TREATMENT OF | SCHEM C DI SEASES USI NG ERYTHROPO ETI N
Field of the Invention The present invention
relates to a nmethod of revascul ari zati on, a nethod
for treating ischem c di seases, and a conposition
used for these nmethods. Background of the Invention
PerdfiehaivTy 88C dkalinei ¢ Wdehsks &siRei ARV TeROEH 10N
i n which peripheral tissue becones an ischemc state
due to a reduced peripheral arterial blood flow
caused by, for exanple, constriction of the vesse
Fiek&n§P'QgeV§£ﬂﬁﬁﬁﬁé of byood clots, vessel occlusion
; shrinkage, or an increase in blood
Vi BEOSIdaorlh LECRRE YCALR I s RS Peelndissppver ed
t hat ~ bi'o0d vesSel neogenésis i s efihance en bone
DBLE Qv ASHred mnonygl ear cells gy e Lhanspl anked 4o
FEVEARCY TR ¢ %8t & "5 one nur oW derived mononucl ear’
cell ‘transplantation is believggggo be a potenti al
and 3 FIPTHr -1 e §5° g T BEr PRt 41° ul ar di sorder.
However, the transplantation of bone marrow derived
nononucl ear cells requires collecting bone marrow
fromthe patient, which inposes a substantial burden
Backareprd mf ithye Inventiofnt has been attenpted to use
peripheral bl ood-derived nononuclear cells in _place
of Peohehanal RSeeirvedl aortiudsedr medireli FoBrdkion oln
| essen the burden on the patient; however, this
whight pooliimraiott issus baecerssfanl ischemgw gitageadue to a
effective therapy due to the small nunber of
rednoedrpetiadredl lagtprésénpléed tHewpardusiedr &Y - bEevdexample,
Erythropoietin (also referred to as EPO) is an acidic
congtytoptet e ther veseet hatmer onEtaslapdrent of blood clots,
differentiation and proliferation of erythroid
vespeDgetd 11071 el vasandii$s proshredd ghmtinlipgen blfean increase
- kidney. Erythrocytes, the nost abundant cells in the
in bheed, vidddsifunctinomebont ayesrd ait Haer ibe@noBikcoee sadl
then be destroyed mainly in the spleen (the average
thaki beosSPareddeih Lﬂ'&v@‘én@%igbﬂﬂt ert2dh &y SohenUndee Raatow-
conditions the total peripheral erythrocyte count is

der$PBd | MeRMstdn 8l d0anRstaat thyn§ONLL PE@US, SAPP cHd@® site,
the bone marrow. EPO plays a central role in this

andNBIROShAS! Gy Her8WEN BEYEESLddY I8 PAGndpl abkhBE6R! is
settings. EPO is used to treat anemia and for pre-and

belE8§éan5§Béxﬂ ﬂB%EH%%%&nﬁethoa for treating peripheral

vascular disorder. However, the transplantation of bone
marrow-derived mononuclear cells requires collecting bone
marrow from the patient, which imposes a substantial burden on
the patient.

It has been attempted to use peripheral blcod-derived
mononuclear cells in place of boﬁe marrow-derived mononuclear
cells in order to 1essén the burden on the patient; however,

this method has not been successful in providing an effective



In addition, it has been reported that EPO has an
angi ogenesi s-pronoting activity and is effective as a
t herapeutic agent for ischem c diseases (Besarab A et
al ., The New Engl and Journal of Medicine, 339(9),
584-590, (1998), Heeschen C et al., Blood, 102(4),

therja%‘ilzoﬁ%%%o {2903} 1 Bahluman of HoebnakleaBl oadl<l@3E3Ent
926, (2004), Smith KJ et al., .Cardiovascular

in ﬁ%§%@&ﬁ?he§§9)bl§§§ 548, (2003), Bahlmann F H et al.
dney I'nternational, 64, 1648-1652, (2003)). It has
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ar endo lal progenitor cells into the
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as to Is no ized 1 nto
i.pheral _bl.ood b PO are eff tiye fo
ma”? eh”ng?? 5?‘dfl§¥heé|‘[nr%%har O‘::é’as & gcglgh gggpétrnﬁlg A oetts 1n
vascul ar disorders. NNARY OF THE | NVENTI .
the Flpaholdt PHYGHLGR o Mo AHEER0V5 RS PRaP fiame and then
mobi li zati on of nDnonucIear cells into_the hera
e dlai BRaRbYed oy e i ARG LEEE Sl
that the nononucl ear cells thus noblllz Q%ang 1
humassgy tisc @bty 168ef@¥st or qqﬂ?ﬁlﬁ%ﬂﬂﬂéﬂFOB t%%ﬂ%n# e tota
di seases. Accordi ngly, disclosed

S
er oIS ETORDIEOFY RBFPRRY nkf MsMoridtIo¥Er 7o E‘FFQ FORSTAIE bY
in the treatnent of ischem c diseases or in
constiumisatiurg Lyegasouthe i pens gpiaRv FEQ phevg 2 central
bl ood, wherein the conposition conprises

rolerit mmpmh@tuensassaﬁ aft empthnarelidisedn. theebefdbl I
the nobilized nononucl ear cells arefrom a subj ect
cligitdecteatings, 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
thérapeutic agent for ischemic diseases {Besarab A et al.,. Thé
New England Journal of Medicine, 339(9}, 584-590, (1998}.
Heeschen C et al., Blood,102(4), 1340-1346, (2003), Bahimann F
H et al.. Blood,103(3), 921-926, {2004}, Smith K J et al.,

- Cardiovascular Research, (59), 538-548, (2003), Bahlmann F H
et al., Kidney International, 64, 1648-1632, {2063)). It has
also been reported that EPO promotes the mobilization of
vagscular 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}}.



subject. and then admnistered to the same of the

present Preferably, the conposition is adm nistered

to a subject from3 to 12 days prior to collecting

peri pheral bl ood fromthe subject. The present

di scl osure al so provides a conposition for the

treatment of ischem c diseases and a conposition for

stijul,atl ng. L evascil Af | zathOfer COMMPrisi WPeBBeANthe cells

active ingredient nononuclear cells separated from
mol:p'drjlzﬁhhr'alhtdal bbe focomrdegatj deloed WHomPO are effective

eryt hropoi eti n_has preyi een. . Adm ol sker edy
fo%ug_ep Esafﬁ??%nQ% fﬁ%%§%y3%¥%g0|ef?ﬁ'%%a%rége?%gﬁgﬁeral
vaRdNH stiefedet-som 3 to 12 days prior to collecting

peri pheral bl ood. The present disclosure al so

provides a conposition for nobilizing CD34-positive

cells for use iapuhertreat mept IFENBDREM ¢ di seases

or in stinulating revascularization jnto perjphera
b d@dedﬁponpﬁi%ﬁl%g 4PYERFEBESI etiafas P NS BhEt  the
I hgr edi.ent ; ' qesYs!
moby 1 AN - Qg aspect .idered leded @lood
Topbnﬁ%%lﬁlcn$ (ﬂo%%ﬂ%ﬁ% zi ng nnnqﬁhclear cgffggfgr use o
is L{pﬁdg@ﬂerdeabgemheof sidgdhémiceatiisrasels FhCo pBFi pHetlal the

bl ood, conprising,erythr jetin.as act.Lv ;
mo??ﬁﬁ%ﬁﬁ%ﬁt,eai?cﬁi?gst%oggpﬁg%énPgté?ga %gbaiﬁﬁﬁiiﬁlarly
LsdFOM Bt a-H? tdays rphicobft dscokhect dheedpees pher al ,

bl ood from the subject. , | N _anot.her aspect Ce s

t heh@C B i d 6l SE1G6SbsiT i TH° Hobid™ Ziwg NoPHt=41ind
nolDNQAUC] ear- Gkl sgfor Wse KR sthenulatdargient of ischemic

“revascularization into peripheral blood, conprising .
dlﬁey$ﬁ$ppo®etlnl@s aﬁthﬁﬁi@%lm%gre%ﬁ%ﬁﬁ?u%ﬁﬁigéﬁ%?q() tnto

e_adm ni stgred to g, sppigct ffom Ichpod2rdays pid j

pefbp%%¥?£ctﬁ%é)g%ripﬁerggiﬁlogg fromotgg%sﬁbjﬁéctl.qir Wrises
erythropoietin as an active ingredient. Preferably the

mobilized mononuclear cells are collectea from a subject
and then administered to the same subject.

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

The present disclosure also provides a composition for
the treatment of ischemic diseases and a composition for
stimulating revascularization, comprising as an actilive
ingredient mononuclear cells separated from peripheral
blood from a subject to whom erythropoietin has previously

been



In anot her aspect, there is provided a conposition
for the treatnent of ischem c diseases, conprising
as an active ingredi ent nononucl ear cells separated
from peripheral blood froma subject to whom
eryt hropoi etin has previously been adm ni stered.
I n anot her aspect, there is provided a conposition,_, .
2drfigri sdtained -at Tihg SEEVa SRS 124016n, fcfb%rprei‘fgpﬂ{jo%%l%l“ 1S
active ingredi ent nononucl ear cells separated from
praferiapfiar aladiliodd terem a fsulhj edt t®° whdm days prior tTo
eryt hropoi etin has previously been adm ni stered.
colir@AnNGiheerdppect,l bhepé-i s provi ded a conposition
for mobilizing CD34-positive cells for use in the
t r ealdeie fnd stihenmcudies edses dmivd dger isphemaioskitaed, for
conprising erythropoietin as an active ingredient,
notMiiCh s ¢ bgadmiRistarad toona subj eat theom:3atoen2 of
days prior to collecting peripheral blood fromthe
15 SHRIECt 41 seases | Branat harirdgpechy thefe ds aprievicded dnto
conposition for nobilizing CD34-positive cells for
pe USed N, St At Bgméf?i/ﬁf&é’” ald Zati b ilehtion pesi pher alctive
bifood, conprising erythropoietin as an active
. _ingredient, which is to be adm nistered to a subject
1n9?%§ﬁ%?§t) 12 days prior to collecting peripheral
bl ood fromthe subject. In angther pect !
prdV?d@@eth%SR%%be%%8F§th%%pQFSSﬁﬁg ofitﬁghggg§th§n tor
manuf acture of a_nedi canent for preparing, non
molpiel 4 &1 H%Hr MERQREHL BRE alcienﬁ,s sé% ﬁéﬁi gme%}tlei é"%tgc%%bg% of
adm ni stered into the subject, and peri Eer | blood ...
isemerohuc| ebrseesielss | $NE9 bé?@cfolr%ﬂc‘%agd fB Pthe stffect® "
about one week after the nedi cament adm ni strati on.
eryrhomptherimspect ant e Vs pREVEEea Ehe (s lbf 5 To be
erythropoietin for the manufacture of a nedi canment
adhoniistentd ng.canai sshemect difsease 3i nta skbj 6yswheFeph L°
peri pheral bl ood nononuclear cells is to be collected
cofrest the sebigedraleddiotond rickve timedisoaient - and t he
col | ected peri pheral bl ood nononuclear cells is to be
adni pi shetedrt 9sgeday getiesé t Bs op rthbdsdibg ecomposition for

mobilizing mononuclear cells for use in stimulating
revascularization into peripheral bleood, comprising
erythropoietin as an active ingredient, which 1is to be
administered to a subject from 3 to 12 days prior to
collecting peripheral blood from the subject.

