, it
already closed completely after seven to eight days. In contrast, when the
wound was treated with physiological salt solution (saline), it did not close
completely until after thirteen to fourteen days. Treatment with
erythropoietin or physiological salt-s6fution began 7 days before the skin
wound was inflicted. Recombinant human erythropoietin was
administered one time per week by s.c. (subcutaneous) injection (0.1

mg/kg Atgnesphows Thia eiseslogrestimhiige? hev&ohakerhapgietin
reduces the loss of renal function after acute renal failure (acute renal
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hypertensive damage, known as malignant nephroscierosis
(see right photograph). A normal (and as vet) undamaged

arteriole is visible on the left.

Fig. 15 shows the histological changes in a Sprague-Dawiey
rat with chronic renal faiiure after Aranesp (EPQ} treatment
(C.1 ug of Aranesp per kg) one time per week for a period of
6 weeks, beginning immediately after induction of chronic
renal failure. The chronic renal failure was caused by
removal of the right kidney and ligation of the segmental
arteries supplying the upper and iower renal poles of the left
kidney. The figure shows a normal glomerujus with delicate
afferent vessel. No pathological signs were observed in the

tubulointersiitium,

Fig. 16 shows the histoiogical changes in a Sprague-Dawley
rat with chronic renal faiiure after Aranesp (EPQ) treatment
(0.1 pg of Aranesp per kg) one time per week for a period of
6 weeks, beginning immediaiely after induction of chronic

renal failure. The chronic renal failure was caused by



kidney was removed. All animals were anesthetized for 60 min and killed
24 h after the operation. In the animals treated with saline, the 45-minute
ischemia with subsequent reperfusion of the remaining right kidney led to
massive acute loss of renal function. This is reflected by the fact that the
serum creatinine level 24 h after ischhgmia and reperfusion was 7 times
higher than the level before ischemia and reperfusion (p < 0.05). In
contrast, the animals treated with the erythropoietin analog Aranesp

exhibitedpabaiadowrdokbincraassyinte Z@ uBhCEratiRingJgvRisane day
I

after induction of damage by ischemia and reperfusion. No increase in
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ischemigaiepsstitsiarnd (IR)Hajuny s 2dshipuws, thereafter. It is evident from
the figure that the serum creatinine concentration 24 hours after

ischemia-reperfusion injury is almost halved in the animals treated with
Aranesp igonmar&ﬂvswdm thistowgicd votiamiged rane Sp(higéd-Daatiment).
Fig. 10 shows the Kaplan Ma er surv?/S al curves of two_.e Perlmeqtal
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renal failure. The chronic renal failure was caused by
removal of the right kidney and ligation of the segmental
arteries supplying the upper and iower renal poles of the left
kidney. The figure shows a normal glomerulus with delicate
afferent vessel. No pathological signs were observed in the

fubuloinierstitium.

Fig. 18 shows the histological changes in a Sprague-Dawley
rat with chronic renal failure after Aranesp (EPOQ) treatment
(0.1 pg of Aranesp per kg) one time per week for a period of
6 weeks, beginning immediately after induction of chronic
renal failure. The chronic renal failure was caused by
removal of the right kidney and ligation of the segmental
arteries supplying the upper and lower renal poles of the left
kidney. The figure shows a normal glomerulus with delicate
afferent vessel (630X magnification). No pathological signs

were ohserved in the tubulointerstitium.

Fig. 19 shows the effect of EPO on the wound-healing

process.



mg/kg). Their right kidney was removed on day 0 and was immediately
fixed in formalin for histological examination. The segmental arteries
supplying the upper and lower renal poles of the left kidney were ligated.
Thereby renal infarction occurred in the corresponding kidney areas, and
only the middle third of the kidney reypained functional. One time per
week, the rats received Aranesp (0.1 g/kg of body weight) or NaCl by s.c.
injection. The animals treated with the erythropoietin analog Aranesp
exhibite%gﬁ%%r'fgi(fant survival advantage compared with the animals
treated with saline (p = 0.027; log rank test). For the two experimental
groups that were treated either with Aranesp or NaCl and whose

