TREATMENT OF ISCHEMIC DISEASES USING ERYTHROPOIETIN
Field of the Invention The present invention relates to a method of
revascularization, a method for treating ischemic diseases, and a
composition used for these methods. Background of the Invention
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tissue becomes an ischemic state due to a reduced peripheral arterial
blood flow caused by, for example, constriction of the vessel lumen,
. geveflogg}en} of blood clots, vessel occlusion, vasculitis, vessel shrinkage,
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collecting bone marrow from the patient, which imposes a substantial
burden on the patient. It has been attempted to use peripheral
blood-derived mononuclear cells in place of bone marrow-derived

Back Hclear .gells4n ordertg lessen the burden on the patient; however,
—thisTmethod has not been successful in providing an effective 1 therapy
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which pegipheral tissue becomés an ischemic state due to- a
reduced peripheral arterial blood flow caused by, for example,
constriction of the vessel lumen, development of blood clots,
vessel occlusion, vasculitis, vessel shrinkage, or an increase
in blood viscosity. In recent yvears it has been discovered
that blood vessel neogenesis is enhanced when bone marrow-
derived mononuclear cells are transplanted to an ischemic site,
and bone marrow-derived mononuclear cell transplantation is
believed to be a potential method for treating peripheral
vascular disorder. However, the transplantation of bone
marrow-derived mononuclear cells rquires collecting bone
marrow from the patient, which imposes a substantial burden on
the patient.

It has been attempted to use peripheral blood-derived
mononuclear cells in place of bone marrow-derived mononucleaxr

cells in order to lessen the burden on the patient; however,

this method has not been successful in providing an effective



Erythropoietin (also referred to as EPO) is an acidic glycoprotein
hormone that promotes the differentiation and proliferation of erythroid
progenitor cells and is produced mainly in the kidney. Erythrocytes, the
most abundant cells in the blood, will function for a certain period of time
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as to whether the cells mobilized into the peripheral blood by EPO are
periBHeSVE 0 ythrocyte count is continuously held constant by

continuous supply from the bone marrow. EPO plays a central
role in this homeostasis of erythrocytes in the body. In
clinical settings, EPO is used to treat anemia and for pre-
and post-surgical management.

In addition, it has been reported that EPO has an
angiogenesis-promoting activity and is effective as a
therapeutic agent for ischemic diseases (Besarab A et al., The
New England Journal of Medicine, 339(9), 584-590, (1998),
Heeschen C et al., Blood,102(4), 1340-1346, (2003), Bahlmann F
H et al,, Blood,103(3), 921-926, (2004), Smith K J et al.,
Cardiovascular Research, (59), 538-548, (2003}, Bahlmann ¥ H
et al., Kidney International, 64, 1648-1652, (2003)). It has
also been reported that EPO promotes the mobilization of
vascular endothelial progenitor cells into the peripheral
blood (Heeschen C et al., Blood, 102(4), 1340-1346, (2003),

Bahlmann F H et al., Blood, 103(3}), 921-926, {(2004)).



the treatment of ischemic diseases such as peripheral vascular disorders.
SUMMARY OF THE INVENTION The present inventors have discovered
that the mobilization of mononuclear cells into the peripheral blood is
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the composition comprises “erythropoietin as an active ingredien
a1 soblgferably the mobilized mononuclear cells are collected from a subject
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and then administered to the same subject. Preferably, the composition of
the present invention is administered to a subject from 3 to 12 days prior
to collecting peripheral blood from the subject. The present invention also

provides a compositigniarthe Heatment glischemigdiseases and a
composition for stimufating revascutarizatiorn, comprising as an active

ingredigptmopenyglear eells.separated,from peripheral blood, from a

subject to whom erythropoietin has previously been 3 administered. In
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12 days prior to collecting peripheral blood.
promoted by the administration of EPO and that the mononuclear

cells thus mobilized by EPO are particularly useful for the
treatment of ischemic diseases.

The present invention provides a composition for
mobilizing mononuclear cells for use in the treatment of
ischemic diseases or in stimulating revascularization into
peripheral blood, wherein the composition comprises
erythropoietin as an active ingredient. Preferably the
mobilized mononuclear cells are collected from a subject and
then administered to the same subject.

Preferably, the composition of the present invention is
administered to a subject from 3 to 12 days prior to
collecting peripheral blood from the subject.

The present invention also provides a compesition for the
treatment of ischemic diseases and a composition for
stimulating revascularization, comprising as an active
ingredient mononuclear cells separated from peripheral blocd

from a subject to whom erythropoietin has previously been



The present invention also provides a composition for mobilizing
CD34-positive cells for use in the treatment of ischemic diseases or in
stimulating revascularization into peripheral blood comprising

. erythropoietin_as an active in%red'ent. In angther aspect theﬁé sent .
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the st ministering erythropoietin to the subje collecting
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administering the collected peripheral blood mononuclear cells to a target

ischglif of thessublect BRIEE DESGRIRHON, OFTHERRAWINGS o4 Fig, &,
shows the results of FACS analysis that measured the mobilization of
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measurement of the number of colonies of hematopoietic stem cells
i ngr8@bdized by the administration of erythropoietin; and

In another aspect, the present invention provides a
method for preparing mononuclear cells for stimulating
revascularization and for the treatment of ischemic diseases,
comprising separating mononuclear cells from peripheral blood
from a subject to whom erythropoietin has previously been
administered.

In another aspect, the present invention provides a
method for treating an ischemic disease or stimulating
revascularization in a subject comprising the steps of:

(a) administering erythropoietin to the subject:

{b) collecting peripheral blood mononuclear cells from the
subiject; and

(c) administering the collected peripheral blood mononuclear

cells to a target site of the subject.

BRIEF DESCRIPTION OF THE DRAWINGS




Fig. 3 shows an angiogram, at one month after the transplantation of

peripheral blood mononuclear cells, for a patient (case 3) that had

received erythropoietin. DESCRIPTION OF THE PREFERRED

BODJMENTS Mobilization, of peri lood mononuclear cells b
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co sition for mobilization of the mononuclear cells for use in the

e G i SRRt h” vhRoarzation o the

erytggg\g&%@]&lopd, wherein the composition comprises erythropoietin as an
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multipotent stem cells present in various organs and releasing
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mononuclear cells mobilized in this manner may be collectéd from the
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treat ischemic diseases or to stimulate revascularization. The subject is 5
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administrated to the subject prior to collecting the peripheral blood
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three doses are administrated,

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Mobilization of peripheral blood mononuclear cells by

erythropoietin

One aspect of the present invention relates to a
composition for mobilization of the mononuclear cells for use
in the treatment of ischemic digeases or in stimulating
revascularization into the peripheral blood, wherein the
composition comprises erythropoietin as an active ingredient.
The terms "mobilizing" and "mobilization of" the mononuclear
cells denote stimulating differentiation and proliferation of
multipotent stem cells present in various organs and releasing
mononuclear cells comprising multipotent stem cells into
blood . The mononuclear cells mobilized in this manner may be
collected from the peripheral blood of the subject and
administered to the subject in order to treat ischemic

diseases or to stimulate revascularization. The subject is



for example, the first erythropoietin administration is given systemically
(for example, subcutaneous or intravenous injection) to the subject about
two weeks prior to collection of the peripheral blood mononuclear cells.
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s and the second erythropoietin administration is‘given locally about
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be collected from the peripheral blood. In the case of a single
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administration. Accordingly, the
injection) to the subject about two weeks prior to collection

of the peripheral blood mononuclear cells. About one week
later the second erythropoietin administration is given
systemically after blood donation (blood draw)}. Another week
later, the third erythropoietin administration is given
locally, and then the desired peripheral mononuclear cells may
be collected from the peripheral blood of the subject. In the
case that two doses are administrated, for example, the first
erythropoietin administration is given to the subject
systemically about one week prior to collection of the
peripheral blood mononuclear cells and the second
erythropeietin adminigstration is given locally about one week
later, and then the desired peripheral mononuclear cells may
be collected from the peripheral blood. In the case of a
single adminisitration, for example, erythropoietin is

administered systemically to the subject and the desired



erythropoietin dose is not limited in the present invention to the doses
noted above. Erythropoietin is generally administered by a parenteral
route, for example, it can be administered as an injectable (e.g.,
_Subcutaneous, intravenous, intramuscular, intraperitoneal) or by a
PeTiBRRT RanSBU WARSHRT oSS hEs&Bt PaIntsHahy Fofte. R B aISs Be ek
administered orally. Peripheral blood mononuclear cells are mononuclear
“Eells present in the peripheral blood. Mononuclear cells, also known as
onocytes, are cells that are present mainly in the hlood and that resi
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peripheral blood at about one week after the administration of EPO.
the doses noted above.

lat

Erythropoietin is generally administered by a parenteral
route, for example, it can be administered as an injectable
(e.g., subcutaneous, intravenocus, intramuscular,
intraperitoneal) or by a percutaneous, transmucosal, nasal or
pulmonary route. It can also be administered orally.

