WO 03/011313 PCT/1L01/ 00700 OSTEOCGENI C GROMH OLI GOPEPTI DES AS STI MULLANTS
OF HEMATOPO ESIS Field of the Invention The present invention relates to

t he use owoaBiogopepti des corresponding to the Cterm nal poarLowov7ar OGP,
as stimulators of hematopoiesis. Mxre specifically, these oligopeptides
enhance engraftnment of bone marrow transplants, henmatopoietic
reconstruction, bone marrow re-popul ation and nunber of circulating stem
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conpositions conprising them Background of the Invention Biological and
bi ochem cal interactions between bone and bone marrow are far from being
ful |y undbrieldoaf thewnaremtoent studies confirmthe role of bone marrow
derived osteogenic cells in supporting hematopoietic cell devel opnent
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al kal i ne phosphat ase was record t'er the renova b

por ti on ofligdpeptidesmednpramadefatioddsompositiont cainprising B@@@, M ner. Res.
4:643-646 (1989)]. The hypothesis that hunman osteobl asts support human
hemat opoi etic progenitor cells is very intriguing: these cells produce

factors tﬁa& lg Q%ljﬁ e th formati on of hemat opoietic col onies
wi t hout t g@ ﬁg% i §1°
Biological and biochemical interactions between bone and bone marrow
are far from being fully understood. However recent studies confirm the
~ role of bone marrow derived osteogenic cells in supporting hematopoietic

cell development [Teichman, R.S., et al., Hematol. 4:421-426 (2000)].

Bone marrow transplantation studies confirm the bi-directional
interactions between the two systems. Bone marrow ablation or
iradiation damage triggers an initial local, transient osteogenic reaction
[Amsel, S., et al., Anat. Rec. 164:101-111 (1969); Patt, H.M., and Maloney,
M.A., Exp. Hematol. 3:135-148 (1975)]. In this osteogenic phase,
trabeculae are formed in the marrow cavity. The trabeculae are transient
and are resorbed during the reconstitution of haematopoietic marrow.
Moreover, in human bone marrow donors, an increase in serum bone
formation markers osteocalcin and alkaline phosphatase was recorded
after the removal of a substantial portion of iliac bone marrow [Foldes, J.,
et al., J. Bone Miner. Res. 4:643-646 (1989)]. The hypothesis that human
osteoblasts support human hematopoietic progenitor cells is very
intriguing: these cells produce factors that directly stimulate the

formation of hematopoietic colonies without the addition of exogenously



WO 03/011313 PCT/1L01/00700 supplied growh factors. In fact, osteoblasts
secrete several cytokines including granulocyte colony-stinulating factor
(G CSF), woreamuisexyt e- nacr ophage col ony-stinmul ati ng fact oPCT@EMIBBFA)0, t unor
necrosis factor (TNF), and interleukin 6 (IL-6). Besides, cultured

ost eobl asts support the mai ntenance of i mmture phenotype in hematopoietic
st em cel | SugPiac igpewith dactars., I fst 8FteBhRsBD 4e¢ k99 6)dveralSeymikahesnf t hese
grow h facters inprove in vivo bone narrow, re-popyl ation a i pher al
stem cel I'fob1 PPzat | %}r?r’a‘ﬂ?‘@?ehi gt er agi'/(? Oﬁmnﬁﬁgﬁ’ G CSF,
GV CSF, | drah{1b&terh fstopRans) - F@ﬂff)‘ av, en

ext ensi ve%q;/ eva%at ed [Euﬁggr fala)%y&%uh%@ﬂ fI:;‘Jﬁlr(a;é]{]. e{r%tEg’l . (:%174
(1990) ; Laenrosip. faeor alTINFB codl 8mt2fBukitd95) (IL-8r. uBgeides\V culetiredl ., Bl ood
79: 1193 (%%QZQf Iinex,tG. et al., Blood 78:961 (1991)] and nmny others,
such as FiSFeeblagise sRisitsithay Pariteppnseapf (HBmatasni pheaotsee, w al .

Eur op. . heRaNsS dktic 608 8elid PABkhm ANYABE B1LA dPb Fa shu R God)] T ecent vears,
have al |l owed an understandi ng of severa physi ol ogi cal ‘aspects of bone
marrow function. Moreover, the ability to nodulate differentiation and
proliferagion f haemat ol ogi cal Frecursors is at the basis of the nore
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i npressi ve progress, several aspects of stemce p ol

fully cl aticmheiherapy AsveizathehacGolST, @M@&l@,lmbe%nwﬂ&ﬁﬁhe@rmfdane
rel at ed, gé% suspected of bheing jnvolved in the physiological or

pat hol ogi e eell dfacden diavechesi patiensivebr evalnaterhiBongadeB.set The
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hemat opoi Biugedre Wi af @1, SBIoVAITRE 193 B9 MBlinex BOQH 32 H18dP 78(ck393) 1. in
addition to the role of classically defi e | grom factors, | ~.-_  E . v
vv utl ycdd9olrand swnst ethers, such as FLT-3, are under study for clinical use

[Ashihara, E., et al., Europ. J. Haematol. 60:86 (1998)]. Advances in this

field in recent years, have allowed an understanding of several

physiological aspects of bone marrow function. Moreover, the ability to

modulate differentiation and proliferation of haematological precursors is

at the basis of the more innovative therapies such as peripheral blood

stem cell transplant, gene transfection and ex vivo expansion of stem

cells. In spite of this impressive progress, several aspects of stem cell

physiology have not been fully clarified, and several factors, both soluble

or cell membrane related, are suspected of being involved in the

physiological or pathological proliferation/differentiation of bone marrow

cells. The increasing number of agents shown to be able to regulate

hematopoiesis supports the critical question regarding the redundancy or

subtlety of hematopoietic regulators [Metcaff, D., et al., Blood 82:3515

(1993)].

2 addition to the role of classically defined erowth factors. seversl

biological agents and cell types could improve or modify both in vivo and

ex vivo therapeutic strategies. Human bone marrow-derived endothelial



bi ol ogi cal agents and cell types could inprove or nodify both in vivo and
ex Vvivo therapeutic strategies. Human bone marrow- derived endothelial 2 WO
03/ 011313wB@3/i1304/ 00700 cells support | ong term proliferatritnol/mne
differentiation of nyeloid and negakaryocytic progenitors [Rafii, S., et

al ., Blood_ 86:3353 (1995)]; accessory cells may support hematol ogi cal
recovery @lsesunnaré lpag teim prodferstion apdotifferentiatiortof ahyeloBbmadVar r ow
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transpl anicce8sdFyCeelld EayBaapportNadnatdibgighl redo¥Bry HeBR Bbne 20akdQ (1998)].
Many chem cal structures have been investigated i'n order to assess a

possi bl e traheplamtiBoanatr .ot phy Book ddgrromol rexsplpPe:208f{lE81Y; ahd,

gl ycosam nogll cans avet.be n eval u?t ed both on ] eukem a-derived cells
lines [ VoI, TS 1BEHER e EXpPrEa! PREROSES) 85tpehlasiymay] e Genthe onogeni ¢
tests on Rr6one QOdTHALLNRIaREPnE! 'ﬁalirQ@e%Eéﬁ la t’irptxg ¢ Leuk.

Res. 23:10 (1999)]. Even short peptides have en synthesl ze 0 reach
henor egul [Eldadanil. Bkt @l. i Feagde efatelc £6;11004908)]y by enhancenent of
cyt oki ne production by stromal cells [King, AG, et al., Exp. Hematol.
20(4):531 (1992); Pelus, L.M, et al., Exp. Hematol. 22:239 (1994)].
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prognosi s of "the chronic nyeloproliterative disorders. The primary

pat hogenipwspildeesslei Sna bohenaatrewntplpeidbie RMoemegehiplei sFredes whi ch

results ng anem a, atypical negakaryocyte hégerpl asi a, spl enonegaly and

varyi ng dayressenigroelicang hayel beany evdvatesh dptlson, lepkendatdeaived caiks
phenonenon, resulting

char act erﬂr?éé E\{%%EPN‘?‘I etPLO ! EI{ér gﬁehoﬁeészfﬁ)if@g%?%ﬁgta& 1§ Iniogglalcgr owt h
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factors, testd ogdilngnphaioed Hlostbabmesd gtow dellsa@LPr4RDEE) o 41 aNshRr M ng
growt h factor-beta éTGF- beta), basic fibroblast growh factor (bFG),

) . .
epi der malRef: i FOFa st 9L Eaep, shost rentides biave been sophleesizell to Arach
hemoregulatory and multilineage effects, possibly by enhancement of

cytokine production by stromal cells [King, A.G., et al., Exp. Hematol.
20(4):531 (1992); Pelus, L.M., et al., Exp. Hematol. 22:239 (1994)].

Idiopathic myelofibrosis (IMF) is the least common and carries the worst
prognosis of the chronic myeloproliferative disorders. The primary
pathogenic process is a clonal hematopoietic stem cell disorder which
results in anemia, atypical megakaryocyte hyperplasia, splenomegaly and
varying degrees of extramedullary hematopoiesis. In contrast, the
characteristic stromal proliferation is a reactive phenomenon, resulting
from the inappropriate release of megakaryocyte/platelet-derived growth
factors, including platelet-derived growth factor (PDGF), transforming
growth factor-beta (TGF-beta), basic fibroblast growth factor (bFGEF),
epidermal growth factor (EGF), and calmodulin [Groopman, J., Ann.
Intern. Med. 92:857-858 (1980); Chvapil, M., Life Sci. 16:1345-1361 (1975)].
The median survival of IMF patien
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strategies in IMF remain predominantly supportive and directed towards

the alleviation of symptoms and improvement in quality of life. The most



Intern. Med. 92:857-858 (1980); Chvapil, M, Life Sci. 16:1345-1361
(1975)]. The nedian sllrv'val of TMF patients is n nnrnzri matal xr d roars
Ther - Q'} ;woaBnat3ex)yi es in | M- remai n predonm nantly support ipea/maeidodeor ect ed
towards the alleviation of synptons and inprovenent in quality of life.
The nmost 3 WD 03/011313 PCT/1L01/ 00700 conmon are bl ood transfusions,
andr ogengoandonyaier elbodt ﬁmasﬁg;émtss asldcdxgermsaﬂmj/ dytorpdneidve Bgastsneudiow

transpl anta%y nis inc easin ein k i.nt.o consideration, but it
1111 hads BY G aER BHa ah S ou JEE R ARon 4 G GReRmEN CHE R pha
(1 FN-al pha}, hassshowsioR! WHising meﬁgé t%, be re%%&lié{dhé'soe(flp hznfl tLive stages

of I MF but has no or only very |tt e effect or e adva ages of
t he di seagprohth. héﬁtd}ﬁamnmlghaoama@hmwnhm showex Ploinling m\é@ﬂlt@rfh t hat
ost eogeni c owh p a 14-am no acid, highly conserved H4
hi st one- P&kt @HP%@&Pflg%atWﬁcﬁté&%Sésf IND byt aa nocpreoma ey lisde plfeel in y and

enhances f Jdransplants in mce [Bab, I.A, din.
Ot hop. ﬂ%%&%ﬁ%&\&a&?@ﬁlﬁ@éﬂﬁ@%ﬁ , et al., Blood 88:4719 (1996) and US
Pat ent No. 5,461,034]. OGP has been isolated fromthe osteogenic phase of

post - abl ati on bone marrow regl neration [Bab, 1., et al. Endocr i nol ogy,
128(5); 2@3@2(81b921)]pr§wu8év§ 0¥inoby gpEwl PY the dawentors thagwsteasamance in

t he bl ood nI ex W macr ogl o vish, H.,
ral - areStbm Sefad s 0TRGs e EREoATY RibHif: bBRey B, i1
enhances Higtmof RNARLD PEp1AAE inkEdR8S BRoodt 18P BEHE 3haltORecAIRASFity Antl t ro, it
stimul ates the proliferation and al kaline phosphatase activity in

ost eogenieihpaices | dngraftmentadéilone nmartow gr amw:lgatﬂ en twicef {Bahpbl.Ast s
addl 1 on Qi Fstin 139 TROEE GRBRE (oehataPbil TATEALTD |
activati il@US PhihrNGSss, 481 V34 coabiel béetn @a‘ﬁdtl@&%ﬁ REWRs{eBeehidduce,
vivo, a balanced increase in white blood cell (WBC) counts, ﬁdh overaII
bone mar mhaseeldfulpast-allatonm lomer evatroingregyeéodibdmt [Beb, 1., et al.,
Endocrinology, 128(5);2638 (1991)] and is physiologically present in high
abundance in the blood, mainly as a complex with a,-macroglobulin
(a2-M) [Gavish, H., et al., Biochemistry, 36:14883-14888 (1997)].
Administered in wvivo, it enhances bone formation and increases
trabecular bone mass; in vitro, it stimulates the proliferation and alkaline
phosphatase activity in osteogenic cell lines; in addition, it is mitogenic to
fibroblasts [Greenberg, Z., ef al., Biochim. Biophys. Acta. 1178:273
(1993)]. In addition to the activity of OGP on bone regeneration,
osteoblast activation and fibroblast proliferation, it has been shown to
induce, in vivo, a balanced increase in white blood cell (WBC) counts, and
overall bone marrow cellularity In mice receiving myeloablative
irradiation and syngeneic or semiallogeneic bone marrow transplants

[Gurevitch, O., et al., ibid. (1996)].

The C-terminal pentapeptide of OGP, designated OGP(10-14), which seems

e
o Lo conmovratrad o ooz Toac T
v0 pe generatea vy proteolytic cieavage of the full length OGP wupon

dissociation of the inactive complex with a,-M, is present in mammalian

serum and osteogenic cell cultures at high levels [Bab, 1., et al., J. Pept.



irradi ation and syngeneic or sem al |l ogenei c bone marrow transpl ants

[Gurevitch, 0., et al., ibid. (1996)]. The C-term nal pentapeptide of OGP,
desi gnat e@0@&B(B®3 14), which seens 4- 1- P 11 .1 o be genecatied/doyoopr ot eol y
is cleavage of the full length OGP t upon dissociation of the inactive

conplex with a2-M is present in manmmalian serum and osteogenic cell
cul t ur es Res.hidgt08%@P89)Baly;terminglt rapdified. OREPt retadn NG 3/ QAP

PCT/ 1 LO1/ 0070 Res. 54.408 (1999)].. N-term nal nodjfied OGP retains the
OGP- 1 i ke a é%%é@@ﬂﬁé"%ﬁe%??e@ B’%{h‘é@iqtmﬁy&ﬂ ¥rhas Been éH&g‘zr‘%te(EégaBeen
suggeste I < ] j | SFHLE Lbl e r the
51 ndi ng. (% e Py F AR TRl e GRARIE ol SHoCPRRRAE ol
(1993)] . puliditiviecB&IH yeceptre [Greeahery, £.havd., Sbiaim{(199BY.i Additiorallst the
osteogenic MC3T3 El cells, rritogeqic doses of OGP(10-14 but not OGP,
enhance NRPCRIGHEsB82%Rt PROWY Previgusly mihatamy fbeeseade 3 nahneells, These

findi ngs i ngi e t 5 - i e i . do tr.eam
si gnal i ng g%(:l %%Slagt()ftacrg?(ﬁg%& |to¢(.} PB%&@S@%@% %B%G]V\Q&ng as
further heen Shewnrddbsd depaadévie nf@mer 0OThe & Piridngd SneRERO¥Naf €hidri nal

pent apeptide OGP(10-14). Interestingly, the OGP(10-14) does not forma
conpl ex VIPEP@A0-1 &y resneasidebppdevorresn fignrling Hoabain] gaw,, . .Cell .

¢
Pepti de Res. 40841 9% 1. enrefore. the passifl e hemat.opoietic
act i vi ty&%?dsgﬁ'? %g%oﬁg Q%Opjglzlpgéhaaesr{hgﬁaegiglo%l wingﬂ%tea& ?‘E%PYﬁ ﬁoelf?nf) gi on of
native OUBGISs edatdbed tebndilgl pRARgRPtidE r@@rm*(mrlz%sﬁmréé& ly, the
osteogenically active specific peptides are described in US Patent No.

5, 814, 6100 GO (14)-dogp hels fiywera desmlebadtlasi.-Mavi nghepi QGPBI (OGR! gesi ¢
activities [Kharchen e .., Vepr.. Med. Khim, 35(2) 106-109, (1989)].
I rrportantel?ly?, "P%\Br?}fagg&ﬁatbi’ ivgnp ?Bﬁ‘dg hRsOHALE-49AIPERY y known
osteogenically active oligopeptides can act as stinulants of the
henopoi eti c system For exanple, the synthetic OGP-derived

Therefore, the possible hematopoietic activity of synthetic oligopeptides

analogous to the C-terminal region of native OGP was evaluated in the
present invention. Some such osteogenically active specific peptides are
described in US Patent No. 5,814,610. sOGP(10-14) has been described as
having opiate and analgesic activitiés [Kharchenko et al., Vepr. Med.

Khim., 35(2) 106-109, (1989)].

Importantly, the present invention shows that previously known
osteogenically active oligopeptides can act as stimulants of the
hemopoietic system. For example, the synthetic OGP-derived
pentapeptide designated OGP(10-14) has several properties such as
increasing blood and bone marrow cellularity in mice, and enhancing
engraftment of bone marrow transplants. This pentapeptide exhibited
significant activity on peripheral blood cell recovery after
cyclophosphamide (CFA)- induced aplasia, and on stem cell mobilization.
Furthermore, the ex vivo effect of synthetic OGP(10-14) in bone marrow
tissue samp
substantial overall increase in the number of hematopoietic cells.

Moreover, the magnitude of the OGP(10-14) effect was directly related to



pent apepti de desi gnated OGP(10-14) has several properties such as

i ncreasi ng bl ood and bone marrow cellularity in mce, and enhanci ng

engr af t TewD osfo1t3ee marrow transpl ants. This pent apepti de perThibi/doee
significant activity on peripheral blood cell recovery after

cycl ophospham de ( CFAi) - induced aplasia, and on stemcell nobilization.
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vva tlesfghmé%%e}éﬁ%‘ﬁ%b#w %@\é?%ﬁ?@i}éﬁm%@é’PQSFs-i ncrease in the nunber

of hematopoietic cells. Mreover, the magni tude of the OGP(10-14) effect
was directly related to 5 WO 03/011313 PCT/1L01/ 00700 the severity of

| MF. Thedé ¥sesheredoiendincabject hét tHeGREd@nt4invemyionstd mseasbdenddcel |
formati on.and rescue Lh;gmalt opoiesis. It is therefore an object of the

present iorlllsggQRf}P °f FSUSFIMIPOHHS EE VI fAfdppt i hisgndsothaveelupatiseali ¢ growt h
the descrrot pacioiEthPAhgEl el on & e SHERDEBN pbodedt® 27 aapect -t he

t he description procee umrary o “first aspect, the
invention relates to a pharnaceutical conposition conprising as an

effective ingredient at |east one oligopeptide having stinulatory activity
on the production of hematopoietic cells. The oligopeptide used according

to the i { ha nokecul af. wei ght of 200 to 1,000 Da and may be an
ol i gopepﬁ‘ggnk@ﬁﬁyi i’ﬁé’%hy"o‘?nh@na?ﬁ no acid sequences

Tyr-G y- Rhe; G TVik - - - Hi $- -Phe-Q.y-Ay and,.

I\/gt - Ty?/- Clislﬁya-l I?I}u]%aéjE gsé-e ’gﬂhe%ﬁgegﬂg}ln@gz%% |yt8 at %‘%5%8%%%/?%%&8?0%%8% nventi on
opt i onal leynyarigingses apefsomeeihpeaidnt afd68R! 8Rt SLEBPEHBHe Hiix{ﬂﬁlgnt or

excipient. In one preferred enbodi nent of the present aspect,
phar mace§tieulatorynpeavity oph othe herodaveani of beomptipsestiancedlsi gBpept i de

\(mdleglhgln:l toZigoBSBEiaQ e\Ps];eiddgcc'(@ﬁ/iinrg]gtot fe Er%e%ko% h-ggra- %c}iégﬁgi‘ Cévgll;glci;t yof
200 to 1,000 Da and may be an oligopeptide comprising any of the amino
acid sequences Tyr-Gly-Phe-Gly-Gly, Tyr-Gly-Phe-His-Gly,
Gly-Phe-Gly-Gly and Met-Tyr-Gly-Phe-Gly-Gly. The pharmaceutical
compositions of the invention optionally comprise a pharmaceutically

acceptable carrier, diluent or excipient.

In one preferred embodiment of the present aspect, the pharmaceutical
composition of the invention comprises an oligopeptide which is a
pentapeptide having the formula: Tyr-Gly-Phe-Gly-Gly (designated
OGP(10-14)) and a pharmaceutically acceptable carrier.

In another embodiment, the pharmaceutical composition of the invention

comprises an oligopeptide which is a pentapeptide having the formula:
Tyr-Gly-Phe-His-Gly.

In yet another embodiment, the pharmaceutical composition of the
n oligopeptide which is a tetrapeptide having the

formula: Gly-Phe-Gly-Gly and a pharmaceutically acceptable carrier.