Tn another aspect, there is provided a compocsition for



I n anot her aspect, there is provided the use of
erythropoietin for the manufacture of a nedi canent
for stimulating revascularization in a subject
wher ei n peripheral bl ood nononucl ear cells is to be
coll ected fromthe subject receiving the nedi canment
and the col |l ected peripheral blood nononucl ear cells
the st ten teerddmiiniiscaead ct 61aeparget YR e BFNG R an active
subj ect . Al so disclosed is a nethod for
ingrepesniing mononuclesar celllls f orepadwted atfgey  peripheral
revascul arization and for the treatnent of ischemc
p1ebseasss, aceprisingoes epamatd nghnopongtlisahaseldgeviously
from peripheral blood froma subject to whom

be&f YidHopoi @tidy has previously been adni ni stered.
Al so disclosed is a nethod for treating an ischemc

di spaseg, ornst i mapati ngdeavasclgrdwiatdon idoraihjiect for
conprising the steps of: (a) adm nistering

Stg%%%p ﬁ@f:e%%&hgéhﬁgyifﬁﬂﬂo%gt;co&@ki%@hbecbknganﬂ active

era ood nononucl ear cells fromthe subject;

._and,. (c) adminj [.ngt I iph I .
b i R i

blgﬁEEEIBESQREﬂ %%@toﬁ5ﬂ$%é%wggg%ﬁ%opoietin has previously

been administered.

Tn ancther aspect, there 1s provided ; composition for
mobilizing CD34-positive cells for use in the treatment of
ischemic diseases inte  peripheral blocd, comprising
erythropoietin as an active ingredient, which 1is to be
administered to a subject from 3 to 12 days priocr to
collecting peripheral blood from the subject.

In another aspect, there is provided a composition for
mobilizing CD34;positive cells for wuse in stimulating
revascularization into peripheral blood, comprising
erythropoietin as an active ingredient, which 1s to be
administered to a subject from 3 to 12 days prior to
collecting peripheral blood from the subject.

In another aspect, there is provided the use of
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Fig. 1 shows the results of FACS anal ysis that
nmeasured the nobilization of hematopoietic stemcells
by erythropoietin; Fig. 2 shows the results of
nmeasur enent of the nunber of col oni es of
hemat opoi etic stemcells nobilized by the
adm ni stration of erythropoietin; and Fig. 3
er AN @angi egrampat pna mntdraaf ber bhenedicament for
ranspl antati on of peripheral bl ood nononucl ear
fo . (cases3) rhhat had heceirkedon, said
pregﬁ%%%%po offoR@1E "' DESCRI PTI ON OF THE
PREFERRED .EMBODI S @%PJ i.zatj o perLphgr t d
nedt S n&ﬁuc%a?/g%glzil% ygee_ryt hdroggi%gtin @Je&e o
aspect of the present %%ygnééfi%regakgsb%o 1lected from

peg LRI RO FF LA ofof° the mononucl ear cell s
for use in the treatnent of i chen% di seases or(;n nt
that | AHAGSTg r 8Pe%Eul aPiZat i'6iF 5 nt 6 gﬁﬁ peri‘pherai®+<ame
bl ood, wherein the conposition conprises
adpiyt Hrlppoi®ti n as an active ingredient. The terns
"mobilizing" and "nobilization of" the nononucl ear
celIs dunothest iganeatt: ng taeteer éAt | BEPHRIRHJ the use of
proliferation of nmultipotent stemcells present in
ervaifgusi @rigang cand thel easiwkpsoighucifeag ceffiscament for
conprising multipotent stemcells into blood . The
trewpnpngcl ear ceddisemiobi | Hzedasa t Hins mannembpeytbe wherein
coll ected fromthe peripheral blood of the subject
pe alish @i N sb6d eflohentibeestibiecl si hsordefd adrigatted from
i schem c di seases or to stinulate revascul ari zati on.
thdNes I ECt reSeiRhaber by ediatdeiit suhbier edef romarcted
I schem ¢ disease or a patient in need of a
peEf%(@éféﬂ[ %i%@&'ﬂ&é%ﬁ@‘r cells id&® 1 €ad®inistered to
particular imtations in the present invention on
he n er_ o e f. erythropoietin adm nistrated
2 %%r?%gngﬁ%Té%iq%%?%?QPSE%BIIecting t he periphera
bl ood nobnonucl ear_cel.l s, gener a o t
t hr e d%%%gheﬁn‘?ﬂgxgﬁset %%F tﬁ%eeggégéégglegﬁe Use  of
adm nistrated,_for exanple, .the first_erythr Lef]
CrEHT AP T et orf 9% 5%2}3%%%%%%% y (f 6 feﬂ%ﬁﬁ%f‘fgw For
subcut aneous or intravenoys injection) to ﬁhe ubj ect
stABBLETEND WeBKE HTHAT 476 G ectfon 8f t FB B%Ffphee%ﬁreln
bl ood nononucl ear cells. About one week | ater_the
pesépbatebr PLAPBPBPEOPACABRAT nFSL &t i'6n Hos R ven tected from
system cally after bl ood donation (blood draw).
thAnos Wefeweek deatioringt hehehimed e¢3diropsingt | fhe collected
adm nistration is given locally, and then the desired
pepéphpher ablovdonoobewarl et | se ey be tolbecaddinippgred to
t he peripheral blood of the subject. In the case that
a twegdesestarer ache nusdjyatied, for exanple, the first
erythropoietin admnistration is given to the subject
syshegbcalilsy-1abedt ionea weeknphi arort opeabd eoid omonbnuclear
t he peri pheral bl ood nononuclear cells and the second
cefi¥t Bpppoietin administration is given |ocally about
one week later, and then the desired periphera
nononucl ear cells may be collected fromthe
peri pheral blood. In the case of a single
admi ni stration, for exanple,, erythropoietin is
adm ni stered systemically to the subject and the
desired



peri pheral nononucl ear cells can be coll ected about
one week | ater. A unit dose of erythropoietin
general ly contains 1000 U body to 100000 U body and
preferably is 3000 U body to 12000 U body (for
exanpl e, 6000 U body). The dose for the individua
subj-ect will be determ ned by the attending physician
st tionkd dENd ng;evesrcubeariFieé lopheaage, Tiei ghlie angréatment  of
condition of the subject, and the route of
isademhd stii akkoas, Accopdiaghy, seiperetynar apoicericd sggsecells
is not limted in the present invention to the doses
rroot pdrapioyeal blood BEf ydmropoilet¢at i 5o gemer attythropoietin
adm ni stered by a parenteral route, for exanple, it
ha§aPr Bl el pirsiel ediras iak eirgjdect abl e (e. g., '
subcut aneous, intravenous, intranuscul ar,
I Nt£aper it apeakydori Pdya apRehedt angousred t 8NG MAGOSH Ghemic
nasal or pulnonary route. It can also be adm nistered
a:0LakLY. or  stiReilphesal -bhoad, rmnonuclear Gel ls adiect
nononucl ear cells present in the peripheral bl ood.

Mono C S0 known as nonocytes, are cells
co?%ﬁ%ggg e%ﬁ%é%%%ﬁﬁéﬁ%ly in the blood and that reside

(n stage of differentiatiaqn r c 4 :type
(ate??@%n¥éhﬁﬁ%ﬂﬁﬂ%ﬁﬁ%@%ﬂaﬁ%eggplgngE?e%§§F$g?b in the
bone _nmarrow t o nonobl asts_an ronmonocytes and _t
(50 0 HRRBHECT B oL aPPer S hPeH ot FOPaT ALt o) REQ Leha tom the
bl ood. Upon migration into the tissues, the
subpRshuct®ar cells differentiate into, for exanple,
macr ophages, dendritic cells, and histiocytes.
{cW t herdegaidtesinfie nibel i zat910f SR IondifticiRRETadel | sP1o0d
into the peripheral blood using EPO, it has been
nothoughtat hatlsw-o edles asrte siéguick edhaf s8bI EPD
adm ni stration for nobilization of the nononucl ear
cells into the peripheral blood (Bahlmann F H et al.
Bl ood, 103(3), 921-926, (2004)). However, it has been
di scover ed BrIaE¢COEMARTPT W hOF HEHprigganiNddvent i on
t hat nononuclear cells are nobilized in sufficient
quantities for use in the treatnment of ischemc
di seases or in stinulating revascul arization into the
peri pheral bl ood at about one week after the
adm ni stration of EPO Accordingly, the present
invention relates to a nethod of obtaining
nmononucl ear cells or a nethod of preparing
mononucl ear cells for transplantation, conprising the
steps of: (a) adm nistering erythropoietin to
a subject; and (b) collecting peripheral blood
nononucl ear cells fromthe subject about one week
after the erythropoietin adm nistration.
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In the context of the present invention the phrase
"about one week" is generally from3 to 12 days, and
preferably from5 to 9 days (for exanple, from6 to 8
days, or 7 days). In anot her aspect, the
present invention relates to a conposition for
mehigl i 21 BEOEPSEnPOSidiIMe el IE'schoan%esim theet measured
treatment of ischem c diseases or in stinulating

the WR¥ASGBLaRbEALE ORehdidp dilke ipesiphetal 1bl vpd
conprising erythropoietin as an active ingredient.

eryéﬁgﬁﬁ 1$.+3nbl 0od stemcell antigen. It is expressed on
3 stemcells, and is also expressed in, for

?]3% % sHhARE u ﬁé féﬁqﬁ.w%elolfalme‘é%labrémeﬁﬁs§£”@{e number of

heIraI progenltor cells, and stromal cells.
Since | Rsafio¥pasedbarny th
COLOBES K heI | %%ﬁé%%cgrétc%& %léci gr eCJ known to % °

adm%§§§%1é§d|P|egn% ergﬁﬁf%ﬁgkhe SRoportion of

ranspl ant ed nononucl ear

| I at d bl
cicovd A7BUE B ChE ST £ B R Behem ¢ ¢

di seases or a better reva I i zation ffe
trasgH gndE td R to P Tt RET HIHOHE | g%ﬁ SPSTRE B! Flze%l%%arfor 2

t he peri pheral bl ood accordi he net od of the
ratipndsdfiesenventreh ]@%%e?eaqefve:ﬁ’lgfrér BCH8sitive cell

titer sufficient for achieving a therapeutlc resul t
of ischenmc di seases or a revascul ari zation effect.