Peripheral blood mononuclear cells are mononuclear cells
present in the peripheral blood. Mononuclear cells, also known
as monocytes, are cells that are present mainly in the blood
and that reside in a stage of differentiation for macrophage-
type cells. Hematopoietic stem cells differentiate in the bone
marrow to monoblasts and promonocytes and then to mononuclear
cells, which are released into the blood. Upon migration into
the tissues, the mononuclear cells differentiate into, for
example, macrophages, dendritic cells, and histiocytes.

With regard to the mobilization of mononuclear cells into

the peripheral blood using EPO, it has been thought that two



Accordingly, the present invention relates to a method of obtaining
mononuclear cells or a method of preparing mononuclear cells for
transplantation, comprising the steps of: (a) administering erythropoietin

to a subject; and (b) collecting peripheral blood mononuclear cells from |
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mononuclear cell population is "desirably increased in order to achieve a
afteletiertherapsutic: result Hf isghepig diseases or a better revascularization

Accordingly, the present invention relates to a method of
obtaining mononuclear cells or a method of preparing
mononuclear cells for transplantatlion, comprising the steps
of:

(a) administering ervthropoietin to a subject; and

{b) collecting peripheral blood mononuclear cells from
the subject about one week after the erythropoietin
administration.

In the context of the present invention, the phrase
*about one week" is generally from 3 to 12 days, and
preferably from 5 to 9 days (for example, from 6 to 8 days, or
7 davs).

In ancther aspect, the present invention relates to a
composition for mobilizing CD34-positive cells for use in the
treatment of ischemic diseases or in stimulating
revascularization into the peripheral blood comprising

erythropoietin as an active ingredient.



effect. A population of the mononuclear cells mobilized into the peripheral

blood according to the method of the present invention generally has a

CD34-positive cell titer sufficient for achieving a therapeutic result of

ischemic dise? sora revasculg?zation effect. It is particularlg usefu) in
t
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present invention. In he present mven‘flon, a high proportion -
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antigen and is a key membrane glycoprotein of hematopoietic-type cells.
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by a common method. For example, the mononuclear cells can be
resu®btaiied By diraeldy ecoxgrng the- bloedsdedved-monopugleas caltsiby

blood apheresis, removing a substantial portion of the erythrocytes,

effe@R@NUIOQERH B¢ion of the mononuclear cells mobilized into
the peripheral blood according to the method of the present
invention generally has a CD34-positive cell titer sufficient
for achieving a therapeutic result of ischemic diseases or a
revascularization effect. It 1s particularly useful in the
transplantation with the aim of treating ischemic diseases or
gtimulating revascularization to increase the proportion of
Ch34-positive cells by isolating or concentrating the CD34-
positive cells from the population of the mononuclear cells
obtained by the method of the present invention.

In the present invention, a high proportion of CD34-
positive cells in the mononuclear cells means that CD34-
positive cells account for at least 1%, preferably at least 2%,
and more preferably at least 3% of the mononuclear cells. The
upper limit on the proportion of CD34-positive cells in the
mononuclear cells can be, for example, 99.99%, 99.9%, or 99%

and is theoretically 100%.



platelets by centrifugation as necessary to capture the peripheral blood
leukocytes, and then washing the obtained peripheral blood leukocytes
by, for example, centrifugation. The peripheral blood mononuclear cells
ohtained.in this manner may. gptionally be further processed by addition,
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CD34-paositive,cells and/or vascular endothelial progenitor. cells,
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4-positive cells areattache agnetic beads carrying
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beads are collected with a sheet magnet, and subsequently the
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enzyme treatment. 10 Alternatively, the CD34-positive cells are bound to

monofl&MHaC D3 antinody Iabelgd with.a Jugtesgentdye gnd-collpaled 1Sing e

a fluorescent cell sorter. Treatment of ischemic diseasés and

blookEVaseyladagatin Jhe-aeripherahblaog menonygless cels piepared ibving a
accordance with the present invention can be administered to the subject

subshiosihe Rurpeserafdreatingaiisehemic-diseasss , ThesANotheraspeck the
present invention relates to a method for treating an ischemic disease in
plataBUBECLGOMPHISIOMEBation as necessary to capture the
peripheral blood leukocytes, and then washing the obtained
peripheral blood leukoccytes by, for example, centrifugation.
The peripheral blood mononuclear cells obtained in this
manner may optionally be further processed by addition,
isolation, or purification. For example, desired cells, such
as CD34-positive cells and/or vascular endothelial progenitor
cells, may further be concentrated or isolated from the
collected peripheral blood mononuclear cells for
administration. Substantially pure CD34-positive cells can be
prepared using standard techniques. For example, the
peripheral blocd mononuclear cells are reacted with anti-CD34
antibody, and then the CD34-positive cells are attached to
magnetic beads carrying anti-mouse IgG antibody. The CD34-
positive cells bound to the magnetic beads are collected with

a sheet magnet, and subsequently the CD34-positive cells may

be released from the magnetic beads by an enzyme treatment.
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steps of: (a) administering erythropoietin to the subject; (b) collecting
peripheral blood mononuclear cells from the subject; and (c)
administering the collected peripheral blood mononuclear cells to a target
site of the subject. Ischemic disease is a medical condition.in which tissye
S rithibb e e it et v e el
ep34 24sechBuyarays actors, gych as sonstriclion of e vessellymen. . o q
development of blood clots, "vessél occlusion, vasculitis, vessel shrinkage,

usindran ﬂqlre%%%ég@%o%dexiic%%yté%hemic diseases include peripheral
Vascular isorder, ischemic heart disease (e.g., ischemic
cardiomyopathy, myocardial infarction, ischemic heart failure), ischemic
cerebrovascular disease, ischemic kidney disease, 11 ischemic lung

rreafliigAze 4 ischemic.diseases assopiated Wit infegtious disgases.

—Per vasculardisorderis a medicat condition in which peripheral
tiggpie talls 10 andscRaIGSAln ARG 0 8 /educed pephsial ageral
blood flow caused by, for example, constriction of the vesSel lumen,

accodfyelerment af biggd slals. yesselacelusian vascyitis suessel shunkage,o
or an increase in blood viscosity. Diseases associated with peripheral

the Maspplardisgrderinclyde-ghronicartenal oeehigiverdiseasesnsuchiagease .
arteriosclerosis obliterans and Buerger's disease, and progressive

ThusSYHaMhsHewsis SysteicePdbenatasifention relates to a method

for treating an ischemic disease in a subject comprising the
steps of:

(a) administering erythropoietin to the subject;

(b) collecting peripheral bleood mononuclear cells from
the subject; and

{(c) administering the collected peripheral blood
mononuclear cells to a target site of the subject.

Ischemic disease is a medical condition in which tissue
falls into an ischemic state due to a reduced blood flow in
the vasculature caused by various factors, such as
constriction of the vessel lumen, development of blood clots,
vessel occlusion, vasculitis, vessel shrinkage, or an increase
in blood viscosity. Ischemic diseases include peripheral
vascular disorder, ischemic heart disease (e.g., ischemic
cardiomyopathy, myocardial infarction, ischemic heart failure),

ischemic cerebrovascular disease, ischemic kidney disease,
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Raynaud's disease, vibration syndrome, aneurysm, and vasculitis.
Peripheral vascular disorder is a preferred target disease of the
therapeutic agent of the present invention, with arteriosclerosis obliterans

) and Buerger's_disease being_particularly preferred targets. In addition, the
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. gre,sent ina/ention can be administered to the subject for the purpose of
infe thP?. iseases, . ..
stimulating™ revascularization. Thus, another aspect of the present

inyention relates to a method, for stimulating revascularization in a subject
R e T A e e G B

un c£ONSELIng:peripherd bload mopguslearcells from, e subject and 12 (g),

inistering the collected perip mononuclear cells to a target
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growth and development of any type of blood vessels, preferably arteries,
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monitored by techniques known to those skilled in the art, for example, by
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used herein, a target site in general refers to a site
vascular disorder include chronic arterial occlusive diseases
such as arteriosclerosis obliterans and Buerger's disease, and
progressive systemic sclerosis, systemic erythematosus,
Raynaud’'s disease, vibration syndrome, aneurysm, and
vasculitis. Peripheral vascular disorder is a preferred target
disease of the therapeutic agent of the present invention,
with arteriosclerosis obliterans and Buerger's disease being
particularly preferred targets.