OGP(10-14)) and a pharmaceutically acceptable carrier. In another

enbodi nent, the pharnaceutical conposition of the invention conprises an
ol i gopeptwoasmhizeh i s a pentapepti de having the formula: PCT/IL01/00700
Tyr-Ay-Phe-H s-A@y. In yet another enbodi nent, the pharnaceuti cal
conposition _of the inventjion conprises an oligopeptide which is a

t et r apeptd@e MWagi fgthae embediment, chy -Marn@opuGiop] snth@sitiar whddet i cal |y
accept abli?wg i&lerom%-é/gg Orii)/ 1131 .(gCT/ILOLl/ 00700 And in,a further
enbodi nent, the pharnraceut gog%%‘f) SFYPBRSHIE Hie 2miR0 &ctd SHIW316r i ses an

ol i gopepiNde TgRNBIyi-PheGIyhGIy2AA0a 3admBREUEELSy Melyihple G¥iRhend y-Gy
and a pharnaceutically acceptable carrier, in "which the net hl oni ne residue
i s preferabich ddl anethionare| yesidue oisi gopéptblie halated, t henfody muha:

Ac- Met - Tyr- G yv- Phe-d y-G y. .The pharmaceuti cal composifion of the invention
is int end)é’cgop§PEIagrh?é%’&%ﬁ'ﬁ%@%’?u}gngfg@?tﬁiﬁ’fh@?‘%qg}? HYow transpl ants,
hemat opoi eti ¢ reconstruction, bone nmarrow re-popul ati on and nunber of
circulating stemcells. In another enbodi ment the pharnmaceuti cal

conposi t i'Bre ophahmarcewtdernli mompositiant esfddthel anvemticmc eyrenitendedenpraf t ment  of
bone marro traﬁj(s%pl ant s, %emat 0&3}:) etic reconstruction, bone narrow

r e- popul & BHCE %ﬂ%‘a}g‘fa ment b pofie MGTEQvE Hrrsnlants, hematgparetie i n

pati ent nrgeshM-A&iSHNERBLEEMARYoW re-1l Lat i [ Lide used in

t he pharmaceut cal1 conposi t i onovgfret%(@r@%e\}%t% Jpﬁgglleaogg@%ﬁﬁggggr cul ating
mul tili nedga g@llzgeni tor cells percentage. These nultilineage progenitor

cells are the circulating early precursor CD34 positive cells.
Furthernore, the oligopeptide used as an effective ingredient in the

phar meceyt b eamhansdibihi o MEhINENLLONSANBNGES dNG, IIBLHULE cel | and
nonocyt e recovery and slgfgglctl very iner eglé’%gc"?n‘l}g%ﬁl no‘?fhtﬁ‘r‘?em%%ﬂﬁ%n
1s intended for enhancement of engraftment of bone marrow transplants,
hematopoietic reconstruction, bone marrow re-population and number of
circulating stem cells, particularly in patient receiving chemotherapy or

irradiation.

The oligopeptide used in the pharmaceutical composition of the invention
increases the circulating multilineage progenitor cells percentage. These
multilineage progenitor cells are the circulating early precursor CD34

positive cells.

Furthermore, the oligopeptide used as an effective ingredient in the
pharmaceutical composition of the invention enhances the immature cell
and monocyte recovery and selectively increases any one of the BFU-E

and GEMM colony forming units (CFU).

The pharmaceutical composition of the invention is therefore intended for
increasing the number of white blood cells (WBC), circulating
hematopoietic stem cells as well as overal

cellularity.



and GEMM col ony form ng units (CFU). The pharnaceutical conposition of the
invention is therefore intended for increasing the nunber of white bl ood
cell s (V\BEp,o3wiresl ati ng hematopoietic stemcells as wel lpcagLov@r@ | bone
marrow and blood cellularity. 7 WD 03/011313 PCT/1L01/00700 1In a

speci fi caff ly pr ef er ed enbodi ment, .the conposition of the invention is

i nt ended ¥bR MNesHER ri{jfegﬁﬁ%d r%’?}i’%io‘vmtepén% epreResisen ofhthe Bfveadioni s  due to
the acti vt 0 o u s

henmat opoi gtil)hcgis1 éeé]n%%lengB acc ﬁ%?lgt ﬁ%é%@%%%ﬁ?%ﬁ%ﬂe rjgﬁ ; 8%%%% tuction
upon bonelumrtoovhd raatisitlyaot ahe osligepdpeideansi ngcidagiy ehal hugdlekub@rity of
bone marrow. According to another specifically preferred enbodi nent, the
phar nacelhqréatomﬁngq otellsf acpelerating tthe hesatopoiatiie defarstmsionn

o <or dor <UL PR pilisbE AR ER R P A G Butttan€ R GG Bt ne

Mor e specdﬁbdiﬁgmm(;“he hemat ol ogi cal di sorders nmay be | ynphomnas,
| eukem as, Hodgkin's diseases and nyel oproliferative disorders.
Particularly, the nyel oproliferati ve di sorder may be i di opat hi c

nyel of i br 5| S (| MF) n_a,second a t, sent ent| on relates to
the use d£ gt8nuélf(188}i“? de Sé)(? @Vng %ﬂi‘}ﬁe n%;?rﬂ no @i d

sequence (Bﬂéﬁfm@e‘ﬁtﬁﬁﬁ c@ancglﬂonTMf t@eYHPJE%’ti!dhs 15G ’texﬁé’d Rie \%@' iy and
Met-Tyr-A@ y-Phe-Ay-Ay in the preparation of arrraceutlc conposition
i nt ended ’Cﬁ”e&tlagﬁwmenamomtra@ﬁgleaiwdmmﬂn@ts auﬁﬁanngrfmmdvemato&r@pddant
hemat opoi drec%cﬁ‘}(t‘{ uction, bone marlli g popu atl on and stinulating
the nunb ?)rf CPr YRGS pinaaplogical disorderscand/er hrBReiRke
ol i gonuchgglé dgseRficdil}e. %Hé/eﬂéfn%'ﬁol@éﬁapsﬁgofdérstHﬁayprl?eoafy%ﬂl?cﬂngg a
phar maceut i cal corrp05| fion intend

leukemias, Hodgkin’s dlseases and myeloproliferative  disorders.

Particularly, the myeloproliferative disorder may be idiopathic
myelofibrosis IMF).

In a second aspect, the present invention relates to the use of an
oligonucleotide comprising any one of the amino acid sequence
Tyr-Gly-Phe-Gly-Gly,  Tyr-Gly-Phe-His-Gly, Gly-Phe-Gly-Gly  and
Met-Tyr-Gly-Phe-Gly-Gly in the preparation of a pharmaceutical
composition intended for enhancement of engraftment of a bone marrow
transplant, hematopoietic reconstruction, bone marrow re-population and

stimulating the number of circulating stem cells.

In a specific embodiment the oligonucleotides of the invention are used in
the preparation of a pharmaceutical composition intended for
enhancement of engraftment of a bone marrow transplant, hematopoietic
reconstruction, bone marrow re-population and number of circulating

stem cells, particularly in patient receiving irradiation or chemotherapy .

According to a preferred embodiment, the above specific oligopeptides are

used in the preparation of a pharmaceutical composition for increasing



enhancenment of engraftnment of a bone marrow transpl ant, henmat opoietic
reconstruction, bone marrow re-popul ati on and nunber of circulating stem
cells, pawDioswisidsy in patient receiving irradi ati on or chremaLoemapy .
According to a preferred enbodi nent, the above specific oligopeptides are
used in the preparation of a pharnmaceutical conposition for increasing 8
WO 03/ 011be3 wamhero1sfooziooulating numiblelinedgei progextitorg ealls i IThesage

rogenitar .1s. These .nultilinea r.ogenj.tor cells are t irculatin
bar Dy o SeufnSeasatorult] als, BFF 3R RPRRRHRE! ity iEeBiiigbdeRtities used”
in the prRpaiad t&ms.of the pharnaceutical conposition of the invention

enhance the immature cell, nonocyte recovery and selectively increase any
one of the BFU-E and GEMM colony formng units (CIF). Accordingly, such

ol i gopept.id may be used jin the prepargtion gf pharmaceutical conposition
i nt ended_]#‘b‘&ﬁ?’ﬁ‘&oé%vsi ﬁtf t?l]légor?ﬁ S of1SGhiI t1& ﬁ?eooﬂre@é‘[rﬂgo{‘\/\m%) _,th@i rcul ati ng
hemat opol At MAMES|cb fpolRn06t UChRlehtioRONATRE MY Gkl dhaAl by Mre

specifically, the invention provides for the use of these oligopéptides in
t he prepanahogrieofecavatyanndcelddtvaly doemeasé tamyn ofiorof sikppBMU-fy ahdne mar r ow

transpl an ion. This effect is to the activity of the oligopeptides
on i ncreéﬁ £ GPAOTY, FY me“@FSeQﬁng@)-I s, accelerating the hematopoietic

reconstruction upon bone marrow transpl antation and increasing the
cellularity of bone marrow. According to another specifically preferred

enbodi memiceotdimghy eseidh oligoeptides nelyaties dsedt he tise pbpsaitehol dfgopept i des
in the preparation_of a pharmaceutical conposition which is intended for

t r eat i ng PhiRagedttical comppagion wie ndathio ingrensingithe ngerker efovhitet unor s,
i | 0g;j ] | astic . i.a. ifically, th
runol C9hEg) cofs2BYHR0S AU ARL RS0 RRE TP RIS SRARLSGRAY LS,

bone marrow cellularity.

More specifically, the invention provides for the use of these oligopeptides
in the preparation of a pharmaceutical composition for supporting bone
marrow transplantation. This effect is due to the activity of the
oligopeptides on increasing the number of stem cells, accelerating the
hematopoietic reconstruction upon bone marrow transplantation and

increasing the cellularity of bone marrow.

According to another specifically preferred embodiment, the present
invention relates to the use of said oligopeptides in the preparation of a
pharmaceutical composition which is intended for treating subjects
suffering from hematological disorders, solid tumors, immunological
disorders and/or aplastic anemia. More specifically, the hematological
disorders may lymphomas, leukemias, Hodgkin’s diseases or

myeloproliferative disorders, particularly idiopathic myelofibrosis (IMF).

In a third aspect, the present invention provides a method for

enhancement of engraftment of a bone marrow transplant, hematopoietic

reconstruction, bone marrow re-population and number of circulating



nyel oproliferative disorders, particularly idiopathic nyelofibrosis (IM).
In a third aspect, the present invention 11 pr .ovides a nethod fir rr
enhancenewD osfo1Bngr af t ment of a bone marrow transpl ant, hecatiD@ieioaao c
reconstruction, bone marrow re-popul ati on and nunber of circulating 9 WO
03/011313 PCT/]L01/ 00700 stemcells, This ?Et hod .conpri ses the step of
admi ni st éFamgells. dhav predbedienpudsitherdep of adnppigderingstoaasuntecht an

dri ni st efemgells. Asupjbec he el an
cel Do a6 B PHERR kY TR0, XonRGh Y LhoLBRPRARL S Bl MR POLT ©

met hod ofyctibgtyi gl pRédliorayf hemusadietacedlstad ded@iliedoiledwy; bedf ghbodi ment
for enhancement of engraftnent of a bone marrow transplant, henatopoietic
r econst r gemipoRiticb Ak thainventior- peisunatioshoathe Huvrdionomay bewsedi ng st em

cells in_a patient receivi i rradiation.or chenbt her ag According to a
cpeci 11 ¢ “errbainiine 157 ke § SuiddiBeh s PR LR BB R BRE B Rl oo
treat i NgLa3nsUR RebwS YRyl as:, f heMadoftesmd aleahitalictlhs0bdak, masfdw d t unor,
i mrunol ogi cal di sorder or aplastic anem a. The nethod of the invention

conpr i seseadpuhigor mndgwmbenof culspldingstene celbe it iacpd tignt wfceweng ve anount
of an ol i.&%l%ggti de havi nglgsgi mul atory activity on production of

hermat opoMHENAeUt P CREMEEIIANY g above, or of a conposition conprising the
sanme. I n another specific enbodinent, this nethod can be used in support of
the treatnment of the subject by bone marrow transpl antation. Mre

speci f i cadldeyrdingeohe spdaifio gindmidiniesboitidns arpscththd ynvendivaselateeti&eni as,

Hodgki n' s di sease or nyel oproliferatjve djsorders, rticplarl i di opat hic
nyel of i brogiethed 1) treplipect o E‘d’%_ _Hwﬁeﬁpmr af%%@geﬁegléa W% or
enhanci ”%ohﬁetd?:%n'ﬁ?ghlﬂhnoitf‘g'}@élo&i%l%k QrS&RELAL QIR LOTHE W ethod\ogOr ding to

t he i nvention,
the invention comprises administering to the subject a therapeutically

effective amount of an oligopeptide having stimulatory activity on
production of hematopoietic cells as described above, or of a composition

comprising the same.

In another specific embodiment, this method can be used in support of

the treatment of the subject by bone marrow transplantation.

More specifically, the hematological disorders may be lymphomas,
leukemias, Hodgkin’s disease or myeloproliferative disorders, particularly

idiopathic myelofibrosis (IMF).

A preferred embodiment relates to a method for enhancing the number of
hematopoietic stem/progenitor cells. According to the invention, this
method comprises the steps of exposing these cells to an effective amount
of an oligopeptide having stimulatory activity on production of
hematopoietic cells as described above, or to a composition comprising the

same.
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met hod conprises the steps of exposing these cells to an effective anount
of an oligopeptide having stinulatory activity on production of

henmat opoiwbiog/ocBlid s as descri bed above, or to a conpositi @Tabemporei ng t he
sanme. 10 WD 03/011313 PCT/1L01/00700 1In a specifically preferred

enbodi nent, the nmethod of the invention is intended for enhancing the
proliferdn ansnsciicpdly prefenredecrabpdignent, thaemeidwdi of the |ipvengperised

enbodi ment, the gells are in cell..cultur t he. met hod may be used ex
vvo or - hes L grbaRhihe heliolifdistlet @04 pomBvPRAIRt i on mmy bo used as

an in vivo nethod of treatnent, preferably of mammal s, particularly
humans. The treated subject is one who suffers from or is susceptible to,
decr easedn Mmospeabtdlly prederyedwmbodimentbthecallsetieby cfiecwther apy,

irradiation_ther or _bgne marrow transplantation therapy. In yet
anot her 55@?8? Eﬁﬁg%g&ﬁﬂ#?ﬁﬁ?”ﬂﬁ%o?ﬁ@gﬂ??on relates to a nethod for in

vitro or ex vivo naintaining and/ or expandi ng hematopoietic stem cells
present in a blood sanple. This nmethod conprises isolating peripheral
bl ood celAlsefradimelpnettd ondhedngfl the énmvdrthimgndyt bedugedogerin an vigel | s

expressin he, 4 antigen,_ cluttering the enrjched bl ood progenitor

cells un ?595# ‘%P%t‘%‘%}ﬁdPF?%ﬁ%ﬁyéﬁdn%m@%ﬂlﬁ’n@a@éfﬂba@éWwﬁth an

ol i gopepti de having stinulatory activity on production of henatopoietic

cells as described above or with a conposition conprising the sane. In vivo

t r eat nentlectendtdguliject Benenvho tiffory £bat, @8 it SustepEblOEh, fdeEredsedpopul ati ng
This nethod conprises the steps of admnistering

bl ood cells |n . ] i .ad
to said }H“é?ﬁéweﬁ ??vg?sipmqu ke fcaupedy dyasbemotharany, isradjepient i de
havi ng stj, . tivi ietic cells as described above, or
of a conpogﬁ%%égﬁgﬁﬁ%f#§#%é7ﬁ%%gggﬁggaghgééul ématopoietic cells may be
erythroid, nyeloid or |ynphoid cells. 11
In yet another preferred embodiment, the invention relates to a method
for in vitro or ex vivo maintaining and/or expanding hematopoietic stem
cells present in a blood sample. This method comprises isolating
peripheral blood cells from the blood sample, enriching blood progenitor
cells expressing the CD34 antigen, cluttering the enriched blood
progenitor cells under suitable conditions, and treating said cells with an

oligopeptide having stimulatory activity on production of hematopoietic

cells as described above or with a composition comprising the same.

In vivo treatment according to the invention relates to a method for
re-populating blood cells in a mammal. This method comprises the steps
of administering to said mammal a therapeutically effective amount of an
oligopeptide having stimulatory activity on hematopoietic cells as
described above, or of a composition comprising the same. These

hematopoietic cells may be erythroid, myeloid or lymphoid cells.

11



WO 03/011313 PCT/ 1L01/ 00700 Brief Description of the Figures Fig. 1 - A
dose dependent effect of pretreatnent with sOG?(10-14) on the total nunber
of fenorawomamioms cells in mce after conbi ned abl ative radimoi@rapy | BMI
OGP(10-14) at the indicated dose was daily injected subcutaneously for 12
days to female C57 BL mce. On day 8 after the onset of OGP(10-14)

t r eat nenBrief Descwipticonpethedigude® Rad X-ray irradiation, followed

by intravenous adm nistration of 105 syngenei c unsel ect ed bone marrow

cel ls. OFigayl 14 descefenandenhgiéect of nre@aetmen! wHE sHEE (&) eadhefi ced and

t he fenor, bone .nmar r washed out int,0 .phosphate buffered sal ine. A
singl e céﬁ%als’ﬁ%’ﬁ%}ﬁgioﬁﬂ%@ aér'@%’éﬁ%"d B fs &Ba(ﬁibgeg a{%@ c&n 8f tﬁ”@lﬁnggveral
times thygyehnerasiedssyr i nge needles. Cell counts were carried out in a
hei nocyt onet er. - control mce given phosphate buffered saline only.
Dat a ar e Of8RAL0-37) ebbtthienadidjatedidobeasis delpnnjrcted pebcwandpusiprior

et Eaboain ESTORTRR e B OR AR 2t The Phee o R el (RS-
2A-C - OgR(iQadvd) 1Rt himetl 4ess stibjaed acig! éo@%ﬁtmw 19961801 hHilgReqdependent

manner in m ce undergol ng chenpabl ati on of hematopoietic 'tissues Male ICR
m ce wei dlyi igr2¢emymseadinimwstiatisonbyfetdiesytgenerennsadlbeiet droneusiangpw

cycl ophosphanj.de. (CFA),. 5 ng/ nouse, injected intraperitoneally on days O
and 1, ofé ﬁ%@c@%ﬂﬁl@m‘ tggfme@%%a Ia?ntmgée YiSe Bleve daioed 8RY I & vt er
for injegtlLan: LRI Ga r I vehi cl e)
was adm ﬁpéﬁgﬁne Qgl?%g%tlg%]élg)&vsW%%P%&ﬁ]@qugg%%gﬁﬁﬁ&f P%%%gyg- e'té day -1
and fromsiiagleell sustaynsidh wiaatgrepneedrbaniraSinglihai megarati@d seadvaial s per

condition, *: significant over CFAtvehicle, p<0.05; **: significant over 1
nnol  OGPtEBes Ahrepglygraged spgnggmnesdlgs s keiscougita wape carged auittigr ) whillite

bl ood 7 ‘fl%llﬁocﬁé)mjefer.%)-’ SR Brice given phosphate buffered saline only.
Data are mean * SE obtained in at least seven mice per condition.
Abbreviations: Fem (femoral), Marr C (marrow cells), D (day), mou
(mouse), premed (premedication) stimu (stimulation) and cellu

(cellularity).

Figs. 2A-C - OGP(10-14) stimulates blood cell counts in dose and time
dependent manner in mice undergoing chemoablation of hematopoietic
tissues

Male ICR mice weighing 25 gm each were subjected to chemoablation
using cyclophosphamide (CFA), 5 mg/mouse, injected intraperitoneally on
days 0 and 1, ’one injection each day. OGP(10-14) was dissolved in “sterile
water for injection” and 0.1 ml of the indicated doses or water orﬂy
(vehicle) was administered subcutaneously in the nape daily from day -7
to day —1 and from day +2 to day +8. Data are mean + SD obtained in 20
animals per condition. *: significant over CFA+vehicle, p<0.05; **:
significant over 1 nmol OGP(10-14) group, p<0.05.

Fig. 2A shows i
Fig. 2B shows total monocytes counts.

Fig. 2C shows total immature cells counts.