It is part|cularly useful |n the transpl antation wth
t he ai mRESERIERTONG O] REFERRER égﬁgfigﬂﬁﬁﬁﬂ ating
revascul ari zation to increase the proportion of
Mob TDBZatpigsi tdfy @ezdbheray hhenhmanPBicieddc &8EL 4t PRg t he
CD34- positive cells from the populatlon of the
ervtmngmnuictteiar cel |l s obtained by the nethod of the
present invention. In the present invention, a
hi ghe pigpartt iodn tde €D3denpobitavieigeldes atgst ke a
nmononucl ear cells neans that CD34- positive cells
compé€NtYn fA¥r alovliadshtish of efter abdnoratcllegasced2ys anpy use
nore preferably at |east 3% of the nononucl ear cells.
in THE HRPefmddinids @BchBRiprepesisen of VD3A-ipudiating
cells in the nmononucl ear cells can be, for exanple,

revggcrg@a/ﬂl@@tﬁﬂ)@ it 099%eapdriphéheDrielswnl lwhek@i% the
The CD34-positive cells present in the nononucl ear

L8y @Lpt@dngﬁCis%%C@'}: kRgobOiéhen Piesantadiiventinghemaynt .
comﬁ?so %e 034 05|t|vg CD45 is a | eukocyte common

Theaegfrgg n"l%‘lg:r,ilsz ﬁlgk'elénﬁe AREBNE: Bh Y CORT Ot i theDhononuclear
hemat opoi et c-type cel The peri pheral bl ood

celgnn82€8£§a£tfﬁﬂﬁéﬁfﬁﬁndQ%f%Qéh@f&%ﬂoﬁféﬂﬁtﬂﬁhﬁiﬂar%%hon of

onmon net For exarrp e, the nononucl ear

e obt.ai n i Eec n

R s B i

renmovin bst ant i al, orti t t;
monﬁPHﬁﬁ?%%y?%if IR (RS ?pgéﬁ% ﬁ%gf?%ggig%Eo

necessary to capture t per era
bloghq -t hkf WRRH Hg-4e 61 §|W8 p%?? era %%gﬂﬁﬂﬁﬁiﬁéy pe

| eukocytes b for exanple, .centrifugati
coléepreﬁeﬁarmbg%&%m&ﬁﬁéﬁeér 28| P§ g%?a?‘%%?f’cf% ¥ s

manner may optionally be further %rocessed b
admdadetesad FQofhr iBHRIeSt Fir PFPRLL F8nETRBF AW E

desired cells, such as CD34-positive cells and/or
diseascel ar spdotHerlafie prygerrLericaltien - Pt Fihschds

concentrated or isolated fromthe collected

peri pheral bl ood nononucl eag cells for

adm ni stration. Substantially pure 0334-positive

cells can be prepared using standard techni ques. For

exanpl e, the peripheral blood nononuclear cells are

reacted with anti-CD34 anti body, and then the

CD34-positive cells are attached to nmagnetic beads




Alternatively, the CD34-positive cells are bound to
an anti CD34 anti body | abeled with a fluorescent dye
and collected using a fluorescent cell sorter.

Treat ment of ischem c di seases and revascul a i zation
The peripheral bl ood nononucl ear cells prepared in
prefRGGeh¢ancfawt éit tderfaresiefitromnuant scitercan digease or a

adm nistered to the subject for the purpose of
patilh@atihngean bscherdwndthseaseatIbusthanather aspect

the present invention relates to a method for

t Rt NG -8Nnb SEAEM &:10i:SQa5A thiR 1808 Ubh eeiie quangpsinsi ng

the steps of; (a) adm nistering erythropoietin
invdr® iR€ o U*EhSCLTISQ_% SOldaell B¢ BevtRhep&lethirood
nononucl ear cells fromthe subject; and (c)

cn B LSLE 90, £, 80l d ACced cpeliopbet alcblagtne
rnnﬁnuplegr cells to a target site of the subject.
lsche I sea i .Gal. c I 1 j i
per%ﬁﬁﬁsegf “%alloloé Rafah S e Wit < AT SRRE- D om0
00 ow i n_the_vascul.ature c Wellt
thrzeaaoﬁgf,' §ﬁcﬁh§sc%so%siict}&ftctﬁ$orn eo% le!ltéi %g gié%\sl%ﬁlhi urretr{amd'
evel gprment of bl ood clots, .vessel L US| : :
“or VAEET i $revELLer S e T R ik dhon 45 gayen
viscosity. |schem c_diseases includ ' '
sysﬁﬁa@ﬁiﬂlalry 4i°65T BEPTPT S c IR AT 0 PE 0408, ‘gé%‘fs
~_ischem c cardionyopat hy, ocar di i nfarct .
inseSene S ec e OTUoRRL Mo Y OEar ¢t BEBLEL L8 o cction

di sease, ischem c kidney disease,
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 monénuclear cells and the second
erythropoietin administration 1is 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 administration, for example, erythropoietin is

administered systemically to the subject and the desired



i schem c |ung di sease, and ischem c di seases

associated with infectious diseases. Peri phera

vascul ar disorder is a nmedical condition in which

peri pheral tissue falls into an ischem c state due to

a reduced peripheral arterial blood flow caused by,
perii e 2120BLEnu SRNST IdL11 ORQf bENEoYESSELa | 4L one week

&Evelopnent 0 ood clots, vessel occlusion, :
1 vasculitis, vessel shrinkage, or an increase in blood

ater. . . . . .
Vi'scosity. Diseases associated with periphera

vaseular di sorder, i nel ide chropbecALl eri b ctlisiose

h™as eér1oscl érosSi's o erans and
~_ Buer
0/ DT &,

er's djisease, and. progressiyve.sy '

IR R T e I L
vi bration syndrone, aneurys d vascuLitis. . ...

U/baskt i (§Reér &F a%%u|%909n§$§4§§y‘igﬂﬁ é?%?er?%dg?%wﬁﬁalV1dual

di sease _of the therapeutic_agent of the present
subjeffeatildnPewit FEEF T GBI 0SS SBAFPY P HRS At

Buer ger's di sease beianparticuIarl¥ Ereferred N
congiflegding., £or exampiRldi tioRIvh¥epePEphRfafobibofs of the

mononucl ear cells prepared in accordance with the
subjrasennd frentPoke coh yEigdmtiedtiepedrPeotRershh) &t°

for the purpose of stinulating revascularization.
eryfimmoigrtérhépsaspectobf Linhd asy dgepbe| RYERER b FEIHIEn to

to a method for stinulating revascularization in a
the sidyectnotedprbgvag the steps of: (a)

adm ni stering erythropoietin to the subject;

( Bryeoidogetiengnpes i peeerdlly codimdiséruelichy eepprenteral

fromthe subject; and (c) administering the
rout®) |t etapptephet atabl voddmindmieredr asekhsinpeatable
target site of the subject. As used herein

(e.§ eVantiaEnzatbonidenatesowd | miltataong catgirogenesi s
and/or the growth and devel opnent of bl ood vessels.

intJ06e MBI 19T obhByPEEBEAE Lt ANIHY Ot rasi siebuh1{ ofasal or
stinmul ati ng neogenesi s, growth and devel opnent of any

pulﬁ8$5k§ﬁrdﬂt%qd YeSs8hSa1hb eberaflinidteetiaesraang.
particul arly preferably peripheral arteries.

Eﬁ%ﬁ%ﬁ#%g%E?%ﬁbga_ﬁ?ﬂogﬁciEHQtdET%% el @ORBLAEESar cells

ose skilled in the art, for exanple, by

pre%%%égﬁérgké:%%§g§8gk5§r%%g@@?iﬁéhdﬁﬂdﬂé&¥qd@l&@kiE@so known

at ase used herein, a target site

oo B ASPELR! 5 BES160 Aot A8 LA CGIARY 8 e b1coc
desired. In th that th ; ion af oo

= L R U T R S

cofibbaleedsiaseu grisn gl 2 SIS 4 che vons

refer to such another site. Specific gia %gs of thelear
margpy et JROnRLAS TEIATH SEPRPPRIT FHE I Mt 9 figgonuc

skel etal mnuscle, upper Iinb skeletal nuscle, and the,
celﬁgarwh%ﬁ@gyﬁaﬁﬁ@@p@ﬁd.1nto 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

7



The nunber of coll ected nononucl ear cells
adm ni stered or transplanted to the target site is
not particularly limted, but is generally from1l.0 x
107 to 1.0 x 1012 cells, and preferably from1 x 109
to 1 x 1011 cells. Local admnistration is a

wee][@tall%d ARt -eRaREesr affd Gk iadFhei 64 I2é+ ORomiflilz3e ion
cells tothe location of an affected area w t hout

of &8 .rmcoin%n%g:légg niiicaninsy St_th%%_riiﬁmak'&ﬂ C810dPC@anlmann F
admnistration can be carried out using, for exanple,

x fp SIS SILEOF, S, atsel Aot 1 va

he admni s col | ect ed npbnonucl ear

cells to the.target _site, 1. 0 ]
oo A RrE et B SRAST (1 o naE oot Fh anot par 2t
subst ance. . The substance co-.adm ni.st.er. |
mon oM G LEorTE TR hot> Sartl GULALTy o e r e BT o7
preferably a substance that enhances the, . :
use righ eI R EREP OO RO TR TS B ERPEROP B MY ot imelating
type of EPO can be enployed in the presept _jnvention
rev%ﬁﬁ“%%?%ﬂ@?ﬁ@PaBP§°ath?gﬁg%&HQQF?IEﬁéfognaga?é%Ft one week
preferably those having substantially the sane
aftgf othgyiawindetroitt 9=as lian EPO, particularly
human EPO. The EPO used in the present
i verridimatay BheppepasRl By iy etRatSfof° ek difpiiwd of
i't may be natural human EPO obtai ned by purification
obtéinmamadadeast chbanc®dri giarse e PERPEXARDI e,
Japanese Exam ned Patent Application Publication No.
monbiencle 883G sofoirt traysbeanimpiPEPOORsdgded Bye steps
genetic engineering techniques in E. coli, yeast,
"o£:Chi nese hanster ovary cells (CHO cells), Cl127 cell s,
COs cells, nyeloma cells, BHK cells, or insect cells,
anga § hednextsaetied, esgparapetktiandqur isfibdgcby an§ of
vari ous nethods. The EPO used in the present
i NYSNt EOM dct iRige pef-abhyr EPQ ps @il testring igemetitls from
engi neering techniques and is preferably EPO produced
theUshiPge fREMId AR nGe s k( RBELL Cthardny iEzOpealdtsh (see,
for exanple, Japanese Exam ned Patent Application
aamEHbLi£at{ Q0 No. Hei 1- 44317, Kenneth Jacobs et al.
Nat ure, 313, 806-810 (1985)). The EPO obt ai ned
by rGeRl | Lod GEATYNAE0BrEEENDI SRS B Naxe bheasame
am no aC|d)sequence as EPO of natural origin, or may
* abg%¥e01t'12 ewe? itg gje%@r%@_llgaﬁkbl‘d' £yté131§%__(ay€§, RAlgur al

origrn bu as am amno acid sequence w th del etion,

ubstitution, ar addjti.o mof,&, A aChd$s
pre%ﬁgaékn%r%%isd &’el%eﬁagﬁ, qsfggs?gg%}?jl:%h, or ad(rjti%ti on ¥s, or
can _be introduced by nethods known in the art. For

