-1- Use of | ow dosage erythropoietin for stimulation
of ~ endothelial progenitor cells, for organ
regeneration and for slow ng the progression of
end- organ damage Description The present invention
relates to the use of erythropoietin (EPO) especially
in |low doses, alone or in cdibi nation with ot her
chem cal, thermal, nmechani cal and bi ol ogi cal agents,
for stinulation of physiological nobilization,
proliferation and differentiation of endothelia
progenltor ceIIs for stlnulatlon of vasculogene3|s
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i nclude erythropoletin and other suitable active
ingredients for stinulation of endothelial progenitor
cells as well as for organ protection, for organ
regeneration, especially formation of new vessel s and
tissuegeségﬁyéﬁr sl owi ng the progression of organ
damage. e present invention also relates to the use
of erythropoietin, especially in the inventive |ow

doses,...and/ or ble active jngredients for
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or 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 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 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,
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 wrinkles, for strengthening of the
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connective tissue, for protection and tightening of
‘the skin, especially facial skin, against harnful

envi ronnental factors, and as nakeup foundati on.
Furthernore, the inventive topical use of
erythropoietin counteracts the formation and further
devel opnent, of age spots, refines the skin texture,
supports the skin rejuvenati on process and accel erates
hair growth. The present invention also relates to
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circadian rhythmof EPO in the human or ani mal body.

I n huniither d@Ma!@gme@h@feagpt spaiporedines the @&unte;weh as
t er.noon,
ang coo T Be kR EbodsR A pbRiiaf Mib eage

erythrgpsitetin as defined in the foregoing preferably
‘takes place in the norning, especially in the period
from6:00 to 10:00 a.m, in order in this way to
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application in a manner adapted to the natural circadian

rhythm of EPO 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 biological and therefore also
therapeutic effect. Within this time period, the EPO can be
administered as a single dose 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
cosmetic and therapeutic tfreatment of the human and animal

body or cells.



According to the invention, it is provided in a
further enbodi nent of the use of erythropoietin that
endothelial progenitor cells will be applied

simul taneously with other cell popul ations usable for
cell therapy, after prior igcubati on wth |ow dosage
erythropoietin in vitro, preferably in | ow doses, or

| ocal as well as systenic application of
erythropoietin in vivo, preferably in |ow doses
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system, of the cell population usable for cell therapy. The
invention also relates to the use of erythropoietin 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 population 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



-4- Dbiological agent, especially a pharmacol ogi ca
active ingredient, for increasing the nunber and
function of endothelial progenitor cells and/or for
regeneration or slow ng the progression of tissue
damage. The invention also relates to the use of use
of erythropoietin, especiaﬂry for production of a
pharmaceuti cal conposition or of a kit, for
prevention or treatnment of diseases or for use during
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The invention therefore relates to the preferably sequential,
timed successive or simultaneous administration of low-
| dosage erythropoietin plus, in a preferred embodiment, one
dr 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 to 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 cells
in bone marrow or in specific tissue niches for stem cells; B)

mobilization of stem cells and/or endothelial progenitor cells




nmobi | i zation of stemcells and/or endotheli al

. progenitor cells -5- from bone marrow or other "stem
cell" niches into peripheral blood; C quantitative
and qualitative optimzation of stem cells and/or
endot hel i al progenitor cells in peripheral blood

and/ or ex vivo under selective culture conditions,
-preferably cultures under hypoxic conditions with an
- oxygen concentration of 0.1%to 10% D) hom ng of
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also relates to the use of erythropoietin, in |ow
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and in vitro, and if necessary also of one or more 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 regeneration or slowing of the
progression of tissue damage, an optional and preferable
use being as described hereinabove, in a manner adapted to
the natural circadian rhythm of endogenous EPO 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 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 therapy of diseases related to a



differentiati on of endothelial progenitor cells, for
stinmul ation of vascul ogenesis, for therapy of

di seases related to a -6- dysfunction of endotheli al
progenitor cells, and for production of

phar maceutical conpositions for treatnment of such

di seases as well as pharnaééﬁtical conposi tions that
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a. m Tdemags,cul sichendgd helldiim vénmicliayer bekRIphy, t hat
lines the Dblood vessels. The endot heliurn keeps'the
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to the aforesaid use of low-dosage EPO in the aforesaid
patient groups defined in a) to ¢) in an embodiment that is
suitable and designed for undertaking application of EPO 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
regulation 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 blood pressure, elevated LDL

levels, elevated levels of asymmetric dimethylarginine, which




| ocation, the endotheliumis exposed at all tines to
henmodynam ¢ stress and netabolic stress. In pathogenic
condi tions, such as high blood pressure, elevated LDL
| evel s, elevated | evels of asymetric

di met hyl argi ni ne, which -7-_is the endogenous

i nhi bitor of NO synthetasej7'hypercholesterolenia,
restricted renal function with a gl onerul ar
filtration rate of 30, preferably 40 to 80 m I mn,
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Cor ongfambpart dicheassy ohafpvepecﬁ‘f]@maru shgpé%Pﬁ\?,s are
present wthout coronary heart disease, speclally
hyper treissoalpyminesay i ct ebteianrb, f unaeumpathies or

h [ L i.nernia. _hyperhonocyst ei.ner pi i,nsulin
r st sulRREEEPE b ety AoV s Selh el PitredaTect o
are rraguées badothaliglganaRnest Bh@stHENdl AysRinchibh (s aEDRF)
and increased endothelin production. H gh plasm
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cells, inflammtion, vascular tunors and severe
vascul ar stenoses. Enclothelial function inpairnments
are additheosmskl of cobanachedrnt zisksy, iopaveaswHen risk

produ%{i:tgps o;readgr%ssieﬁtn 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 |CAM-1 and VCAM-1, whereby
thrombocytes and monocytes adhere to an increased degree
to the endothelium. This results in increased vasotonia. Thus
a disequilibrium favoring vasoconstriction, adhésion,
aggregation, coagulation, atherosclerosis and

| atherothrombosis develops in the most diverse systems.



nol ecul es such as |CAM1 and VCAM 1, wher eby

t hr onbocyt es and nonocytes adhere to an increased
degree to the endothelium This results in increased
vasotonia. Thus a disequilibriumfavoring
vasoconstriction, adhesion, _ aggregation, coagul ation,
at heroscl erosis and at her 68Hr ombosi s devel ops in the
nost diverse systens. Even nental stress leads to
nmeasur abl e endot helial dysfunction, which can persi st
for asEvemgmentad retwess. leddisdotoheheasurablel ssralotiwlial
participate in the, formati.on. of new bl ood vessels.
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extraceliular matrix in the perivascular space is fragmented.

The angiogenic stimuli released thereby cause. already
existing differentiated endothelial ceils to migrate toward the
chemotactic stimulus, during which process they
simultaneously proliferate and are transformed. 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



Recent investigations, however, show that the
formation of new blood vessels in the adult organi sm
depends not only on angi ogenesis but al so on

vascul ogeni ¢ nechani snms. By vascul ogenesis there is
under stood formati on of new vessels from endotheli al
progenitor cells undergO|nggdlfferent|at|on in situ.
The belief that vascul ogenesis is confined to -9-
enbryogenesis was refuted by the detection of
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(1997), 964-967; Crosb ,
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restoration of blood flow in diabetic mice (Schatteman 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-
1536). Furthermore, it was shown that neovascularization
induced by CD34+ cells improves cardiac function (Kocher
et al., Nat. Med., 7 (2001), 430-436). Besides CD34+ cells,
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 cytohiological




i nduced by Cl D34+ cells inproves cardiac function
(Kocher et al., Nat. Med., 7 (2001), 430-436).

Besi des Cl D34+ cells, CD34-negative nononucl ear bl ood
cells can also be used as a source of endotheli al
progenitor cells by appropriate transdifferentiation.
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(Vernert et al Chem e, 21 (1999), 3432 3435).
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cel | sexamplegobhethel surficegeasfi tgpswing! lemdothiagial igellkl y to
initiation of proliferation and mgration of these

cel | s(Wemerd et 1., afgedyefinemie il (ID995\B4338435).
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sti ”Uklﬂh*s@fpa@fﬁway 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 angiogenic 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 eosinophils. PIGF (placental growth factor) is known to
stimulate the mobilization of endothelial progenitor cells but
not proliferation thereof. From investigations by Llevadot et
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), 391-397) were able to show further that



whi te bl ood corpuscles, including neutrophils,

macr ophages and eosi nophils. PIGF (placental growth
factor) is known to stinulate the nobilization of
endot helial progenitor cells but not proliferation
thereof. Frominvestigations by Llevadot et al. (J.
‘din. Invest., 108 (2001), Hd99-405), it foll ows that
H VI G CoA reduct ase inhibitors, especially statins,
whi ch are used as Iipid-lomering medi canment s and

whi ch statihsc sutneas ratorvastatiy amtl simvhstatin ysighificantiynar y
di sease, are able to_ nobilize endothelial progenitor
cel | s./mproyedhe ditfgreptiation; in vifrorand inps of enq!e@let@loon
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t he dnécﬂ@teantromt perpheral BlobdO FaR texafplé,V fea®ient of
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strong an effect as that of VEGF. The present

invention is based on the technical problem of
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and regeneration of different tissues. The {oresent
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in Iow ose used

physi eletiydd=dor pratbeticrzanid syenbratiod of iffarant tiksageni t or
cells, the proliferation of endothelial progenitor

cells, the differentiation of
The present invention solves this technical problem by

{eaching that erythropoietin and/or its derivatives, especially
in low doses, can be used for stimulation of the physiological
mobilization of endothelial progenitor cells, the proliferation
of endothelial progenitor cells, the differentiation of
endothelial progenitor cells to endothelial cells and/or the
migration of endothelial progenitor cells toward an
angiogenic 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 for increasing postnatal
neovascularization, especially vasculogenesis, and for
treating diseases associated with a dysfunction of

endothelial progenitor cells and/or endothelial cells, as well



endot helial progenitor cells to endothelial cells
and/or the mgration of endothelial progenitor cells
toward an angi ogenic or vascul ogenic stinmulus in a
human or ani mal body. The inventive stinulation of
the nobilization and/or differentiation of
endot hel i al progenitor cells Tepresents an inportant
new t herapeutic strategy for increasing postnatal
neovascul ari zati on, especially vascul ogenesis, and for
treat iagy for Spretetionsandi dsherdtidn afdyiifonast itiesueayf
endotheliaI(ProgeniLor cell's and/or endothelial cells,
as weldaroaged Ry ¢hemipalethermaln mashanisgkard dielegicak
diffeQﬁg§¥§issues damaged by chenical, thernal
mechani*cal” ‘and bi ol ogi cal agents. The present

i nvention also solves this technical problem by
teachi ng the use of | ow dosage erythropoietin and/or
its deéd peesenkinveotion blsot Sudvaspthio fedinkabpmblam by

pat hol,0qgi,cal states soci ated wi,th a, dysfunction of
Endot HERFING fPBqus (o, e Boen iy TOPRIRkb: ARG
cells. : : ' i | ves
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| ow dasageiatedywiih @pdysfanaionasfdéraiothdlial grygenitdi vells f or
protection and regeneration of different tissue types
in di s""é‘é’Z‘&Fr@Qmﬂhﬁl eflls. or for pathol ogical states

associ ated with a dysfunction of the respective
tissue function. The underlying technical problemis

al so Fairthesmbie, the presentiBivehton alsongilsUBRERBhNBaIOr
si mul taneous adm nistration of |ow dosage

er yt hibpRIeet by tpacking e disenet dowtpaage enghtapgistin
ther rraJnd/dFE ﬁga@érﬁ%&iv&g fgl' oﬂrg%ic |gr|1 AW nrteaeneration of
different 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 by the
sequential, timed successive or simultaneous administration
of low-dosage erythropoietin plus one or more other

chemical, thermal, mechanical or biological agents.

The invention therefore relates in particular 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 or/fand the

pharmaceutical composition is suitable and designed for




The invention therefore relates in particular to the
follow ng enbodinents A) to K), individually and/or
in conbination: A) The use of erythropoietin,
preferably for production of a pharmaceuti cal
conposition, for prevention or treatnent of diseases,
wherein the erythropoieti m bt7and the phar maceut i cal
conmposition is suitable and designed for -13- norning
application to a human or aninmal body in the period

f r om emomhingaglicaliom tora HR)mdrher asienadbody it theaparicet i n,
preferably in conbination with enbodi nent A),

especi BIMP:9to Hre@adni on of a phar maceuti cal

conposi tion, for prevention or treatnent of diseases,
wherei n the pharmaceutical conposition in its |ow
doses BlxThaiusalif erghpbéating peefefaily pr esrabiniation evith

treat men f h n _or anjmal,_patient exhibiting a)
at 1 oagnbefimen, KNG efbeltaly oriabt hPRUPIE odin tor
cel | s, parmateltR@P CoRiPRsitieA! froMRFEROH of tektrha®l oF
such as hypertension, hypercholesterolena, insulin
r esi stdisrasesewborietherpiitmaceutical eomposition in its low

hyper ' ' t | 0 - an
g RS St Bh BMNEA 16 ork o freientor?
m croad thumanir ora,anfmghipatient dydibitef i) at | leaste ased
t hi cknes of the intina nedia_in the carotid artery,
pr ot eiq?/&?q@t'%m ergﬁﬁ&?ﬁ‘éﬂ@h PEROSTVItDE C8liS.op) Ableashone g0

m /M oo REGARURR! Y ridR L Bd% ™uch NasO hiPertsiSor!
era on"wth

erythropoietin, pre y in conbinati
enbodihypatchajestasplearia Ainsulid  Bysistboce, c elevatedc ADMAL ment

of  wlRHE G8. MR RS eI g RO HelobSh Q08 SUE
ti ssuergh®r damage such as left ventricslar hypertrophy,
microalbuminuria, cognitive dysfunction, increased thickness
of the intima media in the carotid artery, proteinuria or a
glomerular filtration rate of < 80 ml/min, preferably 30 to 80

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 connectlive 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




protection and tightening of the skin, for protection
agai nst harnful environnental effects, for treatnent
of age spots, for acceleration of
reepithelialization, for acceleration of hair growh
and/ or as makeup foundation, D) The use of

eryt hropoi etin, preferably 14~ conbi nation with

enbodi rent A), B) or A and B), for production of a
cosnetic -14- preparation, especially for topical

appl i cplebamtiohOlesp@&amt For topicaptaBhdatioh, Forechsmatt or
ani mal body, especially for treatnent of winkles,

f or st ireatgtenkndfnghefhurhan camreirnaly body,i espegialiyorfor
protection and tightening of the skin_ for protection

agai nsteataent of ‘@%’W?% nivk rtteanathaning of therconnesiiveent

Peep!ristRolr proBEict 353 BGRbbAY o the skinfor prRtpetipu
-and/ or a@findtakeRiiull SWNdARIcPRal dilecl) SolfBattient of age

erythropoietin, preferably in conbination wth "one or
nmor e odpatstifod avesiematidh, of Bpepi@elializallpn, forddoaelepation

m xture of endothelial progenitor cells with at |east
one ceffihaingrpwihend/ar as mskeup dpungltiont her apy, for
production of a pharmaceutical conposition containing
erythropoietin and a m xture of endotheli al