Kaplan-Maygr SHEB ¢ faﬁ%%té‘ﬁﬁiiﬂ%%‘iﬁ%i%%@#&g- 10, Figs. 11 to 18
n

show optical microscopic kidney sections 6 weeks after induction of
chronic renal failure. Fig. 11 shows the histological changes in a

Spraguerawity.af %@8@% %‘?{ﬁé‘r‘i@ @ffﬁfr&l‘?a‘?c%ﬁse%@;ﬂbone

time per week for a p f 6 weeks, beginning immediately after
inductiort of @rodid!efdl faikirasaticontort renal fAineeswals cigsed by
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supplying the upperand lower renal poles of the left kidney. The figure

shows a= nediiModRe et dusRigriedtdr) walcsharnaesidneate
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hyperter&&é\éilga&noi%%, 5@3?’2%@33 FS%hor'Os %alg‘n?i?éPO (recombinant
human erythropoietin) for a period of at least 8 weeks, After
erythropoietin treatment, the endothelial progenitor cells in
the blood of the patients were investigated over a period of
20 weeks, the endothelial progenitor cells being analyzed
with regard to number and differentiation status by flow

cytometry and a culture test after 0, 2, 4, 6 and 8 weeks.

Circulating peripheral blood stem cells (CPBSC) represent a
small population of cells that express both the CD34 antigen
and the CD45 antigen. A test based on the ISHAGE
guidelines has been developed to determine the number of
CPBSC by flow cytometry (Sutherland et al., J. Hematother.,
5 (1996), 213-226). Using this test, both the expression
pattern of CD34 and CD45 cells and the morphology of the
stem cells were determined. In this way, both the absolute
number of CPBSC per il and the content of CPBSC as a

percentage of the total leukocyte count were determined.



nephrosclerosis with endarteritis. Fig. 12 shows the histological changes
in a Sprague-Dawley rat with chronic renal failure after NaCl treatment
one time per week for a period of 6 weeks, beginning immediately after
induction of chronic renal failure. The chronic renal failure was caused by
removal of the right kidney and Iigg%grl of the segmental arteries
supplying the upper and lower renal poles of the left kidney. The figure
shows florid focal -segmental glomerulosclerosis, known as proliferative

FSGS (ﬁ%h IR ?s‘&t%”éfra??\' o %Q@I& exp P,‘Féufé mic
collapse ¢f op convolution all vesse severe en ellal
damag@@%bi@m teddowdhpdresis didhehi@bidr@phg I:ielmlaserved
histological changes correspond to hypertensive organ damage or

changes associated with overload nephropathy following 5/6

nephre&tigmy. Figws3hmowsbes afstdiicastemmgds imeasured by
Spragup;gggvgqyalpg%qbpgr pisorenpsfaligeafter NaCl treatment one

time per week for'a period of 6 weeks, beginning immediately after
induction of chronic renal failure. The chronic renal failure was caused by

removapfithgighikigney and ligation of the segmental arteries
supplying the upper and lower renal poles of the left kidney. The figure

shows almost complete sclerosis or destruction of a glomerulus with

Compew&ﬁ%%}@8881%@6}%[%@&08@@@‘@%@4@%%% fiksinrid
PO il Gonslty cormfugation jrom hurian blood samples in
accordance with the method described in Asahara, Science,
275 (1997), 964-967. The cells were plated out on culture
plates with fibronectin and maintained in EC basal medium.
EC basal medium consists of EBM-2 basal medium
(Clonetics Co.) and EGM-2 Quots (hEGF; GA-100
(gentamicin, amphotericin-B) FBS, VEGF, hFGF-B
(w/heparin), R3-1GF-1, ascorbic acid, heparin). After 4 days
of cultivation, nonadherent cells were removed by washing
the plates. The remaining adherent cells were treated with
trypsin and plated out once again. Thereafter they were
cultivated for a further 3 days. Cells with the endothelial
phenotype were identified by positive staining for two
different endothelial markers on day 7 after isolation. These
are Dil-labeled acetylated low density lipoprotein (acl.DL-Dil}
and Ulex europaeus aglutinin-1 (UEA-1). The results of this

investigation are presented in Fig. 3.