7 da¥8dpl e, those skilled in the art can prepare a

pol ypeptide functionally equival ent to EPQO by
i nEPoBReFRYT R € Fr‘ﬁtg’gtef’ LY HE pelores &

ns 1N e amno aci
sequence of EPO using site-speC. fic nutagenesis )
compesiEhon TEOR (Ml 1L iZEgEE DGR BOT 55LVe 73e DHs Fox lUsg 1 the
M J. and Smith, M_(1983) Mthods Enzynp|. 100,
tre468e8000f Kigghanivdigeages C198R) SRHE‘F%‘?‘?%i ds Res.
12, 9441-9456; Kraner, W and Fritz. H 3. (1987)
revigischddsiEaiem| in tG A RFEIFReTRENREPO TCORR T ISIFER)
Prcc. Natl. Acad. Sci. USA. 82, 488-492; Kunke
erythe88pikkihons EnAgmive §RIreEE8nP2766). Ami no acid
nmut ati ons may al so be created spontaneously. In
general, an amno acid residue is preferably

substituted with another am no acid residue that has
simlar properties of the g4



amno acid side chain. Properties of the am no acid
side chain include, for exanple, hydrophobic am no

acids (A, I, L, M F, P. W Y, V), hydrophilic amno
acids (R Db N C E Q G H K S T), amno acids
that have an aliphatic side chain (G A V. L, |, P),

, amno acids that have a

b1osd! Il %%HH%K%H@ $k d@&&;ﬁg@rﬁggmw in@MERP 8Chfs:d hat

ave A Carboxyfic aci e-cont ai ni ng side
chain .- E 1 no | t 2 -
R R M i e Sk
t hat have an aro ic side chajn (H. . F, Y (t
oL o T8 (0B8] GRLLF oreB1® (I aRoRS CAEPAsetre: grie =
in parentheses). It is al ready _known tp:at a b’ :
vasgadipegracdeedieh BTABHNT ¥ titfo &¢Pd *88Ytehde®®
~caused by deletion, addition or substitution of, one
invelvefhri@ FRIAEIGERELT et WA RE Pfs “BP6r BT tatve
activity (Mark. D.E. at al., Proc. Natl. _Acad. Sci.
cellySA T ¥g4RngPlanted- BEEPRUFRARCe N POPRISH PR, 1]
Nucl ei ¢ Aci ds Research (1982) 10, 6487-6500; Wang, A.
desirally irGgieeneé 2240rdaB1ta 43Niqys BalrE I REFAPPERRETIC
G et al., Proc. Natl. Acad. Sci. USA (1982) 79,
res@U)PpHA4kFhemic dispabesi on prastidier sevEPOUARYLIARBLPRr
protein can al so be used. A fusion protein can be
effeonstx ysiredatfion efahpéepobynudlgay wglds BEPOIéABed Hy-°
DNA with a DNA coding for another protein in frane;
the i peetdiieng it b oDEAanbodang expridss ingrihedic odr thehbehsdmt
turn is expressed in a host. Another protein to be
invéasesh Wdrrahe yERQsok the4 psesentvd moednt itaneirs sndficient
particularly limted. Chem cal Iy nodified EPO
for Cadh8d5h P& UsesapButhe reyent icmn.iddmmicaldigeases or a
nodi fi ed EPO i ncl ude EPO attached to an inorganic or
revRS &AL LONRAUREG Fee Y. , TROLY it BRE GlyCalse@ll in the
vitamn 812. The EPO used in the present invention

trafBy1 250 RE @ﬁ_t%P@h@eEE.Ma&ij‘@reatin% Arresad deEehBes or
an EPO derivative refers to EPOw th nodification of

sti%g??liﬁé‘%Ms%ﬂaﬁi&g%igﬁqmiﬂéééfth@ WpbRtion of

cation of the sugar chains in the EPO nol ecul e.

cD3 ?/E’g{’ Li&aé% 0&1(1% ditbg’ie iéﬂﬂguﬁlg? al, NS. b e d e HFRQARECHb e -

udés the a on, itution, or delétion of a
sugar chain.. A preferr j i i i_Qn i
posPhift, SOR{ el RCROPH1EIGY, S0l AR AN bl

obtggreaegpboy n‘l%ll@e%t%lt%od of the present invention.

. | Blf th i on
2;&5&% ?g %%&Q)@a bave am hydrQxe-f uret konak,side.a

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 thé
mononuclear cells can be, for example, 99.99%, 99.9%, or 992

and is theoretically 100%.



The EPO produced by reconbi nant animal cells or

urine-derived EPO is generally obtained as an EPO

conposition that contains various types of EPCs

havi ng di fferent sugar chain structures. The nunber

of sialic acids attached to the EPO nol ecule in an

ERQ £ A0S b9 Wil be VAL oratteRg ERO:AB! f61bLSc1duH ddlls

general from 1l to 15 sialic acids are attached to
obt%ﬂfﬁ-ﬂi 'aﬂfyg\f}gﬁﬂ@l cEPAO0LAGUE ARy bAt RSy EPQ 0 be cD45-

asi al o-EPO may be prepared by renoving the sialic
pos fEl gk TANYIDET 1 0lucSLRLd C Al 0@ s Benl Vel Surdng

astalylation process i particularly limted; a

f th i ali i d ed 3, 4, 5,
venBlol GGG B SS BnBE ARGl e 8 1 5,
d. .Asi al o- EPO f f ' h
i R PR L3 L 125y P PO
to the EPO nol | e, f I h 5,
exoh et DR A SonBh LT LY REaTBEC e

: number of sialic acids nmentioned hereiE refers tp tﬂgl
mOneRAEGIRAF HHEEr CoP PReRTAITRE d8) JTEi tlKeTRERY XN the
nol ecul es contained in the EPO__conposition, The X
bloggeieniered Fopenyeilgar petlhbl Ve flecanPbe RS ur BY By Y 2

nmet hods known to those skilled in the art _(see, for
subgkamplal EPtgepge67 he erythygsyiesomofRPERosY e c and
aci d has been renoved (asial o-EPO) can be produced by
plahel siod ok mewirifughbsen sk$ | e S GRth&caFEPtRER the
exanple, it can be prepared by treating EPO with an
perépayrEl shictvdad eskabytase. a9d comrensisiiing &bai phbpened
sialidase nmay be used for this purpose (see, e.g.,
perhahéoanl biRud ileakicogtet By anSdmtethrydresi ognigifugation.
2005-507426; Nobuo Imai et al., Eur. J. Biochem 194, .
45Fh 4 62 A3l blood mbwemptEsawfcaind fobcatined oft this
the am no acids in an EPO nol ecul e incl ude
manfaf by | i Whallyobenyhathen, prod el gt ibgn addition,
acetyl ation, and guani dination. Carbanylation is a
isoPLeL6h ! efh PUNF 3G oRRdFbECatdpnd N dherpriesentts, such
i nventi on. The amino acid residue to be
as ght]bggi*iﬁ[@ Yo 1P@ bhalbar b¥sdhTht eshaAk1ARY pRebufetor
l'ysine, arginine, glutamc acid, and tryptophan.
ceih¥Si A8yl BuPuRbetRs ol aRkRAaE! Sk Lo deniBurlichond the
the present 1 nvention. Accordi ngly, EPO
L Nj Ng. _ d ] i rd i arly
oL B e P S 1 Bp0) i
the present inventiqn_tsee,..for 1 L 4 1k
admipIstig %%%tfgégﬂb q@?&?ﬁr B%?e%?%@t 5%1;5%{%%&&56055 be
rotectiyve but t erythropojeti Sai 4;
pre%@é? 35?1$$<§tﬁﬂ§%§9 §%chl§ﬁ?$'Af%%ﬁ%%§t rdp%%%tic
derivative of erythraqpoieti rotects the nmyqcardiun
PoTAPBRTEHBTOR ARANIRICGR PRIGTyaT PRASS FObar th R Ten3s
102: 2046) . Met hods for carbanyl ation of EPO inclu%_ett
antiBpaT oxab| B1eT A4 PO DYV ST DIPNR O AT £
cyanate ion, alkylcarbanylation_by reaction wth
magakk$r PS8y Rt ihdrdiyPorsf bﬁﬂél J|EIRPEY resePas
W th aryl isocyanate. Pharmaceutical fornulations .
posThavBPCEERS Brumdrhif|ticedagaebiai Readd IR fiftlqirsded with
known in the art by appropriate addition of, for _
a saéeatphmegnat suspkraitnpagetily SbeubPBfResikhuhiqgidsy may
i sotoni zer, preservative, adsorption inhibitor,
be switactdnfyonithemagmeidicpbentls pH adj estEre SrRtmeRd -
agent, buffer, sulfur-containing reducing agent,
oxi dation inhibitor, and so forth.