Gsant ot She 81t lichihylett Bratfe FEerhaion Mettios
or vesgfd %r'rH%;% Bf”*é"f'ﬁbd?ﬁ]mémsnﬁb, @ﬂdéz o\f‘hﬁg,eéﬁhlbi‘%
m xture has been brought "I nto”cofitatt w t'h

_eryt hrap@iretdireriddthelial Brogdhitér cdi Wikt taddt One &I The
use of erythropoietin, preferably in conmbination with

one orpoputationf usabledifgreel eragy) . fof) praductisn Bf, a
and/or a mxture of endothelial progenitor cells wth
at | eg¥tarwacewtisal copppsitianicontaising lesythoopodatin ander apy,
for production of 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

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




phar maceuti cal conposition containing erythropoietin
and/or a mxture of endothelial progenitor cells with
at | east one cell popul ation usable for cell therapy,
for regeneration of tissues or vessels in a human or
ani mal body, wherein erythrgpoietin -15- is
adni ni stered to the ani nal 18r human body before, after
or simultaneously with application of the mxture. QG
The use of erythropoietin, preferably in conbination

Wit h i@ggmgystgmoeto%etdﬂﬁn%%rﬂsﬂblade%ﬁfrg,i gfn%rto? A)

to F), and/or at |east one chemcal, thernma

nechasimsatarebuslyiviatrogiehtioenthe raisagsi al ly a
phar macol ogi cal active ingredient, for production of
a pharmaceutical conposition or of a kit containing

eryt hr ietin and the at | east one chem cal, .
Chor mi) TheURG of GRtBPOlsB) Bt eraPhaerambnghon with

prevepikho, r dl. siea a ei h
phar rrgIgIgu(tEII g‘i\ rbcgﬁn%ﬂg%hﬁyﬁj"ﬂ?ﬁt?héeg%@%g{ Os,uﬂ\ ttébF)é and
desi gaad/cr ont slegsierdrieal chemiosid theanalssmeehaical or

si nul t aneous application of the erythropoietin with
t he aPidediedl qgentchesnesially tthepharmacniedienli caativer

bi ol ogj : t he. i nvent i r.ef or |

rel at e addfion M Bhebica o8 BegiuRd ore,

i ndi cat e Kie'cohtiny Cetyiistopoittin Waed ethe bhdeadteehani cal
agents are endoprostheses, preferably inplantation
suppofhemical, thermal, beedwanigal | pyabeingicabndogent, for

I .S. The | ' I I .th f
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under phépnacdiBieal Tohiosiion! @91 &l 1BOS8! SuRdtste Sahd d
organs such as |iver, kidneys, heart, pancreas or

ski n. designéd dorc sequearttiab rtimedh successpleant sinmiltdnealiso be

undergé&%%tigﬁ gI othggIe%ro?)gl%tiﬁt 3\iithI rtIhe at least one
chemical, thermal, mechanical or biological 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/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 agehts. 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 systemic or local
application at the implantation site of a biological agent of

the foregoing type or of an endoprosthesis, especially an




a particularly preferred enbodi nent, the present
invention therefore relates to the use of
erythropoietin for production of a pharnaceutica
conposition or of a kit for systemc or |oca
application at the inplantation site of a biologica
agent of the foregoing typasor of an endoprost hesi s,
especially an -16- inplantation support for a tooth,
tooth replacenent, tooth inplant, bone replacenent,

bone iimplaithtion @uppRRIToF @ bdih, ksUtRtreplaReile@s foth
|'i gament/t endon repl acenments, for exanple cruciate
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it is aI ovi ded  t hat nt at | on of theS|d
bi ol od?'®q 9'08[ Qfe SiRGhARICAI a%‘%pﬁﬁﬁl ar, #h oflek pyyords,

endoprgshhigsi & gkﬂﬂﬁﬁﬁéﬁé‘ &8, éképﬁblte el ogJe)ékg\’H'rar th es

use of erythrop0| In"a fur
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after Egl antation of the said endoprost hesi s or_ of
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condi tioned, thus enabling considerably better and

thus fofardhraneiedi: 4 AdHrtaer emh@dlmaﬂtdg is:movnjied that

mecha S
gr om ﬁhfg%ﬂﬁ}%ﬁﬁpogé%ﬁﬁgﬁgprg dﬁ‘”@ an,_ﬁtr ainﬁ?e of
er yt hiseRperddptoStBesis QUr@J@tﬁén%&ﬁaﬁbalrmrtﬁol%lchhﬁgent
enbodi nents according to A) to G, wherein th
According to these embodlments 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 or 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 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:




phar maceuti cal conposition does not |ead to any
increase of the hematocrit during application in the
human or animal body, especially not nore than 10% of
the value of the hematocrit prior to application of
the erythropoietin. -17- 1) The use of erythropoietin
according to one or nore of17 -enbodi nent s according to
A) to H in a pharmaceutical conposition, wherein the
erythropoietin is suitable and designed for the said
pr ever) iThe, use edtarpihtopnietrhacepying fo @nel owntwseoft hat

cannot actjvate er&gropoi‘e IS, érf)speci ally in a dose
of 0. GMPY REtSofC WQ\AE?gﬁs?ttOp_ e & Phanaceugal
especiddimposaBnl Wh&@iPTthBOdWMBhBIMinPE ARS8k @nPThe

use of erythropoietin according to one or nore of the
enbodidesigneddor thedsaid preventian trepimenteoreiheragye inliasease

can rchol est erol.eni a i abetes nel litus
Fheul o UBE 0Tt aRiik iy Ditiien s BpegRIN Ty o
i nf | ariek o6ty 0.001 SIU/RE 'of, befyd Weltft | i webldClpdbngo,
reticul oendot hel i osis at heroscl erosi s, age-rel ated
car di PRSEAINLPO Hi/ke £ body weight peE weekor der s of t he
extremties, preeclanpsia, Raynaud's disease, hepatic
di sorders such as hepatitis, cirrhosis of the |iver,
acut e KrTrehusnofterythrepoibtin hocedingdoeomnsr morsy df thage

B RN it e
Crohn'he  diyper$BiestroRh@h] Veishetes | Smellitus,  insulin

pregnancy-induced hypertension, chronic or acute
renal resistanes, enrgutbelimynadiatet nathrerinal inflammaleny,

R T e
pr ot eiafherogclerosigNdi hpenslatdd h edrdicvascllADVAdisedsd,s or
mund?sc%gpnic disorders of the exitremities, 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 restrictions with glomerular filtration
.rates of 30 to 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.




sequel ae thereof. The invention also relates to the
production of a kit containing erythropoietin,

endot helial progenitor cells and at |east one cell
popul ati on usable for cell therapy, wherein the
erythropoietin is preferabl)( present in | ow dose. -18-
According to the invention; 8t has surprisingly been
found that treatnment with | ow dosage erythropoietin

| eads to physiological nobilization of endotheli al

pr ogenAteordingl losthe wiiventom, it Hesnewdpesingly beer doatd ng

endot hgl | rogeni tpr cells is ipcreasgd an
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cells that occur under certain pathol ogical

condi t Woersinthe nuahgraf sircuiglingepdethielig pregeniter cells
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eal t ubj ects, put in these patients they have | ost
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compared with healthy subjects (de Groot et al., Kidney Int.
2004,66:641-6). This functional decline of endothelia
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 cells
increases significantly by more than 50% after treatment
with low-dosage erythropoietin 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

 cellsin patients with chronic renal disorder, characterized by

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




with | ow dosage erythropoietin according to the
invention, not only in these patients but also in
patients and/or subjects wth healthy kidneys. In
particul ar, the nunber of cells that develop an
endot hel i al phenotype increases dramatically. As was
denonstrated by neans of alunctional cell culture
test, the inpaired adhesion ability of the

endot helial progenitor cells in patients with chronic
renal isli imoredised bharaddctor addthrge bygtlendowldusage
filtratipn rate of 30, preferably 40 .to 80 nml/mnp,
o BefihpoRiBe feaient 16 IR AT iR With
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and/or_patients w th healthy kidneys, it is Increased
by a flaet oadhssiarwo ability hek e endatheliald heregemitaibi ¢allsy  of

Tt orDEbtRind htFdaRon izt dr.pHARRLER B is ong of
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tissues , and/or vessels. In this way erythropojetin is
abl e PR EsEEISH Eb NS WAYaeIYHEPPOIRTIN dS @8le f Induce

vascul,agenesisizatioh. td : [
Ki dne)rllggar e !aé %g{r'{v’c%ﬁé%g}(yﬁﬁ?@?g%ﬁ&ﬁﬁghchgg or
cor r espgamsi, ©f whidckidpggnare ampasimllargeaineplst inmuhichar e
rel eased. Accprdi ng t? t he inventi.on, .| ow.dosage

er yt hEABBIRATANGE avassulograly o1, Shgipdeniee SRVYT iBgi cal
nmobi | gaké&a) of endothelial progenitor cells,
proliferation of endothelial progenitor cells,

di fferentiati on of endothelial progenitor cells to
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adult organism According to the invention,

| ow dosxseiter gells, gaiferation o rendethalinb prodgenitor cells,
differentiation of endothelial progenitor cells to endothelial
cells andfor migration of endothelial progenitor cells toward a
vasculogenic or angiogenic stimulus in a human or animal
body, especially an adult 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
pathological 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 cells

and/or endothelial cells. Patient populations exhibiting such




enpl oyed advant ageously to stinulate the formation of
new vessels by vascul ogenesis in tissues or organs in
whi ch pat hol ogi cal vascul ar changes are present. In
addition, the formation of endothelial tissue can

al so be induced by virtue éﬁ the stinulation of
endot hel i al progenitor cel14“by | ow dosage
‘erythropoietin. According to the invention, |ow
dosage erythropoletin can therefore also be enpl oyed
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‘resi stance, hyperhonocysteinem a, elevated AD
| evel smicipribamiurigr pseiemyrage su@amerularfiraientratecul ar

hypert{s_ﬂﬁ?)\/ ' L burnj neei .proteinuria or a

gl oner ‘?fiefd;‘:t’g%fg%ﬁ&%ﬁk’éﬁ@ﬂa'ﬁof 30, preferably 40
to 80 m/mn. The invention also relates to the use of
| ow- dosage erythropoietin for protection and

‘r egenefle i ionention i aswerelatess o f thec tusen dfiakbwidesage
jeopardi zed by the action of chemcal, thernmal,

nec har@yirorpiet dopgpretactiggeand. regenesatiann @ft tissuee

ety S0 FRCER bBREPESE JoBEatirerel B Fition of
reductimumighl, WeARAY MECRANBS YWbf NEidRSich t Aferiki N,

especially of the facigTélc skin, to protection or? t he

ski n ahebording dolties Inventién, aggicaipapsicatidit 6plow-agsdge t he
i nvention, such use of |ow dosage erythropoietin or
of a cR¥ViheRAiGtn @lge relalesploapeeventior mndaredyction noft i med

succes] }e%layoerxisﬂnguvlvrtl&rllgsogfs lr?é gﬂi}l,hegprze%ia?lg/ oq%ee 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 to its circadian
rhythm, in order in this way fo 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



ot her chemi cal, thermal, nechanical or biol ogica
agents. According to the invention, |ow dosage
erythropoietin can be therapeutically used in a
manner adapted to its circadian rhythm in order in
this way to achieve a naX|g¥n1biological effect. In a°
preferred enbodi nent accoré@i'ng to the invention,
endot hel i al progenitor cells are applied
~sinmultaneously with other cell popul ations usable for
cel'l tisareapylls aidadle F6F Well tHeeahAtdetts Withh sLiffiviei@sage -
erythropoietin in vitro and/or local as well as

syst ehindingdiplthe yasanarcsystean- dosage erythropoietin in
vivo, in order in this way to ensure that the -21-
tissue cells usable for cell therapy settle wth
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a glygoprotein having 166 am no acids, three

gl yco&ilgré(ﬁ'lrﬁ?yq 8¥tes and a nol ecul ar wei ght of about
34, 000 Da During EPO- i nduced differentiation of

eryt h% _leﬁroi\g’enl tor cells, globin synthesis is
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suppl mg exnplen 6oannmenta§bﬁn§nthemss‘@er 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 EPQO, but also its derivatives,
~analogs, modifications, muteins, mutants or others, as long
as they exhibit the biological effects of wild-type
erythropoietin.




processes are initiated through the interaction of EPO
W th an appropriate receptor on the cell surface of
the erythrocyte progenitor cells (G aber and Krantz,
Ann. Rev. Med. 29 (1978), 51-56). The term
"erythropoi etin" used here includes EPO of every
origin, especially human or24mi mal EPO The term used
here enconpasses not only the naturally occurring, or
in other words wild-type forns of EPO but also its

der i vai \cBRnectinavi@ls thémshebéMainvention, MlictenNgill 'BY ant s
or others, as long as they exhibit the biol ogical

ef f ect gndsirstapyl d-hyy paerivativdst o fanciional e@iivalents or
connection.wth.th resent .invention, .ther ill be
inder STTBRUNGS Of VPERARIL: tielm B ASieiE 101 AR or
der i vaghpspdibtie SHLERD Urtdtlaihbd by sbistiftiRld dHend

the basic ‘erythropoietin structuré, are obtained by
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the prisnidor 36 e i@ add AR AR Rmemsbis HOMRER o
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"Honol ogy" neans especially a sequence identity of at
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preferghb¥osd 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 preferably at
least more than 90%, 95%, 97% and 99%. The term
“homology” known by the person skilled in the art thus refers
to the degree of relationship between two 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 one embodiment of the invention, this



| east nore than 90% 95% 97% and 99% The term

"“honol ogy"” known by the person skilled in the art thus
refers to the degree of relationship between two or
nore pol ypeptide nolecules. This is determ ned by the
agreenent between the sequences. Such agreenent can
mean either identical agréghent or else a
conservative exchange of anmino acids. According to
the invention, the term"derivative" also includes
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progenitor cells. In a furthér enbodi ment of the
i nventstionylating: effackrompr differentiatey aindothediala deligt dor t hat

has a stinulati.ng eff n differentjated
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m togeni ¢ and chempt act,i ¢ activity on endot hel i al
cells.@ ﬂcfenaim#m&gdbé}%éﬁctweﬁlwh%waemeﬁa'
derivaiyye and native erythropoietin nay arise, for
exanpl e, through nutations such as del etions,

substitutions, insertions, additions, base exchanges
and/ or_reconbi nati ons of the nucleotide sequences

codi ngf Heodiffaigncasy beiwaesi ani erviirppejetin deativativi @ndes .

Accor qia@iget %r&tﬂ%doib‘fﬁ”%%?’ ar(iQiOf r aé)%%le, through
mutations such as deletions, substitutions, insertions,
additions, base exchanges and/or recombinations of the
nucleotide sequences coding for the erythropoietin amino
acid sequences. According to the invention, {(EPO-) alpha,
(EPO-) beta, Aranesp (darbepoetin alfa) or CERA
(continuous erythropoiefin receptor antagonist} are
preferably used as erythropoietin. Obviously such
differences can also be naturally occurring sequence
variations, such as sequences from another organism or
sequences that have mutated naturally, or mutations
introduced selectively into the nucleic acid sequences coding
for erythropoietin, using common means known in the art,
such as chemical 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.