In addition, the peripheral blood mononuclear cells
prepared in accordance with the present invention can be
‘administered to the subject for the purpose of stimulating
revascularization. Thus, another aspect of the present
invention relates to a method for stimulating
revascularization in a subject comprising the steps of:

{a) administering erythropocietin to the subject;

(b) collecting peripheral blood mononuclear cells from

the subiject; and
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where ischemia is occurring and to a site where revascularization is
desired. In the case that the transplantation of peripheral blood
mononuclear cells to another site will lead revascularization at a site
Wgei]e rgvasc_ulqtrization is desired,_the tar(?et site maé/ refer to such
anGthef S PSS fic BRarples G the She FoRGEaPEGmisitafsifinclude
lower limb skeletal muscle, upper limp. skeletal muscle, and the heart
mono Ulecf;etlrf3 fuscle .iﬁetﬁur%bg?gggglles&écf m%%otﬁﬁaeg}’%él?scgdministered
ot, transplanted to, the target site.is not particularly limited, hut is generally
B LOSTADP IS T 615 CHE AhF ek RO T IO 0

.1011 cells, 13 al ag inistrati %isa hod #}at enables_efficien
ang124EhEEI% LhDLH SONITIaHBLON AR 10T I EIRY B et

veSSSE’L%FFiSi’Pl%SlQQ@E‘E%g: ggtrﬁg%c gg%g%%ec L:P&@Er?@%ﬁis%gti%'é%%ﬁlt[:fgar

carried out using, Inary syringe, needie, or loca

stimBa N the administrat Q[OfJPS&Qﬂe%ﬁ‘S MRARA &aii%&@"aéoatn t%%gg% of

site, the mononuclear cells Thay be administere one or In combina

bloowﬁbég@ﬁfﬁ§%9§E¥E§agﬂﬁ%&P%EE&SS90ﬁ98“9§¥¥§%ﬂﬂggﬁﬁ

mononuclear cells is not particularly limited, but is preferably a Substance

presifBishapess hesenascularzation agtiviny. Epthropoietin, Any typg of

EPO can be employed in the present invention, but is preferably a
moniRGPRUY ERQrand;alse pretarablydhesse skilled in the art, for

example, by measuring the capiilary density using an alkaline
phosphatase dye.

Ag used herein, a target site in general refers to a site
where ischemia is occurring and to a site where
revascularization is desired. In the case that the
transplantation of peripheral blood mononuclear cells to
another site will lead revascularization at a site where
revascularization is desired, the target site may refer to
such another site. Specific examples of the site for local
administration include lower limb skeletal muscie, upper limb
skeletal muscle, and the heart (heart muscle).

The number of collected mononuclear cells administered or
transplanted to the target site is not particularly limited,

but is generally from 1.0 x 10’ to 1.0 x 10 cells, and

preferably from 1 x 10° to 1 x 10 cells.

13



having substantially the same biological activity as mammalian EPO,
particularly human EPO. The EPO used in the present invention may be
prepared by any method; for example, it may be natural human EPO

obtained by purification from an extract f%um n ori in%‘ e, for . .
R R B e P, e TS e tent
aams 33600 1t ey be by PO Produced by.genets cendineeig. o
?ec?mlques in E."coli, yeast, ChinéSe hamstéer ovary cells Geelis .
Cl27 cell§, COS cells, myelama cells, BHK cellts or insec% ells, and then
&Xa n (f C el nrin

area fritie ,separg'?el,ian S&Hﬁlel 6y%11r11§ of Various methade The EPGC et

aam: HIREILNE-A prasent nvenlion s preferably EPOprduged by gengle
engineering techniques and is preferaEIy EPng'ro uced usin ’

| [amm | S (particularly );(5e8, for example, Japanese
ordlExamin%lzl}(;11 %Ig?e%ft ﬁg%%%g'%dn gﬁbﬁ(%%%% I\?(%%H(g&lg 44317, Kenneth

Jagohs et alqNatuee, 313, 8R6:8404198)), T0e EED pBIained, DY 9ENEN 1 5

recombination techniques may have the same amino acid sequence as

to tEEQQtBalraarigin.Gl.MayNAYELNE Same Riologica) aglivingas FPQ 8t ea

natural origin but has an amino acid sequence with deletion, substitution,

alon@’ AAA{tiPn-eheNe.QkMOFE AMIR0 agidsndhe aming ggiddelglin.cupstance

substitution, or addition can be introduced by methods known in the art.

co- abRE BXample dhoserskilehindbg Arhear Rrenase 1aPYPEBYdG articularly
functionally equivalent to EPO by introducing appropriate mutations in the

1imi@BHNO Beid sesusnee of B3 usingusite-speeifie mitagenssis £otohe: T.
et al. (1995) Gene 152,

revascularization activity.

Erythropoietin

Any type of EPO can be employed in the present invention,
but is preferably a high-purity EPO, and also preferably those
having substantially the same biological activity as mammalian
EPC, particularly human EPOQ,

The EPO used in the present invention may be prepared by
any method; for example, it may be natural human EPQO obtained
by purification from an extract of human origin (see, for
example, Japanese Examined Patent Application Publication No.
Hel 1-38800) or it may be human EPO produced by genetic
engineering techniques in E. coli, yeast, Chinese hamster
ovary cells (CHO cells), Cl1l27 cells, COS cells, myeloma cells,
BHK cells, or insect cells, and then extracted, separated, and

purified by any of various methods. The EPO used in the
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271-275; Zoller, M. J. and Smith, M. (1983) Methods Enzymol. 100,
468-500; Kramer, W. et al. (1984) Nucleic Acids Res. 12, 9441-9456;
Kramer, W. and Fritz, H. J. (1987) Methods Enzymol. 154, 350-367;

Kupkel, T. A. (1985) Proc. Natl. Acad. . S¢i. USA. 82, 488-492: Kunkel

ores Ch e RS by o e Tt TeL). DR A o LA iy
n ialso he create sgontanegu%ly..lg ggggarlﬁab amj acigcg %iggg issm_.Ln
eng %?éeflé:rl'a{bcfy substituted with nanothhergamlno aC|réL¥eS| ue Fnat%as Simitar o
rti he ' id_side chaijn. ie e amino._acid side
S e e TR R 7

Japaryegg’ [ EH@&@%@%I@EKEH Iél%fm’i%nE’Pgbgigh ?olg’_%oT)’ﬁglinQ—

acids that have an aliphatic ain (G, A, V, L, I, P), amino acids that

sa31fveadydiogyldunctional side chap, (5. T, ¥) ?,mié‘ﬁea%%thgi 5‘%‘5‘3 f.