The suspendi ng agent includes nethyl cellul ose,
pol ysor bat e 80, hydroxyethyl cellul ose, gum Arabic,
tragacant h powder, sodi um car boxynet hyl cell ul ose,
and pol yoxyet hyl ene sorbi tan nonol aur at e. The
solubilizer i ncl udes pol yoxyet hyl ene hydr ogenat ed
Alte%ﬁ?%?@e |, 10l ots0r.hale t80e BELDE | Medimdand to an anti-
yoxye hyl ene sorbitan nonol aurate, macrogol, and

CDSé gﬁtg g ESdElsn ofithast @hubtbsbaht yapcidlst collectEhe
I ncl udes dextran 40, nethyl cellul ose,

eIa fid8reand sodium nmetasul fite.
¥ t
u51n%é %hﬁbgﬁgﬁ%ﬁggﬁgé ﬁhy glso be added as a stabilizer
(see, for exanple, Japanese Patent Application
Lai d- open Hei 10 182481). The.am no acid to be added
rreihente e 28l nelides 08X a0k cont diey S e no

rereotr—SsSuchn—as oarunrsal (, pOI assi um
salt and h droc A S|n
c&ﬁﬁnﬁ&FFBﬂ Bt %élﬁ%?eug%Fno ac?%pqﬁﬁaﬁt Jded.
There are no particul ar Ilnltatlons o '
accorfdeFea¥iinstapi PTSRGRT JatV SHaPEr F88 an1n%?é§ﬁ%ﬁ?f%a to

this regard are, for exanple, |eucine,
the gamiiest §Pat AP cOWRRREe f:%ltﬁ?l efd 106 8P Jd? cfijir%eama
| ysine. The isotonizer includes D-mannit thod
Thussorasidtéler aspect THae ww%ﬁwsntﬁeﬁuafégah%? hyq @ methe
par a- hydr oxybenzoat e, ethyl para-hydroxybenzoate
for Surdsitdracied, ipHlerdlc EkeadRe 1Bn@ SHPIPGEr BRUBPTLTHY the

adsorption inhibitor includes human serum al bum n,
steps of: '

(a) administering erythropoietin to the subject;

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

(¢} 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. Iéchemic diseases include peripheral
vascular disorder, ischemic heart disease (e.g., ischemic
cardiomyopathy, myocardial infarction, ischemic heart failure).

ischemic cerebrovascular disease, ischemic kidney disease,

i1



| ecithin, dextran, ethylene oxide propylene oxide
copol ynmer, hydroxypropyl cellul ose, nethyl cellul ose,
pol yoxyet hyl ene hydrogenated castor oil, and

pol yet hyl ene gl ycol . Represent ati ve exanpl es of
the surfactant are nonionic surfactants, for exanple,

iscH¥iONuegsHE fastantsmdadorgran hiBeated dosdBatedgwith
the fatty acid esters of sorbitan, such as sorbitan

1nedMNQGAP Y AL s SOr bi t an nDnoIaurate and sorbitan
nonopaln1tate the fatty acid esters of glycerol,

S%&ﬂ%%e%%%%d@f‘%ﬁde%t €8s @l ¥e8f8h1 condition in

ristate, and glycerol nonostearate; the fatty

i d | h; o a
whlc%%)*osﬁ%éa%%t%eogagguggéé/@ Qln &:os Weh;38nERea0L YOS Wue t

ecaglyceryl stearate, and

redtf%(%f 3} g&p Qg é]l.jrx(_)al*. tbeloo%o lfYLQ))x%y %%GXE&”@YSOEJE té%ﬁ&mple

such as polyoxyet hyl ene” sorbitan

| t | I
con%@£§8§;%€ﬁ | & §%$%§ian ﬁgﬁo g%Fa?BeHQHQQ B clots,

polyoxyethylene sorbjtan nono ;
esg} REGEEHPPenE2E8 b Tt 595 ega?%rlnﬁgge or am inecrease
pol yoxyet hyl ene so bitan trlsggg%ﬁ i al
n BgbRiadefidie RFHITST TG HA R EPePETIRIH s
pol yoxyet hyl ene sorbitol tetrastearate a
vasgiolaaoictomfiedn dnSoERe t TG 31 EIET SSFg‘c}%‘é? Ky SRS es
gl ycerol fatty acid esters, such as Iyoxyeth | ene
sucly| & I e THOFGILEAF A eoD BT SHATH) 138Kk ‘%‘Ie;?@&if Fa‘F 3P g 2nd
esters, such as pol yethyl ene glycol distearate;
progot yuigetdHtend cabkyEr @b her sSYSHATH- A STHSPEBRTBE WS | ene
. lauryl ether; polyoxyethyl enepol yoxypropyl ene al kyl
Rayesbiets,disuctseas vpOEgokyRt Iyl \FHeysHedy | 8Re
gl ycol , pol yoxyet hyl ene- pol yoxypr opyl ene propyl
vaseﬁhftisiﬂﬂhqﬁﬂnpmmyevhybehanpﬁhyu%kﬁ?dﬁyﬁeﬁéeéeF?@d target
et her; pol yoxyet hyl ene al kyl phenyl ethers such as
disPaky oxy efthy | enreapeny iphegyht evherhe polesenyethybrhion.
castor oil and pol yoxyet hyl ene hardened castor oi
withPekyoxyssdndena shydn ogenah e dacasthrrgsd )s; disease being
pol yoxyet hyl ene/ beeswax derivatives such as

parPOLY OXYEf Ny SNa--ar Rbtgktheeswax;
pol yoxyet hyl ene/l anolin derivatives such as

PO&%O&&&H%:? Q:ﬂea@)@v:h_?heﬂﬁg Poby@weidnlanrerf aelys
acid am des such as pol yoxyet hyl ene st earani de.

pre gglahl PRal LEH L3Nt ALLY eneXpIRE 8t Ofnddier 1w faat B8t

re anionic surfactants, for exanple, alkyl sulfates

'a&ngpz?%th%\elg & ol 2 A/ %lctg %8 P$ne SHG%‘p@ée sodi @@ bYhing

sodlun1lau yl at e, sodi um ol eyl

|f |
rev%%gg 5\2 F3 e @y %ﬂ%tﬁ kylg %9@ Nof U{!ﬂé‘tgﬁ%steﬁ%t

ylene OXIde ditiron of 2 to
nol es and a ClO 18 aI L. odi um
1nvEBEIORy BE IS F The q auf“ﬁ 3&??8?'0’5’:%‘“#%9%?’2"?
sul fosucci nate ester ups,
revegeRLaEigatit omn Y yitPs &F?:O Om ?:nang %ﬁ%l%’ye@nal St

representative exanples of th; surgfaftantbaret

naﬁ@ﬁaﬁd§%F%%&ﬁ%ﬁﬁ%;8q¥§h38?§ﬁﬁ & FRcHPhj frbJee

gl ycer ophosphol i pi ds, sphi_ngophgsphol i S suc

L plPrgenp P AR BRESRSSD BAPPY. BOPAMBSISPR Syl Erom

Cl12.18 fatty acids. A single one of these surfactants
thepsu@jeoidi AAli on of two or nore of these surfactants

can be added to the fornul ation of the present

i nvention. Pol yoxyethylene sorbitan fatty acid

esters, such as polysorbate 20, 40, 60, and 80, are

preferred surfactants, and pplysorbate 20 and 80 are

particularly preferred.

Pol yoxyet hyl ene- pol yoxypr opyl ene glycols such as

pol oxaner (e.g., Pluronic F-68 (registered

trademark)) are also preferred. The

sul fur-containing reduci ng agent includes sulfhydryl



di but yl hydr oxyt ol uene, butyl hydr oxyani sol e,

a-tocopherol, tocopherol acetate, L-ascorbic acid and

its salts, L-ascorbic acid palmtate, L-ascorbic acid

Stearate, sodiumbisulfite, sodiumsulfite, trianyl

gallate and propyl gallate and chel ati ng agents such
' aemmﬁ hyl enedi anhnetebaapeei gher{ EDAoA

|un1pyrop osphate, and sodi um net aphosphat e.

mono%%@%%gngg 11haf, n@ytapfge‘%d dedcagrapRs opht fdex al so

e |norgan|c sal t's such as sodi um chl ori de,

%;t assi %{”hg@é? [ 1A, . £ALGIYTLERLAT oot SO MiRulating
5%pﬁa pot assi um phosphate, and sodi um
blcarbonate and._.or an| S S
angiiqengees BOrASE: i CPtirs Ankh qBYETe Bttt Biooa
The cont ent  of _al atents and.r e. t
vesiig oObbeneiPhath THL isdefl 1hBLEL S0 AGHRN Sor
application are hereb cor por.at e fere
St imyigtdngi P@P?en?ﬁlﬁdﬁ]%/?%tﬁ‘ o2 shiahebf ?’? A Ebe of
eci fication and draw ngs of Japanese Pat 1
blo‘l‘gmqwsonpﬁéﬁri@%ﬁgﬁt%e@n ! grﬁag’i}sa]f’al t he
priority claimof this. appllcatlon are g
prefenarpoPatd@npyal ePEFRRERS i RIESENET F—é?}‘rl‘m an blehe
present invention is described in detail é tg%
onBxamngl oy becbniapes Frowbttq itHosed sky LtRGsE™ ‘?rpc‘f%fs tor
Exanple 1 Mobilization of henatop0|et|c cells EPO
exaiRelontiiyn aeeshuing E?Q)@%Rkkﬁ@?ﬂr@ﬁ$S§F§réalPﬁaﬂ%n%&$5¥lne
active ingredient: epoetin beta) was adm ni stered
phosniacidsanages|y to mce (C57BL/ 6, age: 9 weeks) once a
day for 4 days at a dose of 100 pg/kg/day. Vehicle
al pnen s Heireiinar by tadgehi stier adh aiyerednesfsry to a site
the control mce. The mce were sacrificed on day 5
whe B0 di fetdnphenal celcoediael hsd (b 6 txoite wherwer e
coll ected. Red blood cell lysing buffer (SIGVA)
revSOHl B NG i®n3 1@/ BeahFBAL UNh Cilordate ithad. @beM
Tris-HCL buffer pH 7.5 0.2 was added as henol yzi ng
traﬂgﬁfﬁnéﬁgkdﬁﬂbfs%@Eﬂpﬁ@ka@ H00dd maduHes eatr CeOAE to
tenperature, followed by washing with 2%

another site will lead revascularization at a site where
revascularization is desired, the farget site may refer to
such another site. Specific examples of the site for local
administration include lower limb skeletal muscle, upper 1limb
skeletal muscle, and the heart (heartl muscle}.