(EPO-) beta, Aranesp (darbepoetin alfa) or CERA

~ (continuous erythropoietin receptor antagonist) are
preferably used as erythropoietin. Qoviously such

di fferences can also be naturally occurring sequence
vari ations, such as sequences from anot her organi sm or
sequences that have nutate®baturally, or nutations

i ntroduced selectively into the nucleic acid sequences
coding for erythropoietin, using common means known

Nt hea@okding StaCtheafnvehesh,C pEptrite B Sprofesh Ginapyssbral
agents. In connection with the invention, therefore,
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in Wrighton et al., Science, 273 (1996}, 458. The EPO used
according to the invention can be produced in various ways,
for example by isolation from human urine or from the urine
or plasma (including serum) of patients suffering from
aplastic 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 55790/1979), from human lymphoblast 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




for exanple by isolation fromhuman urine or fromthe
urine or plasma (including serum of patients
suffering from aplastic anema (Myake et al., J.B.C
252 (1977), 5558). As an exanple, human EPO can al so
be obtained fromtissue cultures of human rena
cancer cells (JA Unexaninea5“AppIication 55790/ 1979),
from human | ynphobl ast cells, which have the ability
to produce human EPO (JA Unexam ned Application
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cell fusion of a human cell line. EPO can also be
pr odu82iang ERO¥A36488 Bfl. gene t echnol ogy, using

sui tabl e DNA or RNA coding for the appropriate am no
acid sequence of EPO to produce the desired protein
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in a yeast, or in a plant, anim uman cell |ine.
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endot hel i aI progenl tor cells, differentiation of
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The invention also relates to sequential use of

| ow- dosage erythropoietin and at |east one further

Z;'e:]??‘as rgv% tl\gé ?[%%fég%%ﬂ%{ Sequee%rtllg Iugea Iof 6w-do%£8c9' cal
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 to
sequential, timed successive or simultaneous administration
of low-dosage erythropoietin 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



especi al ly a pharmacol ogi cal active ingredient, that

i ncreases the function and nunber of endotheli al
progenitor cells and also potentiates the effect of

| ow dosage erythropoietin as regards organ protection
and regeneration. Further e, the invention
therefore relates preferabl4”to sequential, tined
successive or simultaneous adm nistration of

| ow- dosage erythropoietin plus one or nore other
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and/ or endott hel ‘ al, i _—
“progenitor cells into the target tissue; F) neovascularization

by endothelial progenitor cells.

The present invention therefore relates to application,
simultaneously or at different times, of endothelial progenitor
cells and one or more cell populations usable for cell
therapy, especially hepatocytes, myocytes, cardiomyocytes
or island transplants, after prior incubation with low-dosage
erythropoietin in vitro and/or local as well as systemic
application of low-dosage erythropoietin in vivo, thus
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




progenitor cells into the target tissue; F)
neovascul ari zati on by endothelial progenitor cells.
The present invention therefore relates to
application, sinultaneously or at different tines, of
endot helial progenitor cells and one or nore cel
popul ati ons usabl e for cer?7'therapy, especial ly

hepat ocytes, nyocytes, cardi onyocytes or island
transplants, after prior incubation with | ow dosage
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~invention relates to the use of erythropoietin,
especkayvirgnmentabwfamderss, and sabt alakedpt i fegndation.
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the connective tissue, protection an ti ghteni ng of
t he skienskie $qpduaticadnd sfipmorts thekskin rejgeenationioodas,
environnental factors, and as makeup foundatiaon,

Fur t heshReIal (reeptslplizations o Tt aé&ﬁ?ﬂ* opippojetin
count Séﬁéétestﬁ%ﬁréﬁmﬁ“ on and further devel opnment of
age spots, refines the skin texture and supports the

~ skin rejuvenation process, especially
reepithelialization. In addition, erythropoietin

accel Ehapeasanbiinvegtishaio rmiaiepte demtise of b dorage so
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sui t abbrapasition gt g setdbis andBbsigabd & applidation in a
manner adapted to the circadian endogenous rhythm of
erythropoietin. Endogenous erythropoietin production has its
acro phase (daily maximum) in the iate afternoon, and so the
administration of the low-dosage erythropoietin preferably
takes place in the morning, especially between 6:00 and
10:00 a.m., in order in this way to achieve a maximum

biological, therapeutic or cosmetic effect..

The present invention relates to the use of low-dosage
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



manner adapted to the circadi an endogenous rhyt hm of
eryt hropoi eti n. Endogenous erythropol etin production
has its acro phase (daily maxinun) in the late
afternoon, and so the admnistration of the

| ow- dosage erythropoietin p:%éf erably takes place in
the norning, especially bet¥teéen 6: 00 and 10:00 a.m,
in order in this way to achi eve a maxi num bi ol ogi cal,
t herapeutic or cosnetic effect. The present invention
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i ncreased .t hickness of the intinma nedia in the carotid
arterﬁ0 ruR.cssperially 80, rrefarably AR a8 mlim¥nt i on rate
(GFR) of less than 80 m/mn, especially 30,
preferably 40 to 80 m/mn. In a preferred enbodi nent,
t he i nneat preferpdds @niteidihent, tthe invention also relates to

sequential, timed successive or simultaneous administration
of low-dosage erythropoietin as well as one or more other
chemical, thermal, mechanical and 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.
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, will be used so that
mechanical agents such as endoprostheses or biological
agents implanted simultaneously, subsequently or

beforehand can grow or be integrated better, faster and




sequential, timed successive or sinultaneous
~admnistration of |ow dosage erythropoietin as well
as one or nore other chem cal, thermal, nechanica
and bi ol ogi cal agents, in order in this way to
i ncrease the nunber and function of endothelia
progenitor cells and/or tozﬁring about regeneration
or slowi ng of the progression of tissue damage. Such
mechani cal agents can be endoprost heses, preferably
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t herapy and/or endot hel i al
improving, especially for promoting or accelerating,
integration of biological or mechanical agents into target
structures, especially target tissue, target bones or target
cartilage of a patient, it can bé provided in a further preferred
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 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.




progenitor cells. In the aforesaid use of
erythropoietin for production of a pharnaceutica
conmposition or of a kit for inproving, especially for
pronoting or accelerating, integration of biologica
or mechani cal agents into Eg{get structures,
especially target tissue, tatget bones or target
cartilage of a patient, it can be provided in a
further preferred enbodinment that the nechanica

agent dnt cofireectisrdwith| theb resarte invieatios X éngreewilbfbe
steel, ceramc, plastic or another matrix material.
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' oS :
duri ng ryoni evel opnent are angi obl asts. The
endot hel ial progenitor cells occurring in the adult
organi sm are angi obl ast-1ike ce|lls, which can_be
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Wi th tie ppscesendf adivatihdg @tem tdefis eandVdrl plegenitor 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
understood by “differentiation” of endothelial progenitor cells
the development of mononuclear cells originating from the

bone marrow or specific tissue niches via endothelial




under stood by "nobilization" or "physiol ogical

nmobi i zati on" the process of activating stemcells
and/ or progenitor cells fromthe bone marrow or from
alternative "stemcell™ niches by growh factors,
wherein the stemcells or_h:g{ ogenitor cells enter the
bl oodstream especially t Peri pheral blood. In
connection with the present invention, there will be
understood by "proliferation” the ability of cells to
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am nin, fibronectin

In connection with the present invention, there will be
understood by “migration” of endothelial progenitor cells the
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 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 vessel of a human or animal

body that acts specifically on differentiated endothelial cells




and t hronbospondin, growth factors, for exanple for
snmooth nuscle cells, and factors for the formati on of
new vessel s. In connection with the present invention,
there will be understood by "mgration" of

- endothelial progenitor cells the fact that the
endot hel i al progenitor cel1%2present in the

bl oodstream m grate toward a vascul ogeni c or

angi ogenic stinmulus and becone concentrated in the

regi onamd btiRgs abeaE HiQEioh th&leof i@ itegtesieC irs tHebbdis. By
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chemi cemswhighl the chemical isfguiliso priginetas. Vastbls way, a
human or i mal. body that acts ., s ifically.on .
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m gr at étppulgereof to that site in the body from which
the chemical stinulus originates. In this way, the
vascul ogenesis process is induced by the vascul ogenic
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t he cedridotielial|cklif @9 esmie0Bf Me basic prerequisites for the
formation of new vessels or of new endotheliat 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 differentiation in situ.
According to the invention, therefore, it is ensured by the use
of low-dosage erythropoietin that endothelial progenitor cells
can participate to an increased degree in formation of new
vessels or in local formation of new vessels to restore
damaged vascular regions. According fo the invention,
therefore, it is provided that the use of low-dosage

erythropoietin and/or its derivatives will promote formation of



encl othelial progenitor cells. The adhesi on of

endot helial progenitor cells undergoing
differentiation or differentiated enclothelial cells
is one of the basic prerequisites for the fornmation
of new vessels or of new endothelial tissue. Cel
adhesion is nediated by prd8ein nol ecul es. The present
invention also relates to the use of | ow dosage
erythropoietin for stimulation of the formati on of new
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connection with the present invention, there will be
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vessel s from endothelial progenitor cells undergoing
differentiation in situ. According to the invention,
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In connection with the present invention, there will be

» oW

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 endothelial 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 invention, there will be
understood by “diseases”’, “pathological states” or “disorders”
impairments of vital processes in organs or ih the entire
organism that can be arrested or in particuiar slowed in their

- progression by administration of low-dosage erythropoietin




di seases of the human or ani mal body associated with a
dysfunction of endothelial progenitor cells, or of
sequel ae thereof. In connection with the present
invention, there will be wunderstood by "di seases"”,
"pat hol ogi cal states' or "disorders” inpairnments of
vital processes in organs‘&““in the entire organism
resulting in subjectively experienced or objectively
det ect abl e physical, enotional or nental changes.
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st at edli oonrigdtienr déthsthe iprpsent niewestiaf, theral willr beesses
in organs or in the entire organismthat can be

ar r estWylesttopdh byardvistuiction’s pbwidothalial nerogenifaroegliss si on
by adm ni stratiaqn .of | owdo e erythropoietin -34- or
Sui ¢ adTeIMRATURT Gf droeai el @1 THjetans RHhoe Mty |
be _UnRUHLOCHSPBAES U3 winfli> GRS, idhg KHGlor ' ds
secon di sordef occurring Iin addition Yo a primary

cl i ni ahfferentigtion Gehavibn sfortreset icells. WAl iysfudclisressfnt
invention, there will be wunderstood by "dysfunction”

of endcadethelial ppeasyiar tastls ovay smeam forpexamplar that

tj al | fupctj t abol i .
ot vithoes Sols preliEeter BNt dllief onfinadequately; Singeng
behavi < i i at i ' fi .t I'l's.
penavE eiterdioh AL HAIBT PRI o ! i) |
mean,  HyotheeustTBt erythiopbictihhgfedemiidrit digingf BsiRivibrnot

at all or only inadequately. Since
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 celis. A dysfunction of endothelial
progenitor cells 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,

hyperlipoproteinemia, elevated ADMA blood levels, uremia




the proliferation of endothelial progenitor cells is
stinmulated by the use of erythropoietin, the
deficient dividing behavior both of endothelial
progenitor cells and of already differentiated
endothelial cells can thereby be conpensated and the
nunber of endothelial progettor cells or endothelial
cells increased. Dysfunction of endothelial progenitor
cells may consist, for exanple, of inpaired ability
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endot keirb@ftics, | RAIMAMIRIdisease, preeclampsia, pregnancy-
induced hypertension, chronic or acute renal failure,
especially terminal renal failure, renal function restrictions
‘with glomerular filiration rates of 30 to 80 ml/min, preferably
40 to 80 mi/min, microalbuminuria, 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
hypercholesterolemia.  Secondary  hypercholesterolemia
frequently occurs in diabetes mellitus, nephrotic syndrome,

hypothyroidism and hepatic disorders.




reticul oendot heliosis, atherosclerosis, age-rel ated
cardi ovascul ar di sease, ischernic disorders of the
extremties, Raynaud's di sease, preeclanpsi a,
pregnancy- induced hypertension, chronic or acute
renal failure, especially termnal renal failure,
renal function restrictioﬁ§61Mtr1glonerular
filtration rates of 30 to 80 m/mn, preferably 40 to
80 m/mn, mcroal bum nuria, proteinuria, elevated
ADMA [“Bieetes wliitds"heladongassed ariguel famms lofrgladose
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By “insulin resistance” there will be understood impaired.
signal transmission in various body céils, 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 2 human or animal body that are
caused by a defense response of the organism and its
tissues to harmful stimuli, wherein certain signal molecules
alter the properties of endothelial cells, with the result that, in
interaction with the activation of other celi 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-mediated

~ inflammatory event is played by the NF-xB transcription




By "insulin resistance" there wll be understood
inpaired signal transm ssion in various body cells,
whi ch ignore the physiological signal cascade of
insul ation. Affected patients therefore |ack nornmal
gl ucose netabolism "Endothelium nmedi ated chronic

i nfl anmat ory di sorders" ared/ disorders or conditions
of a human or animal body that are caused by a
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r esul tendetfieliaj gell-mediated chpmiginfiammationstis e AGTE-of
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di seases of the reticul ohistiocytic system such as
reticulum reticulosis, reticulohistiocytosis and
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fingers. Primary Raynaud's disease is a purely functional
impairment of the small vessels supplying the distal paris of
the extremities, 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 to 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
componént of the pathogenesis.




fingers. Primary Raynaud's di sease is a purely
functional inpairnent of the small vessels supplying
the distal parts of the extrenities, whereas
secondary Raynaud' s di sease acconpani es anot her

di sease such as vascular inflammtion. "Preeclanpsia"
i s an endothelial and vascl&r di sease of the

mat er nal organi sm apparently caused by

endot hel i otropi ¢ substances fromthe placenta.
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t o exdrestionaite kidpe¥s-nornal Iy contained in the urine.
I'n advanced stages, the ability to regulate the
electrolyte, water and acid-base bal ance is al so
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t hat ‘iwsually 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,
paroxysmal hemoglobinuria, transfusion reaction), myolysis
- (crush syndrome, rhabdomyolysis, myositis, burns), water
and electrolyte losses (massive vomiting, diarrhea,
excessive sweating, ileus, acute pancreatitis). Further
causes may be nephrotoxins such as exogenous toxins, for
example aniline, glycol compounds, methanol and the like,
or endogenous 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
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Chron'cﬁronic renal failure with low-dosage erythropoietin leads
according to the invention to diminution of the progression of

chronic renal failure.

In particular, the invention therefore relates to the use of
EPO, 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 Kidney tissue in

cases of acute or chronic renal failure.

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 to the early phase

of glomerular, tubulointerstiial and vascular kidney



pyel onephritis, anal gesic nephropathy, obstructive
uropathy, arteriosclerosis and arteriol osclerosis.
The term nal stage of <chronic renal failure is
urem a. The inventive treatnent of chronic rena
failure with | ow dosage erythropoietin | eads
according to the i nventi on4s di mi nution of the
progression of <chronic renal failure. In particular,
the invention therefore relates to the use of EPQ
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architecture.