The results show that erythropoietin is able to mobilize
endothelial progenitor cells and to increase the number of

circulating endothelial progenitor cells. in the process,



Fig. 14 shows the histological changes in a Sprague-Dawley rat with
chronic renal failure after NaCl treatment one time per week for a period
of 6 weeks, beginning immediately after induction of chronic renal failure.
The chronic renal failure was caused by removal of the right kidney and
ligation of the segmental arteries sg%qlxing the upper and lower renal
poles of the left kidney. The figure shows a small preglomerular artery
with characteristic onionskin-like vessel walil proliferation and wall

Necrosi iated with sever ertensi

malig nafﬁﬁéﬁ%%%osc ﬁ%%sﬁgeg?%ﬁ ﬁuﬁ%%?iﬂ%%’%%@n%gmgﬁe% yet)
undamaget astegord isngsiideara temoknbijeds Theses teeulistategical

changeétj@sgrﬁgﬁ%ufg- Dgwley rat with chronic renal failure after Aranesp

(EPO) treatment (0.1 pg of Aranesp per kg) one time per week for a
period of 6 weeks, beginning immediately after induction of chronic renal

failure. ghe,chranicranal [IHFRGSCRHSSH Y PRV ALHESHHR

kidney and ligation of the segmental arteries supplying the upper and

lower réifaUbIes &t feftaripeNs Thasiguis yiwerehdiseaisgiémerulus
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tubulointerstitium, Fig. 16 shows the histological changes in a
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treatmeéﬁ/t@épfﬁ@_t@f ASRRSEHPYS kfﬂ)—;{ﬁ@ﬁ_,“'fﬁ% prﬁﬁdﬂ’@é}k @V@W@d of 6
weeks, beginning Jmmedlatelé after induction of chrgnic renal failure. The

chronicH&m el ia theble increases significantly by more

than 50%. By using the cell culture assay, it was determined
that, after treatment with erythropoietin, the number of cells
that develop an endothelial phenotype increases
dramatically. In one functional cell culture test, the greatly
impaired ability of endothelial progenitor cells increased by a

factor of greater than 3.
Example 2
improved wound healing through systemic use of rhEPQO

FVB/N mice were anesthetized by inhalation anesthesia with
isofforane. The fur on the two rear limbs was removed using
a depilatory lotion and disinfected with 70% alcohol. A sterile
4 mm disposable biopsy tissue punch was used to inflict a
skin wound on the right flank of each of the mice. The
opposite side served as internal control. Postoperative
antibiotic cover with penicilin G (20,000 units/kg) was
administered one time. Throughout the entire period of

investigation, subcutaneous injections of the recombinant



-78- removal of the right kidney and ligation of the segmental arteries
supplying the upper and lower renal poles of the left kidney. The figure
shows a normal glomerulus with delicate afferent vessel (630X
magnification). No pathological signs were observed in the
tubulointerstitium. Fig. 17 shows the gistological changes in a
Sprague-Dawley rat with chronic renal failure after Aranesp (EPO)
treatment (0.1 tag of Aranesp per kg) one time per week for a period of 6

weeks, RegianinghiArepaiRiRY Alabdustii of @hronig sl fﬂﬂagf- The
chronic renal failure was caused by “removal of the right Kidney an
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delicate afferent vessel. No pathological signs were observed in the

tubuloinf@ReYRInPTHIGe 1P eHe LnRE hihs JGisHitenaisyBsapeated in
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treatment (Q.1 tag of Aranesp per kg) one time per week for a period of 6
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seven to eight days. In contrast, when the wound was
treated with physiological salt solution (saline), it did not
close completely until after thirteen to fourteen days. In the
case of treatment of the experimental animals with high-
dosage erythropoietin (200 U EPO/Kkg/week), no
acceleration of wound healing could be observed by
comparison with the control group. Two of the experimental
animals treated with high-dosage erythropoietin died during
the observation period. The treatment with erythropoietin or
physiological salt solution began on the day of the operation,
after the skin wound was inflicted. Recombinant human
erythropoietin was administered one time per week by s.c.
(subcutaneous) injection (20 1U/kg EPO or 200 IU/kg EPO)