12



Fig. 2B shows total nonocytes counts. Fig. 2C shows total immture cells
counts. 12 WO 03/011313 PCT/1L01/00700 Abbreviations: cont (control,

unt r eat edwp os@m3iyvehicle), ce (cell), T (time - days) Fi gPC3/TLOIOBA010- 14)
stinul ates the nunber of circul ating double positive CD34+/Sca-1+ in mce
under goi ng chenoabl ati on of hernatopoietic tissues Ml e |CR mce weighing
25 gm eadibbrevietionbj emttedontrot Hemwailed),i wh (Vediidlg), opciceBhds fvagi-de (CFA), 5
ng/ nouse,_ i r5| ected intraperitoneally on days 0 and 1, one injection each
day. OGP({%@M) was dissolved in "sterile water for injection” at 100

nmol /M concentration and 0.1 m of this solution or water only (vehicle)
was adm ni stered subcutaneously in the nape daily fromday -7 to day -1
and froniRigy 3+20CGPday]l HStiCEktabllet pumber of circedtiens Wowlbld pésitiv¢ 0. 1

G CSF framday +2 to.+8 served as ppsitive ref?rence. Data are nean SD
(error b&d34ESsarbbin mure LREero g FABRARIGToBYY SR oPAIeEs STl s per
condi ti oRg AbREEVI AL i vehi ) ! 5 Y * hl1Skgni fi cant
over CFA+veh cﬁef,ﬁ%ig&g‘i}.n\ﬁ%ih%é.’(ﬁgA‘%éﬁ-W% PT ggﬂ%%edo(é%(%%%bl%ﬂruggt ment

regi men @RiEXcydoshasphanyide f(CFA)NG nugtosisdeijyedd intrmpeoitensmlyr@w of nice
subj ected to chenoabl ati on of hernat 8&%‘ i‘eréi c tissyes Male | CR 131 ce

wei ghi ng 4255 dandhd hone irjesipp earh day cOGHE B A Arasofisselepddn csterddhospham de
(CFA), 5 e, .l ni ect it i .one

o) ecti o Balro R g B LY hARL BRRacith HBYME ATLCnip T

i nj ecti oRoIBEkonl B wHgek/oilly (osisieR) vedd admatidtdded subcatatidvusly aokhs i on or

wat er only (vehicle) was adm ni stered subcutaneously in the nape daily for

the indi cawediaibr froa( dny -Bénslayar¥ and feesn Hayvestedabidd by A gbkted anal yzed

I:grqdicﬂ gn. ic]:aogrgape% %‘tlgSIOGD%tIﬁ).frﬁl @@ﬁsﬁo%?tﬂf%é L4 +81%e?\;ydrrg£ S per
positive reference. Data are mean * SD (error bars were too small to be
displayed) obtained in 33 animals per condition.

*.

Abbreviations: veh (vehicle), T (time — days), significant over

CFA-vehicle, p<0.01.

Figs. 4A-C - Effect of OGP(10-14) treatment regimen on ex vivo colony
forming units derived from bone marrow of mice subjected to
chemoablation of hematopoietic tissues

Male ICR mice weighing 25 gm each were subjected to chemoablation
using cyclophosphamide (CFA), 5 mg/mouse, injected intraperitoneally on
days 0 and 1, one injection each day. OGP(10-14) was dissolved in “sterile
water for injection” at 100 nmol/ml concentration and 0.1 ml of this
solution or water only (vehicle) was administered subcutaneously in the
nape daily for the indicated period(s). Bone marrow was harvested on day
9 and analyzed for colony forming units. Data are meam+SD obtained in

10 animals per condition.

Fig. 4A shows CFU-GM.

Fig. 4B shows CFU-GEMM.

Fig. 4C shows BFU-E.

Abbreviations: Colo/di (colonies/dish), Veh (vehicle).
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Fig. 4A shows CFU-GM Fits, 4B shows CFTT-GEMM Fig. 4C shows BFU-E
Abbrevi ations: Col o/di (col onies/dish), Veh (vehicle). 13 WD 03/011313

PCT/ 1L01/WO0MM@113F3 gs. 5A-B - M crophot ography of bone Mar rowibo@sg Fig. 5A
presents photom crographs of two parts of bone marrow specinen from

i diopatic myelofibrosis (I M) patient cultured ex vivo for 14 days in the
absence of OGP(10-14). Fig. 5B presents photom crographs of two parts of

bone marrqw imen fromidi gpat | el ofi brosis (I MF) patient cultured
ex vivo ﬁgS- ég%a“&@?‘irﬂp Wé’gﬁfr‘lgg%ﬂtéo’ MY RFBEP( 10- 14). Not e i ncreased
cel |l dengg; W i th 0;, . ol 64:-B. .~

M cropho?ég%/a%%y p?)f? o%g%#%%%wﬁgg%égsh% Igpgc;.m%Ap%rﬁ)gngt gé%%otﬁloaﬁ‘lr%vﬁographs of
reti cul ugpetiaiare drese ddiopasicl meatofibnosip AINMF) phatienn eulturdves paoi foen from

i di opatic el ofibrosis (1 M atient cultured ex vivo for 14 days in the
absence gﬂ%@ﬁ@@bsepp@pfé@ 185kt s phot oni crographs of reticul um

st ai ned ti t n o] eci r i.diopatic
nyel of i bri;ggi sg%lsl\d'—r;egé%tgt' eﬁ?&%ﬁﬁgg%aé%%e%f\/%é %I?t@lz)'fgggrsléi %{Qtlkg"vpr esence

of 10-8 Mp&Xied) i) 1diopatie meelstibrenp BV gatiehnt GuPluled 1y vivoeked ti ssue.
Fig. 7 - Regression analysis in | MF Regression analysis in_idiopatic

nyel of i bAdsdays imihe praspaer of et WGP B osite Inespapedigall dengityo ratio of

henmat opoi. etic .cells jnu [ -hn 10514) treated over untreated specinens
(T/C rat ?%)S?eglﬁréegré?tdihﬁg&:v”%} (I)g(%?:fé)é%;tl onshi p between the severity of | M
and effect of OGP(10-14). Abbreviations: Hen(henogl obin),

Hemat o( hemat opoi etic), rat(ratio), cellu (cellularity). Detailed
Descri pt figsobA:Be Mprephoiggraphy of bone marrow biopsy

Fig. 6A presents photomicrographs of reticulum stained sections from
two parts of bone marrow specimen from idiopatic myelofibrosis (IMF)
patient cultured ex vivo for 14 days in the absence of OGP(10-14).

Fig. 6B presents photomicrographs of reticulum stained sections from
two parts of bone marrow specimen from idiopatic myelofibrosis (IMF)
patient cultured ex vivo for 14 days in the presence of 108 M OGP(10-14).
Note normal appearance of OGP(10-14) treated tissue.

Fig. 7 - Regresston analysts in IMF

Regression analysis in idiopatic myelofibrosis (IMF) patients between
hemoglobin level and ex vivo ratio of hematopoietic cells number in
OGP(10-14) treated over untreated specimens (T/C ratio), suggesting a
direct relationship between the severity of IMF and effect of OGP(10-14).
Abbreviations: Hem(hemoglobin), Hemato(hematopoietic), rat(ratio), cellu

(cellularity).

Detailed Description of the Invention

A number of methods of the arts of cell biclogy and peptide chemistry are
not detailed herein, being well known to the person of skill in the art.

Such methods include peptide syn’bhesis and structural analysis,
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r _—ar ~_L~r _, -, and pepti, A nunber of ne liho ds of Life art s
of celln biology and de chem stry are not detailed herein, being well
known t o wbe3perssvbn of skill in the art. Such nethods i nelcadeop®pio de
synthesis and structural analysis, 14 WO 03/011313 PCT/ 1L01/ 00700
differential cell counts, cell sorting anal yses, colony form ng assays, and
the |ikdifforextisdold epawss.i tsilheodinhanebrescolpny Prgping@aspgnt a®iot ocol s in

I I .. Col t al. .{ed Joh A & S . k, NY
and. St e 13 Terhoft oBrab SRuon @Rl & e Sl Erorg BRI
Pi erce EheALESIogFOCOLRRE 5t af dedb) JoRA WileF &5 Soh9.8thk., NbeSEokINY cat i ons

are incorporated herern in their entirety by reference. Furthernore, a
nunber efndi Biemattogl.baland dmingudD.ade: di Rhesec Pephiteahrnthsssr i bed

herein in detail, .a hey. a Il kno person of ,skill in the art.
The f ol F8RcgC REBYER) s Bl ILe dindrar :(3%( 1188 gRhERMeE gr ow h

pol ypepti, in_ f5 HROHCHAGrdy O ReROLNREPELFB PR NG

pr ot ei n%‘;g%&%é@ﬁ@g&%%%&?i oGP. V\Bl&: ?O%\hiGte bl ood celel s). PBL -

(peri phernahbédt 06 dpmuGhdsicid yahapirosphemnde )n eBMT ins{doredarmribed/
transplantation). IM - (idiopatic | of i br osi s).. veral cellular or

sol ubl e begem i defiail apdhevare §?lﬂf%o“l’n%$°§]ﬁ%p?]f?98r°)§@ﬁﬁgﬁntﬁ%f‘i‘i\%en bone and
bone marrow cells. This interaction seens to be essential for the

regul ation of conmtnent, proliferation, and differentiation of

hemat opdites follostiamadbeepatiganiarousedhkseinOGP i ncr eases ost eogenesi s and

bone marrow cellularity [ G eenherg, (% ,.et al., ibid. (1993); CGurevitch,
0., et AMGP(®biasteqeroobgiowihpesnertideds is a potent mitogen for

ost eobl g5L b RAfl. bL0oRIiAEE G E BblyDeBRHe RORELRI RN (s).
sOGP - Synthetic OGP.
WBC - (white blood cells).
PBL - (peripheral blood).
CTFA- (cyclophosphamide).
BMT - (bone marrow transplantation).

IMF — (idiopatic myelofibrosis).

Several cellular or soluble agents could be responsible for the interaction
between bone and bone marrow cells. This interaction seems to be
essential for the regulation of commitment, proliferation, and

differentiation of hematopoietic stem and progenitor cells.

oGP increéses osteogenesis and bone marrow cellularity [Greenberg, Z., et
al., ibid. (1993); Gurevitch, O., et al., ibid. (1996)]. Moreover, OGP s a
potent mitogen for osteoblastic and fibroblastic cells and bone marrow
stromal cells [Greenberg, Z., ef al., J. Cellular Biochem, 65:359-367 (1997);
Robinson, D., et al, J. Bone Min. Res., 10:690-696 (1995)].

In an osteoblastic cell line, it has recently been reported that OGP

activates mitogen-activated protein kinase via a pertussis toxin-sensitive
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stromal cells [Geenberg, Z., et al., J. Cellular Biochem 65:359-367
(1997); Robinson, D., et al, J. Bone Mn. Res., 10:690-696 (1995)]. In an
ost eobl aswooseeishz | ine, it has recently been reported thatrCOER01/@CH0 vat es
m t ogen-activated protein kinase via a pertussis toxin-sensitive 15 WO
03/011313 PCT/ 1L01/ 00700 G protein. These activities appear to be
restrict édprotednt €fheseal actpahieapeppeate 0Gel Orebidictudd, tot MeMt@inoial it has

been suggest ed t hat 0-14) js the_.bioactive formof OGP [Bab, I., et
al ., ibid®nf 19@2})‘?9 O%ﬁé’d‘- n%om%feﬁesee%% rlte I Reepnsggastehgdhat vi ew of a

possi bl e d V. ihi.zadl i i bsgn . 7l enicity
and t oxi cclbdt?gy%(yng‘l) F%]écllllﬁe?ltg??@‘ée g&rﬁbl#ﬁ?ﬁ}gcwgtghg’pe?o%cﬁlg'n@#ﬁﬂandl i ng of
t he pept iQ@P(101dyicoukl bt uditeamblgvieteestingtimatety bhat padsitde Aavivy sS. C.
injections_of 0.1 to 10 nnol. OGP for 2 weeks in normal mce, the peptide

i nduced &Wl7atqme £opsyleamethe phsemgost pHmogeriehuard tarsitapprdxi mat el y

'oi . o ( 106a) T anBi of AR TRARLA B A o GEHBMET o)’ or o0 by

the treatnent, which suggests a nultilineage activity on hemat opoi esis.
Interestingly, in the experinment described herein, after reversible aplasia
i nduced Brevimasaginidiess hawe demosstrated thy hBphdepliant dayectivns @ftG.at ed by

OGP(10-1 cove astes than those injected,with acebo gnd w t hout
any val ugélgﬁtwpfc%i)a{%lt e I&/é’&“ﬁl&ie‘gl.lce’rﬁhg,pqpﬁ%ae P?(B%Cfeﬁa@’ﬁect t he
present iiAMRRkkWrehedatesn FD%R iR A NWBWtdoaaks aG@TRESHIERA AP MI% S Ng as an

effective ingredient at |east one oligopeptide having stinulatory activity
on the prodascemensfof pegrallopenetmarrow cellulpridy efGableyitichy iChget kd.,ami no aci d

et Tyr - i PRI T oo ahtiteh lEiyhes Vel mef aieraf bygles, "
bl ood cel T e e Bl PR FE G| SiegpdBoRifeess o
Interestingly, in the experiment described herein, after reversible aplasia
induced by the administration of CFA (cyclophosphamide), mice treated
by OGP(10-14) recovered faster than those injected with placebo and

without any valuable toxicity at the employed doses.

Thus, in a first aspect the present invention relates to a pharmaceutical
composition comprising as an effective ingredient at least ome
oligopeptide having stimulatory activity on the production of
hematopoietic cells, preferably having the amino acid sequences
Tyr-Gly-Phe-Gly-Gly, Tyr-Gly-Phe-His-Gly, Gly-Phe-Gly-Gly or
Met-Tyr-Gly-Phe-Gly-Gly, also denoted by SEQ ID NOs:1, 2, 3, and 4,

respectively, and a pharmaceutically acceptable carrier.

The process of blood cell formation whereby red and white blood cells are
replaced through the division of cells located in the bone marrow is called

hematopoiesis. For review of hematopoiesis see Dexter and Spooncer

[Ann. Rev. Cell Biol., 3:423-441 (1987)].
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repl aced through the division of cells located in the bone marrow is called
hemat opoi esis. For review of hemat opoi esis see Dexter and Spooncer [Ann.
Rev. Cel IwBiool011383 423-441 (1987)]. 16 WO 03/011313 PCT/ 1L@cr0ra®700Ther e
are many different types of blood cells, which belong to distinct cell

| i neages. Al ong each |ineage, there are cells at different stages of

mat ur at i diherkrameany dodereat tgpes ef slped icells, zelichdreldid fedainct galdt i ons. For

exanpl e, ;erythrocytes are involved.in 02 and, CO2 transport; T and B
| ynphocy t¥&ageE i‘%%g veirh dinease, Jfhgrantiensays n%ﬁi‘ii%gﬁeliﬁmﬁﬁ%es ésponses,

respecti ved dirallodt Mzﬁtlﬁﬁ ¥isod &AW £:8% e@falﬂ}a&’ G GlRLELD %nc%qulst. Sy

granul octyes and macrophages act as dgeneral scavengers and actessory

cel | s. Geaaumpdeytegheatytbe drarinveived ii @edandt@Obasepdiidrs; Teaad Mmphi | s,
neutrophils and mast cells. In a specifically preferred enbodi mrent of the
pr esent cytefe arphapvRivedt iftaﬂtell:o%sﬂltle;b?dﬁbf medaatiedy dprmvne conpri ses

P
an oligo ' }(gy] 1S a i [ he formul a:
Tyr-Qy- Eﬁ%ﬁdﬁs gy %gt &glghg?%gi%g%%éégﬁbﬂ%fgg b%‘%()ldsdBfE:'tfliP%’p%]bq itB% is
desi gnat gilafXRiclfbsldnd mAc:opbbgut acheaspiesedl seiRhke! hald- adcBssppt her
enbodi ment . the pharnmaceutical conposition of the invention conprises an
ol i gopeptelie Whpanlqcytes santhpdorihes diidady ntee bheemhils: eosinophils,

Tyr-Aady- “Hi.s- as dengted by SEQ ID NO: 2. In yet another enbodi nent,
t he phar %ggﬂpﬁlégg%%%aggicgﬁ%n of the invention conprises an oligopeptide

which is a tetrapeptide having the formula: Gy-Phe-Ay-Ay, as denoted by
SEQ ID NO 3. In another enbodi nent, the pharnmaceutical conposition of the
i nvent i ofn @oraperidiesllsn poefeymse prinbediweingh of sthe hexapept agtechavhag t he

formul a t-Tyr- - Phe-Gy-G3d s .denated by SEQ ID NG 4, in.which the
met hi oni R?@&%’BH&C%V)"BBO%%V%& 1e FHECHAP CORPTHEE A Ohgoreriidect i ve
~ng’ ed~eRyHich % hhfeRhAPRERUNLGRlg the formula: Tyr-Gly-Phe-Gly-Gly as
denoted by SEQ ID NO:1. This pentapeptide is designated OGP(10-14)
throughout the present application.

In another embodiment, the pharmaceutical composition of the invention
comprises an oligopeptide which is a pentapeptide having the formula:

Tyr-Gly-Phe-His-Gly, as denoted by SEQ ID NO:2.

In yet another embodiment, the pharmaceutical composition of the
invention comprises an oligopeptide which is a tetrapeptide having the

formula: Gly-Phe-Gly-Gly, as denoted by SEQ ID NO:3.

In another embodiment, the pharmaceutical composition of the invention
comprises an oligopeptide which is a hexapeptide having the formula
Met-Tyr-Gly-Phe-Gly-Gly, as denoted by SEQ ID NO:4, in which the

methionine residue may be acylated.
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conpositions of the invention are synthetically produced by knowmn 17 WO
03/011313 PCT/1L01/ 00700 organic chem stry nethods. Such synthesis is
descri bedwofionistanpl e, in said US Patent No. 5, 814, 610. pA&xaneidiong to a
preferred enbodi nent of the present aspect, the pharnaceutical conposition
of the invention is intended for enhancenent _of engraftnment of bone marrow
t r anspl aptgANIpeharipay appthodse Soieht symdhpyn 1s sleperibed: rfow exerpdpuimt i on and

t he nunber. hrcu i topoietic stemcells. According to another
enbodi neﬁ?fdopﬁ}(e;lb"btﬁgk%’cggqll%gmcorrposi tion of the invention is intended
for enhancenent of engraftnent of bone marrow transplants, hematopoietic

reconstruction, bone marrow re-popul ation and the nunber of circul ating
hemat opoRetiwlisgetv cel psefefrred pembedimente cdfi theg pregemdt taspagly the
irradiatigon. The capacity of th emat opoi eti.c, st ells to proyide for
he 11 1 ePBAEMAGF BRI B U PT ER S aag dat R Bt spirbReBeBy a bal ance
bet ween e eﬁ%ﬁﬁxﬁ%f PLEStHGd ¥ ndeddwy i S tiiBpRLpduCt hem@bpseawi tt ed
progenitors cefls I ch generate specific blood Iineages, and the stem
cel | repkémaistnrction, bbhe madoff er-populatied stdtle fssilferrdremmltinghe
mechani sm regul ating. henmatopoietic stemcell plasticity and sel f-renewal
in vivo REMAERESIICHIP @Yt to define. However, the major contributory
factors represent a conbination of cell intrinsic and environnent al

i nfluences [Morrison, et al., Proc. Natl. Acad. Sci. USA 92:10302-10306
(1995) ] . Atberdinpab taantke10émbblambetyaheo phiaetiaceiicaloenvpssitioepf thas been

est abl i shed through the _use of |ong-term bone marrow_ culture systens where
hemat opoiagrtien s gntended fosenhpreemant of prsyafigpentef hong BAEFY of HSCs,

(1902) ; i RiAlaRle" ST TR g kf AR GnetBlet o O Tr g PO o BRI o of

hemat opoeldi ¢he ehhmbbi ifesiaselating tehidtbpoibes dteth cells of a patient

receiving chemotherapy or irradiation.

The capacity of the hematopoietic stem cells to provide for the lifelong
production of all blood lineages is accomplished by a balance between the
stem cell plasticity, that is the production of committed progenitors cells
which generate specific blood lineages, and the stem cell replication in
the undifferentiated state (self-renewal). The mechanism regulating
hematopoietic stem cell plasticity and self-renewal in vivo have been
difficult to define. However, the major contributory factors represent a
combination of cell intrinsic and environmental influences [Morrison, et
al., Proc. Natl. Acad. Sci. USA 92:10302-10306 (1995)]. The importance of
the hematopoietic microenvironment has been established through the
use of 1ong-terrh bone marrow culture systems where hematopoietic cells
cultured on stroma allow for the maintenance of HSCs, albeit at low
frequencies [Fraser, et al., Proc. Natl. Acad. Sci. USA 89 (1992);
Wineman, et al., Blood 81:365-372 (1993)].

The demonstration of hematopoietic cell maintenance in culture has led

to efforts to identify candidate ‘stem cell’ factors. The role of
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to efforts to identify candidate "stemcell' factors. The role of 18 WO
03/011313 PCT/1L01/ 00700 henatopoietic cytokines in stemcell naintenance
has been wouwdioediby direct addition of purified factors taTIIDOMIOTE0O
cultures of stemcell populations followed by transplantation of the
cultured cells [Meunch, et al., Blood 81:3463- 341{3 EIQQS%% anman et al.,
i bi d. (bessytoprssi cytekings n st glsmantenease haoheen diedapyt he known

early- ggltelﬁ? gﬁfl?cl ﬁog{:ogﬁggfi%%ﬁ f\‘f&oﬂ‘-tg,’[ {;Ilé éﬁz@r@%@lﬂﬁre@agp PESN c§pOWN to

stinmula nore comm progenitor cells while

CONCUT I 83k Ya(3bh & WGy tea@Rtentdition obtheapiansidocellsofMerhdls aeapabl e of
long-termmultilineage repopulation [reviewed in WIIi

Bl ood
81(12) : 316BIBA BI:348BP47TMIIIAED); Blinbweg el M.ﬁaﬁ%}%@érﬁtézﬁl s;
13: 477- 486 9 i d i ndi that i ticit
and rep3%8?ét]a%h@%’Jﬁg\m%%)ﬁrg@%gteoﬁ%%siéﬂ%‘éga %ly'ggﬁéﬁiﬂgogﬁggtss rrd\s\%hf1 S It(r:IIe y

mol ecul g, fThat TPI@IRHEKE 8lafverRieMEovh tb REiS@ulapd Bréler£tion o€hharer emai n
unknown. e polypeptide used in the pharmaceutical conposition of the

i nvent i ebmibiisedgangshivnncdlls whileeaveurteatlyerbeninggaapttediapgs batti ng

mul tilineage praogenitor._cells,. These ltilin e progenitar..cells are the
ci reul atq%gexﬁ%’??19nppg§8p§di?péb?4 Oﬁig?gll%%ncléﬁlﬁ@gn?%et %gp%&ni%}]l%glnd nouse,
pri m {1 Yfe FRENGE 1R CRRHORAL ChidodPBedenidie.s el (eagen Malledsiiged a

bel onging to a class of c&lTs defined by their expression of a cell

sur f ace i Diepughsi, grainedelBDIB:4Th4e86 (1299)s WhileBbese data mulicate as CD34

positive cells. In the npuse,_ an early subclass of the CD34 sitive
hermat opitdeitctheerells alasticHy i BPRONYE Wv@n@%ogﬁayéheapr%sgw%&%yme

anal ogous

a-1.ce rf,ace - Gen . yaredf .of Thgs &S or e,
human C[Sﬁ?l% &2 tgeo&{t}l%?(%ﬁbgggt?@gcge Ighgtr té)t}gxcl)lrr?si de}%%ngg‘{%iaval ent to the
mouse dgyibh-idrest télverdoh@4/ Gelandweel | s. Human hemat opoi etic progeni tor
cells which express the CD34 antigen and/or the Flk 2 receptor are
-"eferred to herein as "pri itive progenitor

The polypeptide used in the pharmaceutical composition of the invention
has been shown to increase the percentage of circulating multilineage
progenitor cells. These multilineage progenitor cells are the circulating

early precursor CD34 positive cells.