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

dysfunction and is a consequence of metabolic dysfunctions




pat hol ogi cal transformation processes in the kidneys,
acconpani ed by structural alterations of the kidney
architecture. In connection with the present

invention, there will be wunderstood by "proteinuria"
a clinical picture in which affected patients exhibit
unphysi ol ogi cal excretion'dﬂ'proteins in the urine in
excess of 150 ng per 24 hours. This increased protein
excretion via the urine (> 150 ng per 24 hours) is
consi der e tprodesspat bl degjraddtion emdi leixogtibnr bhethis

nmedi cal |nvest|gat|on and therapy. In connection with
t he pF@@@ﬁfe1nvent|on there will be understood by
“high ADVA | evel s" a clinical picture in which
affected patients exhibit an unphysi ol ogi cally high
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whi ch-ggMe and PR4ePbARf 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 resuilt of
(a)bacterial inflammation, and scar tissue is formed more
extensively. Epithelialization starting from the edge
represents the completion 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 into 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,



supply and have been approxi mated 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
heal i ng (second intention healing) takes place. In
such cases the tissue defe¥-~becones filled with
granul ation tissue as a result of (a)bacteri al

i nfl ammati on, and sear tissue is formed nore
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are ngedigdsCale 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-rélated' wounds are
caused, for example, by exposure to actinic and jonizing
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 hypercholesterolemia,




wounds, thermal wounds, chem cal wounds, radiation-

rel ated wounds and di sease-rel ated wounds. Mechani ca
wounds are caused by external violence and occur in
particul ar as cut and stab wounds, crushing,

| acerating, tearing and abradi ng wounds, scratch and
bite wounds and projectil-é#3wunds. Thernmal wounds are
caused by exposure to heat or cold. Chenical wounds

- are caused in particular by burning with acids or
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di sorders or lesions, mucous nenbrane disorders or
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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 progeniior cells, 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 o
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”



failure, especially termnal renal failure, renal

. function restrictions with glonerular filtration
rates of < 80 m/mn, especially 30 to 80 m/nin,
preferably 40 to 80 m/mn, mcroal bum nuri a,
proteinuria, elevated ADVA | evels or wounds and
sequel ae thereof. Accordimf4o the invention, it is
provided that erythropoietin wll be adnministered to
a patient in a therapeutically effective dose
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According to the invention, it is preferred for aII

uses, CSReCBNdN Xiva, ebipether wards ger pﬁt@erﬁr EEéhdoses
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especiagpeyialtpsesebf 20 tho7OMMIeREBEpecially doses of
20 to 650 |U/week, especially doses of 20 to 600 IU/week,
especially doses of 20 to 550 IU/week, especially doses of
20 to 500 |U/week, especially doses of 20 to 450 1U/week,
especially doses of 20 to 400 I1U/week, especially doses of
20 to 350 IU/week, especially doses of 20 to 300 IU/week,
especially doses of 20 to 250 1U/week, especially doses of
20 to 200 lU/week, especially doses of 20 to 150 tU/week,
according to the severity 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 9 IU/week 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 fo an increase of more than 10%,




especi ally doses of 20 to 850 | U week, especially
doses of 20 to 800 | U week, especially doses of 20 to
750 | U week, especially doses of 20 to 700 11-1/week,
especially doses of 20 to 650 | U week, especially
doses of 20 to 600 | U week, espeC|aIIy doses of 20 to
550 | U week, especially doé@s of 20 to 500 11-1/week,
especially doses of 20 to 450 | U week, especially
doses of 20 to 400 I U week, especially doses of 20 to
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11- 1/ week especi ally doses of 20 to 250 | U week,
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especi al of EPQ kg of body weig
0.001 to 0 08 ug/kg of body weight, 0.001 to 0.07 ug/kg of
body weight, 0.001 to 0.06 ug/kg of body weight, 0.001 to
0.05 pg/kg of body weight, 0.001 to 0.04 ug/kg of body
weight, 0.001 to 0.03 pg/kg of body weight, ¢.001 to 0.02
ng/kg of body weight, 0.001 to 0.01 pg/kg of body weight,
0.001 to 0.009 pg/kg of body weight, 0.001 to 0.008 pg/kg of
body weight, 0.001 to 0.007 pg/kg of body weight, 0.001 to
0.006 pg/kg of body weight, 0.001 to 0.005 pg/kg of body
weight, 0.001 to 0.004 pg/kg of body weight, 0.001 to 0.003
rg/kg of body weight, 0.001 to 0.002 pg/kg of body weight.

Aranesp is a doubly PEGylated EPO.

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

quantities known to be used for the freatment of renal



especially I to 4 U of EPO kg of body weight, or a
conpar abl e weekly dose of Aranesp of 0.001 to 0.4
gg/ kg of body weight, 0.001 to 0.3 gg/kg of body

wei ght, 0.001 to 0.25 gg/kg of body weight, 0.001 to
0.2 [ig/kg of body weight, 0.001 to 0.15 gg/kg of
body weight, 0.001 to 0.1 -4fy7kg of body weight, 0.001
to 0.09 gg/kg of body weight, 0.001 to 0.08 ~tg/kg of
body weight, 0.001 to 0.07 ~tg/kg of body weight,
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smal | ¢¥pebiaiy dosss of 0NBSRUEZS Iumgmkabkyediéllwud%s or
in other words per patient, EPO doses of 0.001 to 90,
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doses ghebiafly db8es of 0.05 to 19 IU/kg/week, especially doses
of 0.05 to 17 IU/kg/week, especially doses of 0.05 to 15
iU/kg/week, especially doses of 0.05 to 13 iU/kg/week,
especially doses of 0.05 to 11 1U/kg/week, especially doses
of 0.05 to 9 IU/kg/week, especially doses of 0.05 fo 7
tU/kg/week, especially doses of 0.05 to 5 IU/kg/week,
especially doses of 0.05 to 3 lU/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 [U/kg/week will be used. All of the
foregoing doses provided according to the invention, for
example of 0.01 to 90 units (lU)Ykg/week per patient,
especially, for example, of 0.01 to 50 lU/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
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U kg/ week, especially doses of 0.05 to 33

U kg/ week, especially doses of 0.05 to 31

| U kg/ week, especially doses of 0.05 to 29

| U kg/ week, especially dose 437 of 0.05 to 27 I U kg/ week,
especi al |y doses of 0.05 t0"25 | U kg/ week, especially
doses of 0.05 to 23 | U kg/ week, especially doses of
0.05 to 21 |U kg/ week, especially doses of 0.05 to 20
| U kg/mneléad tespeiiceddse doarse dhad. 1@5’o,téspib%1alty 5%,
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provi %%?gh%cg%o%bg%otg 1 tSQ Gixglllpgv gp tblogyr/1 weight, 0.00025 to
0.145 pg/kg of body weight, 0.00025 to 0.135 pg/kg of body
weight, 0.00025 to 0.125 pg/kg of body weight, 0.00025 to
0.115 pg/kg of body weight, 0.00025 to 0.105 pug/kg of body
weight, 0.00025 to 0.095 pg/kg of body weight, 0.00025 to
0.085 ng/kg of body weight, 0.00025 to 0.075 pg/kg of body
weight, 0.00025 to 0.065 pg/kg of body weight, 0.00025 to
- 0.055 pg/kg of body weight, 0.00025 to 0.045 ng/kg of body
weight, 0.00025 to 0.035 pg/kg of body weight, 0.00025 to
0.025 ng/kg of body weight, 0.00025 to 0.015 ug/kg of body
weight, 0.00025 to 0.005 pg/kg of body weight. Aranesp is a
doubly PEGylated EPO. Compared with the initial dose of 90

to 150 W/kg of body weight per week (beginning with 4000

40 1 U kg/ week, especially doses of 0.05 to 35
|
I

to 8000 IU/week as a rule, but even much higher if the result

of therapy is not _satisfactory) usually used for therapy of



correspond to weekly doses of about 0.001 to 90 units
(11-1) of EPO kg of body weight, especially 0.001 to
50, especially 0.001 to 45 |U of EPQO kg of body

wei ght, especially I to 15 11U of EPO kg of body

wei ght, especially I to 10 U of EPO kg of body

wei ght, especially 1 to 4 148 of EPQ kg of body
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0. 155 FoPRiy: oAl C8derD Sansisamenk Bey kg
of ~bodhaingt 9B, pr%v%%QZ%nc&é’rtdg}q(é&ggié WeBtish ﬁat?dthe

wei ght’,” 0. 00025 to 0.125 p body™ wei g
0. 000ZeedatmenDof disbagdsgdkpathblogady stateg hssodhtéddh t o

0. 105 / kg of bod wei ght, 0Q.00025 to 0.095 gg/kg
of bod%y%ﬁmcg% ,Ofcﬁfs%’éﬂ%'a{ ®rogenier cglis kyaes extserpely

wei ght;,,0. 00025 to 0.075 gg/ kg of body weight,

0. 0002810 0. 065 gg/ kg of body wei ght, 0.00025 to

0. 055 gg/ kg of body wei ght, 0.00025 to 0.045 gg/ kg of
body weight, 0.00025 to 0.035 [ig/kg of body weight,

0. 00024nless othedRBegpekied! the diedvdbsiges Sre00BREMmeo

0. 015 %/k of body. weight, 0.00025 to 0.005 ggD/ kg of
body \&% ﬁﬁgﬁ’ bgadmasistered yveekhi Aiopgicthey @an apebe
Conpar.g hth t ini-ti.al f. 9 t I of
pody \eRY Ve, <4feldl oAt B R wirdo OF o bt

1 U weefioras afniinis@redPy nfiiifile dHSiAghi gher if the resul t
of therapy is not satisfactory) usually used for
therapy of -48- renal anem a, the small doses cited

above - for exanple the dose of 0.001 to 90
uni t s/ gadtiselarlydpefestedepmbodiment of the invention relates

to the use of low-dosage erythropoietin and/or its derivatives
as defined in the foregoing section entitled “Inventive dosing
of EPQ" 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 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 of tissues, organs or
organisms in differentiated manner. According to the
invention, therefore, it is provided that erythropoietin, as

active ingredient of the Iinventive pharmaceutical




especially, for exanple, of 0.001 to 50 units/kg/ week
per patient, as provided according to the invention
for the treatnment of diseases or pathol ogical states
associated with dysfunction of endothelial progenitor
cells - are extrenely |ow Unless otherw se
specified, the cited dosage®¥®-are one-time doses to be
adm ni stered weekly, although they can al so be

divided into several individual doses in a week, or in
ot her i TBhSER i Bi; j

parti cclﬁpgéﬁloﬁf elEP E’Pr ed ianb\@g? %Héérjémgifﬁt gaél“ﬂg)énct%i"%n

r el at egill ifluehbe thes prafiferbion, diffaertitiontandrgrahigiation
and/or its derivatives as defined in the foregoing
sect i drehanior itheseof imadmimaer of gaiimgl organiBRDIn suché i ve

i ngredient fo roduction of a. pharmaceut| cal
compodt bt dsBiscibiin o Sndetnabil Haem) Cels Gan be

pat hol ogi ngli § i - ' i it h a
dysf un‘%ﬁﬁs’g %e%l' opﬂag '?a%s%r%%gﬁmgéégﬁn%&g%@& di ng

t o t hefithagndyshinctioRs 'canWd ¢ffBvalpdehfrbt] Aldviatedict | ve
i ngredi ent"” an endogenous or exogenous substance

t hat, avn afiminated, wot hthesegeatiseasiescwaas ey  efiegbelycel | s
or target tissues, influences specific functions of

ti ssud¥evertednll isralseRyardeddhah the userahlonagdespge

e ot A Gat fede Batr 1 B4 Read GEERIT AR, or ' o
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contact wih endothelTal progenitor cells,

i nf | uaiterehiergans bintl exgdn systerdsf f erenti ation and/ or
m gration behavior thereof in a human or ani mal
organismin such a way that dysfunctions of

endot r]rel | rl::c?An ghio evr\]:%tﬁ the” ep'rc'as?en? airr]wgr?tion, there will be

understood by “pharmaceutical composition” or “drug” a
mixture used for diagnostic, therapeutic and/or preventive
purposes, or in other words a mixiure that promotes or
restores the health of a human or animal body, which
mixture includes at [east one natural or synthetically
produced active ingredient that brings about the therapeutic
gffect. 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 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.




conpensated and the di seases occurring as a
consequence of these dysfunctions can be effectively
controlled, alleviated or elimnated, or these

di seases can be effectively prevented. It is also
provi ded that the use of | ow dosage erythropoietin
will lead both to organ re§8meration and to sl ow ng
.of the progression of functional restrictions in

di fferent organs and organ systens. In connection with
the pr, o Ll 1 i | : by
" phar'rgc?gtqlril%g/ﬁ%o[ﬂg%‘stﬁni’ g%?e\(i)\ér bk"ﬁ%&"“gp‘ﬂ ﬂ(@ﬁtﬁg used
for diyggnes tdr@hrdporsting eptbfctaliip dinO oWl rd4es! iand/or a

pur poses, or 1n other words a m xture that pronotes or
r est ordesivative thesddfras bclivehingeadient fanipredudirady, drehi ch
m xture includes at | east one natural or synthetically
pr odudesdthectherapy of rryeemholasterclemiandmbatasumellives,
therapeu}ic effect. The pharmaceutical conpasitjon
may bdRiPher rgsiganNee  orengdotheljumgmaditag e, ¢hspnic
exanp ceuti cal conposition.@fat I pcl udes

l. a_phar
the adTArEmRORY SP@ders ey cho e avAScuidle iWiamalions.
phar %@gﬁ'{h:egg%ié %’né:ﬁlﬂi@ @fcﬁlo%ﬂggﬂg%ié'atﬂ- sclerosis
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phar on may a I"onal' Ty 1'ncl ude

addi t ia}j@ﬁe!&%d"%b?dﬁ'oﬁa%%ﬂldrrHiBé‘éase?riB’hefn"?ib §REARES of

stabilizers, finishing agents, release agents,

di si ntieg ernéitiee"WayhhiliEs YisWaseOhBpAtics HiddEdRS &bich
normal Iy used for production of pharnmaceuti cal
conposst hepatitis, S8rhosisc af dhagliver, Bbete oy estrowio, liviener e
is provided in particular the use of erythropoietin,
pr ef efaibrgs bane candl sedagenligasders otdesions. walcoker eof

as active in re&li ent for producing a dru for the
t her afRETBfTaRG peIBSICES t &F ol lEFIRNS, ~ @SBBERABs Ml (theus,

gastrointestinal tract, Crohn’s disease, ulcerative colitis,
preeclampsia, pregnancy-induced hypertension, chronic or
acute renal failure, especially terminal renal failure, renal
function restrictions with glomerhiar filtration rates of < 80
ml/min. 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, intracutaneous or




insulin resistance, endothelium nedi ated chronic

i nfl ammat ory di sorders such as vascul ar inflanmati ons,
-endot hel i osi s including reticul oendot hel i osi s,
atherosclerosis, age-related cardi ovascul ar di sease,
i schem ¢ disorders of the gﬁtrenities, Raynaud' s

di sease, hepatic disorders such as hepatitis,
cirrhosis of the liver, acute or chronic liver
failure, bone and cartil age disorders or |esions,
nucoussuboeitdncane abmiplistetion.oPréfeaibinthe esinoboictit- i n
the gastrointestinal tract, Crohn's disease,

ul cer aggnfainingl drug hias the tral efprsinjection eyindusign.i nduced
hypertensi on, chronic or acute renal failure,
especially termnal renal failure, renal function
restrigt iaofgrttvdrt Ds€! @MY Wravidéd | mbﬂtth@negﬁﬁﬁ?oi@fins 80
m/mn. especially 30, preferably 40 to 80 m /m n,

m cr oafBUANINGr Pharmacetidsal pomposiioawill ke Admimisterasl s or

wounds hgr e - bV . .