sulfur-containing side chain (C, M), amino acids that have a carboxylic

agids oppaMidercontaining, side chain (D, N JmiQh 4MiBA acidsthat havenay

a base-containing side chain (R, K, H), and amino acids that have an

have 2{9{BalG sidechain, (Rh.qY S0 (beQnesietipp glesignalions of the-agiRo or

acids are give in parentheses). It is already known that a polypeptide with

may Rdvedifigd amina agid, segyenae sauses by daletiencaddition etiral origin
substitution of one or more amino acid residues retains its biological

but AGHVIEL (Matk D Ecetials&yeenNatlAead. ol d496:{1984b8 i tution, or
5662-5666; Zoller, M.J. & Smith, M. Nucleic Acids Research (1982) 10,

addi6484-6500oMaNg: Andt 8l ameienca @2ds 14834hd43dino acid deletion,
Dalbadie-McFarland, G. et al., Proc. Natl. Acad. Sci. USA
substitution, or addition can be introduced by methods known
in the art. For example, those skilled in the art can prepare
a polypeptide functionally equivalent to EPO by introducing
appropriate mutations in the amino acid sequence of EPO using
site-specific mutagenesis (Gotoh, T. et al. (1995) Gene 152,
271-275; Zoller, M. J. and Smith, M. (1983) Methods Enzymol.
100, 468-500; Kramer, W. et al. {1984) Nucleic Acids Res. 12,
9441-9456; Kramer, W. and Fritz, H. J. (1987) Methods Enzymol.
154, 350-367; Kunkel, T. A. (1985) Proc. Natl. Acad. Sci. USA.
82, 488-492; Xunkel (1988} Methods Enzymol. 85, 2763-2766).
Amino acid mutations may also be created spontaneously. In
general, an amino acid residue is preferably substituted with
another amino acid residue that has similar properties of the
amino acid side chain. Properties of the amino acid side chain
include, for example, hydrophobic amino acids (A, I, L, M, F,

P, W, ¥, V), hydrophilic amineo acids (R, D, N, C, E, O, G, H,
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(1982) 79, 6409-6413). A fusion protein of EPO and another protein can
also be used. A fusion protein can be constructed, for example, by
ligating an EPO-encoding DNA with a DNA coding for another protein in
frame; inserting the, n expressio ve

NAE' to a tor; .which jn turn is
K S e B e TR B o (B DAkt e eB o AR (©. 2.

present, invention is not. particularly. limited. Chemically modified EPO can .
R e et oty Fodmar EPOLElige Eho™L >ae

" MINno .4 -
Iso’be uée&lln t‘ﬁe invéntion. mcﬂ; e

. attached to an inorganic or arganic, compound, e.q., pelyethylene glycol
chain ?%h, %, ;. él%hg%&ghsgd%?ﬁt Plave a. %u_lr‘?%lyr <_,y01'l ag%%n&]

or vitamin'B12.'1 e present invention may als

side B 'der_ib’éti‘??tﬂAs usgd ber eé'%’«f‘sﬂ %ﬁé)td%@%i‘ﬁ refers 10 EPOWIN; 4. o

modification of the amino acids in the EPO molecule or EPO wit

amidg]—oc%flf%gfﬂﬂggh% sHdarshains inthe,EP@ meleculs, Jyjgdification et the

sugar chains in"the EPO molecule includes the addition, substitution, or

naved48/€998 Of 23102 £hal 'éi@éefo{ggr§9§$r, chainmodificafion N he s as

present invention is deletion of sialic acid from the EPO molecule. The

that ERRRroguced fyrecambinant animal Galls o uripe- geriyed EPQLIS 1ot ter

generally obtained as an EPO composition that contains various types of

desiEROs Bavng diffgrentaugas chains struciires. Jde:pupherafisialicagids ¢
attached to the EPO molecule in an EPO composition will vary among

is aEP%W'%% butip generalfrup dide Loisialicagids arg adachathio acia
eac
sequence caused by deletion, addition or substitution of one
or more amino acld residues retains its biological activity
(Mark, D.¥. et al., Proc. Natl. Acad. Sci. USA (1984) 81,
5662-5666; Zoller, M.J. & Smith, M. Nucleic Acids Research
(1982) 10, 6487-6500; Wang, A. et al., Science 224, 1431-1433;:
Dalbadie-McFarland, G. et al., Proc. Natl. Acad. Sci. USA
(1982) 79, 6409-6413).

A fusion protein of EPO and another protein can also be
used. A fusion protein can be constructed, for example, by
ligating an EPO-encoding DNA with a DNA coding for another
protein in frame; inserting the DNA into an expression vector;
which in turn is expresgsed in a host. Another protein to be
fused with the EPO of the present inventiocon is not
particularly limited.

Chemically modified EPQO can also be used in the invention.

Chemically modified EPO include EPO attached to an inorganic

or organic compound, e.g., polyethylene glycol or vitamin B12.

l6



individual EPO molecule. Asialylated EPO (asialo-EPO) may be prepared
by removing the sialic acid. The number of sialic acids to be removed
during asialylation process is not particularly limited; all of the sialic acids

be removed, or1,2,3,4,5,6,7,8,.9,10, 11, 12, 13, or 14siEEE
The B O B R LRy ChT s Bt T e o br O

. invention has no more than 10 sialic acids attached to the EPO molecule,
derivati

more\f:)eféferably no more than 5, and particularly preferably no more than

ZAlh%-Qgﬁﬁgé%anﬁ}ﬁ'icaéﬁcﬁﬁénggig”x‘?g grein tglers Lo fe ayeyage. ),

number o c'acids on th molecules contained in the O 17

modi FQURP ic?ﬁ”&h%ﬁ‘ CHgS %Jag%_i‘ﬁgs PgT {:‘}%e%ﬂ% CI%BPeecﬁ%egs&@e%%

methods known to those skilled in the art (see, for example,

with 968989 EPR ropwhich sidlgacidhas beenemoyedgsiglorEED)e .

can be produced by methods known to those skilled in the art. For

Modi EXRADPI, it GaP he prepared byreating EPQyth:aR engy g $¥Chi 88 1 udes

sialidase. A commercially available sialidase may be used for this

the RHIPOSEJRCE 05 NatipnalRublicationf T@nslyed Vistgior Ngyain . a
2005-507426; Nobuo Imai et al., Eur. J. Biochem. 194, 457-462 (1990)).

pre£EX2BPIe8Qf4podifisaton ok the: IRNOACIds N ERL Jaalecyle/paliden is
carbamylation, biotinylation, amidination, acetylation, and guanidination.

delepEPAmylation isia piefesreg-aming acidgpodifigatiamis the present

invention. The amino acid residue to be modified is not particularly

The EPO produced by recombinant animal cells or urine-
derived EPO is generally obtained as an EPO composition that
contains various types of EPOs having different sugar chain
structures. The number of sialic acids attached to the EPO
molecule in an EPQO composition will wvary among EPO molecules,
but in general from 11 to 15 sialic acids are attached to each
individual EPO molecule. Asialylated EPO (asialo-EPC) may be
prepared by removing the sialic acid. The number of sialic
acids to be removed during asialylation process is not
particularly limited; all of the sialic acids may be removed,
or 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14 sialic
acids may be removed. Asialo-EPO preferred for use in the
present invention has no more than 10 sialic acids attached to
the EPO molecule, more preferably no more than 5, and
particularly preferably no more than 2. The number of sialic

acids mentioned herein refers to the average number of the

gialic acids on the EPO molecules contained in the EPO
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limited, and may include lysine, arginine, glutamic acid, and tryptophan.
Lysine is a preferred amino acid to be modified in the present invention.
Accordingly, EPO containing carbamylated lysine is a particularly
preferred embodiment of amino acid-modified EPO in the present
COmPRRLhGOR (se8 for &g, Ristddl. 2E S DR al0SS 6P tidPoikREn
that are tissue protectjve but not erythropoigtic. Science, 2004; 305:239;
measiiialth BB KPR o DRI AME O Sfy HopoRdh (5<e-

rotects the myac g rom ischemia-reperfusion injury. PNAS, 2005;
tor %5?5828)’. I\ﬁ'rgth%éa%r (%:g(ﬂrbamylation of EPO include, for 18 example,

cabamylation HE%""%‘&?QWE:“ the, Gyanate lt())génlalk dcaubamy aatg’;{"atﬂ[yo-gpm
reaction with alkyl iSodyanate, and aryl' Carbamylation by Teactior with

can B2/ jS0SARALS- Bhapmaceulica formuiations The FBO, e formylated. .

according to techniques known inthe art by appropriate addition of, for ’

For SXaM %é_? ilés%e{}gi_%%arﬁﬁgkgggg?gﬁr’ts %%Q:Zier{gisgm%qth an enzyme

preservative, adsorption inhibitor, surfactant, diluent; excipient, pH

such2AUSIE] SQUNING agent Q. sulturs, canaining reducing agent, oy be

oxidation inhibitor, and so forth. The suspending agent includes methyl

useaC@llioss, 1ROIy3QRA1R.8Q Javdroxyethy! Gellyloss gum A RPIG, ragacah

powder, sodium carboxymethyl celltlose, and polyoxyethylene sorbitan
TrandPROlArFe- TheSalpilizes dacludesipelyoxsiiidens ydigepated gy g,
Biochem. 194, 457-462 (1990}).