In the human and mouse, primitive mature hematopoietic progenitor
cells can be identified a belonging to a class of cells defined by their
expression of a cell surface antigen designated CD34. These cells may be
referred to as CD34 positive cells. In the mouse, an early subclass of the
CD34 positive hematopiotic cells are the double positive CD34* /Sca* cells.
The analogous Sca-1 cell surface antigen in the human is Flk2. Therefore,
human CD34/F1k2 double positive cells are considered equivalent to the
mouse double positive CD34/Sca-1 cells.

Human hematopoietic progenitor cells which express the CD34 antigen

- oo -
o herein as “primitive progenitor

(g

and/or the Flk 2 receptor are referred
cells.” By contrast, hematopiotic cells which do not express either the

CD34 antigen or the flk2 receptor are referred to as “mature progenitor
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cells.” By contrast, hematopiotic cells which do not express either the
CD34 antigen or the flk2 receptor are referred to as "mature progenitor 19
WO 03/ 011¥033B0BAIL01/ 00700 cells.” Therefore, as preferred/emmdéiorent the
mul tilineage progenitor cells are the circulating early precursor

CD34/ Fl k2 doubl e positive cells. As used herein, "progenitor cell" refers
to any soelid.?T Tlomkeforepwhiscprdfasretlhemboedipamitt the engkilaremige progbyitor
differentiated, functional progeny by i ff tjation and proliferation.
Progeni t 6¢ll¢are the gapwigding Pf%’r"é’sorf $b§4mgtd@h,%pggltwp§ S-system
including, but not limted to, blood, nerve, nuscle, skin, gut, bone,

ki dney, liver, pancreas, thynmus, and the |ike. Progenitor cells are

di sti nguiAshesdf hersin dffibgeeitbi aslEdretaista"anynbimhticaet, défiéinkds aBet hose
cells which may or may not have the capacity to proliferate, i.e.,

sel f - r epeipagity Bot sewerntear ullinapiifereptiaghtibr gorctippakr Preg™Fer BVt i ation to

a di ffer ot SltlatitP il GR1AALTRY. AINELRL0! Gals iHaNde! LAfRn L cover

progeni t er STi ngui rom  abnor ma S Such as

cancer Celdn$, a8 ReGal by oresik efistert Sidduditfy, Wt AePNikRE@LS, blood, _
(self-replicate) but which general lyi/ do not further differentiate, despite
appear i ngerve,bavsplentsliie oit, heaef kidnent lyesdrarpregentionys.ared dbei ned by

t hei . | ocyt.e/ age « 6ol ony- ' it
corls (caertrog it BHEF Ard S RELRE DR Ry SRRl L TS BARET 10T
eryt hr oi d+p! @Hndons hgstinells WBRY Bhy 6 blef entikd® thé @apisthrei d

colony-formng units (CFU-E) which give rise to mature erythrocytes.

Si mi | ar | prolifeeadds g-«CFself@Enhegry bukoshichUareand aBles tCrwdergg duithers are abl e
to differeptiate into nega ocytes, ranul.ocytes crophage, .eosi nophl s
and basofhii¢rentiadagn 9 v‘%l gl. %ﬁ?yo lcftyg?@r Wl %Mpby‘gﬁgg?%rs have
been chay AL 0ol 08 reyxﬁggbﬁ-t PRERE ORQY GhiltheR! QBeRIARh@Cgin i Nl ude

t hose celcﬁggﬁgdnrlfsgh gre Vecélpa e ]é)? successi ve cfcl es of differentiating and
proliferabnogmiad odlll dudp at cascghicelds,f égreeirllyrde ukemieneilopoilethc cells

|1 neages 'proAltifeter% rm(gélf-replica’ce) but which generally do mnot further

differentiate, despite appearing to be immature or undifferentiated.

Progenitors are defined by their progeny, e.g., granulocyte/macrophage
colony-forming progenitor cells (GM-CFU) differentiate into neutrophils
or macrophages; primitive erythroid blast-forming wunits (BFU-E)
differentiate into erythroid colony-forming units (CFU-E) which give rise
to mature erythrocytes. Similarly, the Meg-CFU, GEMM-CFU, Eos-CFU
and Bas-CFU progenitors are able to differentiate into megakaryocytes,

granulocytes, macrophage, eosinophls and basophils, respectively.

Various other hematopoitic progenitors have been characterized. For
example, hematopoietic progenitor cells include those cells, which are
capable of successive cycles of differentiating and proliferating to yield up

to eight different mature hematopoietic cells lineages. At the most

hematopoietic progenitor cells include the hematopietic “stem cells.”

These rare cells, which represent 1 in 10,000 to 1 in 100,000 of cells in the
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primtive or undifferentiated end of the hem atopictic spectrum

hemat opoi eti ¢ progenitor cells include the hematopietic "stemcells."

These rarwomsloisi3 which represent 1 in 10,000 to 1 in 100po@0Lefooc® | s in
the 20 WD 03/011313 PCT/ 1L01/ 00700 bone marrow, each have the capacity to
generate >1013 mature blood cells of all |ineages and are responsible for
sust ai ni hgnblmadrosgldachtededthicampaoite tto tdeaet-tt e 10f3 antargdlodeelifhey resi de
in the bone frow pri lgari ly in a qujescent state and may formidenti cal
daught er Ogé}lfglqeﬁg%@ﬁl a2t deeransiklg) fogpustaining hdopd celdausdustigny, such an

uncomm t . [ ' . ' N i potent.." .i.e., both
necessar ?/)%glnghg%ﬁg%lgfér# g?%g%'g'glﬁ%fg%sgﬁegugﬁfebﬁ}g%?a%?y %rﬁlfﬂgr%Y 48d cell's.
Progeni t er qeiektentwWihthanidb@dnform tpadial Matighigerenatbraldh Rlpessksse! |

| i neages, hut which cannot self-renew are ternmed "pluripotent”. Cells

whi ch cafapeddebierenemalbdccardingly] sphoan undopeaited anegadtnotarsbef - r enew

are ter "multipotent.. The oligopeptides used in the invention are
useful ?ﬁi%s(ﬁrgfé%é \ﬂ%néelgﬁy Oélflmptoﬁ%%tg E'F :OQ}%O?\’ BYES Y] §flgi %‘bﬁg]ﬁﬁl“ﬁiggﬁni pot ent
progeni t genepAdifg afll tyHbPoF Mt ture MIGRNEIR Pe6driioradddlisQFhRINiRRteRt
progenitor cells. The oligopeptides, and particularly OGP(10-14),
denonst r sepapidy ttp enaratef 4ll ddegd cell lmeages, iutgwhelatopoiteséltregnegeni t or

cells. In a further,preferre odiment, the oligopgptide d as an

ef fecti vé‘leitﬁﬁl_?lgai Bhﬁlﬁ’%epﬁe({‘ﬁﬁgﬁbwg‘&c $3E BFC Fr&?g’?efgﬁhnﬁf OPfvent i on
enhancesmelages BRBHhBoF oI rBRER b G FREQVRIYLANInE el ectivel y increases any
one of the BFU-E and GEMM colony formng units (CFU). Exanple 3 bel ow

descri bes ex vivo assessnent of henatopoietic colony formation derived
from OGP&&% 14éoan .c%ontr | .treated m.ce. QTheﬁ%: is.ul ts indicate an increase
of GEMwv ¢RY SHeerspbides; Fped i Hhe dnuntiion are Merul cappIse NG 1Baed ni ce

conpar ed 1,8sd Beoy&idrb @8] ¥Rk : PO CSF
control i ndsucgso% sl gni felﬂc’anr% 1|9ncrg(e)a{slgjrog(il‘)xpC %&%%ﬁ[ﬁsﬁiﬁg% ﬁ(f;d}llé%aslteg% n col ony
f or mat i oprogewibit veles aied/oy ednhipotent progenitor cells. The oligopeptides,

and particularly OGP(10-14), demonstrate particular efficacy in

preserving hematopoietic progenitor cells.

In a further preferred embodiment, the oligopeptide used as an effective
ingredient in the pharmaceutical composition of the invention enhances

the immature cell monocyte recovery and selectively increases any one of

the BFU-E and GEMM colony forming units (CFU).

Example 3 below describes ex vivo assessment of hematopoietic colony
formation derived from OGP(10-14) and control treated mice. The results
indicate an increase of GEMM-CFU and BFU-E in cultures derived from
OGP(10-14)-treated mice compared to the vehicle only control group,
whereas a positive G-CSF control induces a significant increase of
GM-CFU. The increases in colony formation in cultures derived from
OGP(10-14) treated mice where apparent only when the treatment began

n days prior to chemoablation. Both in vive and ex vivo results
reached by OGP(10-14) confirm the previously reported multilineage
activity of full-length OGP compared to different cytokines. Differently to
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OGP(10-14) treated mce where apparent only when the treatnent began seven

days prior to chenovablationRoth in vivo anla --./ - 1'--" vv (AL1U ex vi
vo resul tworeactsesl by OGP(10-14) confirmthe previously reQarnLedoroo
mul tilineage activity of full-length OGP conpared to different cytokines.

Differently to 21 WO 03/011313 PCT/1L01/00700 other growth and nobili zing
factors [OthenignegytiwandenobilizingfastorsNilaming ., et 8¢i PrasAA0: 76D (1993)],

sOGP( 10- I Pereases e r opoeitic stens cells in the

peri pher z];l‘siac)i*r)lf(;}géiA \Méﬁ%gt&p r@ggﬁjngﬁ(ﬁgm@e WEFFRR75 s H8fn E’éﬁnP}%erco#part ment .
The phar rRegutdpeattic QBRASIdell9An Ofhet E@ribﬂé&edltlbl%‘d Wh&l‘i‘@i&itﬂﬁf Ree 1ntended
for increasing the nunber of white blood cells (WBC), <circu %tl ng

hemat opoibemiecngreaw stéhsellandmpasimaént. bone marrow cel lularity. In a
specifically preferred enbodi ment, the conposition of the invention is

i ntended for supporting bone marrow transplantation. This effect is due to

the acti vily Phati&cAltiQQPERhHOGRANSE thRCiEASRTA hﬁaguﬁi?&refo(}% ghem cells,

accel erates t'he hematopol eti c reconstructi on upon bone marrow

transpl annéegnded afest iincreeasmes thee mehbed aof twhot bined neilsoWWBES), descri bed
in Exanple 1, the_ oligopeptjdes of the |inventjon have been_ found to
enhance CHEUsHdREMemMoParetisstem fellsotnd perall beresmaneow cellylarial at e

henat opoi eti ¢ reconstruction. Bone narrow transplantation (BMI) is
progressively and rapidly becom ng the treatnment of choice in instances of

hemat ol odincalspeeificgtignoiefsrsd emiagimgnphdisasompdtibh bfshetnseaties and acute
| eukemia . as well as solid cancers, in particular nelanoma and breast
cancer. Redshended By spRPoTErRAeRAgRTIeET fpnsMantation STloereffatériat i on in

treat f .ol j f i ' h | ME (i di hi
yel of i b MBI oP Al LG RAI e, THERARG ey Bs P Hh e used
for trealkkllg, elbsersRbatiid MR LopbisE8SRSonstMEon A FSHope AREFW and

auti ommune di sorders. The aimof all BMI is to replace the
transplantation and increases the cellularity of bone marrow.

As described in Example 1, the oligopeptides of the invention have been
found to enhance the engraftment of bone marrow transplants and to
stimulate hematopoietic reconstruction. Bone marrow transplantation
(BMT) is progressively and rapidly becoming the treatment of choice in
instances of hematological malignancies such as lymphomas, Hodgkin’s
diseases and acute leukemia as well as solid cancers, in particular
melanoma and breast cancer. Recently, BMT is increasingly being taken
mmto consideration in treatment of myeloproliferative disorders such as
IMF (idiopathic myelofibrosis). Potentially, with improved methods, BMT
can also be used for treating other catastrophic diseases - AIDS, aplastic
anemia and autiommune disorders. The aim of all BMT is to replace the
host hematopoietic stem cells, omnipotent and pluripotent, injured by
chemotherapy, radiation or disease. These stem cells can replicate
repeatedly and differentiate to give rise to the whole variety of cells
present in blood namely erythrocytes, platelets and WBC which include
lymphocytes, monoccytes and neutrophils. Resident macrophages and

osteoclasts are also derived from hemopoietic omnipotent stem cells. As
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host hematopoietic stemcells, omipotent and pluripotent, injured by
chenot herapy, radiation or disease. These stemcells can replicate

repeat edlwoandidis f erentiate to give rise to the whol e varcativowforael | s
present in blood nanely erythrocytes, platelets and WBC whi ch incl ude

| ynmphocyt es, nonoccytes and neutrophils. Resident macrophages and

ost eoc| athe siem edlllsglifferénteatef thew hembpbithemselyanivporcemnd soem ek | s. As 22

WO 03/011313 PCT/,1L01/ 007 the stemcells differentiate, ey conmit

{ henel vEETHGR B A 6 A RighsY SaapRo oy one fua e i Potheiomn for m onl y
one kind of the above cells. Therefore, according to another specifically
preferred enbodi nent, the pharnmaceutical -conposition of the invention may
be used ilherefoaei agcorBore tommadher sprcifically qoetub¢d ensbadiffeart thef rom a
hemat ol ogi, cal i sorder, solidt nol ogi cal di der or. aplastic

di r,. | di sor
anemi a.  ROPEmAcEBARR] EaPRSItioRe of dhai BIVBHHERI TaySbF diedmdy BRAnEynphon,
Hodgki n' i I }: n p | ferati I der,
parti cul g’ro fly ?ﬁﬁfﬁ?ﬁéﬁﬁ’ﬁ%i r(J)éé)titg %llllfl%/yi:l;;ﬁgl %%HNFEb%%&eﬁ%?&gﬁ% gpoi esi s
evol ves tisardpr,ogplek sumerf anhummlogibsr éasrdezciopphastenmpenesi Modevel ops and
increases. Pathglogical calcification of fibrosis and structural
alterati éﬁgcﬁaﬁy’ag@bgﬁ%ﬁﬁgﬁé“ S%‘ir;le%” dapp e ) lymuhpman Hodgkmse or
rel ative Gl g S t S h . ast
partial l f/lq%j{ss %O(IS’IIS ?%lll% #egl(rm?ﬁ% %?nrr%gﬁ?%és lgo(%jrf%%tr?g{er g%'a %énléti? Eg‘ﬁl.cml%ljéyr esults
descri beddiopaBxiemydobraiis AMF) suggest that the OGP(10-14) can increase

the hematopoietic cell density of bone marrow in cultured bone fragnents
fromIM patients without nodifying, in such a short tinme, the fibrosis.

The cell Iinnfl(/ﬁim%%gle aﬁ% e[q%so.geosg ee\)gﬁle%n&f %eﬁg(?%%%s,igfgffsaﬂ ngt W Ce%‘?aﬁgi f gr the

expansi oi of at ypi cal 7¢ e nay no cour se,

OGP( 10- 14}topioMeyndpossits \@@velops Calld ii@ehéts. [PORBOIGRICAD Waldfibaisdtbe and
cellularity of I MF sanples conpared to those found in sanples cul tured

wi t hout theoperapepuceral Bbiweetons ohéraheeslarmgieomay be responsible
for an absolute or relative deficit of osteoblasts secreted factors and thus,

at least partially responsible for the impaired bone marrow function.

The results described in Example 4, strongly suggest that the OGP(10-14)
can increase the hematopoietic cell density of bone marrow in cultured
bone fragments from IMF patients without modifying, in such a short
time, the fibrosis. The cell increment appears to be balanced and it does
not account for the expansion of atypical cells. One may not exclude, of
course, that OGP(10-14) simply preserves in culture the bone marrow
structure and cellularity of IMF samples compared to those found in
samples cultured without the pentapeptide. However, the preserved or
even increased cellularity in some OGP(10-14) cultured samples
compared to that found in the native ones, suggests a proliferative
activity of the peptide. It is not clear, at present, if OGP acts on blood
precursors directly or via stromal cells or different cell populations but, at
least at the mo

significant remodelling of microenvironment.
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even increased cellularity in sonme OGP(10-14) cultured sanples conpared to
that found in the native ones, suggests a proliferative activity of the
pepti de. wom®irses clear, at present, if OGP acts on bl oo®CTaL@CMI&Or S
directly or via stromal cells or different cell populations but, at in
,aepe de least at the. norphological level, its activity appe”" ars v a NN'
~/ +111 . LGkl implication of this -obseivghiohi is dhat IRGBAK-Ling, df fadtcabkents ronnent .

23 WD 03/011313 PCT/1LQ1/ 00700 One inpli % tion of this observation is that
OGP( 10- 19303ace, iipy iy, threglinepge exppnsipa ofhwman ?lé%nattPﬁ’(?ééth coldge expansi on
of human hemat opoietic cells. The pharmaceutical conpositions of the

i nvention conprise as active ingredient an oligopeptide as described
above, dTha phximaeewficcducdmpaditignpearit fldesnvéntion poalpraeeuti salvey

acceptabl e carrier, excipient or _stabilizer, and optionally other

t her apeutiezedismdt piyehgepephidec e abtwribedr pbeyes | Ok ipixéntes obrsuhabi | i zer s
are non- i eci pie S oncent rati.ons enpl oyed,
and inclu %drﬁeé);t?%e:ss,ins e ﬂf}hzaé' gaﬁhggﬁ%%?eg%gﬁ‘f%ggdgas% Theahd em? K&

physi ol ogliabalizer, agae&pbptibealdyf dtdes, tiidpettice caar@iadhty albeptublaabl e
carriers, excipients and stabilizers known in_ the art, e.g., for the

pur posescairiexddi ergipieatora, stdiibrers pubrieatodn, torrecipeentisi ke the t he

Pher oo etsieh GOR SrbteraiioRy | wRRdyRE) el iR RhEReEr Sudiad ne S
cel | ul osghosfHHtRaNBYEY salide Andlikd BBysiblddid-AB U &ePBIh1s BEkUAE Sydr ogenat ed

castor oil and the like. A preferred buffering agent is phosphat e- buf f er ed
sal i ne swioueigsmerPBB)all suttakle waliers rxcipentsenddjteliligers bnowsnml arity. A

f h tigal f | agiqn. i | acki carrier. Such
For mal ot Piha" o pret DRLBIPeL ! POREHRISt PAEFON By St B

like to the pharmaceutical composition.

Carriers may include starch and derivatives thereof, cellulose and
derivatives thereof, e.g., microcrystalline cellulose, Xantham gum, and

the like. Liubricants may include hydrogenated castor oil and the like.

A preferred buffering agent is phosphate-buffered saline solution (PBS),

which solution is also adjusted for osmolarity.

A preferred pharmaceutical formulation is one lacking a carrier. Such
formulations are preferably wused for administration by injection,

including intravenous injection.