phar rm%%ﬂ)?i Egﬁﬁgﬁﬁé‘%i |eo%m§/5tﬂ’§§t@ﬁc%?' gédﬁ@g %%ph % or

t opi cahdrainistéred iy at liquid @rdsentatidr aluichnas lan salution,
preferred enbodi nent of the inyention, jt is provided
Phat  S4sBeRRHaRrRICETMIR. o GhiBld Preseniation BiEh.asd 1 or
parent@gppk, especially intravenous, intramuscular,

i ntracut aneous or -51- subcutaneous adm nistration.
Preferably the erythropoietin- containing drug has the

form ncipj.ection.or infusion. In a further .use, it
IS prgbi gegjrﬁﬁgtusﬁ‘leﬂ g'?yp'f??’ . iﬂiqtn{hecghfgp%‘%cal
phar neggndsitidn @MNPOSUitalsIe fod plinPand AUMIESERA or
orally. For exanple, the er¥t ropoi etin-containi ng
drug ifer inkalatianst Reeding to theydnveniires dhergiarenitsisch as
a sol ﬁﬁrb?iﬂed %Hélﬁeali/ﬂﬂﬁp&&iﬁm%iﬁ' ¥ hmihisiBlddd in
presentation such as a
therapeutically effective manner directly to 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 to  elevated erythropoietin
concentrations in the bloodsiream. In a prefemred
‘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 particles have a diameter of smaller

than 10 pm, thus enabling the drug to reach even distal



tablet. In a further use, it is provided that the

phar maceutical conposition will be suitable for

pul nonary adm ni stration or for inhalation. According
to the invention, therefore, it is provided that
erythropoietin will be adm_nistered in

therapeutically effecti ve-Rerner directl y to the |ungs
of the patient. This form of adm nistration of
erythropoietin permts rapid delivery of an

er yt hregionsetdf nthdo pati¢rd'salyngti émta vgdrtiaularly pheferredd t o

erforman.injectjion. By absorptio f. erythropoietin
o oL MERRm e S the Javatioy HuF Pravdes thatabs g o

er yt Nbgn@infihisferéd Bylke galnwr%rrf?omé il Es in HRORrhoft he
bl oodstream |eading to el evated erythropoietin

concefAftégresohs in the bl oodstream In a preferred
enbodi ment of the invention, the pharmaceuti cal
conposition to be absorbed through the lungs is an
aqueodsparticuiaoy poefeoad eubadiment of the ivgntoonéates When

th i etin- t 0, be admni.ni stered
byt 8 YK RREC o ERRNBRBIAN, HorP plifiod ‘) &' °©
pomﬁphammmtembal pcmmt nplesitigrr eﬁ‘@'{ ameyamomnﬁfi matses
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regions of the patient's lungs. Jn a particularl
pr ef ePPUYOPRIFER dR$eARIVE( 'HEW@QE?THVE'H& ke, at teasy 9?%vi ded

that futhefr ddditi®naPeagie Wh?ﬁe@!eﬁﬁ gy Qﬂi‘nﬁl}%ﬁ&ﬁn%? y

route will be in the formo an aerosol.
par t i engiethelal pregenitopgelisabodi nent of the invention
relates to the use of erythropoietin for production

of a
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
particular the differentiation behavior and/or the migration
behavior of endothelial progenitor cells. Particularly
preferably, the further active 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 |.-arginine.



phar maceuti cal conposition for therapy of diseases
associated with a dysfunction of endotheli al

progenitor cells, wherein the pharnaceutica
conposition contains not only erythropoietin as
active ingredient but also at |east one further

addi tional active |ngred|eh5 for stinmulation of

endot helial progenitor cells. The further active
ingredient is preferably an active ingredient that in
parti cAtardisgitofihainesntidre llph)atéa);l)rogidedlthatrthbidt lemst i on

of endot hel i al pro eni tor bone mar r.o0 or
ot heron oftriar ! aclve nugrefEnb, siGIAES 1 R PRUGHET on

howev egifiefdhBiafdd’ té}ﬁfotlﬁ,qlbl VéelisNghe di 'ne 'chéFan?r’cﬁ O e an

active ingredient that in particul ar sti tes the
di vi di prgliteeation @nd/oromigration Hberenbr dst trigt endothellal

prolif eni I | s.
Accor o‘ﬁjﬁggbg tcﬁe@% %k@%’aﬁbkﬁﬂé’v’é% It? %Ei‘sl'(f ty
al so efiireblast rawit fertdrdior BAgiogehinve | ngredl ent Wi | |
stimulate in particular the differentiation behavi or
and/or the mgration behavior of endotheli al
pr ogen {

furt he}r\tfg'g?%%ﬁ]lﬁ%d'ﬁge{ﬂ 8?1#]]] ?E \)ént}?ﬁ %@g%g{&’the Ec]ih"e(;‘[ Rel I al
pr ogergrythwopaiétins and/oVE@ﬁvathe@l—‘:hen@kﬂf @shactina 1ng11btsﬁbﬁt CoA

reductase in itor, especiall atin su

L v adPh: POMA0Reral 5 Ghednaieihs pmPaiide for
i nhi bi diRulalite rbfaén@é’tﬁéﬁ’d?rﬁiogehﬁ&‘ Riells, %Bemally for
“trandol april, an AT-1 such as irbesartan,

| or sargtimllaion|afeBwbilization, apeliferation,Ndiffeientiation to
?ﬁegﬁ'té?'ldoi’héhta?lcgl'lé; H&for n%éraéﬁﬁct?h%w%hvz%ctuh%gg ig or

f ur t hemghmjenie silmgmdAeﬁtbrdMg touthet meentiorpat isi farther

di fferentiated endothellial cells, or jn_other words
the Provided t%at erythropoietin and/or its derivatives will be

one

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 for stimulation of endothelial
progenitor cells, especially for stimulation of mobilization,
proliferation, differentiation thereof to endothelial cells 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 pharmaceutical compositions or



proliferation and/or migration thereof, but not

endot helial progenitor cells. Particularly
preferably, it will be bFG- (basic fibroblast growh
factor) or angi ogenin. A further enbodi nent of the
invention relates to the use of erythropoietin and/or
derivatives thereof as acti¥f¢ ingredient for
production of a pharnaceutical conposition for

stinmul ati on of endothelial progenitor cells,
especidigy tifad rconttin enftbriopoietinfasrattivel ingtadient and at
proliferation, differentiation to ncl ot hel jal cells
and/ or®dfitgPRe JH”{“'ETWa? Vg \/"é%r@g!e@beﬁ?rc Sg'fm‘?%ﬂﬁﬁ‘i ofeni ¢

sti muldngiothaP pfigagiitérocélitCandIye BiffePhtidtéd iehabticlifter
provi ded that erythropoietin and/or its derivatives
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present i nvegti on therefore also rel ates t
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stimulation of nobili1zation,
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of the human or aninmal body that are associated with

a dysrearesialbh-grginine) i GEldngdiangingsiémi t or cel | s and/ or
endothelial cells. In particular, the present
invention relates to pharmaceutical conpositions or

- 54- & fugther atfecredt @mbodimeanb rob the ehventias addtey do

Ingredient and o | gt cone furiher, active, | ngnedi ent
endothelial celi preparation. According 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 transplanted into a recipient organism, especially an
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. Invest., 108 (2001), 391-397 and Llevadot et al., J.
Clin. Invest., 108 (2001) 399-405. The mononuclear cells are

then further cultivated in the presence of erythropoietin, in




E

encl othelial progenitor cells and/or differentiated
endothelial <cells. In a preferred enbodi nent, the
present invention relates to pharmaceuti cal
conpositions containing erythropoietin and at | east
one further active ingredi %}__ sel ected fromthe group
conprising VEG-, PIG-, GW an HMG CoA reduct ase
inhibitor, especially a statin such as sinvastatin,
mevastatin or atorvastatin, an ACE inhibitor such as
enal aprdér, toanstimulateorther apmltlidamﬁiohl andn differéntidtionk er

donor PeraYBEer 4 ghioelaagentaraelh sanirbioien. A
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endot hegl al progenitor cells in the presence_ of
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al .,  InevaStatin.orlatmeastatin 108 (2001) 399-405. The

mononucl ear cells are then further cultivated in the
presence of erythropoietin, in -55-

In a further preferred embodiment of the invention,
endothelial progenitor cells are applied to corresponding
patients simultaneously with other cell populations usable for
celil 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 cbmposition or of a kit for sequential, timed
successive or simultaneous administration of low-dosage

erythropoietin as well as one or more other chemical,



order to stinmulate the proliferation and
differentiation behavior of the endothelial
progenitor cells contained in the M\Cs, and
especially to increase the nunber of differentiated
adherent endothelial cells. According to the
invention, it is also provﬁ@ed that the MNCs; will be
cultivated in the presence of erythroporetrn and at

| east one further substance that stinulates the

prol i firsraidl OnedtshicH] iof ictodit Atdgents, i orRAE RArbilgk

progenitor cells. Particularly pref’eraby there is
used a@rtarreswaﬁrr@frepamgstmme svelGas rrmtantat@mmmet an
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reduct ase i nhi bitor suc as a sta
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In a f refer ed e odr ment of the i nvent

endot I'iloﬁ1 "b&%"@@ﬁ’? oraqssy $s At i t@xampll
corre i cel |
copul S eBblohedBS, biRfirany MAHARGSH SUb ““‘i%%@ﬁ*
hepat doytesor ligamstitdendore agplaceniontst Furbermeteartte

cells, after prior incubation with | ow—dosag
“er yt hbiglegiealiagents ¢an be sefid cssansowush asslives) kidgeys,
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cel | s tiwsrafore previdaeihat Eﬁ@r@wci&w il Pw\bdess wilf bei ent
bi nding to the vascul ar system A further preferred

enbodivsedsodhat mechaneaitagsntapuch aseadeprostheseaoruse
o SRR o A2 o IR
succeggforendtid ThAUgodN ©p Use aﬁagratéd rsetiePNfddter and
| ow- dosage erythropoietin as well as one or nore
ot her mareneffigiently into the surroundrng 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 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,



-56- thermal, nechanical or biological agents, in
order to nobilize <certain sites of a patient's body,
such as inplantation target sites, in order to

i ncrease the nunber and function of endothelia
progenitor cells and/or to 2ring about regeneration
or. sl ow ng of the progres§ﬁ n of tissue damage. Such
nmechani cal agents can be, for exanpl e,
‘endopr ost heses, preferably inplantation supports for
t eet hintebeation off bldlggicaindy hesuhanicak piganintd starget
Furthernore, the biological agents can be solid
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producti on of a pharnaceutical conposition or of a kit
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t herapy and/ or endothelial progenitor cells. In the

af oresai d use of erythropoletin for
In a further preferréd embodiment of the invention, there is
provided the use of erythropoietin or suitable active
ingredients for topical application in the sense of “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 makeup
foundation. The topical 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.




producti on of a pharnmaceutical conposition or of a kit
for inproving, especially for pronoting and/or

accel erating, -57- integration of biological or
mechani cal agents into target structures, especially
target tissue, target bones or target «cartilage of a
patient, it can be provide®3m a further preferred
enbodi-ment that the mechanical agents to be used are
made, for exanple, of steel, ceramc, plastic or

~anot hdn anrthier aforml wf agblication, ithereals Qrovideyi thed

that osteoblasts, . cells having osteogenic potential,
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organism can also be treated with low-dosage erythropoietin
from the time of ftransplantation onward. By this
erythropoietin treatment of the organs or tissues to be
transplanted, both directly before and after transpiantation, 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 blood system of the recipient 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 regeneration is
stimulated by the administration of low-dosage
erythropoietin. |




-58- In a further formof application, there is
provided the adm nistration of |ow dosage
erythropoietin in a manner adapted to its circadian
rhyt hm Endogenous erythropoletin production has its
acro phase (daily maximum in the late afternoon, and
so the adm nistration of t'h® 1 ow dosage

erythropoi etin should preferably take place in the
norni ng, especially between 6:00 and 10: 00 a.m, in
order Ihra fummrmybocﬁmeathﬁ thecinsemtion, riuis ﬂn'bmikjegitbaﬂ
effect, In a furt odi nt of
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preferably, this substance is angiogenin or bFGF. In a further
embodiment, it is provided that the pretreatment 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 implantable or transplantable, ceil-
containing, in-vitro organs or tissues. According to the
invention, it is provided in particuiar that the organ or tissue
produced in vitro will be ireated 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




consi derably reduced. Furthernore, organ regeneration
is stinmulated by the adm nistration of | ow dosage
erythropoietin. -59- In a further enbodi nent of the
invention, it is provided that the organ or tissue
transplants will be treated before transplantation

wi th | ow dosage erythropoi 0% in conbination with at
| east one further factor that stimulates endothelial
progenitor cells. This factor is preferably a

subst anckilizationct edigfatiom t pmliferatign c angr i differgniatici,
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preferably, this substance is angi ogenin or . In a
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the this way. Such treatment 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 transplantable or implantable cell-containing tissue or
organ, which is produced in vitro, under defined culture
conditions, using defined cells and/or defined tissues. By
“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




invention, it is provided in particular that the organ
or tissue produced in vitro will be treated prior to
transplantation or inplantation with | ow dosage
erythropoietin in vitro, in order to stinulate the
endot hel i al progenitor cel I065 present in the body of
the reci pient organi sm an 1e‘speci al 'y physi ol ogi cal
-60- nobilization, mgration, proliferation and

- differentiation thereof. After transplantation or

i npl amndogenous substancesi tineitrorggansr ot itissues aree
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: 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 treated 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 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-dosage erythropoietin for production of
vascular prostheses or heart valves, wherein the vascular
prostheses or heart valves are coated with erythr(_)poietin




condi tions, using defined cells and/or defined
tissues. By "inplantable in-vitro organ or tissue
systent there will be understood a systemthat
includes not only cells but also exogenous nmaterials.
By "transplantable in-vitr organ or tissue systent
there will be understood i~ partlcular a cell-
cont ai ni ng systemthat contains not only cells, tissue
or organs of the sanme or of a different individua
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expanded in vitro if necessary, are additionally used for

coating the vascular prostheses and heart valves.