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

but is generally from 1.0 x 107 to 1.0 x 10°% cells, and

preferably from 1 x 10° to 1 x 10' cells.
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BSF+PBS(-). CD16/CD32 (Foy I11/11 receptor)

nonspeci fic reaction bl ocki ng anti body

(BD- Phar mi ngen, San Di ego, CA) was added at 1 ug/ 106
cells and kept on ice for 30 m nutes. FITCconjugated
anti-ntSca-1 anti body (BD Pharm ngen, San Di ego, CA),

P 1y RlicRgdy rnAPC £9P1 agatad t
aﬁmﬁgﬂ' E@%ﬁgﬁ?? t%gﬁjﬁgéaghgrnlnggﬁ San Di ego, C&fen

and Kkt N - o035 £ b

mwt%a%%%gaﬁézﬁ%é e & I e TR Tnes 175
er 19 antibodie d a S. 1

are g ftarSih el el f?ﬁm ?%t%,*:;?é A

FACSvant age SE Bect on. Di cki.ns Mo a A ) .
wan e el 8Pe Snh 176 A1, logs HRbeRe B 4 &

Fig. 1, the nunber_of c- F# Li.n- cells was
05&%?&?%5@%&“8? - abBEt 14 3-°F Qf%;} ePadmi ni stration of

EPO. As c-Kit+Sca-|+Lin-_c 3' g garker of cells

CAR $hej RETMERLFETRRINN F ((Pke COFGFCER PE?R%%E%?E

1992 Dec. 15;80(12):3044-50). The results regg a
to HipvieugeioRstrat ENEHEPNCRIEISAY 6148 M8YaP’ fBJrIHSzfe%fe

into the peripheral blood by adm nistration of EPO
aloPWIS igolcompingsagn with PGHhSHeSHPSEPEEE - cBPE sSHRBIAnce

C57/ b6 mce that had recei ved EPO subcut aneously for
co-&dmntayisstwered wstl abetheneHteadelded 1sTRE B8hoPaERigwlarly

of 104 to 105 cells/100-200 uL were transplanted via
limthed | aidt Vel preferhblyesi pieitancsy /thetneesapRat Fael

received a |l ethal dose of y-radiation (950 cGy from
revascularization activity.

Exrythropoietin

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

The EPO used in the present invention mayrbe prepared by
any methéd: for example, it may be natural hﬁman EPO obtained
ﬁy purification from an extract of human origin (see, for
example, Japanese Examined Patent Application Publication No.
Hei 1-38800) or it may be human EPO produced by genetilc
engineering techniques in E. coli, yeast, Chinese hamster
ovary cells (CHO cells}, 127 cells, CO0S cells, myeloma cells,
BHK cells, or inséct cells, and then extracted, separated, and

purified by any of various methods. The EPO used in the
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I nCs) using a radiol ogi cal exposure instrunent
(H tachi Medico). The spleen was resected 8 or 12
days after transplantation and was anal yzed for
spl een col oni es by Bouin's staining (nunber of
colonies forned in the spleen). The results are
WL ddh i dh 12 ReEFSabeft ER® pheiuesultys gbnemithe
pres_%A?:S anal ysi _s,:L t r%%rmbi'l i zation of CFU-S-like cells
engi}&%gf’iﬁ e P8l RS Alan 9Qdpyaseahsef \ixth pixanpke 2sing
gl ogenesi s therapy by transplantation of peripheral
bl o i &AlkS v cHo ceThd P Sddily AaRS example,
mm&é%uggn%@dif%uﬁnaﬁiﬁi gaat eYV\/net h%? henat opoi eti c stem
cells coul d 14 28 5101 94 heuperdphesainchl aed in
Japageggy F%?\T%n%?%%%ﬂeﬁ %i écﬁerr?c extrem ty di sease by
t he_adm ni strat,ion ,of .an opoi gt idnd .yl @bisgny .
4431,&%?(%11%@? -i?%‘%}gﬁ ott fr%gi'og(%%%‘g%'s tjﬁe'r apy by the
aut ol ogous_transpl ant ati on_of | neRUGhear
céPpsE SO‘é\T%’on%‘ng é’@néa% c ﬁﬁgg%té%{?%%géeﬁ\ ed st u%/l ey
prot ocol was_enpl oyed for the ge a ] of,Liken
haveg[thgi SaTe sEHtRP acld SSE 55t F%n §6r(<gefcgri§%%e 0 % neooF
EPO by subcut aneous jnjectiqn.two_we e} the.: 4«
may Hagen éaec‘éﬁ-flﬂet‘P:a?\%?ﬁ”aﬁ%]ataic&ﬁv#?r 8¢ gg(?n % s’%grté{rl%o}' n;aslgm
One week prior to cell transplantation, blood ) .
but deswan( abene aedd ntFIYRCa Wétﬁuflsg%l%‘%"aﬁ‘?‘%ﬁdtoj\é‘%ﬁ%‘m' or
bl ood donation and 6000 U EPQ was injected .. .. .. .
addiuilboutdnenasty 8Be oHE AGHISt r APPoATI O T HE ¢ e
nmorni ng of the day of the operation, 6000 U EPO wgs
subdtjmectiod, (bhi pddatitmi &ty &19 dAFToEPRoRBI™HY e FRowr
separation of about 109 peripheral nononuclear cells
in fHomrtheFper ephwpak. btlwote BKiBLedd igpliepedt s, can prepare
Peri pheral bl ood sanples were collected prior to EPO
a padfidptsideatuantiahtly t derisedend dOMERPs BY al P BROIHHEY
i mredi ately before apheresis and were subjected to
appB HeL Shoithg 16WBCin CRe @ncanrdichee@b8acposft FRe using
cell count. The separated peri pheral
g1t ADRE RA MUt BlgkscweEe (GOt act et aft 50.t d 1306) sFees 152,
into the nuscle of the patient's ischemc |inb or
271 L3S .z ofheef fecty obintihemang) agen@siss )t Mertapiswaszymol .
eval uat ed based on observation and nmeasurenent of the
100! o;lé#)_v#({& IS PF 0T ek Oatel { 1daanoplantiat heddsoRes hel2,
fday Tollow ng an adninistration, after one week, two

0aaY6KSs . RJBALN, 2 1At bsitands 6 JONEhB7) Methods Enzymol.
154, 350-367; Kunkel, T. A. (1985) Proc. Natl. Acad. Sci. USA.
82, 488-492: Kunkel (1988) Methods EFnzymol. 85, 2763—2766).
Amino acid muiations may aiso beh created spontaneously. In
general, an amino acid residue is preferably substituted with '
another amino acid residue that has similaxr 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 amino acids (r, D, N, C, E, Q, G, H,
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QOL: pain was evaluated on a visual anal ogue scale
(VAS), with O being no pain and 10 being the nost
i ntense pain blood sanmpling blood testing angi ography
treadm || testing: the absol ute wal king di stance or
pai n appearance distance were neasured at 2.4 knl hr,
x, doeyzonhal, acias obifctiave awahuapherniofssid it (G, A,
‘ ul cer l'esions: ankle-brachial pressure index (ABPI),
v, ﬂ# gltgb'pgﬁiﬁgsgg§ggugﬂét thaeadah! hytesty {ardndw@ioway side
fapéch y), thernography, |aser doppler (LDPI), and
tr r 0 I r r ini
cna L 380 Sront - RA BT paartl e cel T " 4"
.. sunmary  af e case . t el | = Lomity1 1 {d-
Sld%]%ﬁE%npégrt#SE %%&?d éJfHESQ%%@ ﬁgvg & c& Ylfﬂu%Cld er

re normal i zed with ﬁount are given in Table 1 bel ow
. mal il ze the v i : ;
e AU PAR POt &S TU0% CHe Tor Spol oot Loy il

CD34-positive, cells jn the .peripheral, bl
hav?ﬁ%F@ﬁ?éCBthin%%gzﬁggﬁC%ﬁ@gbéggl 89 }ét8§ﬁe.Eioo%d¥as
draw one week after the first adgin&st& tggﬁioéne—letter
0

aver age

that e GFoPEPRALLThEl{h e (Was 887t 0" 17
139% imediately prior to apheresis after a
Qe SR HioomaP S WEBR, ATHRS cAF Ly RS STdPeATeRoTRALIEFRS) - Tt

) CD34-positive cell count (during phlebotqr t_one i
is aleededf kaowphsbafrat PRISRIM GG &R EdﬁPﬁ%%?‘gt FRHG getd
the sane as or greater than the cell count after t@@

sequesis (@useddbat pyebepr e2dbiidodsiog) substitution of one

or more amino acid residues retains its biological activity
(Mark, D.F. 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-McFarlarid, 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 coastructed, Ffor example, by
ligating an EPO-encoding DNA with a DNA coding for another
proteln in frame; inserting the DNA into an expression vector;
which in turﬁ is expressed in a host. Another protein to be
fused with the EPO of the present invention is not
particularly limited.

Chemically modified EPO can also be used in the invention.
Chemically modified EPO include EPO attached to an inorganic

or organic ccmpound, e€.9.. polyethylene glycol or vitamin B12.
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CD34- positive cells accounted for 0.02 to 0.1%
(average = 0.06% of the nononuclear cells recovered
by bl ood apheresis. Table 1. case sexl ag causal -
di sease site of transplantation total transplanted
cells CD34-positive cells
The EPO used in the present invention may also be an EPO
derivative.

As used herein, an EPO derivative refers to EPO with
modification of the amino acids in the EPO molecule or EPO
with modification of the sﬁgar chaing in the EPO molecule.
Modification of the sugar chains in the EPO molecule inéludes
the addition, substitution, or deletion of a sugar chain. A
preferred sugar chain modification in the present invention is
deletion of sialic acid from the EPO molecule,

The EPO produced by recombinant animal cells or urine-
derived EPQ is generally obtained as an EPO compasition that
contains various types of EPOs having different sugar chain
structures. The number of sialic acids attached to the EPO
molecule 4n an EPD composition will wvary among EPCO molecules,
but in general from 11 to 15 sialic‘acids are attached to each
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 1is 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 t#an 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

sialic acids on the EPO molecules contained in the EPO
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mal e 77 arteriosclerosis obliterans rightlowerlinb
0.5 x 15C 0.1 x 10 0.2 x 104 cells/kg) male 66

composition. The average gsialic acids per melecule can be
measured by methods known to those skilled@ in the art (see,
for exampie, EP 0428267).

EPO from which sialié acid has been removed {asialo-EPO)
can be producéd by methods known to those skilled in the art.
For example, it can be prepared by treating EPO with an enzyme
such'as sialidase. A commercially available sialldase may be
used for this purpose {see, &£.9.. National Publication of
Translated Version No. 2005w§07426; Nobuo Imai et al., Eur. J.
Biochem. 194, 457-462 (1990)).