The preparation of pharmaceutical compositions is well known in the art
and has been described in many articles and textbooks, see e.g.,
Remington’s Pharmaceutical Sciences, Gennaro A. R. ed., Mack

Publishing Company, Easton, Pennsylvania, 1990, and especially pages
1521-1712 therein.
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i ncludi ng intravenous injection. The preparation of pharmceuti cal
conpositions is well known in the art and has been described in many
articl es wodswewtbooks, see e.g., Rem ngton's Pharnaceut iPcaliL@giognces,
Gennaro A. R ed., Mack Publishing Conpany, Easton, Pennsylvania, 1990,
and especially pages 1521-1712 therein. 24 WO 03/011313 PCT/1L01/ 00700

The phar Fheephigaicaisid siompesitions hdheninaeniion cam lre ppeppadeth i ' dosage

units forns, The.td sage +0r may.al So incllude ust ai ned rel ease devi ces.
The. compBrieeoHEthig Be PReRaPR By e s rth e U = Ratun i n ¢ ho
art of pha(RBEYThSemRRRANR hlyBe PREIRASSy RYYSE PAOT &RbhY wwarept abl e

carriers that are inhérently non-toxic and 'non-therapeutic. Exanples of
such car knews iimcl thbe adn ekcplaangeasy. Salchnidmsagal dformemestceapate,

| ectithin, serum proteins, ,such as h ser.um al bum n, buffer substances
such as Bhﬁ?ﬁiﬂﬁ“&’@{y gqcfj"“cl?tﬁ‘w}-?,?e sBrpees L%ggpda}repé{‘g]%'ser“g SHPBHRFC tial

I id 1 . - i ds, | ts,
glyceri ﬁoﬁ‘tﬁ%kﬁ@tﬂi sab AL e Ao fsfﬂ@lﬁ a@elﬁﬁléggi&u%&%gﬁoge‘gghgﬁ%eﬁa S, or

el ectrol ytes such as protam ne sulfate, sphat e,

pot assi undimiixgdnnphosp bad eatsoltictithing Bbourmderateins, sakhsys haldaai dal

silica, magnesiumtrisiljcate ol yvinyl pyrroljdone, cellul ose- based
subst ancg&¥tug n@l%P‘EGn’ &:{éﬁqre F‘éb?‘}éﬂm%/% gHe a5y Plim@lélilatﬁés S FBENEOIBAC t hese

pol ypept Ldes .. a i . i | cel | ul ose
b ot by PEEF PREfFSHER ASLIRERAPAL] DEFeTie hidfiueB O WHER SRS SHNRLIY

pol yoxyefdiyy encidb] ackiepplspliay sor REEStranidsweach was pitemhing ssulfge, al |

adm nstratioins, conventional depot forns are suitably_ used._ Such forns
i ncl ude flsodesmnpydrogencpbeshate e dotassipo caydioees , phosphedensediupt ast er s,

T s A il
seni - per gealfiRlonB! £d1hdssbaaetisibeidicephabl PR! gaBiSsClRRtapidaNg: t he
gel-based forms of these polypeptides include polysaccharides such as
sodium carboxymethylcellulose or methylcelluslose, polyvinylpyrrolidone,
polyacrylasts, polyoxyethylene-block polymers, PEG, and wood was
alcohols. For all adminstratioins, conventional depot forms are suitably
used. Such forms include for example, microcapsules, nano-capsules,

liposomes, plasters, inhalation forms, nose sprays, sublingual tablets, and

sustained-release preparations.

Suitable examples of sustained-release preparations include
semi-permeable matrices of solid hydrophobic polymers containing the
oligopeptides according to the invention, which matrices are in the form
of shaped articles, e.g. films, or micro-capsules. Examples of
sustained-release matrices include polyesters, hydrogels, polylactides as
described by, (U.S. Pat. No. 3,377,919), copolymers of L-glumatic acid and
y—ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable

lactic acid-glycolic acid copolymers such as the Lupron Depots™

(injectable microspheres composed of lactic acid-glyeolic aci

and leuprolide acitate), and poly-D-(-)3-hydroxybutyic acid. While polymers

such as ethylenevinyl acetate and lactic acid-glycolic acid enable release
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ol i gopepti des according to the invention, which matrices are in the form

of shaped articles, e.g. filns, or mcro-capsul es. Exanpl es of

sust ai nedwpaBeases mat ri ces i ncl ude pol yesters, hydrogel s, paaliydizoriodes as

descri bed by, (U S. Pat. No. 3,377,919), copolyners of L-glumatic acid and

y-et hyl - L- gl utamat e, non-degradabl e et hyl ene-vinyl acetate, degradable

| acti c aef daglegulsisi fraever $0podamsererminhhpdraghls relpasn pHetxihs T

(injectabl e m cr.nsnher.e& C osed of | aé‘;[‘imc aci ycol i c .acid copol ymer
ds. 5 151 Y

d-
and | eupP BYYGE e REES PoLPeapIL yf&‘reoR%fgé‘%ﬁ FeHGER. Inpkhe e pol ymers

such as | gpeyi t I cl.d- i i e rel ease
250 037 Dot PCl e BERoEhEy ey AsMumnP o B DR SIERE i
hydr ogel sxpedwase pooterast 3HC, rebuoltiney it brtespel hiolhgicalietivesycapdul at ed,

t he peptides {fe inin the body for a%%ﬁong time, they may denature or
aggr egat BOsiEble changss By mmynogepicity, Refienaly grateserccan deudevisedin a | oss

of bi ol ogj,c 75 A - DOSSI L]gpg N enicity. -Rational
st rat egi eg ?ﬁr@%eétggéﬁgg%%lf%r&zttghierfl?za I %?il g{ellﬁengl' %&O%ﬁgyeﬁelg{hani sm

i nvol vedthdaggexaapba, médharnifhe isgisergadd @rbariabanbreuls Si-Tpyeded to be
i nt er nol ecul ar, S—% bond formation through, thio-disulfide interchange,

st abi | i zZirodationy theoughc Hibao-déswiden dnteehanaaul siahdlizationsmasesbe

| yophi l'i zj om.acj 0i:&.: SO i rol 1 kng.mpi.stur.e content, using
appr opr i AP SRyRlPBY Y hotify 2 5 hPESA, SORNLE ¢ W pERG RGPS

conposi t sslRgionSy sbatBHthy #leasee QohBIRE MM ap e rRas td Lutiaed Yasde sOGPL- 14
conpositions also include |ipsoinally entrapped polypeptides. Lipsones

cont ai ni AgvelnpiE prAojiepelyawes matrip cemapsitiony. met hods known in the art,
such as described in Eppstein, et al., Proc. Natl. Acad. Sci. USA

82: 3688- 3692 (1985); Hwang, et al., Proc. Natl. Acad. Sci. USA 77:4030

(1999 Seembpmi e, BgOtec et Syl e ooz || pores,
cont ent ¢emgpedioss alsanngbulet lipsomplly edheppst @obipeptides. Lipsomes

containing these polypeptides are prepared by methods known in the art,

such as described in Eppstein, et al., Proc. Natl. Acad. Sci. USA

82:3688-3692 (1985); Hwang, et al., Proc. Natl. Acad. Sci. USA 77:4030

(1980); US Patents Nos. 4,485,045 and 4,544,545. Ordinarily, the

lipsomes are the small (about 200-800 Angstroms) unilamelar ‘type in

which the lipid content is greater than about 30 mol.% cholesterol, the

selected proportion being adjusted for the optimal polypeptides therapy.

Lipsomes with enhanced circulation time are disclosed in US Patent No.

5,013,556.

Therapeutic formulations of the oligopeptides are prepared for storage by
mixing these polypeptide having the desired degree of purity with
optional physiologically acceptable carriers, excipients, or stabilizers
[Remington’s Pharmaceutical Sciences, 16h edition, Osol, A., Ed., (1980)],
in the form of lyophilized cake or aqueous solutions. Acceptable carriers,

aveiniants ar ci‘a}\“ivovs are nOﬂ'tGX‘.

n ta
vvvvv plents, oY stabdlilzer e iC O

concentrations employed, and include buffers such as phosphate, citrate,

and other organic acids; antioxidants including ascorbic acid; low
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sel ected proportion being adjusted for the optinmal polypeptides therapy.
Li psonmes with enhanced circulation tinme are disclosed in US Patent No.
5,013, 556woheispeuti ¢ formrul ati ons of the oligopepti des a&ca/ipoigpased f or
storage by mxing these pol ypeptide having the desired degree of purity

with optional physiologically acceptable carriers, excipients, or

st abi | i ZzBpleculamemictgfiiofless Phapnabaiit L@ alestiiesh wdyperdilesd Prpisans.csol , A |
Ed., (1980)], .in.the f I | i zed Gaks o] i,0Ns.
Accept abgl“‘gi’caarsriS'eerI}slPCl 3%{:%%n épaggi’stogb?ﬁ zer%ﬁg?@ﬂﬁgn&?gyé%mtco

reci pi efoiylers NQIh @S PoBvinylpyaolidbnénadntancasidsatudnaseghicdygd, and
i ncl ude bu¥fers such as phosphate, citrate, and other organic acids;
ant i oxi dentsmime| udispgragiver bi ergining; | 6w beipe 03wOReFAThMITLI,1 01/ 00700

nol ecul ay. weight. (Il ess, than about 10 residugs)_ pel pt i .. proteins,
such as i‘@?‘iﬁlhg"ifdcﬁ%ma}ﬂd d)éﬁ%’l’f i ?buwéiﬁmﬁ%%flg’tﬁﬁ igg‘%%/(%ﬁydxrl %%’%?s]ei co(} pol ynmer s
such as RQkYHsIYhAUERQ 4 SORE sudhThd BIFEA dsudiicdlcalsold k¥6h A8 manwikslt am ne,

asparagi ne, arginine, or |ysine, nonosaccharides, disaccharides, and other
car bhydraaidsormitdly dilagigmiogseuntenvosesudhr a ghelwm; rnd/ehebatippy agent s
such as EDJA;, sugar .al cqhol s ch as nni t ol , , and .sor.bi ; slat-form ng
count er -Ei%g%‘:té“m’:% suchgg ﬂl&?ﬁe%ﬁyl&mﬁggﬁr é’r‘?ﬁycethgﬁf’ref %X‘f%}rﬁp ??l?u ch as Tween,

Pl uroni csTM or pol yet hl ene glycol (PEG. The oligopeptides may al so be
entrapped in mcro-capsul es prepared, for exanple, by coacervation

t echi nquEBLe oligbpeptifies hagi alsojel ymeappad inmicteocapsdespirepared, for

hydr oxynmet hyl cel | ul ose or . gel ati ne-m crocapsul.es .an pol y-.
(et hyl restaaapla, é’b’e‘)oaﬁ*PE‘f%é‘&bE‘iPﬁ’é%queﬁéﬁrp}éY:f t\‘?é*as?}a}l-l?(ﬂy@(ﬁrllzé}tlﬁﬁl(f?fr ug

del ivery SRR g %gar%m@@écé@g ONES, aéelg%’ig}g?—lﬁrﬂ.c%cgﬁg%ﬁesand

m cr oemuT $1°6 anopartic nanocaps , or 1 n macroenul sions.
Such t ecfulyquesthgtethsglasg dnicnoddpsuleg) easiechivalyypde wolloalal Shivences,
bid. delivery system (for example, liposomes, albumin microshperes,
microemulsions, nanoparticles, and nanocapsules), or in macroemulsions.
Such techniques are disclosed in Remington’s Pharmaceutical Sciences,

ibid.

The pharmaceutical composition is preferably for a once daily use by a
subject in need, and preferably comprises a dosage of active ingredient of
about 0.001 to about 50 nmol, more preferably about 0.05 to 25 nmol,
most preferably about 0.1 to about 10 nmol. A

It is to be appreciated that in addition to the described oligopeptides, the
transplantation-supporting composition of the present invention may
further optionally comprise other therapeutic constituents. Such
constituents may be one or more known cytokines, for example, IL-3,
IL-4, IL-5, G-CSF, GM-CSF (granulocytemacrophage colony stimulating
factor) and M-CSF (macrophage colony stimulating factor). When such
further component is incorporated in the composition, the effect of the

composition in supporting bone-marrow transplantation can increase

synergistically.
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The pharnmaceutical conposition is preferably for a once daily use by a
subject in need, and preferably conprises a dosage of active ingredient of
about 0. WD wo1BboOUt 50 nnol, nore preferably about 0.05 treTABowmwodo, nost
preferably about 0.1 to about 10 nnol. It is to be appreciated that in
addition to the described oligopeptides, the transplantation-supporting

conposi ti an Hleldie Eéﬁ?@f"dgigﬁe%@h* vdHion waiéwobﬂi%t L8t hxy%@regéi se ot her

t her apeutic constit . constituents may Dbe one or nore Known

cyt oki Ines abboe edaar;]mlilmd I lLoligpperﬂidélﬁ, Ipaﬂ;ic?aﬂSF, r1@&!!-Gcillj,?rI;Phe—G‘rly-Grly, ]

[ [ M CSF
CO ey o AyETRE RGP ) b Bl S 5 Bl S e 1 o
tr anspl anCaPoB b AEGIEROL, 18 add £PRBRLGVGD. R PR genREne: mr T ow

PCT/ 1L01/ @0gRArmAseatissic esitp@sitieat for tdithapicearmlt dfnsgihftenetiicbfibesaet 0 t he
use of any of the above described oligopeptides, particularly
Tyr - A y- Pheawgpye G tyanspipnpt,q pemigdoppisticy yrecongtrphido ybapg am@rrow

Met - Tyr-G y-PhesG.y- G v, as Qte | DuNGs: 1, 2, 3, and 4,
respectivé%f?pﬁ%gbﬁgaﬁ?@ﬁ%?k??@ﬂng‘ﬁagxﬁﬁg# {Celt i cal conposition for
enhancenent of engraftnent of bone marrow transplant, hematopoietic
reconstruction, bone marrow re-population and nunmber of circulating stem

cel I's. Inladadditeen, the digopepges déescribsdr hiwedn hevayi henugedeinusbd in the
A T e S T
transpl anpgdrstammelol Sh@rd e w &Qélﬁﬁﬁéﬂﬁb,t&%ﬁéﬁ%aﬁdﬂf&}ﬁtﬁn ajfl types
of hematopoietic cells including erythrocytes and thus obviating the need
f or suppottamgplohéedsism welihandébes ceirbssihgrthatavagdabilityeofedbiypesels;
enancl ng S O it el Tt e b B E ey e b AR Y b IS ES LY 08

for supporting the host with these cells for at least several weeks;

enhancing stromal hematopoietic microenvironment by increasing the

stromal cells number and/or expression of stromal cell derived factors

that support hemopoiesis; enhancing the hematopoietic stem cell

expression of receptors to factors that support hemopoiesis; enhancing

the "homing” of intravenously administered bone marrow transplants to

the host bone marrow; enhancing the restoration of blood cellularity after

BMT; enabling successful transplantation using reduced cell number,

thus decreasing the number of (multiple) marrow extractions from donors

and enabling the use of transplants as small as 10-15 ml (instead of 1000

ml); increasing the number of hematopoietic omnipotent and/or

pluripotent stem cells in the donor peripheral blood, thus improving the

feasibility of transplanting stem cells from peripheral blood; increasing

the number of hematopoietic stem cells in vitro in long-term bone marrow

cultures for use as transplants and also providing for a method of

inhibiting growth of tumor cells in allografts from leukemia patients;

enhancing the endogenous restoration of marrow and blood cellularity

after chemo- and/or radiotherapy; and enhancing the restoration of
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stromal cells nunber and/or expression of stromal cell derived factors

t hat support henopoi esis; enhancing the hematopoietic stemcell expression
of receptwolswoisiact ors that support henopoi esis; enhanci RgT/ILOI0760OM ng"
of intravenously adm ni stered bone marrow transplants to the host bone
marrow, enhancing the restoration of blood cellularity after BMI; enabling
successf pbputasinspldntesidart msicrup hoeds edfteic BMTnownadter cHdiws daélogasi ng t he
nunber of é{ﬁr#gti pl e) marrow extractions fromdonors and enabling the use
of transpf CEPY%smal | as 10-15 ml (instead of 1000 ml); increasing the
nunber of hematopoi etic omipotent and/or pluripotent stemcells in the
donor peripheral blood, thus inproving the feasibility of transplanting

st em cel [Thef noappéitidghefab BheateutiRcrddasi 88 ah helipsiRiddl Jrermtopoietic
stemcells in vitro_in |ong-termbone marrow cultures for use as
t r anspl aRPBPLEHICN ebthy Byeatieg Widl ofconpienwaryowith e piovprf mptemth of t unor

cells in ogr.af f keni atiants: nhanci . ng t endogenous

rest or at 5%14’0 Xﬁaeﬁt%wlégérrdi agﬁgeo? ?%% G Pgir];ll(f%/ to jqet glfeat@?\‘g r?&ﬂieg‘ﬁﬂ) gﬁe

r adi ot hepappicularcolefppapeideerhfioysE Sind 85 r8tObf adfhiMRtAMM 13130y

PCT/ 1L01/ 00700 popul ation of resident macrophages after BMI or after
chenp- ap@$othe thrilapenticaloge Wil derdegeimintel o tlee attendpmphysiciase of an

ol i gopepti des or the conposition of the invention will of course vary with
the group of patients (age, sex, etc.), the nature of the condition to be

q . o S .. ; ‘ Y ;
treated angd Wiithbld@ouRbt k@ idlstR]tidPRERs !bgeecfgggiy%}iﬁfé)l E}Sé&%g'é(%lzigrQUt e o

admnistration. In any case the therapedtic m ned by the
at t endi nppgphysilc specialiny lmunanbwehr outfedfivadosagesdfiapolypeptive b€ enpl oyed
for providing a mamml, especially a human, wt n effective dosage of a
pol ypept %la’@ VenttWPsmT?’ﬁ Y. Sl}b{{ﬂﬁg{}%g{ldsqm @%&H@éﬁﬁafd% BAY|

admi ni Stbégjr@fbﬂ]@d’_ be preferred. As a preferred enbodi nent, these

ol i gopepti des are used for the

As a preferred embodiment, these oligopeptides are used for the
preparation of a pharmaceutical composition for increasing the
circulating multilineage progenitor cells percentage. These multilineage
progenitor cells are the circulating early precursor CD34 positive cells,

and preferably, CD34/F1k2 double positive cells.

A “hematopoietic stem/progenitor cell” or “primitive hematopoietic cell”
as described above, is a cell which is able to differentiate to form a more
committed or mature blood cell type. A “hematopoietic stem cell” or “stem
cell” is one that is specifically capable of long-term engraftment of a

lethally irradiated host.

A “CD34* cell population” is enriched for hemotopoietic stem cells. A
CD34* cell population can be obtained from wumbilical blood or bone
marrow, for example. Human umbilical cord blood CD34* cells can be

N 111N
A wadaa
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following the Manufacturer’s directions.
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preparation of a pharmaceutical conposition for increasing the «circulating
mul tilineage progenitor cells percentage. These nultilineage progenitor

cel | s ar ewDlg/ocisnzul ati ng early precursor CD34 positive ceCiraLol/mne
preferably, CD34/Fl k2 double positive cells. A "hematopoietic

stem progenitor cell" or "primtive hematopoietic cell" as described
above, i d'urthermoyghi dhei ohaopeptidedi tsed eftri athe t prerovratignmmie theomni tt ed

or mature,hlood cell,type. A "hepatopoietic stemcel,l".or "stem., cell” is
onet hat HrBReffeel roBSosfon S B BSleEHeR, SHEMRES s iRmahE et hat 1y

i rradi at gthd@sdnoche’ ERAsrE dldd BABEHAIY Acrdase® AnyChed of ahe NEPOLRPOI eti C
stemcells. A CD34+ cell population can be obtained fromunbilical blood
or bone aral GBMM enloex fomphimg wWorbaiCHIMDI | i cal cord bl ood CD34+ cells can be
sel ected for using inrmunomagretic bead's sold by iviilteryi (Cailornia)
foll owi ng the Manufacturer's directions. 29 WO 03/011313 PCT/1L01/ 00700

Fur ther My &ordidglR! LAAReRiEARDHRET atO T ude® iR ap@rﬁte?%aﬁsnt BE the
pharmaceuti cal conposition of "'the invention enhance the rmmature cell and
nmonocyt e plecovsseytiaall compesttiore|fyr iinaraases thn ynwanbewfoft whitBFhlokd and GEMM
colony formn its. (CFU). Accordingly, such oligopeptides are used in the
pr epar at i%ﬁso&vﬁ% CHRY REAHPPREHE cEPI, HG Verdld rRoae MAItHE nunber of
white bl %%ﬁulé&?“él;J.S (WBC), circulating hematopoietic stem and overall bone
marrow cellularity. More specifically, the invention provides the use of

t hese pol ypeptides in the preparation of a pharnmaceutical conposition for
supporting bone marrow transplantation. This effect is due to the activity
of the P pRrgrEherdly. i theiinyeBenmyovies thatise dfthese pobaiepsidegdrel erati ng

the he | ggi.cal..rec tr ' rrow transpl.antation and
e oS! BRSSP U5ED, BAABoIGA: EOBERAT i
marrow transplantation. This effect is due to the activity of the

oligopeptides in increasing the number of stem cells, accelerating the
hematological reconstruction upon bone marrow transplantation and

increasing the cellularity of bone marrow.

According to another specifically preferred embodiment, the present
invention relates to the use of said oligopeptides in the preparation of a
pharmaceutical composition for treating a subject suffering from
hematological disorders, solid tumors, immunological disorders and
aplastic anemia. More specifically, the hematological disorder may be a
lymphoma, leukemias, Hodgkin's disease and myeloproliferative

disorders, particularly idiopathic myelofibrosis (IMF).