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 progenitor cells in cell culture medium, and

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

dosage erythropoietin.



preferably, this substance is angiogenin or bFGF. In a
further enbodinent, it is provided that the in-vitro
organ or tissue systens will additionally contain

i sol ated endothelial progenitor cells, which have
been expanded in vitro if r?a]ecessary. A further
preferred enbodi nent of t i3 nvention relates to the
use of | ow dosage erythropoietin for production of
vascul ar prostheses or heart val ves, wherein the
vascul Accorging $6 lies ewentior eadtivatiah vé theacal poatlatibnsi t h

erythropojetin -62- prior to insertjon into a hody,
esheci A ke Hlermin Huprespos shen ey isgeBnce R
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and hettietosinvalitus,Tisulin eesistancay endietbelivrhgoediatedt es

to a r{:?xtrtg]n?g fi(r)lg‘lammatory disorders such as vascular
inflammations, endotheliosis including reticuloendotheliosis,
atherosclerosis, age-related cardiovascular disorder,
ischemic disorders of the extremities, 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, preeclampsia, pregnancy-induced hypertehsion,
acute or chronic renal failure, especially terminal renal
failure, renal function restrictions with glomerular 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 sequelae.



stimul ati on of endothelial cell formation in vitro,
conprising a) isolation of cell popul ations

cont ai ni ng endothelial progenitor cells from bl ood by
nmeans of density gradient centrifugation, b)
cultivation of the isolated cell populations
conprising endothelial pr déni tor cells in cell
culture nmedium and <c¢) cultivation of the cell

popul ations in the presence of |ow dosage
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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 celis 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 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, tissues
and/or organs of the patient can be treated more selectively

and rapidly. This embodiment of the inventive method for




| esi ons, nucous nenbrane disorders or |esions,
especially in the gastrointestinal tract, Crohn's

di sease, ulcerative colitis, preeclanpsia,

pregnancy-i nduced hypertension, acute or chronic
renal failure, especially termnal renal failure,
renal function restriction¥dmith gl onmerul ar filtration
rates of < 80 m/mn, especially 30 to 80 nl/mn,
preferably 40 to 80 ml/mn, mcroal bum nuri a,
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sequelae. -64- In a preferred e i ment of the

i nventqwgthﬁiﬁhwegewﬁor Gells SPMPHECS fhe fOU@Aiog SO oci at ed
with a dysfunction of endothelial progenitor cells,

it is provided that there will be admnistered to the
pati erdt) risalation yofergdihrpymilaitons montainisg a&ndothelisk one

further act.ive i.naredi gnt ,selected fromthe qgraou
o o ditol e8GR’ BiBhe U8 Fit, HEAEHF SBEBER o
i nhi bidedfrifaggtioan NO donor. Preferably the admi nistered
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d) isolation and purification of the differentiated endothelial

cells, and

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 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.




and differentiated to endothelial cells, after which
the differentiated endothelial cells or the
endot hel i al progenitor cells undergoing
differentiation will be purified and isolated, then
transpl anted sel ectively ig 0 a patient's body region,
ti ssue or organ that has been danaged because of the
dysfunction of endothelial progenitor cells and/or
endothelial cells, in order to induce |ocal formation
of neviceaxdling &b itvenintdndion] the kell t[imipsllaﬁays tdmatailaingged
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i sol atldreartfner ¢ikidshitan.i on of the differentiated
endothelial <cells, and e) transplantation of the

differentiated endothelial cells into a body with a
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timed successive or simultaneous 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 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 endothelial
progenitor cells from blood by means of density gradient

centrifugation,

b) cultivation of the cell populations containing endothelial

progenitor cells in cell culture medium,



into a body, such a body can be treated further wth
erythropoietin, especially in the | ow doses provided
according to the invention, or in other words the
doses defined in the section entitled "lnventive
dosing of EPO', for exanple of 1 and preferably 0.001
to 90 | U kg/ week or of 20-8&c 2000 | U week. - 66-
According to the invention, the cell popul ations
containing endothelial progenitor cells can be
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si mvastatin, nevastatin or atorvastatin, the ACE
inhibitors w1l be substances such as enal april,
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be substances such as irbesartan, | orsartan or

ol mes &l @d Accor di ng to the invention, cell
popul ati ons contai ning endothelial progenitor cells
can be treated wth sequential, tinmed successive or
si mul etreomsplaathtioni oftthaténdothatial cells idtzsad®dy with a
eryt hr gpoi.et i.n wel | as one or nore other chenical,
thernﬁ(?,c‘fjf%rcqifﬁ?ﬁ%% | or biological agents, in order in
this way to i ncrease the nunber and function of

endot helial progenitor cells and/or to bring about
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vascuhwith elythpoplsietn, expeapiallgimte low doses according to
the invention, or in other words the doses defined in the
section entitled “Inventive dosing of EPQ”, 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 progenitor 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 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 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.



a) isolation of cell popul ati ons contai ni ng

endot helial progenitor cells from bl ood by neans of
density gradient centrifugation, b) cultivation of
the cell popul ati ons cont ai ni ng endot hel i al

progenitor cells in cell culture medium -67- c)
cultivation of the cell po8di-ati ons contai ning
endothelial progenitor cells in the presence of
erythropoietin in order to stinulate proliferation of

endot helalingr RO&RLT ﬂfveﬁg+ﬂ S c@ﬁdbeﬁul fbdd & dhlﬁbl on

t hereof to endot heli al I SO atlon an
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According to. the invention, it is ible to
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be substances such as enalapril, rampril or
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cul tivation w.ll subst ance
of even hair imp Snta. JIO Re fivention lfherefore provides that

EPQ, especially in low doses, will be used so that
mechanical agents such as endoprostheses or biological
agents implanted simuftaneously,' subsequently or
beforehand can grow or be integrated better, faster and
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 andfor 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

provi_ded that the erythropoietin will be used together with



as irbesartan, lorsartan or ol nesaratan, and the

HMG CoA reductase inhibitor used for cultivation w ||
be a statin such as sinmvastatin, mevastatin or
atorvastatin. -68- According to the invention, cel
popul ations containing enclothelial progenitor cells
can be treated with sequenﬁpal, ti med successive or
si mul t aneous adm ni stration of | ow dosage
erythropoietin as well as one or nore other chem cal,

t her mghbll popelAIBhSE Buitablebiop| Rl thatapyoait/sr ehdotBelkdr i n
this way to increase the nunber and function of

encl opheganitbr melgeln trey abrbsaid amsdy of eryihtopoiginafoout
regeneratign or. sl ow ng of. the progression of tissue
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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.

The inventive method for treatment of vascular disorders
thus provides that endothelial progenitor cells wilt 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 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




as bone repl acenents, bone inplants, especially hip
joint  prostheses or |liganent/tendon repl acenents,
such as cruciate liganments. In a preferred

enbodi nent, it Gan then be provided that the
erythropoietin will be useg together with -69- cel
popul ations suitable for C Pr t herapy and/ or
endothelial progenitor cells. In the aforesaid use of
erythropoietin for production of a pharmaceutica
conposeletivelpand fagidlyi Thé nventive methotfor éepentidfy f or
'pronntlng and/ or accelerating, integratjon of

bi ol oYReGNarcdisarsiens is syitaklgdRtRarticilar for heatment of
Struclhledar 8@8&&4@' Sdert & g%%péhfaf‘ ugsapetc@zfe geﬁen%B S or

target cartilage of a pa provi d in

a furtsehempy, dobientic dlserdmé oY exttiemiitied) estroke hacute al
agents to be used are nmade, for exarrple of steel,

cer anPderigl| aselugionr arirsiahepcclugiver disease,n Rayaaed'sn, it
can b ost eobl asts, cells having
ost_eoglg%ge bgﬁgﬁﬁ?g , thronbocytes, blood cells or
simlar agents can be used in the present application

as cell populations suitable for cell therapy. In a
f ur t hewrtherr ativantedeaush cambnstimentst of dhe bisventinn deel t hat

t he C C ent articular to be used will be
cont aFP]%%df"% ggﬁﬁ%ﬂg&%ﬁ‘?cal conposition or in the
pharmaceutical kit together with organi c adhesive,

such as a fibrin glue. The inventive nethod for
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endot hel j al ro enito be isolated from
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endot hel i al cells, after which the differenti ated
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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
light scattering properties (D and H). The absolute ¢SC
number was calculated per 100,000 monocytes and

'lymphocytes.

Fig. 2 shows a quantitative assay of circulating stem celis 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.




purified and isolated, then transplanted sel ectively
into a damaged bl ood vessel or an ischemc region, in
order to induce |local neovascul arization therein. In
this way damaged bl ood vessels or ischernic tissues
can be treated nore -70- ﬁtectlvely and rapidly. The
i nventive nethod for treatnEht of vascular disorders
is suitable in particular for treatnment of vascul ar
di'sorders such as ischernia, especially cerebra
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stroke, acute rferi cclu rterial, occluysive
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advann@gggys enbodi nents of the invention are
~specified in the dependent clains. The invention wl|
be explained in nore detail on the basis of the
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*: 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 acl.DL-Dil and UEA-1 FITC. n = 11. The example



weeks. n = 11, the values correspond to nean val ues
standard devi ati on. Medi ans are shown by lines. -71- p
< 0.01 in the conparison at 2 weeks; W p < 0.05 in

t he conparison at 4 meeks #. p < 0.05 in the

conpari son at 8 weeks. g? 3 shows a quantitative
“assay of cultivated endothelda progenitor cells
(EPC). The figure shows that rhEPO t r eat ment

i ncreases the rel ative nunber of EPCs. EPCs were
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assay of cultivated endothelial progenitor

( EPC) .served a$ haalénsems®lt hat the absol ute nurrber of
EPCs before initiation of rhEPO therapy is
significantly reduced conpared wth healthy subjects
of neEfigh8dhaws the QuaatitatiPataseny of vultivated redothietial a
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subjects with rhEPO as well as weekly at 1, 2, 3, 4, 5, 6 and
7 weeks after treatment of the patients with rhEPQO, and
were characterized by means of their adhesion ability and
the two markers acLPL-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 confrol 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.




characterized by nmeans of their adhesion ability and
the two markers acLDL-Dil and UEA-1 FITC. n = 11. The
exanple -72- shown is the course over 8 weeks and al
the controls. The absolute values are shown on the
one hand as individual valyes. In addition, box plots
are presented (90th/75th//83t™/25th and 10th
percentiles as well as the nean value). Subjects of
mat ched age and sex in whom EPCs were isol ated and
char adtigr ¥ zhdwsnal mgotititiye (assay i) cultvated @éndsthieball t hy
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guantitative assay of cultivated enclothel1al
progenitor cells (EPC). The represent ative photographs
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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 ng 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.



serumof uremc patients, the differentiation ability
~of his or her enclothelial progenitor cells is
reduced (bottomrow = in vitro). Thus restricted
renal function with urem a derived therefromleads to
dysfunction of enclothelial progenitor cells. -73-
Fig. 7 shows a quantitativ@ assay of cultivated

‘endot helial progenitor cells (EPC) in 46 uremc
patients with restricted renal function versus 46
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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 figure shows the creatinine concentration in
the serum of EPO-treated animals (IR+EPO), 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




Sprague Dawl ey rats (250 to 300 g) were included in
the study. The rats were anesthetized with ketam ne
(120 ng/kg) and Rompun (10 ng/kg). One of the
experimental groups received 0.1 ~tg of Aranesp per
kg of body weight one tinme on the day before

i nduction of the acute remafS-failure. For conparison,
there was used a group of experinental aninmals, each
of which was given an s.c. -74- injection of saline at

the sanBwlclyMats BerP MhdiGddd Gh tﬁ& ét%d?/a"l%%r ks \%@m to

the right renal arteries, the blood flowinto

Ki dneyam&etaeérwﬂpﬂ(etamme (AIQOmmgﬂstgesandDE&ommmt (fliOs
peri od ft. nephrecto erfornmed. A sham
operat'h%‘ -Ehe'bggﬁ'bkﬁﬂﬁy g«#sare(n VERePn damd 8nd gyasup.
In th'l&nﬁéﬁgt%ﬁ“'fiﬁed tihefogrﬁgﬂﬂ)'f&nh o@i@ﬁln%g rhﬁla%ﬁose
the left renal” artery, but supp y Was not

i nt er rihe seyraental betedes bupplghgtad uppghand lovisrarnalas
" renoved. AI} animal s were anesthetized for 60 mn and

ki | I ecPoses o thedett kidney oyre digaise. Thﬁrettwsaﬁh iRfarefion
subsediiguttel inole) BireccBfipite; RUALY BrtaE LR Bt R ey

| ed t oniddRsihird of&h@k&ideﬁ&én@fnddemﬁbt!dnaﬁC@h@'ﬁmeTbél‘S is
refl ected blél/ the fact t the serum creatini ne | evel
13

24 h avesk t éﬂliérﬁeﬁelﬁﬁfdi Araegspy (0.6 ingrkanabady weight)
hi gher t Iev efor ischernja and .

r eger st %ﬁ:l (@F :oph nEPHeqS tean\”ﬂﬁl the
treat %ﬂyﬂ%ddbléthﬁar@éldé N&Eléypeé)drﬁbfﬁﬂaé Qigniﬁbéﬂes‘iﬂvrval

exhibited only a four-fo I ncrease in the serum
cr eat iadivastage\asingpayad vd&ytheaammlals ngatedivdth sdlinga(page

r ot entt OR2r S0BFankBBY ound i the ani ml s subj ect ed
to |l eft nephrectony and a sham operation on the
For the two experimental groups that were treated either with
Aranesp or NaC! 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



ri ght kidney. The figure shows the creatinine
concentration in the serumof EPO treated ani mals
(IR+tEPO), Nadl -treated animals (IR} and sham operated
ani mal s (sham OP) before ischeni a-reperfusion (IR)
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with severe endothellal 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 foliowing 5/6

nephrectomy.

Fig. 13 shows the histological changes in a Sprague-Dawley
rat with chronic renai 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 olr destruction of a glomerulus with
compensatory enlargement and pronounced hyalinosis or

fibrinoid necrosis of the associated afferent arterioles.




m croscopi ¢ ki dney 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 NaC treatnent one tine per week for a
period of 6 weeks, beginning i mediately after
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associ ated with overl oad nephropathy follow ng 5/6

Fig. 15 shows the histological changes in a Sprague-Dawley
rat with chronic renal failure after Aranesp (EPO) treatment
(0.1 mg 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. No pathological signs were observed in the

tubulointerstitium.

Fig. 16 shows the histological changes in a Sprague-Dawley
rat with chronic renal failure after Aranesp (EPQ) treatment
(0.1 mg 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



nephrectony. Fig. 13 shows the histol ogical changes in
a Sprague-Daw ey rat with chronic renal failure after
NaCl treatnment one tinme per week for a period of 6
weeks, beginning i Mmediately after induction of
chronic renal failure. The_chronic renal failure was
caused by renoval of the T?%ht ki dney and |I|igation of
the segnmental arteries supplying the upper and | ower
renal poles of the left kidney. The figure shows
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tubulointerstitium.

Fig. 18 shows the histological changes in a Sprague-Dawley
rat with chronic renal failure after Aranesp (EPO) treatment
(0.1 mg 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 observed in the tubulointerstitium.