Examples of modification of the amino acids in an EPO
molecule include carbamylation, bilotinylation, amiaination,
acetylation, and guanidination. Carbamylation is a preferred
amino acid modification in the present invention.

The amino acid residue to be modified is not particularly
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 carpamylated lysine is a
partiéularly preferred-embodiment of amineo acid-modified EPO
in the present invention (see, for example, Marcel L. et al.,
Derivatives of erythropoletin that are tissue protective but
not erythropoietic., Science, 2004; 305:239; Fiordalisoc E. et
al., A nonerythropoietic derivative of erythropoietin protects
the myoéardium from ischemia-reperfusion injury. PNAS, 2005;

102:2045). Methods for carbamylation of EPO include, for
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arteriosclerosis obliterans left lower linb 16.7><
109 5.0 x 106 (8 x 104 cells/kg) male 48 Buerger's
di sease both upper linbs 9.2 x i09

example, carbamylation'by reaction with the cyanate ion,

alkylcarbamylation by reaction with alkyl isocyanate, and aryl

carbamylation by reaction with aryl isocyanate.

Pharmaceutical formulations

The EPO can be formulated according to technigues known
in the art by appropriate addition of, for example, a
suspending égent, gsolubilizer, stabilizer, isotonizer,
preservative,-adsorption inhibitor, surfactant, diluent,
excipient, pH adjuster, soothing agent, buffer, sulfur--
Vcontaining reducing agent, oxidation inhibitor, and so forth.

The suspending agent includes methyl cellulose,
polysorbate 80, hydroxyethyl celluloge, gum Arabic, tragacanth
powder, sodium carboxymethyl cellulose, and polyoxyethylene
sorbitan monolaurate.

The solubilizer includes polyoxyethylene hydrogenated
castor oil, polysorbate 80, nicotinamide, polyvoxyethylene
sorbitan monolaurate, macrogol, and the ethyl esters of castor
0il fatty agids.

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_?atent Application Laid-open Heil
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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9.2 x 106 (14 x 104 cells/kg) male 48 Buerger's

di sease right upper linb 6.9 x 109 5.5 x 106 (9 x 104

cel | s/ kQ)
acid or a combination of two or more amino acids may be added.
There are no particﬁlar iimitations on the amino acid added as
.a stabilizer, but preferred amino acids in this regard are,
for example, leucine, tryptophan, serine,‘glutamic acid,'
arginine, histidine,-and lysine,

The isotonizer includes D-mannitol and sorbitol.

The preéervative includes methyl para-hydroxybenzoate,
ethyl para-hydroxybenzoate, sorbic acid, phenol, cresol, and
chlorocresol.

The adsorption inhibitor includes human serum albumin,
lecithin, dextran, ethylene oxide : propylene oxide copolymer,
hydroxyprepyl cellulose, matﬁyl cellulose, polyoxyethylene
hydrogenated castor oil, and polyethylene glycol.

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 monclaurate, and sorbitan
monopaimitate; the fatty acid esters of glycerol, such as
glycerol monocaprylate, glycerbl monomyristate, and glycerol
monostearate; the fatty acid esters of polyglycerol, such as
decaglyceryl monostéarate, decaglyceryl distearate, and
decaglyceryl monolinolate; polyoxyethylene sorbitan f@tty acid
esters, such as polyoxyethylene sorbitan monolaurate,
polyoxyethylene sorbitan monooleate, polyoxyethylene sorbitan
monostearate, polyoxyethylene sorbitan monopalmitate,

polyoxyethylene sorbitan trioleate, and polyoxyethylene
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Cinical evaluation of cell transplantation

Eval uati on by subjective synptons and angi ography
Table 2. case observation period condition VAS
Font ati ne classification angi ography

sorbitan tristearate; polyoxyethylene gsorbitol fatty acid
esters, such as polyoxyethylene sorbitol tetrastearate and
polyoxyethylene sorbitol tetraoleate; polyoxyethylene glycercl
fatty acid esters, such as polyoxyethylene glyceryl
monostearate; polyethylene glycol fatty acid esters, such as
polyethylene glycol distearate; polvoxyethylene alkyl ethers,
such as polvoxyethylene lauryl ether; polyoxyethylene-
polyoxypropylene alkyl ethers, gsuch as polyvoxyethylene-
polyoxypropylene glycol, polyoxyethylene—polyoxypropylene
propyl ether, and polyoxyethylenenpolyoxypropylene cetyl
ethear; polyoxyethylehe alkylphenyl ethers such as
polyoxyethylene nonylphenyl ether; polyoxyethylene castor oil
and polyoxyethylene hardened castor 0il (polyoxyethylene
hydrogéﬁated castor oil): polyoxyethylene/beeswax derivatives
such as polyoxyethylene sorbitel beeswax;
polvoxyethylene/lanolin derivatives such as polyoxyethylene
lanolin; and polyoxyethylene fatty acid amides such as
polvoxyethylene steéiamide. Additional representative éxamples
of the surfactant are anionic surfactants, for example, alkyl
sulfates that have Cig.1e 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 Cjp-1s alkyl group,
such as sodium polyoxyethylene lauryl sulfate; and alkyl
sulfosuccinate ester salts having Cs.:13 alkyl groups, such as

sodium lauryl sulfosuccinate. Additional representative
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1 nont hs nunbness rest pain 7 -> 7 11>l no change 2
3 nont hs nunbness rest pain 2 -> 0 I1->I1 no change

examples of the surfactant are natural surfactants, for
example, lecithin, glycerophospholipids, sphingophogspholiipids
such as sphingémyelin, and sucrose fatty acid esters with Cis.is
fatty acids. A single one of these surfactants or a
combination of two or more of these surfactants can be added
to the'fcrmulation of the present invention. Polyoxyethylene
sorbitan fatty acid esters, such as polysorbate 20, 40, 60,
and 80, are preferred surfactants, and polysorbate 20 and 80
aré particularly preferred. Polyoxyethylene-polyoxypropylene
glycols such as poloxamer (e.g., Pluronic F-638 (registefed
trademark)) are also preferred.

The sulfur-containing reducing agent includes sulfhydryl
group-containing reducing agents such as N-acetyicysteine, N-
acetylhomocysteine, thiolactic acid, thiodiglycol,
thioethanolamine, thioglycerol, thiosorbitol, thioglycol acid
Aand its salts, sodium thiosulfate, glutathione, and Ci.y
thicalkanoic acids.

The oxidation inhibitor includes erythorbic acid,
dibutylhydroxytoluene, butylhydroxyanisole, a-tocopherol,v
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
chélating 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 chloxide, potassium chloride,
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3 nonths ulcers 6 -- 3 not classifiable - 1 week
ulcers 1 not classifiable : ‘

calcium chloride, sodium phosphate, potassium phosphate, and
sodium bicarbonate, and organic salts such as sodium citrate,
potassium citrate,rand sodium acetate.

The content of all patents and reference documents
expressly cited in the specification of this applidatién are
hereby incorporated by reference in its entirety. In addition,
the content of the specification and drawings of Japanese
Pétant Application 2006-158998, which is the basis for the
priocrity claim of this application, are hereby ingorporated by
reference in its entirety.

The present invention is described in detall by the

Examples below, but is not limited by those examples.

Example 1

Mobilization of hematopoietic cells by EPO

Recombinant human EPO {Epogin (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 subcutaneously to the control 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-HC1 buffer
pH 7.5 % 0.2_was added as hemolyzing agent and let stand for 5

+o 10 minutes at room temperature, followad by washing with 2%
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not done Froma subjective standpoint, an

i nprovenent in pain was observed in 3 out of 4 cases.
In addition, revascul arization was observed in

angi ography in case 3 at one nonth after
transplantation (Fig. 3). Objective evaluation Table

BSFj%Bé?a ? %%%%?nggo{%éwe&EQQII receptor) nonspecific

reaction blocking antibody (BD-Pharmingen, 3an Diegé, CA} was
added at 1 ug/10° cells and kept on ice for 30 minutes. FITC-
conijugated anti-mSca-1l antibody (BD Pharmingen, San Diego, CA),
PE-conjugated anti-mCD34 antibody, APC-cornjugated anti-mc-Kit
antibody (BD Pharmingen, San Diego, CA)}, and a cocktail of
APC-Cy7-conjugated anti-mCD3, CD4, CDSa, CD45R/BZZO,-Ly6G{Grv
1), Cbllb{(Mac-1 ¢ chain), and Teril? antibodies were used as
lineége markers. After antibeody staining, the cells were
analyzed by FACSvantage SE (Becton Dickinson, Mountain View,
CA).

The results are shown in Fig. 1. As shown in R3 in Fig. 1,
the number of c-Kit'Sca-1'Lin- cells was increased by about 13-
£old by the admiﬁistration of EPO. As c-Kit'Sca-1'Lin- cells
are a marker of CFU-S-like cells in mice (see, for example,
Blooﬁ, 1992 Dec. 15;:;80(12):3044-50). The results reported
above demonstraté that CFU-S-l1like cells are mobilized into the

peripheral blood by administration of EPO.

CFU-5 colony assay

Pexiphe;al 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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ASP! digital plethysnography thernogram LDPI TdP02 1
11 nonths 0.24-> 0.4 inproved noderately inproved

137cs) using a radiological exposure lnstrument {Hitachi
Medico}; The spleen was resected 8 or 12 days after
transplantation and was analyzed for spleen colonies by
Bouin's staining (number of éolonies formed in the spleen].
The results are sﬂewn in Fig.‘z. consistent to the
results from the FACS analysis, the mobilization of CFU-S-like

cells into the peripheral blood was observed.

Example 2

Angiogenesis therapy by transgplantation of peripheral blood

mononuclear cells

This study was designed to investigate whether
hematopoietic stem cells could be mobilized into the
peripheral blood in 5 patients with sevgre ischemic extremity
disease by the administration of an erythropeietin formulation.
A clinical study of angiogenesis therapy by the autalogéus
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,
Vblood was drawn (about 400 mL) for the purpose of autologous
blood donation and 6000 U EPO was injected subcutaneously
{second admiﬁistration). On the morning of the day of the

operation, 6000 U EPO was injected (third administration},
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no change no change 3 nonths 0.49 -> 0.66 inproved
no change no change no change 3

followed by the separation of about 10° peripheral mononuclear
cells from the peripheral blood by blood apheresis. Peripheral
blood sémples were cqliected prior to EPC administration,
aftér the second administration, and immediately before
apheresis and were subjected to blood testing {(WBC, CRP, CK}
and %he Cb34-positive cell count.