In a third aspect, the present invention provides a method for
enhancement of engraftment of bone marrow transplant, hematopoietic
reconstruction, bone marrow re-population and number of circulating
stem cells. This method comprises administering to a subject in need
effoctive amount of an ol
activity on hematopoietic cells as described above, or of a composition of

the invention.
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According to another specifically preferred enbodi nent, the present
invention relates to the use of said oligopeptides in the preparation of a
phar maceuwpaaloisesrposition for treating a subject sufferi mgTiLOIMO700
hemat ol ogi cal di sorders, solid tunors, inmunol ogical disorders and
aplastic anem a. Mre specifically, the hematol ogical disorder may be a

| ymphonma, | eukem as, Hodgkin's di sease and nyel oproliferative disorders,

particul arly idiopathiec nyelofibrosis (LLMF). .In a third aspect, the present
vent | RO BRaieh G megh BHe AREFRUS TRGIA!  FERLGt one mar r ow
transpl afithq NRAREAPG} 8hirafirh 860BE hoHE Ao AendPUEL R diRaRRR AL | On and

nunber of circulating Stemcells. This nethod conprises adimnistering to a

subj ect idecong@dctibherbeat, manref f ecpopmdationuand ofiumbenl ofgoprepliaitade havi ng
stiululator y' activity on hemataopoietic cells as.described above, or of a
conposi t5t6R &8lls inpatiplistergrngeRagPtherany 81 3 pétNm1/ 00700 According to
anot her enbodi nent, the invention provids a nethod for enhancenent of
engraftment of bone marrow transpl ant, hematopoietic reconstruction, bone

mar r ow rigr pepulmithen eabddirusiigramwbifottiva aaidnig ofstlemoligbpeptidespat i ent s
receiviaglchenntherapy or irradiation., In yet another enbodi nent, an

ef f ect i Vidieaprypnesision; ¢cths) ingeplipn ey bsrusednto wepisysi angaisrenthia i nvention
may be %oei\f?%})?x}a{r W‘(ﬁoﬁagﬁg@@%{ﬁ{“oﬂ Mo b&%u@er %’oﬁﬂi%g%ha%%t/&o“ or to

stinmul ate I'za expansion O mat opoi ét1Ic stemcells in a

mamal  psiendién EhEsiiopsictiesbopdiein & p008Al eicy {J daridgimer i pher al
bl ood thereof. According to a specific enbodinment of this aspect, the

i nvent i omematepastic progenitorh deprafthe perpibagaldleebilsreotuf fering from a
hemat ol ogi cal disorder, solid tunor, imunol ogical disorder or aplastic
anem a, by admnistering to the subject a therapeutically effective anount

of an ol AGQRERLE #8 a PRVIIGSEAdTH] el QF YhRCAJpEt, he in e Rsbie kélaePio
henmat opoi etic cells, or of a '
a method of treating a subject suffering from a hematological disorder,
solid tumor, immunological disorder or aplastic anemia, by administering
to the subject a therapeutically effective amount of an oligopeptide
having stimulatory activity on production of hematopoietic cells, or of a

composition comprising the same according to the invention.

In another specific embodiment, this method can be used in support of

the treatment of the subject by bone marrow transplantation.

For therapeutic applications, the oligopeptides or the pharmaceutical
composition useful according to the invention are administered to a
mammal, preferable a human, in a physiologically acceptable dosage
from, including those that may be administered to a human
intravenously as a bolus or by continuous infusion over a period of time.
Alternative  routes of administration include intramuscular,

intraperitoneal, intra-cerebrospinal, subcutaneous, intra-articular,

compositions of the invention also are suitably administered by
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conposition conprising the same according to the invention. In another
speci fic enbodi nent, this nethod can be used in support of the treatnent
of the suwpaswitsy3 bone marrow transpl antati on. For therap@airiico1/00700
applications, the oligopeptides or the pharnmaceutical conposition useful
according to the invention are admnistered to a mamml, preferable a
human, iimteatplhystad) pgritaloyaladotplabimmldos ageiledional routek waitogttehose t hat

may be administered o a hu i ntravenously as bol us or by conti nuous

i nf usi onysURdt t8 gert lngabps fyeteas syRtemigEraroRewde e88Ctsf adni ni strati on

i nclude intramuscular, intraperitoneal, intra-cerebrospinal, subcutaneous,
intra-articular, intrasynnvial intrafhocal oral or topic | ,.,utes TL, of

ti e. 4-The ®ligpeptidvAiogvilld plilasaédutiche conppeRidnots bef udddefdrnirent i on al so
are suitably adm nistered by 31 WD _03/011313 PCT/1L01/ 00700 _intratunoral,
per i t unoyap, admaniteaiieomapushbepstariles Bnal sy tradly siccemplineed B¥hph, to

exert | ogal .as Il a .2 i f . . Th i epti des or
t he pharﬁﬁggﬁ1?gﬁﬁﬁggﬁp%ﬁ%??gﬁ@méﬂgéggﬁﬁgﬁf g%’ﬁﬁﬁﬁvﬁgogagﬁ¥%§§% ation nust
be sterilgopRAilligation’ aadi lr¥cantRRbh s BHzdeptiddst mady Obe t fossthinst eri | e
filtration nmenbranes, prior to or followng |ypophillization and

r econst i salution. TOerappuie Pligepephidepcomposiswnsgensvilly potplarhéinireut i ¢

ol i gopeptides conpositions generally are placed into _a.container having a
oter P Acealatiggr faving aogBngf ercots Pty BoBroebbleo i BROEERIE i a

havi ng a;hABRYaldLiE M dY RofDRHEFREBIE BY 8 Ay RerREEH]Eetid)
"effective anount™ of any of the ol i gopeptides or "conpositions of the

i nvent i omedddebe enpl oyed therapeutically will depend, for exanple, upon
the therapeutic objectives, the route of admi nistration, and the condition
of the patient. Accordingly, it will be necessary for the therapist to

titer 'RE LORRATAMONRE bY ah§OiMBY HigBhepUIR LR b AR sef red Lo
invention to be employed therapeutically will depend, for example, upon
the therapeutic objectives, the route of administration, and the condition
of the patient. Accordingly, it will be necessary for the therapist to titer
the dosage and modify the route of administration as required to obtain
the optimal therapeutic effect. Typically, the clinician will administer the
oligopeptide until a dosage is reached that achieves the desired effect. A
typical daily dosage for systemic treatment might range from about 0.001
nmol/Kg to up to 50 nmol/Kg or more, depending on the factors

mentioned above.

Another specific embodiment relates to the treatment of a subject
carrying a transplant, where an ex vivo method may be adopted. In this
method, the cells intended for transplantation are exposed to effective
amount of the oligopeptides or compiositions of the invention, prior to

their transplantation.
The most co

amount of hematopoietic stem cells for transplantation is to extract 1

liter or more of marrow tissue from multiple site in the donor’s bones
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the optimal therapeutic effect. Typically, the clinician will adm nister
the oligopeptide until a dosage is reached that achieves the desired

ef fect. Awoteppisat daily dosage for system c treatnment m @ou/iLamnyeoof r om
about 0.001 nnol/Kg to up to 50 nnol/Kg or nore, depending on the factors
ment i oned above. Another specific enbodinent relates tqQ the treatnment of a
subj ect widnrmegdlg andr avpsanen Weledpresesy Fbahetrivdlynagawdeadopt ed. I n

t hi thod, the cell.s intended for i ranspl ti, :
of 1 act| BRGNS ER e TP Gupbr AlveERoR BT b Ab Ry BRIES 201 on,

prior t@hokb&idsue’ BpeR! ARt @lhPdtibld e dBsheHiaEiIn ANt d6esIwhaq | bl e for
cqu ring f; t uJa .l a UIl./+~ iW acquiring uXx ill a s ulClMA U anount
of hematopoisdthed $o dhe cetipierfidy HldnbpingtAvtdegius ronsplandsttbat |iter or

nor e of I.r ow f.i ssue. f.r |tipgl.e site;in the donor' s bgnes. 32 WO

031 01138 BERERIE s ot 60 T ot danbe Sppi g oM WRIRRIRS ocess ¢ ha
usual |y . eAHid eehe B8RLABLLARRGSIBLSRe EhgdEatiehs &f #ldooaRe&. BMI are
usual ly siblings whose tissue types are conpati ble and sonetines unrel ated

donor s whdolgeusstehenlsombielsebe phiennedfroHh Abe ynbidicalcard dgodis

transplants, that elimnate the need for HLA matching may be used in
pati ent §t|&fﬁ'&“§r ﬁ@reég%%ﬁ}W§eé %’Fg'ﬁﬁtﬂ)t“nerapy for the eradication of

solid tunors. Autologous stemcells may al so be obtained fromthe
unbilical cord blood at birth and stored for future adm nistration. After
t r anspl aftat tramsphchtptionr ahd rive estlebéstabishment of al dloopr-derivedd

functioning marrow t he patients hasting present wi.th a transient
mar ked HBENTRIEH x%’%%%tst?}?'ﬂ:‘sﬁﬁntgoﬁﬂ? SEESPHs With@ 1AL Bhce of
bacteri al Lhfecti r - Wk t ifry and
dur at 1 on B ERcekALE Flg CBRnRRE LR X oG T e RBKEE WY, o
(1992) ] bakanid sndi haigdleagoctionheosShtbai withobstipphet sereyithr apdi esi s and
duration of pancytopenia [Slavin, S. and Nagler, A., Transplantation
(1992)]. For a similar reason, the CSF fail to support erythropoiesis and

platelet formation.

Oligopeptides that support hematopoiesis may prove useful in other ways
as well. Some investigators have found that adding stem cells from the
peripheral blood to those from the bone marrow significantly increases
the rate of engraftment extracting sufficient numbers of stem cells from
peripheral blood is a complicated procedure. Adminiétering such
oligopeptides to donors to increase the number of stem cells in the blood
will improve the feasibility of transplanting stem cells from peripheral

blood [Golde, D.W., Sci. Am. 36 December (1991)].

The prerequisite for hematopoiesis and therefore successful MBT is the
presence of functional stromal cells and tissue that compromise the
hematopoietic microenvironment, determine the homing of the injected
stem cells from the circulation to the bone marrow and support

hematopoiesis [Watson, J.D. and McKenna, H. J. Int. J. Cell Cloning
10:144 (1992)]. Bone marrow derived stromal tissue also provide the
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pl atel et formation. O igopeptides that support henmatopoi esis may prove
useful in other ways as well. Sone investigators have found that adding
st em cel lwofwom3the peripheral blood to those fromthe beas/1mermow
significantly increases the rate of engraftment extracting sufficient
nunbers of stemcells from peripheral blood is a conplicated procedure.

Adni ni s¢@atditigns ueh suetdigopephi 66k G JPNAES Ishd B&hEas6nd NGapiygPer of stem
cells in the blood wll inprove the feasibility of transplanting stem

cel | s foWiuyas: i pharasentbilisdtecoplgy ouffices Soi keamstes Deldermitive. (1991) ] .
The preAggui sit%e for he tﬁ ol esi $: a d thef. fore successful MBT is the
presence o g AR APEA IR PRIGHCOLEPRePEEs &0 (HagPe CHIIEHILE t he

hemat oPREIPt &£p4th & RAEMNLAOBIE Popullaliad 1D EhOfkeMaRle fictchlpot ed stern
cells fromthe circulation to tphe bone marrow and suppott henatopoi esis

[ Vt sorpumbers ahthedelcendor ttangpldmiatiod. Cell Coning 10: 144 (1992)]. Bone
marrow derived stromal tissue also provide the 33 WO 03/011313

PCT/ 1L01/ 00700 conditions to sustain stemcells in in vitro | ong-term bone

Marr ow AC d At 1§, 1N n \ £ e stemcells
alive. AAS%‘?%éﬁﬂ\e‘%aﬁg{rggﬁ?{é‘t‘}é’ r@ﬁ%pm e?#%ﬁo?lﬁ)%%ée;@%dtggsﬁo?ﬁme%e cul tures
may hefopwexgdnekinkestshtrgyc &yl (ipabwhiating suhall \&témo cell Ni®pRESNHH NY

i ncreasgd unber %02{{; these cells faor transplantation. A conbined in

vi trol i KO nabrhj RT FE{E\AHE (DnBealhly snflrdualst by Wawe-theaki ng

strate rafik) EDI NG t I eparat i gn f rom donor bl ood
or mar ?ééc\(levfrgﬁgﬁ%islt(?’é?z:(]iggo{}t%311?%3\}(]%1?13&%@8&?3 gé/%tpgﬁerﬁe e?t @rT\Er@g]FIas stored for
a tinme sdrivud dReasd, lthusilghtashe sngedeplexity edtodatedewitdugh diigease, thus
bypassi n the_cogﬁ‘exi ty associated with the use of allogeneic BMI. It

woul d tHEeesieBBE of therapeutic inportance to use small peptides such as
the ol i gopepti des described in the present application, that

It would therefore be of therapeutic importance to use small peptides
such as the oligopeptides described in the present application, that
stimulate post- BMT hematopoietic reconstruction by enchancing in vivo,
ex vivo and/or in vitro the hematopoietic microenvironment of which
fibrous tissue, bone and bone cells are important components. Such
peptides may also support hematopoiesis in spontaneously occurring or

induced myelosuppression condition that do not necessarily involved

BMT.

The oligopeptides described in the present application and preferably the
pentapeptide OGP(10-14), appear to directly act at the level of the early
hematopoietic precursor (i.e., hematopoietic stem/progenitor cells). Such
an expanded stem cell population can serve as the source of cells for
myelopoiesis, erythropoiesis (e.g., splenic erythropoiesis) and
lymphopoiesis. Accordingly, these oligopeptides can be used to stimulate

proliferation and/or maintenance of hematopoietic stem/progenitor cells

tin Aiaacons A

either in vitro or in vive (e. opoletic diseases o

mn (e.g., for treaiin t

disorders).
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stinmul ate post- BMI hematopoi etic reconstruction by enchancing in vivo, ex
vivo and/or in vitro the hemat opoi etic m croenvironment of which fibrous
ti ssue, bwoesandibone cells are inportant conponents. SuclrCTeR@God@s nay
al so support hematopoi esis in spontaneously occurring or induced

myel osuppressi on condition that do not necessarily involved BMI. The

ol i gopapicirefese e pesihed émbodionpnesdatesadppl ncahodhomenbprangthsl y t he

pent apepti de OGP(10-14), appear to direct. act at, the.level of the early
henmat opapliteratippeeli begpatopoigtic ﬁ@%@iﬁﬁ%‘?%ﬁc Cé‘ﬁ%m%F Bt Or t@‘él I's). Such
an expanded.st em. p L \ fIodeCa 1R tocghl s for

nyel opb?‘é%%%?ﬁ’e@ﬁ%%%%?eésqugﬁ(l g&gﬁ?ég%ﬁgn(iﬁc@ro 5?% opoiee(§ s) and

| ynphop@eesive. afAem@tdonghy, olif@smptole doyvinpd | siasudatorpe adigedyt onst i nmul at e
proliferation and/ or  mai ntenance of hematopoietic s%.erﬂ rogenitor cells

ei t her hiemkatgippredicotellsnor 14 ¢8 effective appunt el ¢HBPARRLIAR, 188 ¢ di seases
or disgprders). 3 / 1 : : -Piseferred
embodi TORCTED At B A ARG d T ST B i T haoh Suehp Boe ek |

hemat oR@iLtive ifiletNaRcRGEd WiolEeldtn ofaodd dilkg to the invention, this

met hod conprises the steps of exposing these cells to an effective anount
of an oligopeptide having stinulatory activity on hematopoietic cells, or

to an fective, anount of a..conposit}aqn IS e d i bed
Hbove. TR aEtn s RS LR, b A oS8 TR DEsAe thERep A GO PG
the prqliifeldh ehe Ftsidl 6 SRIHR adlde rbproduceiBhastCiligedlt oblatieratoi on of a

cel I encorrpas%es the step of increasing the extent of growth an/or
r epr oduat i antwehtédecedkel dithal ati wetrpoor at wiveeadediR@PRSR| wheell n vitro or

in vivo. An increase j.n gell roliferati.on in.cell gul ane be detected
by courﬁlioﬁéelﬁiié’%ﬁhﬁ%h %‘(fitur@e‘fef% %eé%?‘gtegﬁl@’ af Fgﬁngx%&hﬁén.eqe% (_gf ol ecul e of
I nter eStelllsTQ&fro?‘%(ta%W aftbr RpOsieiAbl ARI&AT Be iAteabst. fTiesl exténtmdLr oscopi ¢
exam nation of the degree ' o

proliferation can be quantified via microscopic examination of the degree

of confluency. Cell proliferation can also be quantified using a thymidine

or BrdU incorporation assay.

In a specifically preferred embodiment, the method of the invention is
intended for enhancing the proliferation of a CD34 positive cells,

preferably Flk2 positive cells.

The oligopeptides or the compositions of the invention are useful in in
vivo or ex vivo enhancing the number and/or proliferation and/or
differentiation and/or maintenance of hematopietic stem/progenitor cells,
expand population of these cells and enhance repopulation of such cells

and blood cells of multiple lineages in a mammal.

In one specifically preferred embodiment, these cells are in cell culture

and therefore, this would be an ex-vivo/in vitro method.
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of confluency. Cell proliferation can also be quantified using a thym dine
or BrdU incorporation assay. In a specifically preferred enbodi nent, the
nmet hod ofwbhweoiyention is intended for enhancing the pr@crfieoizdoran of a
CD34 positive cells, preferably Flk2 positive cells. The oligopeptides or
t he conpositions of the invention are useful inin vivo or ex vivo
enhanci nglteraatiumye rthenayeshog b the einyentianamayobe useflf ¢ emt iratiion and/ or

i nt t ti tem it | | d | at i f
These oo o o Rmatbith dnoRd A oBF dfacludl <R 0ol el <o °

mul ti pl emamgages in a mammal . In one specifically preferred enbodi nent,
these cells are in cell culture and therefore, this would be an ex-vivo/in
vitro nethod. 35 WD 03/011313 PCT/ 1L01/ 00700 Alternatively, the nethod of
the invepti on nay, be.use s .an,in vivo  nethod, of treat t,.in case that
the treatg§2lBe aYFgerﬁrg"sZ’ﬁFh irlhe‘éapwmwﬁ’f?atmf?‘éa? rﬁl”@pggfaﬁ@ 5 both

t her apeut r | act i i Those in
e B g e R A A e T e
wel |  as wiids ¢he ndisbash of hisdidee ase wall aslithosddn whidho the disewensed.

"Manmal " _for _purposes of treatnent refers to any animal classified as a
manmmal i‘flﬂépﬁ‘é‘?rn’@,to ve stic and farm animals, and zoo, sports, or
pet animals, such as dogs, horses, cats, cows, etc. Preferably, the nanmal
is human. In a specific enbodinent, the manmal treated by the nethod of the

i nvent i otMassalf forripigrpbsenvf teatmestisefeps itdhayt Mminddaleashsd bkapd cel |
| evel s, which may be caused by chenotherapy, irradiation therapy, bone
mar r ow tWamspiad anekideng.t hemapy demestiy agdhtarm antwgbniandozoonaparta) cause.

Chemo- and adiation therapiep cayse dramatic reductions inplgod cell

mammal is human.

In a specific embodiment, the mammal treated by the method of the
invention is suffering from, or is susceptible to, decreased blood cell
levels, which may be caused by chemotherapy, irradiation therapy, bone

marrow transplantation therapy or any other iatrogenic or natural cause.

Chemo- and radiation therapies cause dramatic reductions in blood cell
population in cancer patients. At least 500,000 cancer patients undergo
chemotherapy and radiation therapy in the US and Europe each year and
another 200,000 in Japan. Bone marrow transplantation therapy of value
in aplastic anemia, primary immunodeficiency, acute leukemia and solid
tumors (following total body irradiation) is becoming more widely
practiced by the medical community. At least 15,000 Americans have
bone marrow transplants each year. Other diseases can cause a reduction
in entire or selected blood cell lineages. Examples of these conditions
include anemia (including macrocytic and aplactic anemia);

asia; immune {autoimmune) thrombocytopenic

purpur (ITP); and HIV induced ITP.
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popul ation in cancer patients. At |east 500,000 cancer patients undergo
chenot herapy and radi ation therapy in the US and Europe each year and

anot her 200,00001315 Japan. Bone marrow transpl antati on therapyLefoov@ ue in
apl astic anem a, primary inmunodeficiency, acute |eukem a and solid tunors
(followng total body irradiation) is becomng nore widely practiced by

t he nmedikRBirncacenimal y prédutteasire 1506060 Amdriclc anse habk: twonentmigeow

transpl ants each. year.. hey di seases cause a reduction in entire or
sel ect edrePRIYF LI Oflr}i’lﬁééﬁééP%%%%éﬁzﬂe%%%‘é%@ndi tions include anenia
(i ncluding macrocytic and aplactic anem a); thronbocytopeni a7 h popl asi a;
i mune (autolll nuse) tl onbocytopenic purpur (I1TP); and H V induced I TP.
36 WO 03A¢&bidihd1yGE/is Ll bbjeé00f thh premae ihveatioprtorovileas enddeded whi ch

are able to enhance _ recqgnstitution of blood cell popul ations of these
pat i ent sfor Apbapameythe pralifpratyon apgies difftrepgiationeadfpr mpaiaenageet o provi de
a net ho Iy angci rolhfe | O ifferentiati pn and/ or
mai ntengonfcggu%ﬁﬂ%r &ﬁr@%\%gﬁ%ﬁa? %%%)’i §t?1 |H(1: %eﬁégégéug‘ﬁya%ﬁetuﬁ%@ﬁn%§ be usef ul

for enhafitidieng eR@pphiRitian off héxaatipoRAicektdn St aaldl shavdnbhye mature
bl ood cell lineages. This is desirable where a mammal has suffered a

decr easeblped relntiopagest i Ehisr isndesirablp| wherec 8| mamamal hesnsutferedce of

di sease, , radi at i.on]agr henot. her a t Thi§ r%t hﬁd is al so useful for

gener at | FR§T & aMde 8%@0&?1]1&% ARFR Iag% feHE 3% T MARHREERES Hood cel |
|'i neagesqifté 9B stdlalieABRLPOhhbEheeR)Y.S T Vin¥thod NsY8lsodRRLRET fpr ef erred
embodi ment, the invention relates to a nethod for in vitro/ex-vivo

mai nt ai reangrafidEeExpesdad dopglatierm oetuch staini eellsstitboatyrerpliodicall i sol ati ng
peri pher.al bIogd cel | r |,ood..sanpl.e, enriching blood 'progenitor

f b
cel |'s expreasss ?@@Cgﬁfﬁg@f)ﬁ?ﬁcegﬁﬁff’é‘f‘i'ng the enriched bl ood

progenitor cells under suitable conditions, and treating said cells with
an ol i gopeptide having stinmulatory activity on
In yet another preferred embodiment, the invention relates to a method

for in vitro/ex-vivo maintaining and/or expanding stem cells. This method
comprising isolating peripheral blood cells from a blood sample, enriching
blood progenitor cells expressing the CD34 antigen, cluttering the
enriched blood progenitor cells under suitable conditions, and treating
said cells with an oligopeptide having stimulatory activity on
hematopoietic cells, or with a composition comprising as an effective
ingredient an oligopeptide having stimulatory activity on hematopoietic

cells, according to the invention.