(n = 5 in each group).
Example 3

Reduction in the progression of chronic renal failure through

erythropoietin treatment



process. -79- Example 1 Effect of EPO in patients with renal anemia The
effect of erythropoietin in patients with renal anemia (Hb < 10.5 g/dl) as a
consequence of renal disease in the terminal stage (preterminal renal
failure; creatinine clearance < 35 ml/min) was investigated. 11 patients
were treated intravenously or subcuganeously with erythropoietin in
weekly doses averaging 5000 U of rhEPO (recombinant human
erythropoietin) for a period of at least 8 weeks. After erythropoietin

reatmepiqHieyRaoshe b aiseniaries!init WA landaidfieaaliRntS

were investigated over a period of 20 weeks, the endothelial progenitor

cells belif§eaniag AddOnmatstpadoRammet 4H madiehibier Seits by
flow cylgameipwaidrafblidredasiafter thwhbidntdineaksxddrzylating

peripheral blood stem cells (CPBSC) regresent a small poPuIatlon of cells
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of CPBSC by flow cytometry (Sutherland et al., J. Hematother., 5 (1996),
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received the erythropoietin analog Aranesp in a dose of 0.1
ug/kg of body weight or NaCl by s.c. injection for control

purposes.

Fig. 10 shows the Kaplan-Mayer survival curves for both
experimental groups. The animals freated with Aranesp have
distincily improved survival compared with the control

animals treated with saline.

Figs. 15 to 18 show that the renal tissue exhibits no
pathological changes after treatment with erythropoietin,
whereas severe pathological changes are visible after
treatment with NaCl (compare with Figs. 8 to 11). Further
histological investigations revealed that a distinctly greater
vessel density (CD31) can be observed in animals treated
with Aranesp than in animals freated with saline (data not

shown).
Example 4

Reduction in the progression of acute renal failure



Fig. 1 shows the results of an FACS analysis of circulating CD34+ stem
cells on the basis of the ISHAGE guidelines. Fig. 2 shows the number of
CD34+ stem cells measured by FACS analysis over a period of 8 weeks.
Cell culture test Peripheral blood mononuclear cells (PBMCs) were
isolated by Ficoll density centrifugg%gn_from human blood samples in
accordance with the method described in Asahara, Science, 275 (1997),
964-967. The cells were plated out on culture plates with fibronectin and

intai ' I iyma, EC (WM.CORSISLS BM-2
pasal mo A ERRE P Y AR R B W Sl
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nonadherent cells were removed by washing the plates. The remdining
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endothelial phenotype were identified by positive staining for two
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europaeus aglutinin-1 (UEA-1). The results of this_investigation are
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endotheliahpreaattente!ls prgh i dBEERASE He JMRBEtRE R Iging
endothelial progenitor cells. In the process, -81- )
nght renal artery, the bicod flow into the kidney was
interrupted for 45 minutes. During this period, a left
nephrectomy was performed. A sham operation was
performed on a further control group. In this procedure, the
abdomen was opened toc expose the left renal artery, but the
blood supply was not interrupted and the contralateral right
kidney was removed. All animals were anesthetized for 60

min and killed 24 h after the operation.

In the animals treated with saline, the 45-minute ischemia
with subsequent reperfusion of the remaining right kidney led
to massive acute loss of renal function. This is reflected by
the fact that the serum creatinine ievel increased by a factor
of 7 (p < 0.05). In contrast, the animals treated with the
erythropoietin analog Aranesp exhibited only a four-fold
increase in the serum creatinine levels one day after
induction of damage by ischemia and reperfusion. No
increase in retention levels was found in the animals
subjected to left nephrectomy and a sham operation on the

right kidney. The results are presented in Fig. 9.