The separated peripheral mononuclear cells were injected
at 50 to 100 sites into the muscle of the patient's ischemic
limb or limbs. The effect of the angiogenesis therapy was
evaluated based on observation and measurement of the
‘following items pridr 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 Q being no pain and 10 being the most 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 ulcexr lesions: ankle-
brachial pressure index (ABPI}, digital plethysmography,
treadmill test (ambulatory capacity). thermography, laser
doppler (LDPI), and transdermal oxXygen partial pressure
(T3P0, } measurement

Changes in CD34-positive cells
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3 months not done inproved noderately proved
noderately inproved i nproved 4 1 week not done

i mproved

A summary of the case, transplanted cell count, and CD34-
positive cell count are given in Table 1 below. As normalizea
with the value prior to erythropoietin administration as 100%,
the pr@portion of CD34-positive cells in-the peripheral blood
showed an increase of 82 to 245% (average 158%) at the blood
draw one week after the first administration of erythropoietin.
The increase was 88 to 175% (average 139%) immediately prior
to épheresis.after an additional week. These results indicates
that the CD34-positive cell count (during phlebotomy) at one
week after the first erythropoietin administration is tﬁe 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 total CD34-positive cells
e transptantation transplanied
celis

1 male | 77 | arterioscierosis | right lower imb | 0.5 x 10° 0.1 x 10°

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 | 8.2 x 10° 9.2 x 10°

disease , (14 x 10° cellskg)
4 male | 48 | Buergers right upper limb | 6.9 x 10° 5.5 x 10°

disease & (9 x 10" cells/kg)

Clinical evaluation of cell transplantation
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not done not done not done | mprovenents in the
ABPlI and TdP0O2 were noted in sone cases. A
significant inmprovenent in the wal king distance in
the treadm ||l test was seen in case 2, from160 mto
915 m The preceding results showed t hat

Evalf&%m}gpey el i) 4010 ke t6RY| Shbeadphidiged i nto the

peri pheral blood by the adm nistration of
erythropoietin and that peripheral occlusive artery
di seases coul d be treated by angl ogenesis therapy via
the transpl antation of yipberal nononucl ear cells

into the i schem c skel etal muscl e. Mor eover,
fha CDRA_nAocl

case

v G 1 Cllt | 1{5{.!—% per| phe a‘i) 0ara hy
‘%ﬁﬁwﬁS%ﬁﬁmg|é§rdEe Hﬁg%ovenégnaf one week atter
he first EPO!adninistrlati on wa$@8¥iRE™ equal |to or

'1‘?%0‘%&15‘ tram iRk phBsst ey TDRonugh eéani cells refovetage
ter two weekls, indicating that the nononucl ear

eI | s recover €d"™%5tP&¥he week after EPO administration

Enafe 10 priowindeesn egual or lgredlt er- angi ogenehangs
her apeuti c efff .han t he nononucl ear cells
ecovered_after ?et%\{l\%énh Ss. _Industrial Applicability

—|“""QJOQJ((‘ f-"rTr

IﬁaﬂmélnShods andﬁ@%ﬁpom t6 orB of |tHECEEEERRL | nyention

c. ut—forthestrea I Of Hob@hemase d SeaseSione
uc\ﬁ as _peripheral _vascul ar disorder CLALMS

(7))

From a subjective standpoint, an improvement in pain was

observed in 3 out of 4 cases.

angiography in case 3 at one month after transplantation (Fig.

3).

In addition, revascularization was observed in

Obijective evaluation

Table 3.
case | cbservation | ABPI digitai therrmogram LDPI TdPO,
period plethys-
mography
1 11 months 0.24 > improved moderately no change no change
0.4 improved
2 3 months $5.49 -> improved no change no change no change
0.68
3 3 months not done | improved moderately moderately improved
improved improved '
4 1 week not done improved not done not done not done
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1. A conposition for nobilizing nononuclear cells for
use in the treatnent of ischem c diseases into
peri pheral blood, conprising erythropoietin as an
active ingredient, which is to be adm nistered to a
-subject from3 to 12 days prior to collecting
PelIRNRLALPLORH LIOMAKE SbheEl, ford RAMROSK isohe
f or HrobI 1 2 ng nononuclear cells for use In
stinulating.revascul ari zat | [ ' r v
S e e
which is_to be adm nistered. to subj.ec r
the (jrra il r%?ﬁgc%?f e%??rhglrbecrafsﬁh%’al%%ﬁooggf[?gt'ngt %1%5 .
subject. 3. A conposjtion fo t&heﬁ rea HEQEEQ;ch stem
i St AT ECEdRIsEES L b T8 S han Cact Ive T ngr edr ent
nononucl ear cells separated fromigﬁri pﬂegﬁl glgod
celly L& (5] BEPLEBZGROM EY v BSH BReA ha8tBPEVPBUERY
been admi nistered. 4. A conposition for stinmulatin i
adnimisistafiian 24t PEHIRESRPEE SHh WS RARtaBETVB PHY e‘a?%h sive
nmononucl ear cells separated from peripheral bl ood

artérpmiseassisectui Whokrerirhropsietiogehas 1 pr EUPBIRY yvia
been admi ni st er ed. _
the transplantation of peripheral mononuclear cells into the

ischemic skeletal muscle.

Moreover, the CD34-positive cell content in the
peripheral blood mononuciear cells recovered at one week after
the first EPO administration was either equal to or greater
than that in the mononuclear cellé recoverad after two weeks,
indicating that the mononuclear cellsrrecovered at one week
- after EPO administration are able to provida an equal or
greater anglogenetic therapeﬁtic effect than the mononuclear

cells recovered after two weeks.

Industrial Applicabldlity

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

peripheral vascular digorder.
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5. The conposition according to claim4 or 5, wherein
the erythropoietinis to be admnistered from3 to 12
days prior to collecting peripheral blood. 6. A
conposition for nobilizing CD34-positive cells for
use in the treatnent of ischem c diseases into

peri pheral bl ood, conprising erythropoietin as an
active ingredient, which is to be adm nistered to a
subject from3 to 12 dayiFﬁ¥.§” to collecting

peri pheral blood fromth ubject. 7. A conposition
for nobilizing CD34-positive cells for use in
stimulating revascul ari zation into peripheral bl ood,

conprising erythropoietin as ' igLedienise in th
1. wAi %Wﬁosglgﬁéoﬁef%ﬁq%%?g%@% Hfogl%gg% ]%'gc(lfélf fom3 to 12

. days prior to .collecting.peri Lhogdofd omddpeising
trea§vﬁreeé.l%?hﬁﬁé’8&86%‘“%€§tﬁr§%§#2%?n for the e

manuf acture-of a nedica : 2R 1 RY Ao NUElieaktered
eryt%@ﬂF§eFéP‘??éﬁéﬁﬁﬁﬁ?%t?gﬁgkéggg'ﬁidicaﬁent is to be

adm nistered jnto.th I8¢t fRd-perdpherabe Plordal blood
to anﬁﬂﬁﬁﬁ?léﬁ?md%ICél%sg?%y%g‘coIIec%ed'frongtﬁe subj ect
aboutLng‘meek after the nedi canent adm nistration.

fromgthe UG 6yt hr opoi etin for the manufacture of a

medi canent. for _treat]. I SCNeMmG -dirSeapes ifdbrause in
2. sﬁbf@%?oﬁﬂgf@iﬁoﬁéﬁﬁ%qg?g IbTood mononucl ear cells is

. to be callect [ om:t he; subject heeLl WiRgdt heomprising
Stlmﬁéﬂ?gﬁhéﬁﬁagﬁgﬂ%]ggggﬁﬁe%tedgbeﬁtheral bl ood

mononucl.ear _cel | 5.5t 0, b fdMNi gheced 4 acabtaigetni stered
eryt&??%p%é%ﬁfhgss% j%iﬂ{ elo?gﬁie of erythropoietin for -

t he manufact ur e, of; aaedi sament.of eb1 sédtad@pergpheral blood
to ar g9l %ﬁiéﬁﬁgaéigﬁjﬁn g§su ject wherein periphera

bl ood nonucl ear cells is to be collected fromthe
frm%ﬁgfe%ggﬂggéiving t he nedi canent and the col | ect ed

3 pg&!égﬁgggkt£%ﬁxy$rwgﬂgnégéd%@%n@ebfSiédhdmipbéiseases,

* admnistered to a target site of the subject.
comprising as an active ingredient mononuclear cells separated from
peripheral blood from a subject to whom erythropoietin has
previously been administered.

4. 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.

5. The composition according to claim 4 or 5, wherein the

erythropoietin is to be administered from 3 to 12 days prier to

collecting peripheral blood.
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ABSTRACT OF THE DI SCLOSURE Disclosed is a
met hod for stinulating revascularization in a subject
conprising the steps of: (a) adm nistering
erythropoietin to the subject; (b) collecting
peri pheral bl ood nononucl ear cells fromthe subject;
and (c) adm nistering the coll ected periphera
bl ood mononucl ear cells to a target site of the
subj ect. Peripheral blood mononucl ear cells, a%d ,
6. par wosnbaktyer0Zer peeh e ngelP3l R BB $F4&d A §°° 17
the peripheral blood of a subject b¥,the
the adrbbhastl @ SRCHINIET PERRBPDT ety PETHHE SUbPeRt? The
nethod of the present Invention is useful fo .tge.
compri e ALAERRY EHEOPS e @SdPBeaSEY e dRERCA er BhER atS O P°

vascul ar di sorder.
administered to a subject from 3 to 12 days prior to collecting

peripheral blood from the subject.

7. A composition for mobilizing CD34mpositive cells for use in
stimulating revascularization into peripheral blood, comprising
erythropoietin as an active ingredient, which is to be administered
to a subject from 3 to 12 days prior to collecting péripheral blood
from the subject.

8. The use of erythropoietin for the manufacture of a medicament
for preparing mononuclear cells for transplantation, said
medicamént is tc be administered.into the subject and peripheral
blood mononuclear cells is to be collected from the subject about
one week after the medicament administration.

9. Use of erythropoietin for the manufacture of a medicament for
treating an ischemic disease in a subject wherein peripheral blood
mononuclear cells is to be collected from the subject receiving the
medicament and the collected peripheral blood mononuclear cells is
to be administered to a target site of the subject.

10.Use of erythropoietin for the manulfacture of a medicament for
stimulating revascularization in a subject wherein peripheral blood
mononuclear cells is to be collected from the subject receiving the
medicament and the collected peripheral blood mononuclear cells is

fo be administered tc a target site of the sub’ject.
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