Examples of modification of the amino acids in an EPO
molecule include carbamylaticon, biotinylation, amidination,
acetylation, and guanidination. Carbamylation is a preferred
amino acid modification in the present invention.

The amino acid residue to be modified is not particulariy
limited, and may include lysine, arginine, glutamic acid, and
tryptophan. Lysine 1s a preferred amino acid to be modified in
the present invention.

Accordingly, EPO containing carbamylated lysine is a
particularly preferred embodiment of amino acid-modified EPO
in the present invention (see, for example, Marcel L. et al.,
Derivatives of erythropoietin that are tissue protective but
not erythropoietic. Science, 2004; 305:239; Fiordaliso E. et
al., A nonerythropoietic derivative of erythropoietin protects
the myocardium from ischemia-reperfusion injury. PNAS, 2005;

102:2046). Methods for carbamylation of EPO include, for
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castor oil, polysorbate 80, nicotinamide, polyoxyethylene sorbitan

monolaurate, macrogol, and the ethyl esters of castor oil fatty acids. The

stabilizer includes dextran 40, methyl cellulose, gelatin, sodium sulfite,

and sodium metasulfite. Certain amino acids may also be added as a
exam%%%niz‘é?ﬁ%%&‘?’f%?‘é%%p?é’, JapAnREIE Patent Apphtafidit EaitSopeifei

0-182481). The amjno acid to be added as stabilizer includes, for
alkyé%ﬁ% Fe‘f‘¥heaﬁ%8%n%%o%%‘?& AG%alts ter gf’fgﬂicﬁﬁgcé{&iﬁﬁ]tga|t,and aryl
caroRRPESM sal and hydrochloride, A single sming 19 acid or
hbination of two o more amino adid: maysoe 4§60 ®There are no
particular limitations on the amino acid added as a stabilizer, but
preferred amino acids in this regard are, for example, leucine, tryptophan,

pharﬁsgu'%%%lgt_g@i% gg 1 rg;p(gr&%, histidine, and lysine. The isotonizer

I. The preservative includes methyl

p%i?é“@@%%‘?;”z&ét%%ﬁ’iQ@’é’j}ih-‘é‘?ﬂ?é%%%%é’a%% 5@&%‘%&0@1@%8!5@

cresol, and chlorocresol. The adsorption i tor includes human serum

in tARURNR, feoithn, dextran, athylgne.axide propylghe oxide gapolymer,

hydroxypropy! celiulose, methyl cellulose, polyoxyethylene ™ hydrogenated

suspEastongil«gad polysthviens glyce!l. Raprgsentative exaples ofdhe

surfactant are nonionic surfactants, for example, nonionic surfactants

presBaVRY ARHLB 4008 18- 18ne gniihe fath-acid @sters of serbitans seeh as

excipient, pH adjuster, soothing agent, buffer, sulfur-
containing reducing agent, oxidation inhibitor, and so forth.

The suspending agent includes methyl cellulose,
poclysorbate 80, hydroxyethyl cellulose, gum Arabic, tragacanth
powder, sodium carboxymethyl celiulose, and polyoxyethylene
sorbitan monolaurate,

The sclubilizer includes polyoxyethylene hydrogenated
castor oil, polysorbate 80, nicotinamide, polyoxyvethvlene
sorbitan monolaurate, macrogol, and the ethyl esters of castor
0il fatty acids.

The stabilizer includes dextran 40, methyl cellulose,
gelatin, sodium sulfite, and sodium metasulfite.

Certain amino acids may also be added as a stabilizer
(see, for example, Japanese Patent Application Laid-open Hei
10-182481). The amino acid to be added as stabilizer includes,
for example, the free amino acid and salts thereof, such as

odium salt, potassium salt, and hydrochloride. A single amino
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sorbitan monocaprylate, sorbitan monolaurate, and sorbitan
monopalmitate; the fatty acid esters of glycerol, such as glycerol
monocaprylate, glycerol monomyristate, and glycerol monostearate; the

. _ fatty acid esters of polyglycerol, such as decaglyceryl monostearate,
acid Rr A COTPAREL A, Gh Hoc iy FmBIBTOIAE: Aoy BRYetRbeRaded.

sorbitan fatty acid. esters s_Lu.ch. S olgoxyethyl ne sorhitan monglaur e,
There ?re n% éﬁrtlc ar limi a%l nﬁ Q1T %1% amln%rac1 added as
polyoxyethyterie sorbitan monooleate, polyoxyethylene sorbitan

manpstearat lyox gthjylen sorbitan monopalmitate, polyoxyethylene
st e 0 e s PR,

ror OUEMYEIVIENE SOIbitolfaty add, esters, suehas polQyetigns o
sorbitol tetrastearate an et y‘Iene sorbitol tetraoleate;

argi RQQ@?‘V%TXH?{‘S:LQ%QH% t%]gzliig gsters, such as polyoxyethylene
gl ethy

yceryl monostearate; poly ene glycol fatty acid esters, such as

pelysthylene glycal disteasalg, polyoxuelhylepe alkyh ethers,; sysh as
polyoxyethylene lauryl ether; polyoxyethylene- polyoxypropylene alkyl

eﬂﬁgsﬁ%&§@¥%QQW9éW¥waﬁgéQom8€€¥9pﬂggggﬁ§&%oxybenzoate,
polyoxyethylene-polyoxypropylene propyl ether, and

e thy POp@Xyethylens:RalunypieRylens ety efbar polyxyeilyedeso1, ana
alkylphenyl ethers such as polyoxyethylene nonylphenyl ether;

=h1oPalypxyethylene castor oil and polyoxyethylene hardened castor oil
(polyoxyethylene hydrogenated castor oil); polyoxyethylene/beeswax

dervativeso et 88 POPXyeyieNersOriel PeesWaX; serum albumin,
polyoxyethylene/lanolin derivatives such as polyoxyethylene

lecithin, dextran, ethylene oxide - propylene oxide copolymer,
hydroxypropyl cellulose, methyl cellulose, polyoxyethylene
hydrogenated castor oil, and polyethylene glycoel.
Representative examples of the surfactant are nonionic
surfactants, for example, nonionic surfactants having an HLB
of 6 to 18, e.g., the fatty acid esters of sorbitan, such as
sorbitan monocaprylate, sorbitan monolaurate, and sorbitan
monopalmitate; the fatty acid esters of glycerol, such as
glycerol monocaprylate, glycerocol monomyristate, and glycerol
monostearate; the fatty acid esters of polyglycerol, such as
decaglyceryl monostearate, decaglyceryl distearate, and
decaglyceryl monelinolate; polyoxyethylene sorbitan fatty acid
esters, such as polyoxyethylene sorbitan monolaurate,
polyoxyethylene sorbitan monooleate, polyoxyethylene sorbitan
monostearate, polyoxvethylene sorbitan monopalmitate,

polyoxyethylene sorbitan triocleate, and polyoxyethylene

20



lanolin; and polyoxyethylene fatty acid amides such as polyoxyethylene
stearamide. Additional representative examples of the surfactant are
anionic surfactants, for example, alkyl sulfates that have C10_1a alkyl
roups, such as sodium cetyl sulfate, sodium lauryl sulfate, and sodium
Sorbgi'é stifate F SRR ety R Ak EHR & PR TES think PrhvE BhavetGdd

thyl ide addjtion of 2 les and a Clo_18 alky! . such
o5t L Ak oty RN VA IOY e PR ARG SOTSSLRE MRS Ehr Thhe

having,Ca-1a alkyl grq such as sodium lauryl sulfosyccinate.
DR AN G A S I S AR A
surfactants, for _example, lecithin, glycerophospholipid
catt g R e B SO RP hycenyl. - cia
e ith C12- Ids. A single f these surfactants or a
om0 e (AR 0T AL SeE S CEEES Shflon s