functional deficits that occur in certain pathological states such as renal
anemia are compensated. These results are presented in Fig. 4. By
means of flow cytometry it was found that the number of circulating
CD34+ stem cells in patients with renal disease in the terminal stage
corresponds to the number of circulating CD34+ stem cells in the blood of
healthy subjects. After the erythropoietin treatment is started, the number
of CD34+ stem cells in the bloodstream increases significantly by more
than 5018./9(3 l,ésjjng the cell culture assay, it was determined that, after
treatment with erythropoietin, the number of cells that develop an
endothelial phenotype increases dramatically. In one functional cell

culture the aire il Iral nrtor ells
mcreas‘}e% Cz)ycgdr%jrc oro Igare‘“-’a er qﬁgﬁ (%( @?(a%ﬂ?:) ﬁ
healingithpatights ysitbmis tristedfrérz@PnENEBN mice Were anesthetrzed

by inhalation anesthesia with isoflorane. The fur on the two rear limbs
was removed using a depilatory lotion and disinfected with 70% alcohol.

A sterilgié mircsistipsiable tiersyftisaustRunghpnasrRre delisfigia skin
wound on the right flank of each of the mice. The o%eosrte side served as
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investigation, subcutaneous mgectrons of the recombinant -82-
surpnsmg!y found that the number of endothelial progenitor
cells in this differentiation assay is significantly reduced in
uremic patients compared with the healthy controls (Fig. 7).
ff mononuclear cells of a healthy subject are isolated and
cultivated in the presence of serum of a uremic patient, the
ability of these cells to differentiate to endothelial progenitor

cells is reduced analogously (Fig. 6).

Example 6

Stimulation of the differentigtion ability of endothelial

progenitor cells in healthy subjects

Four healthy young males were treated with 30 1U of epoetin
beta per kilogram of body weight one time per week for a
period of 8 weeks. The differentiation ability of their
endothelial progenitor cells was determined in a culture
assay, based on their adhesion ability and the two markers
acl.DL and UEA, before treatment of the subjects with
rhEPO as well as weekly at 1, 2, 3, 4, 5, 6 and 7 weeks after



human erythropoietin analog Aranesp (0.1 g/kg of body weight) were
applied one time per week throughout the entire study period. The
treatment began seven days before removal of the tissue punch. The
results are presented in Fig. 8. They show that administration of EPO
considerably accelerates the woundgdggaling process. Fig. 19 shows the
effect of erythropoietin on wound healing. The figure shows that, when a
standardized skin wound inflicted on mice using a tissue punch was
reated i a93ane SARIABAIRIN{EBY) RAQUIUARILILaIgady
closed completely after seven to eight days. In confrast, when the wound
was tregtedtaitthphyEittogasabbakrseldifioth@&EPE}, it did not close
completely until after thirteen to fourteen days. In the case of treatment of
the experimental animals with high- dosage erythropoietin (200 U
EPO/kg/week), no acceleration of wound healing could be observed by
comparison with the control group. Two of the experimental animals
treated with high-dosage erythropoietin died during the observation
period. The treatment with erythropoietin or physiological salt solution
began on the day of the operation, after the skin wound was inflicted.
Recombinant human erythropoietin was administered one time per week
by s.c. (subcutaneous) injection (20 IU/kg EPO or 200 IU/kg EPO) (n=5
in each group). Example 3 Reduction in the progression of chronic renal
failure through erythropoietin treatment



-83- Eight-week-old Sprague-Dawley rats were anesthetized with
ketamine (120 mg/kg) and Rompun (10 mg/kg). Their right kidney was
removed on day 0 and was immediately fixed in formalin for histological
examination. The segmental arterie% supplying the upper and lower renal
poles of the left kidney were ligated. Thereby renal infarction occurred in
the corresponding kidney areas, and only the middle third of the kidney
remained functional. One time per week, the rats received the
erytHed@sitstin analog Aranesp in a dose of 0.1 g/kg of body weight or
NacCl by s.c. injection for control purposes. Fig. 10 shows the
Kaplan-Mayer survival curves for both, experimental groups., The animals
teatdd Wi e K B DA o e AR, B i e

conti@ sanliAsmateaticr\VeerRAREoNigoMEItdgsesHBREtRAL R Hohal
tissup JardNibite 68y Padigiegiealwbarges prardreatmentwitiment of
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be obgaived iasimaladiiated with#iraeesp thas infpsionaitoeaied with
saling (datangs shouAkdPKRTPIS) LRReIon iR VegERNoRef acute
factor such as hypertension, hypercholesterolemia, eievated
asymmetric dimethylarginine (ADMA) levels, increased insulin
resistance or hyperhomocysteinemia and ¢} at least one end-
organ damage, namely left ventricular hypertrophy,
microalbuminuria, cognitive dysfunction, increased thickness
of the intima media in the carotid arfery, proteinuria or a

giomerular filtration rate of 30 to 80 ml/min.