In a specific embodiment, the method of the invention might include a
further step of exposing the treated cells to a cytokine. As a non-limiting
example, such cytokine may be selected from the group consisting of TPO
(Thrombopoietin), EPO (Erythropoietin), M-CSF (Macrophage-colony
stimulating factqr), GM-CSF (Granulocyte-macrophage-CSF), G-CSF
(Granulocyte CSF), IL-1 (Interleukin-1), IL-2, IL-3, IL-4, IL-5, I1L-6, IL-7,
IL-8, TL-9, TL-10, 1112, LIF (Leukemia inhibitory factor) and KL (Kit

1Y, 111 —eLRXCHNIA MNAIDI0YY 1alilr ] alll Qg Judiv

ligand).
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hemat opoi etic cells, or with a conposition conprising as an effective

i ngredi ent an ol i gopeptide having stinulatory activity on henatopoietic

cells, acworodionggizo the invention. In a specific enbodi mremCr/iLéweoonet hod of

the invention mght include a further step of exposing the treated cells
such cyt oki ne may be sel ected

to a cytqkine. Aswg non-limting. exanple, ) _
fromt he%r%‘&pﬁ%@ Menintp G POV Tisadmstpotlee ilnyentEmOrekrtys Ko opoi et i n),

M CSF - col £ mylatj f act . GVt .

(G anul ol aod 85 S B . "lsP i )y i) This pethod

(I nterl evknpribps the-steps lof hdnhimiderink- o, sdill- Banlhal a tﬂéf'aﬁeu’di&il% T L-1Q
IT.-1 2, LIF (Leukema inhibitory factor , s an A .l 111J \ TIT (Kit ~--r

auc Wiigffectivg gamapnt 39f \am odigrpestide PEAVing0 st30@BGorAsacivignadi ment to
an in vi treat.nent, .the invention.relates to met hod. for re-popul ating
bl ood ce%?glait%po&gﬁﬁrﬂ?‘gﬁ’. Ol‘i'_rﬂr%sarhﬁh%%ﬂive éwts%fs&l%éo@i)é%m@f O{aﬁﬁﬁ ni stering
to said mREmlond THRE etk opaletit ceﬁﬂ@é&lbé/ﬁnﬁrﬁ?ﬂérl{f eQ_(}tlﬁ%i(g'lhg&Bﬁf“ de
having stinmulatory activity on hematopoietiC cells,”or of ‘an effective
amount ofndHApmpbopbsélls.on of the invention. These hematopoietic cells may

be any one of erythroid, nyeloid and |ynphoid cells. "Lynphoid bl ood cel
| i neages” are those hematopoietic precursor cells which can differentiate

toforml«yw - C.6l 1; F-el i i . ) iesis" is the
formati on of 'l yrr%ﬁ%gé(?ecgﬁ h%?% Sr Oafi‘g (Jklﬁ%é%c#e é%ﬁﬁgaﬁtéﬁg&gg?lﬁsose

henat opoivéii¢le cqn ecffersmtiateltb formtyniphoeytdi (Bakdbtoral-ecll9). fokswREYt hr ocyt es
(red bl ogs)'g cells) and "erythraopoiesis" is the formation of erythrocytes.
The phr asg™ PisEs Ue dba feanptipn gk hgarhocytes t he purposes herein,
enconpasses all hemat opoi etic precursor cells, other than | ynphoid and
erythroid blood cell lineages as defined above, and "nyel opoi esis" invol ves

"Erythroid blood cell lineages” are those hematopoietic precursor cells
which candifferentiate to form erythrocytes (red blood cells) and

“erythropoiesis” is the formation of erythrocytes.

The phrase “myeloid blood cell lineages”, for the purposes herein,
encompasses all hematopoietic precursor cells, other than lymphoid and
erythroid blood cell lineages as defined above, and “myelopoiesis” involves

the formation of blood cells (other than lymphocytes and erythrocytes).

Disclosed and described, it is to be understood that this invention is not
limited to the particular examples, process steps, and materials disclosed
herein as such process steps and materials may vary somewhat. It is also
to be understood that the terminology used herein is used for the purpose
of describing particular embodiments only and not intended to be limiting
since the scope of the present invention will be limited only by the
appended claims and equivalents thereof.

It must be not and the appended

[{Pg-H] [43

claims, the singular forms “a”, “an” and “the” include plural referents

unless the content clearly dictates otherwise.
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the formation of blood cells (other than | ynphocytes and erythrocytes).

Di scl osed and described, it is to be understood that this invention is not
limted twotoheipasti cul ar exanpl es, process steps, and natremitadéigoodéoscl osed
herein as such process steps and materials may vary sonewhat. It is also
to be understood that the term nol ogy used herein is used for the purpose
of describing particular enbodi nents only and not intended to be limting

since t scope of the present invention wll -be |}imted onl t he
appendeﬁﬁb‘?&g “‘éﬁhlseﬁﬁ&}g‘%ﬂ?% E{rﬁgﬁg%f‘ﬂalﬂs whigh ‘?ﬂoyﬂe & S%fgx -1 rat,
as useu chhlodi g udredlothéididel 4hordl *ednfgieseapRAaBGRLisli@hdTsuck B8 Si ngul ar
fornmse "a", "an" "and "the" include plural referents wunless the content

cl ear | y “dhmpeaises’ andéconmpesindf, Wil 08/ 0tiesd8oeey itipdy the PadusiPhradughout this
specification and the c|ainms which ,fngl | ow, unl es%&t he, ,cont ext. requires

ot her wi Sestaferk IHGEET OF SHH % group,pf _%ﬁqrﬁt"F@ﬁ%Pss t'hng&ﬂ’a EnP8es and
"conpr %f%%éﬂrotﬂ”& kl%f%%et B{jgfe? Q08 du dfRtkeLO8r siiglsusi on of a stated integer

or step 0O oup of °ntegers or steps but” not the exclusion of any other
integer or step or group of integers or steps. The follow ng exanples are

representative of techniques enployed by the inventors in. carrying out
aspect s bie fllowipgxqmplay age ir@)Pnr.eSP’Elt@W&ﬂf}c}eﬁbmqé‘ﬁﬁreé’&P]é&’ %@%IYH%'F whil e

these techni aues are, e I r j t rid e practice
of the RRVEHETEAn (sELETPE plp e RERRE B on CTRAHUIRR T Al B 0L L1 €
di scl osufifhreiatéd recegRIR tthate neokmiquss amdickeaatagnsofcarefberednde wi t hout
departing fromthe spirit and intended scope of the.l nveﬂti on., Exanpl es

Reagent ssmhodi@earss fpnihe peactigeedh theangeniagrcdipsniod setlbwr AopapstilBe( 10- 14)
[sOGP(1G; 1)1 ;¢ TYh: G e RS CseBstire M Wit 49 dg itk Q th: NAudhe MRE
modifications can be made without departing from the spirit and

intended scope of the invention.

Examples

Reagents

1. C-terminal pentapeptide of Osteogenic Growth Peptide(10-14)
[sOGP(10-14)}: Tyr-Gly-Phe-Gly-Gly; M.W. 499.7 (SEQ ID NO:I) was
supplied by Polypeptides Laboratories Inc. (Torrance, California 90503,
USA Batch No. 9712-006).

2. CFA — cyclophosphamide (CFA, SIGMA, 5 mg/mouse), was used for

induction of marrow ablation.

3. Dexter-like medium: McCoy’s Medium (Gibco-Life technologies, USA)
with 12.5% fetal bovine serum (FBS, Hyclone, Holland), 12.5% horse
serum (HS, Sigma, St Louis, MO), 0.8% essential and 0.4% non essential
amincacids (Gibeo-Life technologies, USA), 1% glutamine (Sigma, St

Louis, MO), 0.4% vitamins including choline, folic acid, inositol,

nicotinamide, pyridoxal HC], riboflavin, thiamine HCl, D-Ca pantothenate
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supplied by Pol ypepti des Laboratories Inc. (Torrance, California 90503,
USA Batch No. 9712-006). 2. CFA - cycl ophospham de (CFA, SIGWA 5

ng/ mouse)wowasiissed for induction of marrow abl ati on. 3. PDFAL@woorecke
medi um MCoy's Medium (G bco-Life technol ogies, USA) wth 12.5%f et al

bovi ne serum ( FBS, clone, Holland), 12.5%horse serum(HS, Sigma, St
Loui s, W@)l If% e’f§§ nelogiesand/ 84k Hén %@@&%@%‘Fmﬁ B, 1pne- (Cri beo-
ifei-

o tvgte s,
%j SX , mﬁqOEl{My‘?rlsl éﬁlufg@’)t i #)%fggﬂtalmmg)f g 1d1dr\/6§ hgdwbrtl (ilrer’lnglg i ncl udi ng
chol i ne, preSénce 3 decdnloian! hunﬁﬁx@oéﬂeﬂﬂrﬂedle faphoii @ ak/tiC rhSIOFOf | avi n,
t hi am ne HC , D-Ca pantothenate 39 WO 03/011313 PCT/ 1L01/ 00700

(G bco- LG dlbidobebmoléghks retsSapinarts, hvpran egmndecs@e(mm@ﬂyi@neo ony

ot 'eiteﬁl:es“%vpmfaéeﬂambf%amrl% PECMEDISH et Seor S8 hy! ot reenD. "

Cal bi ochg yﬁfant h?ﬁﬁiﬂ’hﬂ?éﬂe&lﬁﬁ@% me_}h any Qgﬂg‘?’m'l[p r@&ﬂﬁ‘i&h@ﬁ{ ODBA)

sti mul atl ng tactor Gw CSF 10 ng/ Sandoz, Switzerl and), reconbi nant
human i ntet lreadiabindht( hiakhas dx@thlgqpntetucdﬂﬂﬂmh%mmtSA)L Stgma,e&brrbl nant

human eryt hropoietin (rhEp [ T Loui \ h or

wi t hout L@y % O) Ayit QOOIBI\WJEKB? Q@é‘ﬂbr]ﬁé %g%ﬂ %@Qg?ﬁrfi}%)?‘a ies). 4.
EDTA lspdec, BioOptica, Mlan, Italy). Animals ICR nale
m ce wer]%1 S(tjarrgﬁaseé {%ﬂr}%{r%ﬁ arI es River's (Italy) and nmintained under

speci fic pathogen-free conditions. * CV57 Bl ack femal e mce were fromthe
ani mal facill;té/ of the Hebrew Univer S|ty |ve School (Jerusal em
| srael ) .4-ThdiA -ded grikbuiey (Maglpdes, %P(;Fla]ty eir arrival at the

inventors' |aboratory. Statistical anal yS| S

Animals

* ICR male mice were purchased from Charles River’s (Italy) and
maintained under specific pathogen-free conditions.

* CV57 Black female mice were from the animal facility of the
Hebrew University Medical School (Jerusalem, Israel). The mice of either

strain weighed 25 g on their arrival at the inventors’ laboratory.

Statistical analysts
Comparisons between groups were made using a Fisher’s PLSD, factorial
or for repeated measures, analysis of variance (ANOVA). Mann-Whitney

test was used, for colony assays.

Example 1
Effect of OGP(10-14) on engraftment of bone marrow transplant

Materials and methods

CV57 Black female mice were used to investigate the possible effect of

OGP(10-14) on engraftment of bone marrow transplats. OGP(10-14) in

phosphate buffered saline was administered by daily subcutaneous, 10 pl
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Conmpari sons between groups were made using a Fisher's PLSD, factorial or
for repeated neasures, analysis of variance (ANOVA). Mann-Whitney test was
used, forwoaBomgiassays. Exanple 1 Effect of OGP(10-14) omcanyeizfovevent of
bone marrow transplant Materials and nmethods CV57 Bl ack fermal e m ke were
used to jinvestigate tge possi bl e effect of OGP(10-14) on engraftnent of
bone nar FHGFERHEY ¢ day ¢ sla1ly) dose ragesd fiveme 0190l kr &0 bl per was

adm ni st b ' o] 0.l 03/011313,PCT/ 1L01/ 00700
i nj ecti oﬁg)%gg'r bfgﬂgg%&g%gg%:al éjjﬁ%ggégt? gHgééﬁeV&%ﬁf‘%.%ﬁX- 037487 $ol  per
mouse. Cafter ohe binset SLOCEO0- P asedtaténtibel RIROWSA bBjeeWto anﬁay 8
after the onset of OGP(10-14) treatnent the mce were subjected to total

body X- rRgdy 2y dedrntiersprsishiggofl a swiglgl290900d dade doseg usbity a 60Co

rce i r 1.9 2 rad/ min his was.followed imredi ately by an

;S(r)&J r aveﬁl%;uugr%lgrﬂl)éc e?o(%goﬂg%£lw§’é¥‘}acﬂglﬁs"§%€&?&eé %W@IdhaéFP I Xé‘lnlys. yThe

ani mal s MREevERisl hichbnldr oY udbleeted HmRRSE bofe AR6IeM) d.eat ment,
en

both fenurs were dissected out and their ephiphysea renoved. The
bone mareunRalasyerestredifiet kbdpyeabby thavoseshd PER(BO-14) tasaethesd) | ne

PBS) . i | [ 1 i d.by d i th ti
Sever al RTHRERTHECHEH (RG0St ige ireb o BEhENerk s e odb e ount od | n
a henocyg e LelrrowReas |v$a?s}#%ﬁgoutlc(ﬁﬂﬂé@ec}? iftd E){%%gs}g{% 15 %ﬁn%ca'rfehe

OGP(10-14) on the nunber o post-irradfatio -transpla I'on total

f enoral GUHS). desmgle cell lsaspenkioms vefsf pepaakby deawilep ehd pép shdiinng, at the
t hree hi ghest. doses statis igal ly significant , 2-fold increase in cell
counts orderghimssdhropgh cxpde ExsRge @codles and the cells were counted

1n a hemocytometer.

Results

Fig. 1 shows a stimulatory effect of the OGP(10-14) on the number of
post-irradiation/post-transplantation total femoral bone marrow cells.
This effect was dose dependent showing, at the three highest doses,

statistically significant , 2-fold increase in cell counts over the PBS

controls.

Example 2

Evaluation of the OGP(10-14) toxicity

A shown above, the OGP(10-14) has been found to enhance the
engraftment of bone marrow transplants. Threfore, prior to further,
detailed analysis of the pharmacological activity of said peptide, the

possible toxicity of said peptide was next evaluated.

Fifty-five mice were evaluated for possible OGP(iO-14)-reIated toxicity
after 15 days of subcutaneous administration, at the dose of 10
nmol/mouse, and results were compared to those obtained in 30

placebo-treated controls. No differences were found concerning survival,
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Eval uati on of the OGP(10-14) toxicity A shown above, the OGP(10-14) has
been found to enhance the engraftnent of bone marrow transpl ants.

Thr ef or e,wprosot13t® further, detailed analysis of the phapcaandiogreal
activity of said peptide, the possible toxicity of said peptide was next
eval uated. Fifty-five mce were evaluated for possible OGP(10-14)-rel ated

t oxi ci t yoelwftienr,1 bodmyweight sglaoutadegussacxamisdtiat. i Concamibfetidose of 10
nmol / nous a results were conpared tq.those obtained jn, 30

pl aceboul??%]&f1 °§’6ﬁfr%§r§m%8rsdl g& E‘é’gl%r%f Fg%nﬁ‘sp(% rdoseRy &r vi val

41 VO 03 QIR i G LAMAOTAD oi BRREh O o HRN o NES N TR IRRC, T 0SS

exam nati on. Concerning the t ol ogi cal paraneters, m ni stration of

t he repowhid ddseb w@ils p‘é’ﬁ@)dere(dj dlovalt deliducRBENY pdatghétsi ¢RIOT) nmdi fi cati ons
in the nunber of . white blood cells (WBC), red blood cells (RBC), platelets
(PLT) or,aefﬁaél?ﬂ?gﬂléﬁbh e(Vfalb) | evel . Exanple 3 OGP(10-14) Stimul ates '
hemat opoi-eti c recovery after bone marrow chenoabl ation Materials and

Met hods I n this set of experinents bone marrow abl ati on was. i nduced by an

i ntraperitoneal injection of cyclophopham de (CFA, SIGVA, 5 ng/nouse in
150 (1 sterile PBS) for two consecutive days (designated "day 0" and "day
1". Thi sEppoaBl®B has been denpnstarted to induce severe, reversible

I S 241: 58 (1988
Tho | one QP aRe Har Vit dater” 25ie5 el reiyelien 8RS R FOLPU ho 1115
i nj ecti othenlbubldddonat e the effect of OGP(10-14) on WBC differential cell
counts anddeterm ne the . OGP(10-14) "dose of choice" to be used in

further ge were treated daily by subcutaneous injections of
0.1 m

In this set of experiments bone marrow ablation was induced by an
intraperitoneal injection of cyclophophamide (CFA, SIGMA, 5 mg/mouse
in 150 (1 sterile PBS) for two consecutive days (designated "day 0" and
"day 1". This protocol has been demonstarted to induce severe, reversible
leucopoena with L.D. <30 [Spangrude, G.J. et al, Science, 241:58 (1988)].
The lowest bone marrow cell counts were recorded six days after the first

injection.

To evaluate the effect of OGP(10-14) on WBC differential cell counts and
determine the OGP(10-14) "dose of choice" to be used in further
experiments, mice were treated daily by subcutaneous injections of 0.1 ml
OGP(10-14)-free vehicle or vehicle containing different OGP(10-14) doses
as outlined in Fig. 2. One group of reference baseline controls was left
untreated and received neither CFA nor sterile water vehicle with or
without OGP(10-14) (Fig. 2). Blood was collected by retroorbital bleeding
on days -12, -4, +3, +7, +14, +17, +21 and +24 (Fig. 2C). Differential cell
counts were carried out using a Coulter Counter (Sysmex Microcell

Counter F-800).

To test the effect of OGP(10-14) on double positive CD34+/Sca-1+ cells in
the blood comparatively to that of G-CSF, CFA ablated mice were treated
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OGP(10-14)-free vehicle or vehicle containing different OGP(10-14) doses
as outlined in Fig. 2. One group of reference baseline controls was |eft
unt r eat edwaend/orseei ved neither CFA nor sterile water vehi ecamtdo7ar

wi t hout OGP(10-14) (Fig. 2). Blood was collected by retroorbital bleeding
on days -12, -4, +3, +7, +14, +17, +21 and +24 (Fig. 2C). Differential cell

count s wWgkR &Aly Wweth 00tnmsl OGR(10ad) tievm @rynt 2 untibydsayex7 Modrbloetll  Count er
F-800). To test the effect of OGP(10-14) on _double pgsitive CD34+/ Sca- 1+

cel | s” i saniples whtahedonpatansi Vol y7tand HdP Biviestedrto BpK aHPRed ni ce were
treat ed 03/011313 PCT/1L01/00.70 wth daily with 10 nnol OGP(10-14
ﬁ%ﬁf\%ﬂ% A QAR e L Can : ( )

from da Sanpl es obtai ned on days +5, +7 and +15
subjected to flow cytonmetry. G CSF was admi ni stered on days +2 to +8. For
the flow cytonetry, groups of three blood sanples fromthe mce were

pool ed, Bodthefionuyteaectysigrsunscefthyer Blosddamplgs demathe daise /W ¢gat i on  and

were resuspended.in PBS at a ncentrati.on,qf 1 x,;.106/ . Ils were
t hen i ncﬂ%’gchoa]?% r?%orbwgg%Exgl?soyvegepgﬁqulpgd ?ﬁ%gﬁ%lﬁg{? Cglﬁgrllf;@[%gfl{gg (final
di ution, 15 10} {05, 30 dHeR @ PAS atTR coRictEatiiB éf 1661 D8/mp Wtief éh T at

anti - nrouse nonocl on anti body (Pharm ngen, RAM34) was used _as a first
| ayer. Afé®r théneacuhatddngs, theheresedes ofuspecifiesmopesigad] iamtbediasnd

i ncubated with a FITC pol al go; i : ) To. det ect
et i 19R L0 AP IR, (B s TR ARl

[ bat ed w h = . P I ) bstituti

| ncubat e Ay AR B, Ik ihed] BRI Galsa an DSt Lt ng

speci fi cgANkyer.. Afet ahaaguwiashingsntlencelnekys resuspeadad do Y angy

FAC- Scan(t (Becton Di ckinson). flowytoneter ing.Lysis, 1, software
(FI G 3)incmbatedamith @ HilTFepeitlonak ey ?EBI“%n@@F 1hT9 Aetethenpabl at ed

g: Se 4%éga-i¥%ﬁ%h$dce}1?s, ds%'n!lﬁﬂeé rEALMRMLY WhsHeR(ded AimedSinopBg ned in
and incubated with rat anti-mouse Sca-1 (Ly.6A.2) PE from Caltag.
Substituting the primary antibody with an irrelevant immunoglobulin
performed a specific control. Data acquisition and analysis were assessed

by FAC-Scan(tm) (Becton Dickinson) flowcytometer using Lysis II
software (FIG. 3).