polyé¥ﬂ¥$@§£’85@8&¥eﬁ'&é@g?g%@%iﬁggggg X%ﬂ?iéggm%§£9gy§%ﬁkrs,

esters, suchas polysorbate 20, 40, , are”preferred surfactants,

suchanF%%gg?@@@é%&@@%éol%ﬁyyﬁﬂggﬂg¥P“§8H$gx¥ethylene—

Polyoxyethylene-polyoxypropylene glycols such as poloxamer (e.qg.,

poly?##ﬁ?%ﬁ@r{éegiitﬁﬁd émmrkpﬂﬁ aét%O Br(?i%%%e-r{}%rlene—

ur-containing reducing agent includes sulfhydryl™ group-containing

po Ly BaHsing agents ehasiN-a68 ieﬁyméﬁeetwpmﬁgyﬁ&%%mne

thiolactic acid, thiodiglycol, thioethanolamine, thioglycerol, thiosorbitol,

propihioglysl-acid and,its slisy sedipn thiosidfaie, giutathionemndedy 1

ether; polyoxyethylene alkylphenyl ethers such as

glycerocl

polyoxyethylene nonylphenyl ether; polyoxyethylene castor oil
and polyoxyethylene hardened castor o0il (polyoxyethyvlene
hydrogenated castor oil); polyoxyvethylene/beeswax derivatives
such as polyoxyethylene sorbitol beeswax;
polyoxyethylene/lanolin derivatives such as polyvoxyethylene
lanolin; and polyoxvethylene fatty acid amides such as
polyoxyethvlene stearamide. Additional representative examples
of the surfactant are anionic surfactants, for example, alkyl
sulfates that have ( ¢-:s alkyl groups., such as sodium cetyl
sulfate, sodium lauryl sulfate, and sodium oleyl sulfate:
polyoxyethylene alkyl ether sulfates that have an average
ethylene oxide addition of 2 to 4 moles and a Cip-15 alkyl group,
such as sodium polyvoxyethylene lauryl sulfate; and alkyl
sulfosuccinate ester salts having Cg.i13 alkyl groups, such as

sodium lauryl sulfosuccinate. Additional representative
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thioalkanoic acids. The oxidation inhibitor includes erythorbic acid,
dibutylhydroxytoluene, butylhydroxyanisole, a-tocopherol, tocopherol
acetate, L-ascorbic acid and its salts, L-ascorbic acid palmitate,
L-ascorbic acid stearate, sodium bisulfite, sodium sulfite, triamyl gallate,

examp L& Hrodyl Yafaft add Thatbting sy et Badh a8 Wiodfifin ts - Tor
ethylenediamjnetetraacetate (EDTA), sodium pyrophosphate, and sodium
e o e Re A oAy PR aaeREg P as
include inorganic salts such as sodium chjoride, potassium chloride, 22
sucn R o I PR R R o e
fat tbica(r:tio Sate,Aarjsd or nicO%%Itso%uctt}qas godsigmfgg tae tpsotg%sium citrate,
Xnﬁ Sodiuim acétate. The content G éﬁFpatenf% an rer}erence documents

combEYNESSY cled,n the Specification %fﬁggseap%ﬂ'c%%%'%aketé‘eé%@’ e added
incorporated by reference in its entirety. In addition, the content of the

to RS 'E&%@i‘%ﬂ%gr%ﬁ”%e‘?_f g&%a{l%?? fx?{?éﬁ &ﬂ?.a%qé%%gégggﬁém

is the basis for the priority claim of this application, a

sorbERIPAgIed by, reference. ingts enlirgty, JNE reseiiayention is .o, 4q,

described in"detail by the Examples below, butis not limited by those

and §¥@MRlES. FxanmplehMobllization of RemalRDgINiG CRIISIMEPS, ana 80
Recombinant human EPO (Epogin (registered trademark), active

are {hgredient epeetinbeta) Wasadmiigi&h thylene-polyoxypropylene

glycols such as poloxamer {(e.qg., Pluronic F-68 (registered

trademark)) are also preferred.

The sulfur-containing reducing agent includes sulfhydryl
group-containing reducing agents such as N-acetylcysteine, N-
acetylhomocysteine, thiolactic acid, thiodiglycol,
thioethanolamine, thioglycerol, thiosorbitol, thioglycol acid
and its salts, sodium thiosulfate, glutathione, and Cyi_

thiocalkanoic acids.

The oxidation inhibitor includes erythorbic acid,
dibutylhydroxytoluene, butylhydroxvanisole, «a-tocopherol,
tocopherol acetate, L-ascorbic acid and its salts, L-ascorbic
acid palmitate, L-ascorbic acid stearate, sodium bisulfite,
sodium sulfite, triamyl gallate, and propyl gallate and
chelating agents such as disodium ethylenediaminetetraacetate
(EDTA), sodium pyrophosphate, and sodium metaphosphate.

Components that may be added as appropriate also include

inorganic salts such as sodium chloride, potassium chloride,
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subcutaneously to mice (C57BL/6, age: 9 weeks) once a day for 4 days

at a dose of 100 g/kg/day. Vehicle alone was similarly administered

subcutaneously to the control mice. The mice were sacrificed on day 5

1 and peri[J)fher_aI blood cells (0.6 to 1 mL) were collected. Red blood cell

calofui g B (Sfe vy Ieoitakity B3 alnbhRft it CRioRi8 TR BTG LM and

. Tris-HCI buffer pH 7.5 0,2 was added as hemolyzing agent and let stand
S0QI D3 RS AR RS ToRo e by SrasHiag Win SohZ3te
o taB§E+PBcSi(’€' gDel6/CIQ 2 s(Ongllllrlr{ll re(é%pth nonspecific reaction
P glocmg an |3605y ‘(Bf)- harmlngen,a§an f)leg'o, CA) was added at 1

ug/106 cells and kept on.ice for 30 minutes. FITC- conjugated

S RS, TE0 P bt ot BBt PERBSRSRred

tl- tibady, APC-conjygated anti-mc-Kjt. antibody, (BD . .

xR e R R L e B g are

here%@ti-%h%§pgpét§§r?%o RASRIBL20, 5}46(;1(«% - %)Yth%?c(y.ac'llg addition,

chain), and Terll ies were used as lineage markers. After

the @iROdy.staiping, dhe Gells were, analyzed y,FAGCPygatage %%ﬁ%g%@@

Dickinson, Mountain View, CA). The results are shown in Fig. 1.

pateOUDENRIAR Fig: L ole-nuiBlerof GiitSeasllintells yasdnereased,
by about 13- fold by the administration of EPO. As c-Kit'Sca-1+Lin- cells

L 0B MATKE ROl CFngdikg S6HS INLmicsh(Segforcxample.; BlIood, dP8%ed b
prlC>D:§:::§r15;80(12):3044-50).ng results rep(orteg abovegcli%l,renénstrate that oe

refe®ENca-likg cells agg makilized into the peripheral blood by administration
of EPO.

The present invention is described in detail by the

Examples below, but is not limited by those examples.

Example 1

Mebilization of hematopeietic cells by EPO

Recombinant human EPQO {(Epcogin (registered trademark),
active ingredient: epoetin beta} was administered
subcutaneously to mice (C57BL/6, age: 9 weeks) once a day for
4 days at a dose of 100 pg/kg/day. Vehicle alone was similarly
administered subcutanecusly to the contreol mice. The mice were
sacrificed on day 5 and peripheral blood cells (0.6 to 1 mL)
were collected. Red blood cell lysing buffer (SIGMA)
containing 8.3 g/L ammonium chloride in 0.01 M Tris-HC1l buffer
pH 7.5 = 0.2 was added as hemolyzing agent and let stand for 5

to 10 minutes at room temperature, followed by washing with 2%
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CFU-S colony assay Peripheral blood cells from C57/b6 mice that had
received EPO subcutaneously for 5 days were used as the donor cells.
The donor cells of 104 to 105 cells/100-200 RL were transplanted via the
tail vein of the recipient C57/b6 mice that had received a lethal dose of
BSF+PRadiation $936 (&Y Fror B2 131E4) dsin§ aeRARNdgiBANSRBS !
instrument (Hitachi Medico). The spleen was resected 8 or 12 days after
reacAAsplakREbhENPRES BREK 2680 dEsr BoIBRiesTHP BOLRYS stdifingWas
(number of colonies formed in the spleen). The results are shown in Fig.
added ednsistaat tthecedduitsairdmithe FATS analySier tiOmobilizhten of ITC-
CFU-S-like cells into the peripheral blood was observed. Example 2
con jaagiog@nesit therdpy by tearisplantatidrBef foriptreialditood aondhietsar CA) .
cells This study was designed to investigate whether hematopoietic stem
PE - coallsigsuie Heandbitiné® ito aind ideeipherdi Dlootbin Brpatieits avithisever& it
ischemic extremity disease by the administration of an erythropoietin
antipeanldih. PAelnitaostody 9fangibganesiSnerapp byaheastsiegdus £
transplantation of peripheral mononuclear cells was also carried out. An
APC-gdntattie@ iRy profoeorivas enthbyed RitatheGdicidPdekign b el G-
clinical study. The patients received 6000 U EPO by subcutaneous
1), wipdctiotMao-\weeks prdomto thepfariediddl teansplanddtion were used as

lineade markers. After antibody staining, the cells were
analyzed by FACSvantage SE (Becton Dickinson, Mountain View,
CA).