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




renal failure. The chronic renal failure was caused by
renmoval of the right kidney and ligation of the
segnental arteries supplying the upper and | ower
renal poles of the left kidney. The figure shows a
normal glomerulus with delicate afferent vessel. No
pat hol ogi cal signs were obsEved in the

tubul ointerstitium Fig. 16 shows the histol ogica
changes in a Sprague-Dawley rat with chronic rena
fai |l urexarhplert Aranesp (EPO treatnent (0. 1 ng of
Aranesp per kg) one tinme per week for a period of 6
weeks, beginning i medi ately after induction of
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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 pl and the content of CPBSC as a
percentage of the total leukocyte count were determined.




rat with chronic renal failure after Aranesp (EPO
treatnment (0.1 ng of Aranesp per kg) one tine per
week for a period of 6 weeks, beginning i medi ately
after induction of chronic renal failure. The chronic
renal failure was caused by _renoval of the right
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r hEPO (reconbi nant human erythropoietin) for a period
of at least 8 weeks. After erythropoietin treatnent,
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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-IGF-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 (acLDL-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,
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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 rhEPO

FVB/N mice were anesthetized by inhalation anesthesia with
isoflorane. 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 penicillin G (20,000 units/kg) was
administered one time. Throughout the entire period of

investigation, subcutaneous injections of the recombinant




di fferent endothelial markers on day 7 after
isolation. These are D |-I|abeled acetylated | ow
density lipoprotein (acLDL-Dil) and U ex europaeus
aglutinin-1 (UEA-1). The results of this

I nvestigation are present e%sidn Fig. 3. The results
show that erythropoietin i ble to nobilize

endot helial progenitor cells and to increase the
nunber of circulating endothelial progenitor cells.

| n t héhymart esyhrop®istinf analbgoAesdnedpf (0ct t;sg/kglalf lbatyr i n

certain hol ogi ca tate such as.,r a are

corrpeﬁ’g%lgr’i@ wgrﬁ:eggpb Lﬂntes "2¥ee PEp %?@8 ﬁoé

By e agiftire Studly Plrion! TAB tiaatrentBsgdrosivént difs Eé?Sre
unmber of circulating CD34+ stemcells in patients

w. th renevalipk thes issye pupeh. tUﬂﬁ*n"ﬁ%HitSs@T&gB!’%ﬂt@sbbnds

to th ) th
bl ood 149 pelhyhei il BuhieraddP AL EPCE EbiBloBply, "
treat me:nele'raiesttlae mncthmalmgnﬂirecesn‘ _FEigD39+shos'¢semecel l's
han S5t By SULTARRHE SavpuRd Peging STesdurpIsHe
det er fhaedheh @aétan@éra%dtmeﬁm irffictéd ahxﬁftsé %[ngt in,

t he nunber of cells that devel op an endothelia
phenotdy fesuenpuiects was me@tadtwﬂa|i¢wdosm@Whmmetmnal

cndot 120 ] BEOBbee). HoAPRadk, IBRB. HompRIEt Slercr of
gr eat gevéhao dighbExduye! anZGd;ﬁitEHsvv%ehoméi wWRild s
t hrough system c use of rhEPO FVB/'N m ce were

anest fepfed withy Physialegicab $al nelvtinss (saliged.nit did not

L5 BB Ut B3yl vy o

al cohahse Afstreatiment 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 experimentat
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 |U/kg EPOQ)
(n =5 in each group).

Example 3

Reduction in the progression of chronic renal failure through

‘erythropoietin treatment



4 mm di sposabl e bi opsy tissue punch was used to
inflict a skin wound on the right flank of each of
the mce. The opposite side served as internal
control. Postoperative antibiotic cover with
penicillin G (20,000 units/kg) was adm nistered one
time. Throughout the entire*period of investigation,
subcut aneous injections of the reconbinant -82- human
erythropoi etin anal og Aranesp (0.1 [tg/ kg of body
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conparison with the control group. Two of the
experinmental animals treated with hi gh-dosage
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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 treated with saline (data not

shown).
Example 4

Reduction in the progression of acute renal failure




erythropoietin was adm ni stered one tinme per week by
s.c. (subcutaneous) injection (20 | U kg EPO or 200
U kg EPO (n =5 in each group). Exanple 3 Reduction
in the progression of chronic renal failure through
eryt hropoi etin treatnment _%3- Ei ght - week-ol d

- Sprague-Daw ey rats were a dsthetized with ketanine
(120 ny/ kg) and Ronpun (10 ngy/kg). Their right ki dney
was renmoved on day O and was i mediately fixed in
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hi stol ogi cal investigations revealed that a distinctly
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ani mabsybikéd 8 a further control group. In this procedure, 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 repetfusion. No
increase in retention levels was found in the animals
subjected to left nephrectorhy and a sham operation on the
right kidney. The results are presented in Fig. 9.




with Aranesp than in animals treated wth saline (data
not shown). Exanple 4 Reduction in the progression of
acute renal failure -84- Sprague-Daw ey rats with a
body wei ght of 250 to 300 g were used for this

i nvestigation. One of the gsperinental gr oups

recei ved Aranesp in a dosé%sf 0.1 gg/ kg of body

wei ght one tine on the day before induction of acute
renal failure. The rats were anesthetized wth

ket ambxampl®® ng/ kg of body wei ght) and Ronmpun (10
ng/ kg) . For conparison, there was used a group of
experinmental animals, each of which was given an s.c.
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four- tQtithted 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 differentiation ability of endothelial

progenitor cells in healthy subjects

Four healthy young males were treated with 30 iU 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
acLDL and UEA, before treatment of the subjects with
rhEPO as well as weekly at 1, 2, 3, 4, 5, 6 and 7 weeks after




increase in the serumcreatinine | evels one day after
i nduction of damage by ischernia and reperfuslon. No
increase in retention levels was found in the aninmals
subj ected to | eft nephrectony and a sham operati on on
the right kidney. The resu#és are presented in Fig.
9. -85- Exanple 5 Reduced dPfferentiation ability of
endot helial progenitor cells in patients with
restricted renal function The differentiation status

- of endbedteiarilof the geljettsrwitte tHEP@aA relatiak yiicrdadey of

culture test in_46 urem c patients as well as 46

heal t h?e@gerftm@'l‘ SQmyazpesvedint bediPege and sex. It
was surprisingly found that the nunber of
enclothelial progenitor <cells in this differentiation
assay is significantly reduced in uremc patients
conpared with the healthy controls (Fig. 7). |If
nononucl ear cells of a healthy subject are isolated
and cultivated in the presence of serumof a uremc
patient, the ability of these cells to differentiate
to endothelial progenitor cells is reduced

anal ogously (Fig. 6). Exanple 6 Stimulation of the
differentiation ability of enclothelial progenitor
cells in healthy subjects Four healthy young nmal es
were treated with 30 11U of epoetin beta per kil ogram
of body weight one tinme per week for a period of 8
weeks. The differentiation ability of their

endot helial progenitor cells was determned in a
culture assay, based on their adhesion ability and
the two markers acLDL and UEA, before treatnment of
the subjects with




rhEPO as well as weekly at 1, 2, 3, 4, 5, 6 and 7

weeks after -86- treatnent of the subjects wth rhEPG
A relative increase of greater than 50% was observed
in the EPCs. -87- Clains 1. The use of erythropoietin
and/ or derivatives for prﬁguction of a pharmaceuti cal
conposition containing a “@se of 0.001 to 90 I U kg of
body wei ght per week, preferably 0.05 to 50 | U kg of
body wei ght per week, for prevention or treatnent of
di seagd@imswherein the erythropoietin in this dose is
sui tabl e and designed for prevention or treatnent of
a human or aninmal patient exhibiting a) at |east one

dysfuncti omhef usadef hdytrﬁbpo:@mgaﬁa/bprd@m}dtﬁes bjorat
| east one cardiovascular risk factor such as

hyper PEXEICERN ofy pePbarnacouicdl epmpositipr\containing a
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ePhomocy St &
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| east prefembhn0-0% garﬁOdHW&geofsbmﬂy agidrdf pervesek,i foul ar

hypertrophy, mcr um, nur nitive dysfupction,
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“filtration rate of < m / mn, preferabl
m/m nrevgnthlheomémabmm yafhaobun‘anl m)raanimai patient

compoetibBho 3. 4Rt o o8, SysBirRiSh o5 L8 4iRpial g of
body prigghitonesllsjeekat |distidieabhididvaBbulP reR fhcidrkg of

body wei ght per week, wherein the erythropoietin in
this 848k S JuPersnsionndhyRerplesteralpmia,  elevated

asymmetric dimethylarginine (ADMA) levels, increased
insulin resistance or hyperhomocysteinemia and c) 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 ml/min, preferably 30 to 80

mi/min.

2. The use of erythropoietin and/or derivatives for
production of a pharmaceutical composition containing a
dose of 0.001 to 90 IU/kg of body weight per week,
preferably 0.05 to 50 |U/kg of body weight per week, wherein
the erythropoietin in this dose is suitable and designed 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



cosnetic treatnent of the human or ani mal body,
“especially for treatnent of winkles, for

strengt heni ng of the connective tissue, for
protection and tightening of the skin, for protection
agai nst harnful environnent effects, for treatnent
of age -88- spots, for accéterati on of
reepithelialization, for acceleration of hair growh
and/ or as makeup foundation. 3. The use of

er yt hrspots, dor acealdvadion dd rreepitheliabizdtion, foracbetdraiion of a

phar mageuti cal ,.conposition contaiping a dose of 0.001
to 90 cf% 99r8\”ﬂb3@00\%§ WGHE:?O%EEWP%- preferably 0.06
to 50 I WU kg of body weight per week, for production

of a cosnetic preparation, especially for topical
appl i cat i onfhenHiseeial endhpgidtino peidéri Werivativess fabse
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4. The use of erythropoietin and/or derivatives for
production of a pharmaceutical composition containing a
dose of 0.001 to 90 IU/kg of body weight per week,
preferably 0.05 to 50 IU/kg of body weight per week, and/or
a mixture of endothelial progenitor cells with at least one cell
population usabie for cell therapy, wherein the erythropoietin
in this dose is suitable and designed for regeneration of
tissues or vessels in a human or animal body, and wherein
the mixture has been brought into contact with erythropoietin

in vitro prior {o application.

5. The use of erythropoietin and/or derivatives for
production of a pharmaceutical composition containing a
dose of 0.001 to 90 IU/kg of body weight per week,




invitro prior to application. 5. The use of

eryt hropoi etin and/ or derivatives for production of a
pharmaceuti cal conposition containing a dose of 0.001
to 90 I U kg of body weight per week, -89- preferably
0.05 to 50 U kg of body weight per week, and/or a

m xture of endothelial pro @itor cells with at | east
one cell popul ation usable for cell therapy, wherein
the erythropoietin in this dose is suitable and

desi gipesfefably 08Fchoeshil/kg of body ivasgigtparweeks satri n a
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use of erythropoietin and/or “derivatives _
produdi itkis daseaiskuitahle cand debignedpios iregemeratiomfofa ki t

cont ai:pi of t | Ut kg of bo wei ght
per \l%'g%el%‘% %r gu’?s%%soﬁnyg@g%nt (gr %@W%’Wﬁ%‘?”@%ﬂ%i ght
per weekmixtared[sie: erythopasdtind e agmiristeadd béfors, eHer
mechani cal or biol ogi cal, agent, especially a

phar rrﬁl’:6‘I“B{ﬁ'iaB§PUﬂﬁW“g@ppﬂ'ﬁ@tl%bﬁ’féh? mixtgre.pr oduct i on of
a pharmaceutical conposition or of a kit containing
erythropoietin in this dosage and the at |[|east one
chemi 6al , Ther osé, oheertimopaiétiror amd/ot ogeroatives efor

f j treat nent. of di es, whereip. th
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application of the erythropoietin with theﬁgf%ast
one cWegkcaneferably Q85 to s OE Bpdy welighs| psyiveeak,

a0 oy 46 8, e G RGN el
biological agent, especially a pharmacological active
ingredient, for production of a pharmaceutical composition or
of a kit containing erythropoietin in this dosage and the at
least one chemical, thermal, mechanical or biological agent,
for prevention or treatment of diseases, wherein the
erythropoietin in this dose is suitable and designed for
sequential, timed successive or simultaneous application of
the erythropoietin with the at least one chemical, thermal,

mechanical or biological agent.

7. The use of erythropoietin according to claim 6,
wherein the mechanical agents are endoprostheses,
preferably implantation supports for teeth, bones or

ligament/tendon replacements.




- di sease,

preferably inplantation supports for teeth, bones or
i ganent|tendon repl acenents. _90- 8. The use of '
erythropoietin according to claim®6, wherein the

bi ol ogi cal agents are solid organs such as liver,

ki dneys, heart, pancreas, skin or hair inplants. 9.
The use of erythrop0|et|n -&¥d7 or derivatives for
producti on of a pharnaceutical conposition containing
a dose of 0.001 to 90 IU kg of body weight per week,
pr ef erfabl y TheObiseo obOerythdbpgietrd bomydingi ghtclgien 8eek,

wher ei he, erythropoietin in thjs dose is sujtable
e ehesling HOOGPRCAGRND A SOl SraPie LB Pod Vb s
wher eikire)s, Kbare pafclcas %H%Fﬁﬁﬁ'rrﬁﬁfaﬁw' em a, diabetes

mellitus, 'insulin resistance endot hel i um nedi at ed
chronic |nflannatory di sorders, endotheliosis

b 1o abed TR, P SR BhTbb3RYT, oBUAF BREIAHHES' Fo
di Sorcﬂﬁdj@.loﬁbn dthe pkamestdutieal. compesitisnPsdrainingy gaud’ s
atic, disaorders such as hepatitis,

ci rr h&9s8 8? Q01 1 toy &P, kgt ef dpodyc rWQi@Ihtc pEr Vieek,
failur efe NF088 o%@ﬁ&!él#g@@@géﬂys\%lgﬁg ﬁeﬂkeél?%lﬁ?ec‘in

nmucou ane I sor esl especi a
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conposageirelatartb obadiovasgular disease, ischemic disorders of
the extremities, preeclampsia, Raynaud's disease, hepatic
disorders such as hepatitis, cirrhosis of the liver, acute or
chronic fiver 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 to 80 mi/min,
microalbuminuria, proteinuria, or wounds and sequelae

thereof.

10. The use of erythropoietin and/or derivatives for
production of a pharmaceutical composition containing a
dose of 0.001 to 90 IU/kg of body weight per week,
preferably 0.05 to 50 [U/kg of body weight per week, for
production of a kit containing erythropoietin, endothelial



dose of 0.001 to 90 I U kg of body wei ght per week,
preferably 0.05 to 50 | U kg of body wei ght per week,
for production of a kit containing erythropoietin,
endot helial -91- progenitor cells and at | east one
cell popul ation usable for _cell therapy, wherein the
erythropoietin is preferabp9'present in | ow dosage.
11. The use according to one of clainms 1 to 10,
wherein the pharmaceutical conposition is used for
st i mulpetgemitontcellppdiail legstoarie pelbipbpulatiommusable for

‘endot he)i,al progenitor cells, .proJiferation of
oot A8 tiraBY. SHEEOhe Gy ihedpaiftiy I, Rt bty drosant
endot Relohadogigageni tor cells to endothelial cells

and/or magration of endothelial progenitor cells
toward a vascul ogenic or angiogenic stinulus. 12. The

use ageor di ' , rel h esi on
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di f f etrenphatmacelitisal oompesitioh i isedhfor ustitn@giisrt @fFng to
claims, 1 to 12, wherein the stinmulation of

endot HBY%*%JP%%QB?P'F@*'OBePf sendethelial pregentier eells, of
endot i L RN r Gh O of

ol norgretatian, 5P ddothblial HiBodiTor Kefie; GifBRBIGH o
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ow dBBgHYET %3, oenddinelag Ardgelos:  okay BT Ber -
veek {asculdyenidier aiogtinic ShBRLOgi cal siates or

di seases of the human or aninmal body associated with
a dysfunction of endothelial progenitor cells. -92-

12. The use according to claims 1 to 11, wherein the
adhesion ability of endothelial progenitor cells undergoing

differentiation is increased.

13.  The use according to claims 1 to 12, wherein the
stimulation of endothelial progenitor cells leads to formation

of endothelial tissue.

14,  The use according to one of claims 1 to 13, wherein
the stimulation of endothelial progenitor cells leads to

formation of new blood vessels.

156.  The use of erythropoietin in a low dosage of 0.001 to
90 IU/kg of body weight per week for the therapy of
pathological states or diseases of the human or animal body

associated with a dysfunction of endothelial progenitor cells.