Sprague-Dawley rats with a body weight of 250 to 300 g were used for
this investigation. One of the experimental groups received Aranesp in a
dose of 0.1 jig/kg of body weight oné'time on the day before induction of
acute renal failure. The rats were anesthetized with ketamine (120 mg/kg
of body weight) and Rompun (10 mg/kg). For comparison, there was
used a group of experimental animals, each of which was given an s.c.
injection. of safine \akthe saaiadinees Byrapphgaiieinof an arterial clamp to
the right renal artery, the blood floy into the kidney was_interrypted for 45
it TR B PR GBHRo Ly Al B A sharm
operatioimysiatogiesfommeis i dofu shendoiiied] g roupgémifas getsedure, the
abdomen was opened to expose the left renal artery, but the blood supply
was not interrupted and the contralateral right kidney was removed. All
animals were anesthetized for 60 min and killed 24 h after the operation.
In the animals treated with saline, the 45-minute ischemia with
subsequent reperfusion of the remaining right kidney led to massive
acute loss of renal function. This is reflected by the fact that the serum
creatinine level increased by a factor of 7 (p < 0.05). In contrast, the
animals treated with the erythropoietin analog Aranesp exhibited only a
four-fold increase in the serum creatinine levels one day after induction
of damage by ischemia and reperfusion. No increase in retention levels
was found in the animals subjected to left nephrectomy and a sham
operation on the



right kidney. The results are presented in Fig. 9. -85- Example 5 Reduced
differentiation ability of endothelial progenitor cells in patients with
restricted renal function The differenifation status of endothelial progenitor
cells was analyzed by a culture test in 46 uremic patients as well as 46
healthy control subjects of matched age and sex. It was surprisingly
found that the number of endothelial progenitor cells in this differentiation

assay isghtgliféieaoty s evneethislialrBroigapmite nis RO MFRIRhHatibEh ef
healthy contr ols%g 7). If mono clear cells of a healt %”subject are
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ability oftigseicells 4 difiedertiaialto prstpthetial pedeniteswesls is
reduced anal ousl %8%) Example 6 Stimulation of the differentiation

ability oﬁ’éﬁ&B %ﬁ& © [l =y Hﬁhy subjects Four healthy

young males were treated with 30 IU of epoetin beta per kilogram of body

weight oge (e et uesk (BrdinBIHedLH esks. e fasgntiation
ability of their endothelldhfprgag itor cells was determined in a culture

assay, HRRESENt Hsiig) RreceRigicalsKBRET88ITS. and

UEA, befgrertiggdmanisahthessighiects with rhEPO as well as weekly at 1,
2,3,4,5, 6 and 7 weeks after -86- treatment of the subjects with rhEPO.

A relative increase of
4. The use according to claims 1 to 3, wherein the

stimulation of endothelial progenitor cells leads to formation
of endothelial tissue.

5. The use according to one of claims 1 to 4, wherein the
stimuiation of endothelial progenitor cells leads to formation
of new biood vessels. |

8. The use of erythropoietin in a low dosage of 1 to 80 1U/kg
of body weight per week according to any one of claims 1 to 5
for the therapy of pathological siates or diseases of the
human or animal body associated with a dysfunction of
endothelial progenitor cells, and wherein the pathologicai
stales or diseases associated with a dysfunction of
endothelial progenitor cells are hepatic disorders such as
hepatitis, cirrnosis of the liver, acute or chronic liver failure,
bone and carlilage disorders or lesions, mucous membrane
disorders or lesions, especially in the gastrointestinal tract,
Crohn's disease, ulcerative colitis, renal function restrictions
with glomerular filtration rates of 30 to 80 mi/min,
microalbuminuria, proteinuria, elevated ADMA levels or
wounds and sequelae thereof.