The regults are shown in Fig. 1. As shown in R3 in Fig. 1,
the number of ¢-Kit'Sca-1'Lin- cells was increased by about 13-
f0ld by the administration of EPO. As c¢-Kit'Sca-1'Lin- cells
are a marker of CFU-S-1like cells in mice (see, for example,
Blood, 1992 Dec. 15:;80(12):3044-50). The results reported
above demonstrate that CFU-S-like cells are mobilized into the

peripheral blood by administration of EPO.

CFU-5 colony assay

Peripheral blood cells from C57/b6 mice that had received

EPO subcutaneously for 5 days were used as the donor cells.
The donor cells of 10 to 10° cells/100-200 uL were
transplanted via the tail vein of the recipient C57/b6 mice

that had received a lethal dose of y-radiation (950 cGy from
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(first administration). One week prior to cell transplantation, blood was
drawn (about 400 mL) for the purpose of autologous blood donation and
6000 U EPO was injected subcutaneously (second administration). On
137~ the_morning of the day of the, operation, 6000 U EPO was jnjected (third
o T atoro 36 FalAie By T CHk S SF AUt Lo B R
. mononyclear cells from the peripheral hlood laod ph@resis.
e B s e CaTeien Sorts ER8 et hation
eran@iSaleSeronc Atz alen L i aieclalely beloreo g cs S e
were subjected to blood testing (WBC, CRP, CK) and the CD34-positive
Boui el CQynL; The separated pegpheral mononusloar calls wers injeced cat) |
50 to 100 sites into the muscle of the patient's ischemic limb or limbs. The

etfeet of dag apgiogenesisdharapy was, evaluated, based g opsepyation

and measurement of the following items prior to cell transplantation, on

resul&s0t-dallaing AaAINISIALIOD, aHBELORR,Week, WMo WaekS Triorhy 1y e
2 months, and 6 months. QOL: pain was evaluated on a visual analogue

ce118Cala {¥AS)e Wik, Q Baing10 Bainand,LQ bgingdhe daost intense pain
blood sampling blood testing angiography treadmill testing: the absolute
walking distance or pain appearance distance were measured at 2.4
km/hr, horizontal objective evaluation of skin and ulcer lesions: ankle-

Example 2

Angiogenesis therapy by transplantation of peripheral blood

mononuclear cells

This study was designed to investigate whether
hematopcietic stem cells could be mobilized into the
peripheral blood 1in 5 patients with severe ischemlic extremity
disease by the administration of an ervthropoietin formulation.
A c¢linical study of angiogenesis therapy by the autologous
transplantation of peripheral mononuclear cells was also
carried out. An open-labeled study protocol was employed for
the general design of the clinical study.

The patients received 6000 U EPO by subcutaneous
injection two weeks prior to the planned cell transplantation
(first administration). One week prior to cell transplantation,
bloed was drawn (about 400 mL) for the purpose of autologous
blood donation and 6000 U EPO was injected subcutaneocusly
(second administration). On the morning of the day of the

operation, 6000 U EPO was injected {(third administration},
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brachial pressure index (ABPI), digital plethysmography, treadmill test
(ambulatory capacity), thermography, laser doppler (LDPI), and
transdermal oxygen partial pressure (TdPO2) measurement Changes in

CD%@- osifive cells 26 A summayy of the case, transplanted cell count
011 G B o AP S B GV Tobie BB A8 o adg Lo

with the value prior.to, erythropaieti ministration as 100%, th ,
ce L L B R G B BT L BRIy o (peripheral

b,-Loo@;gﬁ@eé%%q%a%éﬁ‘%%ﬁggs%qu%ge%gﬁ; %@%@80%%4’1%3%’?%52@

Inistration ot eryt € Increase was

aftefA§298 23K i%‘&ﬁﬁ‘?ﬁ;&%ﬁ@%&? apc{}?&eiimgﬁgg@g ionaLweek.

These results indicates that the CD34-positive cell count (during

aphePRIEROOMY) fgne waek.alferdhe dirgherytaropaletn, gdmjpistralionis the

same as or greater than the cell count after two weeks (immediately

and Peloremphergsis): CR34sp4sitive Gglls accounted for 0.02 to 0.1%

(average 0.06%) of the mononuclear cells recovered by blood apheresis.

Tahle LoAsP-SeX P eushl diseRsailie 19eh CO3MAASIUNG Celis, fectea

transplantation transplanted cells 11 male 77 arteriosclerosis right lower

at 56MbD.po0lQY Qdex 106 ohliigransd@iex 404 eglis/kax 2 male $6i schemic

arteriosclerosis left lower limb 16.7 x 109 5.0 x 106
limb or limbs. The effect of the angiogenesis therapy was

evaluated based on observation and measurement of the
following items prior to cell transplantation, on the day
following an administration, after one week, two weeks, 1
month, 2 months, and 6 months.

QOL: pain was evaluated on a visual analogue scale (VAS),
with 0 being no pain and 10 being the most intense pain

blood sampling

bloecd testing

angiography

treadmill testing: the absclute walking distance or pain
appearance distance were measured at 2.4 km/hr, horizontal

objective evaluation of skin and ulcer lesions: ankle-
brachial pressure index (ABPI), digital plethysmography,
treadmill test (ambulatory capacity}., thermography, laser
doppler (LDPI), and transdermal oxygen partial pressure
(TdPO,} measurement

Changes in CD34-positive cells
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obliterans (8 x 104 cells/kg) 3 male 48 Buerger's both upper limbs 9.2 x
109 9.2 x 106 disease (14 x 104 cells/kg) 4 male 48 Buerger's right upper
limb 6.9 x 109 5.5 x 106 disease (9 x 104 cells/kg) Clinical evaluation of

cell transplantation 27 Evaluation by subjective sym [IL ms and

AR 21 B Shsc TG PATGE Sonian VAR Eon@RACD34-
. angiogra i%/ classification 1 11 mont umbness 7.-> 7 1l] Il no change

posi D et aavey Ty TSP chdtey’ chp He ey e

with ”%%“éhigicx%s f'?ir&%t. glassifiahlg, 4 1 veek dleers 3.1 petclassifiable nafo, |
done From a Subjectivé standpoint, an improvement in pain was

the DPSPYFL{RS A AFGRASESs I addition, reyasquiqrzat Qr"%%lagg%%rv&dmod

[=]
in" angiography in case 3 at one month after transp[%mt ion

showSPISEHIVERMAlALION, Fabls 3, Gasq pbsenvalion ABP digital hermoorg, . g
LDPI TdP0O2 period plethys mography

draw cone week after the first administration of erythropoietin.

The increase was 88 to 175% {average 139%) immediately prior

to apheresis after an additional week. These results indicates

that the CD34-positive cell count {(during phlebotomy) at one

week after the first ervthropoietin administration is the same

as or greater than the cell count after two weeks (immediately

before apheresis).

CD34-positive cells accounted for 0.02 to 0.1% (average

= 0.06%) of the mononuclear cells recovered by blood apheresis.