16. The use according to claim 15, wherein the
dysfunction of the endothelial progenitor cells
consists of their inpaired proliferation ability,
their inpaired ability to differentiate to
endothelial cells, their inpaired adhesion ability
and/ or their inpaired abili %Fto mgrate toward a
vascul ogeni ¢ or angi ogenic stimulus. 17. The use
according to claim 15 or 16, wherein the dysfunction
of end@.helTled wpseogaocdrdingcebl sclaimpainbs Wherefit etent s

the fo tiqgn of endothelial tissue and/or bl ood
vessel@@%ﬁoﬁh@: ﬁ?eeﬁg%%ﬁﬁqln@%@@fec%‘{‘? epPRsiRE a5 1o
17, ORReRlimpairad ekoRfakton abiig BB Jhieiredl aligogn! L or
cell's has a pathogenic cause.” 19. The use accordi ng
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hyper clagteisyenieloe angiogehialigimaugrel | i tus, insulin
resi stance, endothelium nedi ated chronic inflamatory
di sorders, endotheliosis including

L 38, yAREahCtR! o

reti cuiz0enaglngbd Acsrdidd 16 @i 95°

CU7C ré?%i g
cardi ovascul ar di sorders’, 1schem c disotders of 't
ext r edysfupstiopr eécbndgthelial Raygeniir s cdils emymirshapat i ¢

di d hepati ti s irrhosis of the |iver,
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| esions, especially in the gastrointestinal tract,
Crohn's disease, ulcerative colitis,
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funct itlee dPsfunction of endothelial progenitor cells has a

pathogenic cause.

19. The use according o one of claims 15 to 18, wherein
the pathological states or diseases associated with a
dysfunction of endothelial progenitor cells are
hypercholesterolemia, diabetes mellitus, insulin resistance,
endothelium-mediated  chronic inflammatory  disorders,
endotheliosis including 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




“failure, especially term

restrictions wth glonerular filtration rates of 30 to
80 mM/mn, mcroalburninuria, proteinuria, elevated
ADMA | evel s or wounds and/or sequel ae thereof. 20.
The use of erythropoietin in a |ow dose, especially of
0.001 to 90 I U kg of body | ght per week, for the

‘therapy of hyperchol ester %M a, diabetes mellitus,
“insulin resistance, endothelium nediated chronic

i.nflammat ory di sorders, endothellosis including
reti cukstintionshwith ghinserubr Hidtration! retessafs30 toagEmi/atiat ed
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according to claim21, wherein erythropoietin is
adni nidifoEders susheag Mepatitis ngirrhesia afdbe lber.0ag8etar 50

o S 3 T SRS SRR i e,
conposaudoos mentbuanalisories paleidrey, adspecially 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, elevated ADMA levels or

wounds andfor sequelae thereof.

21.  The use according to one of claims 1 to 20, wherein
erythropoietin is administered to each patient in a dose of
0.001 to 90 units/kg of body weight per week.

22,  The use according to claim 21, wherein erythropoietin
_is administered to each patient in a dose of 0.05 to 50
units/week.




especially intravenous, intranuscul ar, intracutaneous
or subcutaneous as well as topical adm nistration.
24. The use according to claim 23, wherein the
pharmaceuti cal conposition has the formof an
injection or infusion. 25. The use according to one
of clains 1 to 22, wherei m%te phar maceut i cal
conposition is suitable for pulnonary adm nistration.
- 26. The use according to claim25, wherein the :
phar madbut i i@ us apowidinigole dre of klairfisrintoo?2,anhergireous

sol utigp, | OF - The
cse acht; APTRESOET Gradbato bl Sy rorteral
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to 22, wherein ceutic conposition is

~suitable for oral adm ni stration. 29. The use
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cl ai menfusion. 29, wherein the pharnmaceuti cal
conposition contains at |east one further active

i ngredient for stinulation of endothelial progenitor
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26. The use according to claim 25, wherein the
pharmaceutical composition has the form of an aqueous
solution, a nonaqueous solution or a powder.

27. The use according to claim 25 or 26, wherein the
pharmaceutical composition has the form of an aerosol
preparation.

28. The use according to one of claims 1 to 22, wherein
the pharmaceutical composition is suitable for oral
administration.

29. The use according to claim 28, wherein the
pharmaceutical composition has the form of a solution,
suspension, emulsion or tablet.

30. The use according to one of claims 1 to 29, wherein
the pharmaceutical composition contains at least one further
active ingredient for stimulation of endothelial progenitor
celis. ‘




NO donor. 32. The use according to claim 31, wherein
~the HMG CoA reductase inhibitor is a statin such as
simvastatin, nmevastatin or atorvastatin, the ACE
inhibitor is an active ingredient such as enalapril,
rampril or trandolapril and/or the AT-1 bl ocker is
an active ingredient such-& -irbesartan, lorsartan or
ol mesaratan. 33. The use of erythropoietin for
production of a transplantable endotheli al
pr epaiddt i ofhe3dse 'ﬁbeordli@ fic cliirdi 3@ Wheditine Sdther

wher ei n,_endot h Ilal are_produced in vitro by
Ul L PR HOEROTERS MET oI Ghy It o A6 BhIHoE e

prese I t 'y
SR GO SEPICIOn B3R
¢l ai mNE3donor34, mhereln the cultivation of the

endot helial progenitor cells takes place in the
presence of at |east one further active ingredient

sel eced f ThewsBaicBbRERy A 31 \GhefsldtheINFG-CEA CSF,
an ACE inhibitor such as enalapril, rampril or

t rand&bdistase  ihibitar_ is ppotatin seesh aasi sisvastatin,
lorsa é‘\‘:'és%rhnobf‘%ﬁ?r(rgétgﬁn tr%npttﬂl\f‘rﬁﬁétdregugﬁ A five

i nhi bitor, especially Sinvast nevastatin or
at or viggredient, sactd agnefdaphin caimipeik jpe dramdolapkit aad@irni ne.
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'and/oyorgéﬂérh@,rom{ersgagtgﬁnt of tissue or organ
transplants. 37. The use according to claim 36,

wherein the pretreatnent of the tissue or organ
transgh_ant%éalﬁga %lfa%?ythropoietin for production of a

~ transplantable endothelial preparation.

34. The use according to claim 33, wherein endothelial
cells are produced in vitro by cultivation of endothelial
progenitor cells in the presence of erythropoietin in a small
dose, namely of 0.001 to 90 [U/kg/week.

35. The use according to claim 33 or 34, wherein the
cultivation of the endothelial progenitor cells takes place in
the presence of at least one further active ingredient
selected from the group comprising VEGF, PIGF, GM-CSF,
an ACE inhibitor such as enalapril, ramipril or trandolapril, an
AT-1 blocker such as irbesartan, lorsartan or olmesaratan,
an HMG-CoA reductase inhibitor, especially simvastatin,
mevastatin or atorvastatin, and an NO donor, especially L-

arginine.




usi ng i sol ated endothelial progenitor cells. 38. The
use of erythropoietin for production of inplantable
or transplantable, cell-containing, in-vitro organ or
tissue systens, wherein the in-vitro organ or tissue
systens are treated with erythropoietin prior to
transplantation or inplam&ion, in order to induce
vascul ogenesi s and/ or endotheliumformation. 39. The
use according to claim38, wherein in-vitro organ or
ti ssu?&ystﬁ'ﬂ? usenbfra]tierylambmiéﬁﬂf il lopr ggea@é,ona?ely S.
40. T e of e opoi etin for production 0

vascul (gpﬂ? piPo$0n MEMﬁpﬁ?‘h JaF tPretpateent\ard/er further
vascul @iathicPpbiRs3ae or%?gé?ﬁ@éﬁs?féﬂt&?s are coated with
erythropoietin. 41. The use according to claim 40,
wherein the coating of the vascul ar prostheses or

heart v cont ai ns_endothelial. pregenjitor cglls.
42. Th%ﬁusgﬁk?cclg%ed! ﬂé‘_}(’crg'_ngngoofc%mai {)1@ 1Wb%reﬂ, the
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erythropoietin. -97- 43. The use according to claim

3
42, wieirg isolated andaibelial progangorcells: i vati ve, an
anal og, a nodification or a nmutein of erythropoietin.
44. The use according to claim42 or 43, wherein
eryt hr3hoi dtherusesofiesythedpedetin forploduetion of ingplaiftable t he
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ability to produce human erythropoietin,”~or froma
hybr i dtagted umithr ergibrapoigin byriareltp  transplamtationa druman

or aniymRyriflon, ! "%rder to induce vasculogenesis and/or

endothelium formation.

39. The use according to claim 38, wherein in-vitro organ

or tissue systems contain endothelial progenitor cells.

40. The use of erythropoietin for production of vascular
prostheses or heart valves, wherein the vascular prostheses

or heart valves are coated with erythropoietin.

41.  The use according to claim 40, wherein the coating of
the vascular prostheses or heart valves contains endothelial

progenitor cells.

42. The use according to one of claims 1 to 41, wherein

erythropoietin is human or animal erythropoietin.




44. The use according to claim42 or 43, wherein
erythropoietin is an erythropoietin produced by neans
of DNA reconbi nation techni ques. 45. A pharnaceuti cal
conposition for stimulation of endothelial progenitor
cells, for stimulation of the formation of

endot helial tissue, for sti¥hil ati on of vascul ogenesis
and/or for treatnment of diseases or pathol ogi cal
states associated wth a dysfunction of endotheli al
progerdd or Thel s ac:mrdingm n@imeﬂywmcqmieqtthmpaiﬁlihor a
derivative, an.a t on
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conpri si ng VEGF PI G-, GW CSF, an ACE i nhi bitor such
as enalapril, rampril or trandolapril, an AT-1
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45. A pharmaceutical composition for stimulation of
endothelial progenitor cells, for stimulation of the formation
of endothelial tissue, for stimulation of vasculogenesis and/or
for treatment of diseases or pathological states associated
with a dysfunction of endothelial progenitor cells, comprising

~erythropoietin and/or a derivative, an analog, a modification
or a mutein thereof as the active ingredient as well as at
least one further active ingredient selected from the group
comprising VEGF, PIGF, GM-CSF, an ACE inhibitor such as
enalapril, ramipril or trandolapril, an AT-1 blocker such as
irbesartan, lorsartan or olmesaratan, an HMG-CoA
reductase inhibitor and an NO donor, preferably in a low
dose, especially of 0.001 to 90 IU/kg of body weight per
week.




especially in the gastrointestinal tract, Crohn's
di sease, ulcerative colitis, pregnancy-induced
hypertension, chronic or acute renal failure,
- especially termnal renal failure, renal function
restrictions with gl onerul aé filtration rates of 30 to
80 m/mn, mcroal burnindr 8a", proteinuria, elevated
ADMA | evel s or wounds and sequel ae thereof,
conprising erythropoletin and/or a derivative, an
anal ogd7.a rfoghirmacewdicab composition rfor tphevreetibn aand/dre
active,i ngredi ent referably in a small dose, .
especi BPIPY! Ivbechgeslgragmta. dighpieRempitis dhsyliter.
48. A rabpismeeUkhdsihefi@mhAsdiatedn ameflicdi Mahfngtbal m
47, additionally including at |east one further

act i vedisorgessdi earidothnbiosist ettcluding t Ieficglasngothelipsissi ng

o ahiTosEEIT agiefithy MAaRioRsclF N Bibegse o

such dschenfies adit@ers 0bb athiean efirerpitizes appdaiampsia,
HMG- redg'ct ase inhibitgor and an NO donor. 49. A
phar gﬁ%{ﬂ%ﬂ & Js6R88s iNEPaHC e FUFB 8% depalils. or
47, Y“t‘ﬁ‘riﬁ‘dﬁbﬁﬁwﬁi&érﬁé&ﬂé&%&ﬁiéﬂ%ﬂ LR, H8he!ahdd
statin such as sinvastatin, nevastatin of

at or vastiage disohderdOE leséns, ligament and teidan disdrdess

i ngredi ent .such as enal apri |, rampril _ or .

tr and & ag?e P Sin PO e TRMEFARE o HEHIFTS 01 JepiPDe

I Ngr e@ispBEiallp Uah iR ddROFR6dtmAl thatt S TWrbAR'sOHisease,

ol nesaratan. 50, A pharnmaceutical conposition
accor dMigrjative eplilisn pregnancysindugg hypeartensiomncclrenisr | s
L- ar gi_pipe S : OO LI f.: ng to
ol ai S fegt el Ffurt Sy XbiiRRRIoRl R Tty
conpodundtion restrictipnewith igioneralar filtedioneatesaff 3ditedases,

wh in,t h i eti d th i cal

Coﬁ{)glgpnl{m%ﬁ npigrro%}burn% L?rlig, plrgte?nnun/a? gleva?edp RSM"AB%%SE' ¢
or wounds and sequelae thereof, comprising erythropoietin
and/or a derivative, an analog, a modification or a mutein
thereof as the active ingredient, preferably in a small dose,

especially of 1 {o 90 U/kg of body weight per week.

48. A pharmaceutical composition according to claim 47,
additionally including at least one further active ingredient
selected from the group comprising VEGF, PIGF, GM-CSF,
an ACE inhibitor such as enalapril, ramipril or trandolapril, an
AT-1 blocker such as irbesartan, lorsartan or olmesaratan,

an HMG-CoA reductase inhibitor and an NOQ donor.

49. A pharmaceutical composition according to claim 46
or 47, wherein the HMG-CoA reductase inhibitor is a statin

such as simvastatin, mevastatin or atorvastatin, the ACE



suitabl e and designed for norning application to a
human or animal body in a period from®6:00 to 10: 00
a.m 52. A kit containing erythropoietin, endothelial
progenitor cells and at | east one cell popul ation
usabl e for cell therapy, erein the erythropoietin
is preferably present in ToWw dosage. 53. The use of
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52. 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

dosage.

53. The use of erythropoietin and/or derivatives for
production of a pharmaceutical composition or of a kit
containing a dose of 0.001 to 90 IU/kg of body weight per
week, preferably 0.05 to 50 [U/kg of body weight per week,
for prevention or treatment of diseases of the human or
animal body, wherein the erythropoietin in the said low dose
is suitable and designed for improving, especially for
promoting andfor accelerating, the integration of a
mechanical or  Dbiological agent, especially an
endoprosthesis, especially an implant, for example a tooth

implant, a tooth replacement, a bone implant, a bone




t he endoprosthesis is made of steel, ceramc, plastic
or another matrix material. 56. A kit containing
erythropoietin in a dose of 0.001 to 90 |U kg of body
wei ght per week, preferably 0.05 to 50 I U kg of body
wei ght per week, an endoprosthesis and if necessary a
cell therapeutic, preferabﬂ?oendothelial pr ogeni t or
cells or other cell popul ations usable for cel
t her apy.

replacement, especially a joint prosthesis, a ligament/tendon

replacement, such as the cruciate ligaments, or a solid organ
into the implant or the body structures surrounding the
endoprosthesis.

54. The use according to claim 53, wherein the
pharmaceutical preparation or the kit additionally contains a
cell therapeutic, especially endothelial progenitor cells and/or
other cell populations usable for cell therapy for regeneration

of tissues and vessels.

55. The use according to one of claims 53 or 54, wherein
the endoprosthesis is made of steel, ceramic, plastic or

another matrix material.

56. A Kkit containing erythropoietin in a dose of 0.001 to 90
IU/kg of body weight per week, preferably 0.05 to 50 IU/kg of
body weight per week, an endoprosthesis and if necessary a
cell therapeutic, preferably endothelial progenitor cells or
other cell populations usable for cell therapy.