greater than 50% was observed in the EPCs. 87 Claims 1. The use of
erythropoietin and/or derivatives for production of a pharmaceutical
composition containing a dose of 1716 90 1U/kg of body weight per week
for prevention or treatment of diseases, wherein the erythropoietin in this
dose is suitable and designed for prevention or treatment of a human or
animal patient exhibiting a) at least one dysfunction of endothelial
progenitor CeAsu$y serrstiondocaldimBsiharsiskhadysiumaiion of
hypertenisorugibediz gstareteiniacelisyatausiaty/ ofnitteic impaired
gimetzy&EQimeﬁ;%D&%hwveﬁ@ﬁ 'Iﬁ}?{ﬁ?ﬂ?@@ E@gﬂ{ﬂw t@ﬂﬂé@ﬁd e fo
yperhomo inemia and ¢) at least one end- organ.damage, .namely
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or a gloameriolgedikratiorurase of 30 to 80 ml/min. 88 2. The use according
to claim 1, wherein the pharmaceutical composition is used for stimulation

of physj Iog(t(‘:al mobilization..of endothelial pr g%rrlitc%r_c&llhs %?

proliferation Fenudgﬁhéahcéioﬁcr%ﬂ nFPorccg”g, di erentiatlon‘o?reﬁdéﬂ?elial
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progenitoreseiigdotiar darmvaikonof emrciothatigiogesie stin/tus blhdhe use
accordi%g%é:‘lgims 1 or 2, wherein the

8. The use according to one of claims 6 to 8, wherein the
dysfunction of endothelial progenitor cells has a pathogenic
cause.

10. The use according to claim 1, wherein erythropoietin is
administered to each patient in a dose of 1 io 45
units/week.



adhesion ability of endothelial progenitor cells undergoing differentiation
is increased. 4. The use accordig,? to claims 1 to 3, wherein the
stimulation of endothelial progenitor cells leads to formation of endothelial
tissue. 5. The use according to one of claims 1 to 4, wherein the
stimulation of endothelial progenitor cells leads to formation of new blood
vessels. 6. The use of erythropoietin in a low dosage of 1 to 90 IU/kg of

body wei ' '
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therapy of patholog iseases of the human or anlmaﬁ)ody

associalB8 WA ErSHR0 AU RATINRe IRy SHERRIER cBREC R Aherein
the pathespgivallystantaventissasdirassusated, witiracsfigiton of

endothedighguegeniles seNecrad wipitisl disendRisagieeh as hepatitis,
cirrhosis of the liver, acute or chronic liver failure, bone and cartilage
disorders or lesions, mucous membrane disorders or lesions, especially

in the gdgrointdtindiradCEreigs dise £ Micdrativi¥RBiRY rdAg
functionpatniazmgiositicoopesititar Hikstion fates of 30 isdian/ein,
microalbgidisia, proteinuria, elevated ADMA levels or wounds and
sequelae thereof. 90 7. The use according to claim 6, wherein the
dysfunction of_the endothelial progenitor cells consists of their impaired

proliferatioh adifg YRR Lol & GiRERSHidR 18 ShEssRIial
cells, thiieiphpainscattiosioroatiiyition lorsithble for pulmonary

adminisiration.

14. The use according fo claim 13, wherein the
pharmaceutical composition has the form of an aqueous
- solution, a nonaqueous solution or a powder.

15. The use according to claim 13 or 14, wherein the
pharmaceutical composition has the form of an aerosol
preparation.

16. The use according to one of claims 1 to 15, wherein
the pharmaceutical composition is suitable for oral
administration.

17. The use according to claim 16, wherein the
pharmaceutical composition has the form of a solution,
suspension, emulsion or {ablet.