Table 1.
case | sex | ag | causal disease | site of fotal CD34-positive celis
e fransplantation fransplanted
cells

1 male | 77 | arteriosclerosis | right lower limb | 0.5 x 10° 0.1x10°

obliterans (0.2 x 10* celis/kg)
2 male | 66 | arteriosclerosis | left lower limb 16.7 x 10° 5.0 x 10°

obliterans (8 x 10* cells/kg)
3 male | 48 | Buerger's both upper limbs | 9.2 x 10° 9.2 x 10°

disease (14 x 10* celis/kg)
4 male | 48 | Buerger's right upper limb | 6.9 x 10° 55 x 10°

disease (9 x 10" cells/kg)

Clinical evaluation of cell transplantation
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1 11 months 0.24 -> improved moderately no change no change 0.4
improved 2 3 months 0.49 -> improved no change no change no change
O 66 3 3 months not done improved moderately moderately improved

BEval al%rOVGd Impro ed 4 lvyfeeek not ne 1 |m rovedlnot done not done not
done 28 ﬁ‘{prove nts N the Oeil\%e FIhSREin some

cases. A significant |mprovement in the walking distance in the treadmill
test was seen in case 2, from 160 m to 915 m. The preceding results
showed that hematopoietic stem.[c ould be mobilized into the
perlpheral blood by the administration of erythrop0|et|n and that

J%‘blyélCé? PGSV &%g:tg OiISeases S ot he hﬂﬁ*{ G0y allglut. %’?}"?" h
th erapr§ v% é(reatrangplantatlon cc)?perlpherémononuclear cellsjin Eﬁﬁéap y

ischemic skeletal muscle. Morepver, the CD325pdsRIPE cell content in the

case

1 henipherakblood mononuatear cells-recovered at ane week after rthetfisge
EPO administration %Fﬂ'mer equal to or greater than that in the
mononuclear cells recovered after two weeks, indicating that the

2 [dASAtEear cells rECORIBS at|dhewlek |atteEPO administratiorFafage

able to provide an <=qaaﬂ gingreater angiogenetlc therapeutlc effect than

3 hemRpEnuctear L%\Eé:"s'w"“'t%d“%' two "HSF&ES:%H%BR%”'O“ Applicabitity —
The methods and gcomposition of the present invention are

4 1 week ulcers 3 1 not classifiable not done

From a subjective standpoint, an improvement in pain was
observed in 3 out of 4 cases.

In addition, revascularization was observed in
angiography in case 3 at one month after transplantation (Fig.
3}.

Obijective evaluation

Table 3.
case | observation | ABPI digital thermogram LDPI TdPO,
period plethys-
mography
1 11 months 0.24 -» improved moderately no change no ¢hange
04 improved
2 3 months 0.49 -> improved no change no change no change
0.66
3 3 months not done | improved moderately moderately improved
improved improved
4 1 week not done improved not done not done not done

28




useful for the treatment of ischemic diseases, such as peripheral vascular
disorder. 29 CLAIMS 1. A composition for mobilizing mononuclear cells
for use in the treatment of ischemic diseases into peripheral blood,
comprising erythropoietin as an active ingredient. 2. A compasition for
n%ﬁﬁﬁ?ﬁ’ RghbhutRat Bender Lisdne i%ﬁ&éti%’%&v&socﬁgrifa‘ﬁoﬁ?ﬁ}%

eripheral blood, comprising erythropoietin as an active ingredient. 3. The
ca5e R eribogil O ety 18 BB 15, el S e HiobNiben ance 18

ononuclear cells are collected from a subject and th dministe %nto
e P RS iEoetioh AR vg oy bHS ol e 50 ohich

SEdistered 08 Sublect oM 310,12 dRYS PIIaL 10, cOlspg,. ¢

t
perip e subject. compaosition Tor tﬁg treatmerslt Ofm

ce;;FCQSH‘i%dt?Sa%%%ﬁ%'PQ 'silpggsgs ac@lécg‘l%gﬂgﬁ%d}%gt 'E?B%’ﬁ:?éfrt%ee”s

separated from peripheral blood from a to whom eryt ietin

admiﬁi‘%%%“é%ﬂyQgegxﬁ{‘h@%%ﬁgt%A&f?ﬁ?%g@“ Qrsiulaling s cc1usive

revascularization, comprising as an active ingredient mononuclear cells

arte3GPYALRT, fiom psripRenal blaod frorg %%»chi%%tjﬁaﬁ@l{)é@ ELYDIONOINN 5 5

has previously been administered. 7. Thé composiiion according to claim

the @P&r@sﬁ%@ié‘ttﬁ‘éneraﬁqrBBg@BHé%QQ”H@ﬁ@E%HQ%E?’ 12 days priogpe

to collecting peripheral blood.
ischemic skeletal muscle.

Moreover, the CD34-positive cell content in the
peripheral blood mononuclear cells recovered at one week after
the first EPO administration was either equal to or greater
than that in the mononuclear cells recovered after two weeks,
indicating that the mononuclear cells recovered at one week
after EPO administration are able to provide an equal or
greater angiogenetic therapeutic effect than the mononuclear

cells recovered after two weeks.

Industrial Applicability

The methods and composition of the present invention are
useful for the treatment of ischemic diseases, such as

peripheral vascular disorder.
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30 8. A composition for mobilizing CD34-positive cells for use in the
treatment of ischemic diseases into peripheral blood, comprising
erythropoietin as an active ingredient. 9. A composition for mobilizing
CD34-positive cells for use in stimulating revascularization into peripheral
blood, comprising erythropoietin as an active ingredient. 10. A method of
preparing mononuclear cells for transplantation, comprising the steps of:
(a) administering erythropoietin to a subject; and (b) collecting peripheral

1. bLO(t)ﬁde panyslear gells ‘;%%”b‘:;f'i‘iz%%éeﬁ&gg?fg?}{%ﬂ%é{‘ie%e?ﬂ% BSr use in

erythropoietin administration. 11. A met or treating an Ischemic

the HIS8 ﬁé%@_s&Pj%%c?%B%Si g Jh §'§£’Siq{'t@)59£‘}iﬁlﬁéex@ﬂ blood,

erythropoietin to the subject; (b) collecting peripheral blood mononuclear

compfgléaﬁgmetp?tﬁ%ﬁgﬁéggr{clagd@1‘[‘@8@9@@%8 Le@éq%g%r_ipheral blood

mononuclear cellsto a target site of the subject. 12. A method for

2. SHmHlﬂ{itBSJE@%QP'%r&atl%ﬂ@?i%%%%%@ﬁﬂ%@%%e SEPSOTE® use in

administering erythropoietin to the subject; (b) collecting peripheral blood

s t imfTRNOPHGIeAL SIS fromythe, suBigCt Apd (Ehadmiisigiing ihe gollected
peripheral blood mononuclear cells to a target site of the subject. 31

comprising erythropoletin as an active ingredient.

3. The composition according to claim 1 or 2, wherein the

mobilized mononuclear cells are collected from a subject and

then administered to the subject.

4. The composition according to any one of claims 1-3,

which is administered to a subject from 3 to 12 days prior to

collecting peripheral blood from the subject.

5. A composition for the treatment of ischemic diseases,

comprising as an active ingredient mononuclear cells separated

from peripheral blood from a subject to whom erythropeoietin

has previously been administered.

6. A composition for stimulating revascularization,

comprising as an active ingredient mononuclear cells separated

from peripheral blood from a subject to whom erythropoietin

has previously been administered.

7. The composition according to claim 5 or 6, wherein the

erythropoietin is administered from 3 teo 12 days prior to

collecting peripheral blood.
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8. A composition for mobilizing CD34-positive cells for use
in the treatment of ischemic diseases into peripheral blood,
comprising eryvthropoietin as an active ingredient.

9. A composition for mobilizing CD34-positive cells for use
in stimulating revascularization into peripheral blood,
comprising erythropoletin as an active ingredient.

10. A method of preparing mononuclear cells for
transplantation, comprising the steps of:

{a) administering erythropoietin to a subject; and

{b) collecting peripheral blood mononuclear cells from the
subject about one week affer the erythropoietin administration.
11. A method for treating an ischemic disease in a subject
comprising the steps of:

{a}) administering erythropoi@tin to the subject;

{b) collecting peripheral blood mononuclear cells from the
subject; and

(c) administering the collected peripheral blood mononuclear
cells to a target site of the subject.

12. A method for stimulating revascularization in a subject
comprising the steps of:

(a) administering erythropeietin to the subject:

(b) collecting peripheral blood mononuclear cells from the
subject; and

(c) administering the collected peripheral blood mononuclear

cells to a target site of the subject.
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