18. The use according to one of claims 1 to 17, wherein
the pharmaceuticai compaosition contains at least one further
active ingredient for stimuiation of endothelial progenitor
cells.



impaired ability to migrate toward a vasculogenic or angiogenic stimulus.
8. The use according to claim 6 or 7, wherein the dysfunction of
endothelial progenitor cells impg' s or prevents the formation of
endothelial tissue and/or blood vessels. 9. The use according to one of
claims 6 to 8, wherein the dysfunction of endothelial progenitor cells has
a pathogenic cause. 10. The use according to claim 1, wherein
erythropoietin is administered to each patient in a dose of 1 tp 4
units/wesk. §1€1 ¥5§haGGOEAIRE IR oS ot NG HRE L P (I rein
the phasuthee inigreidion o MiBHS BIERbB N6 S eate fel; Ecsbduiaiy
intravengus firyRUREH A, INIRSURNE AU SHDRHIBRSCHAPRME! as
topical agc{ié:_anlnlstratlon. 12. The use according to claim 11, wherein the
pharma M@omposition has the form of an injection or infusion. 13.
The use according to one of claims 1 to 10, wherein the pharmaceutical
COMPOSHOrrigSYEaDIR EBFRIHETR BRI AN +44- ARRUERA
accordl?i%}o laim 13 %herem the pharmaceuu[(]:al compaosition has the
a6

form of sTEURIRSN, 1§ nénati@busEhiltioRSor APYRREN 5. The
use accoweiagtadiclaim aidvagitinhdreinARE inhibitor is an active

ingredient such as enalapril, ramipril or trandolapril and/or
the AT-1 blocker is an active ingredient such as irbesartan,
lorsartan or olmesaratan.

21.  The use according to one of claims 1 to 20, wherein
erythropoietin is human or animal erythropoietin.



pharmaceutical composition has the form of an aerosol preparation. 16.
The use according to one of claims 1 to 15, wherein the pharmaceutical
composition is suitable for oral administration. 17. The use according to
claim 16, wherein the pharmaceuticdBcomposition has the form of a
solution, suspension, emulsion or tablet. 18. The use according to one of
.claims 1 to 17, wherein the pharmaceutical composition contains at least
one fushennaciive DaGARG! (o RiMUA ARl eRratpiBbBioae Ny
cells. 92 19. The use according to claim 18, wherein the further active
ingredigitviatiye GRPI @ raletu- s PR iletinthibRbr, aarieinbl &ker,
an HMVs(pdpeseiigtase inhibitor and/or an NO donor. 20. The use
according to claim 14, wherein the HMG-CoA reductase inhibitor is a
statin such as simvastatin, mevastatin or atorvastatin, the ACE inhibitor is

an actiyg, i quedigsy sHeborgirgalaprikisamiprizor tendriapirsdiar the
imesANEPBENY 5 (SRSR00 7y T o T d 2o A B
erythrepgietis ¢ patiemtsasdfensg drythrapzistio H2r2i2, ToenuisEsue
accorocl;iﬂﬁuti%glaio Z%U%haerqeir}eer%hr%%%iggp iSc%lis, from human
lymphoblast cells, which have the ability to preduce human
erythropoietin, or from a hybridoma culture obtained by cell

fusion of a human or animal call line.

24. The use according to claim 21 or 22, wherein
erythropoietin is an erythropoietin produced by means of

DNA recombination techniques.



derivative, an analog, a modification or a mutein of erythropoietin. 23. The
use according to claim 21 or 22, wherein erythropoietin is isolated from
human urine, from the urine or plasma of patients suffering from aplastic
anemia, from tissue cultures of human renal cancer cells, from human
lymphoblast cells, which have thé dbility to produce human erythropoietin,
or from a hybridoma culture obtained by cell fusion of a human or animal
cell line. 24. The use according to claim 21 or 22, wherein erythropoietin

is an4fythhsporRsirPpetivaPeiiite A6 DN OreMBiration 24. for
techniguas-88n2ar TheAse-ReNtRLnAptinAseordiRg trslrimmA tar24.

for production of a pharmaceutical composition for prevention or

treatrifERBEMEHsEiseATERi MR e S SBIR RIS hand/or the
pharmpageyical @RraPesiigadtisHiiaiairedastonesidpe M RINMBming

application to a human or animal body in a period from 6:Q0 to ‘00 a.m.
PP apphcation to a human or animél boa@ trn a period ?rom 6180 ?o

10:00 a.m.