To evaluate different dosing regiﬁéns of OGP(10-14), chemoablated mice
were subjected to daily treatment with OGP(10-14), as outlined in Fig. 4.
The mice were sacrificed on day +15, the femoral bone marrow was
flushed and single cell suspensions (prepared as above) were subjected to
ex vivo progenitor cell (colony forming) assays. The OGP(10-14) effect on
the formation of CFU-GM, CFU-GEMM and BFU-E was compared to
that of G-CSF (Fig. 4).

Progenitor cell assays

Bone marrow cells were recovered on day +10 after injection of CFA from
n

Medium(IMFM) with 2% FBS and added to methylcellulose medium

according to the manufacturer’s recommendations (MethoCult, Stem Cell
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The mce were sacrificed on day +15, the fenoral bone marrow was flushed
and single cell suspensions (prepared as above) were subjected to ex vivo
progeni t owoaalok13xol ony form ng) assays. The OGP(10-14) efricaatoiom7on he
formati on of CFU-GM CFU-GEMM and BFU-E was conpared to that of G CSF

Fig. 4 Pr ogeni t cel | assays_.Bon rr cells were recovered on day
110721 ¢ eerhdapies . VR gl CosaiBaRrt Al solp SedecIak] Tpubs . Cel s
were dil Ft%s%dssal RI%434 Bbr %maﬁggmb@ﬁuu%h M.ébtg,ms%@q flded to
met hyl celTul ose medi um™ according to the nmanufacturer's recommendati ons

( Met hoCulzhnristee MBI U-E 4:546) 03611 1348 PT3430 W L0 & plekachtedl egiles | nc.
Vancouver , Can.ada%J 2 X 104 cells were plated in each test. Both M434

(for nur FerendNpent, npacEnPdewkingny Wad343f 30 natm), nse@mbipantsay) wer e

ed. M3 i i nant..mur.ine..i-nterl euki;pe-3
(Pt 5 B S RRUSIER, G116 "o RERRTD HABMLIMRE Eut e TibB A 0,
reconmbi négdtoMifin BEFS EoMPRll) and 26¢RibihbABEhm BV eRehifbpoiatia (M@EPFLI nant

human er throgoi etin (rhEpo, 3 Um). InMB434 the only factor included was
Epo. DupBiY4nb. {eMadFothe enbhizaions sakeded wiasnBpy. &Udﬁicﬁé‘d tegte dpr 14 days of

i ncubation ;accordi n the protocol.procedures.. Resul.ts Tot.al and

di f f er ent P4l %’éec‘gg]f:ﬁ fgﬁ@&& ?)g%lmé%e[do%ﬁgﬁig ‘fﬁgss%&muga%?lf‘@$ldb‘é%r ease in
al | @A—g&g@éggbtgeﬂgq@céﬁlg}s, 2). On day 7, there was approximtely 2-fold
recovery of total C counts in the vehicle treated chenoabl ated, which

were still considerably |ower than the values recorded in the untreated
referencgenj;gg- On the other hand, the OGP(10-14) animals showed higher
val ues at alT doses tested, with peak counts neasured in mce receiving 10
nmol  OGP([Tb6allai)d defferehhial Bht @unts carried out on day +3 showd a marked

decrease in all CFA-treated groups (Fig. 2). On day 7, there was
approximately 2-fold recovery of total WBC counts in the vehicle treated
chemoablated, which were still considerably lower than the values
recorded in the untreated reference mice. On the other hand, the
OGP(10-14) animals showed higher values at all doses tested, with peak
counts measured in mice receiving 10 nmol OGP(10-14)/day. The counts
in this group approached closely those noted in the untreated reference
group (Fig. 2A). Differential cell counts carried out on day 7 also
demonstrated an OGP(10-14) induced, dose dependent increase in
monocyte and immature cell counts (Figs. 2B, 2C). Monocyte counts at
the maximal dose (10 nmol) were 6-fold higher compared to the normal
reference (Fig. 2B); those of immature cells being also significantly higher
than the reference (Fig. 2C). The total WBC counts in all animal groups
were normal from day 10 and onwards (Fig. 2A). However, the monocyte
counts still presented the same trend seen on day 7 with normal levels
being reached on day 14 (Fig. 2B). In spite of a decrease in immature cell
counts in all but the 0.01 nmol group, the highest values were still
obtained in the 10 nmol group. The immature cell counts were normal in

all groups from day 14 and onwards (Fig. 2C).
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in this group approached closely those noted in the untreated reference
group (Fig. 2A). Differential cell counts carried out on day 7 also
denonst r awed3am3@P( 10- 14) i nduced, dose dependent i ncrea®€TIINO1/WONOCYt e
and immture cell counts (Figs. 2B, 2C). Mnocyte counts at the maxi nal
dose (10 nnol) were 6-fold higher conpared to the normal reference (Fig.
2B) ; t hdEhe afmownibiideuklel pesibee {gD356cailgnidliscemtday 1 ghes 5-foldan t he

reference. (Fig. 2C). The tofal C counts i 1, ani nal, gr,aups were nor nal
from da&“ﬁé‘eﬁﬁd’“o%&r BI%QIPPP%]% ) ?‘n}%%@r‘?ﬂq{%ﬁed Xoé’g/‘tﬂég X 03}{{181 still
present e@dﬁl‘iﬁﬁﬂﬁtﬁaﬁﬁﬁ&? n:"i%”t&'&tQ&XNith‘ﬂfehvé‘Rﬂ’cIBihld&V%Fﬁg. deimyp reached on

day 14 (Fig. 2B). In spite of a decrease in imuature cell  counts in all
but the &fé&k ofitDGHP(dUA4) tes highkat to albadsofvel-E€Sdt.i Flow ofttaieédy i n t he 10

nnmol group. The inmmature cell caqunts _wer rnmal in all grou fromday 14

and o%ma’i‘%@s(‘ﬁlﬁwmwlﬂl%@Bﬁéﬁfﬂ?@ﬁ%@%@ﬁedﬂ?&%ﬂ%mﬁ of doﬁbl e
iti +/ Sca- + = d j I th

renwen ARk S 1 EMELOSR (SR QLY ol e

chemabl%§ e{j ani nal s e ally w 4) than in mce

treat ed @GM(10bB)vigbaieldemadeosieoviéd . significhhdy legher huaibdd@ai0tisd) was
simlar to that of G CSF. Flow cytonetry mneasurenents carried out on days

+7 and +ushiglnend CafSddtreainshimats &iendrbers of the CD34+/ Sca- 1+ cel | s.

However, on day +15, the OGP(10-14) treated mce showed a significantly
hi gher nunber than the vehicle and GCSF treated mce (Fig. 3). The

pr ogeni t PheCerbganiay scslhowsshylshashoWd 16hat4)0GPAr0-1 ity apighyficaitiyul at es
CFU-GEMM and BFU-E, but not CFU-GM_ The effect of OGP was a}g&arent only in
i nst ancestimhdates GEUoaEMMoand FdaU e uiprelce§EdGMhEhe abkgk oG, 7 days

(Fig. 4). The absence,of. an 10-14 fect on. CEU-GV.i s {stent with
its non-BA§niRRHERE Oy éBtlnﬁﬁq(ego‘gﬁﬁgeaﬁ%‘f SByeleof (J'flé‘ﬁtt}_n%ec?t}nﬁlse.%g@ F had an
ef fect ofh¥mBAbLIRRNTHWT AMysHTEg. 4). Thiexaiihee 6f an OGP(10-14) effect on

CFU-GM is consistent with its non-significant effect on blood granulocyte

cell counts. G-CSF had an effect only on the CFU-GM (Fig. 4).

Example 4

OGP 10-14 rescues hematopoietic bone marrow cellularity in ex-vivo
samples from patients with idiopathic myelofibrosts

Materials and methods

In order to assess the efficacy of OGP(10-14) in humans, it’s

hematopoietic activity was studied in ex vivo bone marrow specimens

obtain from patients suffering from idiopathic myelofibrosis (IMF).

Five IMF patients, one scleroderma patient and two patients with other
myelodisplastic syndromes (MDS) were enrolled in the study after
signing an informed consent. Diagnosis of IMF was performed on the
basis of standard clinical and hematological methods [Barosi, G., et al.,
Br. J. Haematol. 104:730-737 (1999)]. Bone marrow biopsy showing

fibrosis was an essential feature. The diagnosis of IMF was eventually

established after excluding other possible causes of fibrosis and the
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OGP 10- 14 rescues hemat opoi etic bone marrow cellularity in ex-vivo

sanples frompatients with idiopathic nyelofibrosis Materials and net hods
In order wooamsesss the efficacy of OGP(10-14) in humans, IPCTAL01/00700

hemat opoi etic activity was studied in ex vivo bone marrow speci mens obtain
frompatients suffering fromidiopathic nyelofibrosis (IM). Five I M

pat i ent spreseacec bérdiderem: payéleptoldexhtiveo diadridens.s Imi péwrtdhier, the

nyel odi spl asti ¢ sgnﬂror{es (NDS) V\erfgp nrolled in tge study after signing
an i nf or FAPRSHS 8hChreniggaplpgengus wiggrapred OH bhexchrdng of

standard [l a e .ca (OS] e ., eBr. J.
Haenat ol Fﬁél(gﬁ%g%iﬁ%geP?llgigé%(oggg%nén&rngﬁ%%ﬁabql%ggldﬁ%vﬁae’r%' ;[ih%?%so S was an
essent i athé evar BIFThat@dnagriosi eeh pMvivasyevented!dy lorwstakdd sied after
excl udi ng ot her possible causes of fibrosis and the 45 WD 03/011313

PCT/ 1L01Pusvlan gminigteredftenidayeraash mpatlpnd 1 fela23@ED@bidprs. |1 n

parti cul gﬂregﬁeﬂ?%nt%i g%og}ess‘%m%g{zgaiiﬁ Ty)%&genous | eukaem a was rul ed out
in 0 C

by exclu e presernce ronosone and of bcr/abl rearrangenent.
Three of the five I M patients had been previously treated by | ow doses of
busul fan adm ni stered ten days each nonth and 1 (g 1,25(0H)2D3 /day. The
patients' data are summarized in Table. 1. 46 WO 03/011313 PCT/ 1L01/ 00700
Table 1: Cinical data of IM (A-E) and MDS (F-G patients Age D agn HB PLT
VWBC LDH Spl een Pati (yea osis ECO (g/dL) (X10-8/ (X10.6/ LD (Cm Treatne
ent rs) date GL) L) nt (UL) A72 0 10.4 131 15.0 740 17 Untrea 5/199
ted
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8 B82 2 8.5 434 11.2 830 20 Treated 9/199 8 C 78 2 8.2 68 1.3 664 20
Untrea 3/200 ted 0. D70 3 6.8 60 7.3 763 30 Treated 3/199 0 E 79 1
10. 0 180 w0938661318 Untrea 6/199 ted 5 F 65 0 14.0 24 12COo/MHOR03® Tr eat ed
4/199 7 G 65 2 632 11 Untrea 2/200 ted 0O H 40 O 15 280 10 300 10 Untrea

3/200 ted .0 nornmml values: 240 - 480 UL Eco rafi c measurenent 47 WO
03/ 011318 apdg /L 1@@19@17@1@3 Ofﬂ%l?a(%ﬁ)laé?@gl\% Wlﬁﬁem mens were obt ai ned

Lr omth POSTEL, ﬂ;{ T 0 BPRTTE tu Lbﬁjgr%ﬁtgeﬁpuaam e1bi opsy
eedl e g0 5 a tH@p %gﬁdL?” :H(rl_gg/m % Ster t (5) of sgeci nen
(TraoSystgm USA . speci menk 4 givi ded Lt f B8,/ cmlong
(U/L)
*
A 72 0 104 131 15.0 740 17 | Untrea
5/199 | ted
8
B 82 2 8.5 434 11.2 830 20 |Treated
9/199
8
C 78 2 8.2 68 1.3 664 20 | Untrea
3/200 . |ted
0.
D 70 3 6.8 60 7.3 763 30 |Treated
3/199
0
E 79 1 10.0 180 4.5 666 18 {Untrea
6/199 ted
5
F 65 0 14.0 24 12.0 408 30 [|Treated
4/199
7
G | 65 2 632 11 |Untrea
2/200 ted -
0
H | 40 0 15 280 10 300 10 |Untrea
3/200 \ ted
0

* normal values: 240 — 480 U/L

** Bcografic measurement
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portions. One randomy selected portion was used for prelimnary

nor phol ogi cal assessnent. The remaining two fragnents were cultured in
35-nm ti swoasoulstzir e di shes and conpl etely covered by 1 nipcafiLoidesdcer -1 i ke
medium in the presence of rhSCF (50 ng/m.), rhGWCSF (10 ng/m), rhlL-3
(10 ng/nm.), and rhEpo (2 units/m) with or wi thout 10-8M OGP(10-14), at
37C, 5% C02-air. Half the nedium was changed once, after 7 days, wthout
altering_jts conposition, other than restoring cytokines and OGP(10-14)
initial @bﬁ%ﬁ%mé@narhonﬁfmérw&damm@ﬁaﬁ veagabtatwdsirom e pasterivhe bone

. marr ow J: r.e hi stological,l r ssed. Brij efl S es were
fixed i n@?ﬁe&#ﬁ@%&g)’lﬁ%g -%%?&gpggg}%ﬁg%_g%%ﬁpgsy depae e&}%{?%erdag}l‘)l{]‘ sections
were st ah NeehpM foh ods@s amiiBiEl QhiMlobloROST 'VHR' spebinY§{ (THRFEEARH] on of
reticulum Changes_in the bone marrow were assessed semquantitatively on
a | to |MIXEbech, NSAbr &hef spatimans uwerk fdividedelihta ithheddnemmisw

speci nens_conpar abl e to .nor.mal .ones; score IIl represented reduced

cel | ul arP?rfyl % hgbﬁlédlféél&f’m}_& éﬁF&@gn:?Pf??nsW@rse “ISPQ SPe ATRBRINALN bi t ed
spread | RGYPRSToNAITRRYBEAL TR LémhhiRE AR FrachP&fsHE% s gxtremely
scanty and/or the bone marrow area was vastly substituted by Fatunar
zones. Am |¥asm3tisque spdtec: Widtes| agd cadmpkeelyi eogeipdr bsatphd ver e

' ing,.th ti ti : ddition, th || densit
ot 1 BARIG A el i e, g PASTop o Bh CHsOoRR br b M i Ebpe
ot | PEFTYUHartb e st e
bone. mar ooy e TE S ReRL) AR o e By B B 1078 O oot s

the ratiOGH(10eR), atl 37°@ it Oi-nir. GBEL e Lk dingaiad dvakednideat ed
specinmens, (T/C rati o). Resulﬁi s 48 WO 03/011313 PCT/ILOL/ 00700 Arter 14
days in &if% uf edayson®i of!teBgi Hensompeaytien, withar ey restpaingppear

e LSRR e 19 A0 SRR g6 SREELIE S iom (he oar
days in culture the bone marrow specimens were histologically processed.
Briefly, samples were fixed in modified B5, demineralized in E.D.T.A acid
buffer and sections were stained with Giemsa, hematoxylin-eosin or
silver impregnation of reticulum. Changes in the bone marrow were
assessed semiquantitatively on a I to IV score. A score of IV was used for
cell-rich bone marrow specimens comparable to normal ones; score IIT
represented reduced cellularity with reduced nuclear density; score II
specimens exhibited spread lacunae; hematopoietic cells in score I
specimens were extremely scanty and/or the bone marrow area was
vastly substituted by lacunar zones. At least 3 equispaced histological
sections per sample were examined using the entire section area. In
addition, the cell density was automatically evaluated using a computer
assisted Leica microscope equipped with Leica.QWin software, as the
ratio between cell counts and bone marrow area. The results for each
patient results were expressed as the ratio of mean cell density in

OGP(10-14) treated over untreated specimens (T/C ratio).

Results
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was significantly increased in all I M patients (p<0.05). No differences
were detected between OGP(10-14) treated and untraeted specinens from non
| M- pat i ewD3/0Tt3@3 conput er assi sted eval uati on of cel |l ul aricyLogieswed a T/ C
ratio>1 in all I MF cases (p<0.01) strongly indicating that cell nunber was
increased in the OGP(10-14)-treated specinens. Mreover, the T/Cratio was
statistically signi f icant in _every pair of specinens obt ai ned from

i ndi vi dualAfari ddt sdqyrabire. culjurerhbomp Copairpy Si’f?@%é@lﬂ% tieayedhi wathand

B S LD

Indl cator dileihBas TR thbkaele Menﬂé oL O, 163) 'Bhé Q8miduraitefadive wbrongl y
suggests that the effect of (10- 14 |s hi ghest in the nore severely

af fect ed patibengsificiablyeirreGedpun el BYE| mfeeim@vﬁﬁﬁ)a@ﬁ)oﬁqcoﬂlfﬁg‘lencmna ty.
PATI ENT T/ C RAT < 0.0 7 p<0.003 D 8.1
<0.0002 E'§'3 ‘iﬁgégf&ﬁglbug‘”ieféz%gﬁgl&égg %e%%aﬂ i mﬁ’g‘rﬁg Spﬁﬁgn?%ﬁl 0

bet ween eryhhr glosh va gxaleﬁtsd TR LSmpateraRRALRA! valHaahRNged IRl 8ty

culturing with OGP(1 However, a sem quantitative assessnent
suggest ed shdwé&d taoT1(0 rhmioéldmcalééh/ﬂ? icasesh <Hubbestrohglynegatatiyp thaes in

i Bt R AR L L W T T

obtai ned fROMLOE NAk HYE Paié GRS st48sRIBA/QLL B3 PG/ &4/ BR408s
specimens obtained from individual patients (Table. 2). The T/C ratio
showed a very high and significant inverse correlation with the patients’
hemoglobin level (Fig. 7). Decreased hemoglobin levels are the most
important serological indicator for the severity of IMF. This correlation
therefore strongly suggests that the effect of OGP(10-14) is highest in the

more severely affected patients.

Table 2: Computer assisted evaluation of cell density.

PATIENT T/C RATIO p value
A 2.0 p<0.05
B 3.3 p<0.01
C 5.7 p<0.003
D 8.1 p<0.0002
K 1,8 p<0.025
F 1.2 p=NS
G 0.9 p=NS
H 1.1 p=NS

The ratio between erythroid and myeloid cells was apparently unchanged
after culturing with OGP(10-14). However, a semiquantitative
assessment suggested a 1.5 to 10-fold decrease in the number of
megakaryocytes in specimens obtained from IMF patients. As in the case
of overall hematopietic cellularity, such differences were not found in

samples obtained from the non-IMF patients.
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Clainms: 1. A pharmaceutical conposition for stinulating the production of
hemat opoi etic cells conprising as an effective ingredient at |east one

ol i gopeptwoashansing stinulatory activity on hemat opoi et i c pecaliLel/003@i d

ol i gopepti de having a nol ecul ar wei ght of from200 to 1,000 Da and having
any one of the am no acid sequences Tyr-@y-Phe-Gy-Qdy,

Tyr-Qd y- PHainiss- G vy, Gly Phe-Gy-@y and Met-Tyr-d y-Phe- Gly Ay as

denot ed by SEQ I.D NG 2, 3 and 4 respectively, and a pharmaceutically
accept ablle ¢ rﬁ}&rm@ce“ﬁ\mﬁhmﬁﬂqrbafpr MBS ERG 1t h&c@é?@‘ﬂ%{?q ®fclaim1,

wherei n said &e%;ségg&?éﬂé fls'c%gg) %‘?ﬁ'{z %Q%‘?ﬁé@rﬁ:t%"é@%&@ﬁt LOfe 'X}ﬁ{c éﬁﬁg D NO

Tyr-d y- Phe- enot € am no aci d°seguence 0O

I. 3. A phar ghigeptpitas Iﬁ@ff@stlhi@ﬂto@ﬁ(a@ﬁdit@g)ﬂ ﬁeﬁia&bmlétlc \obd &daid Sai d
ol i gopeptide is a pentapeptide having the fornula: Tyr-d a Phe- Hi s- Gy, as

denot ed by t kliganepladediaying guanleeulsr vaHeht pbfm@ZOOzlto Woph Parandut i cal

et apopti de RAUTHG ReCRe i st Brel B Ratys TuRERBP AR Fhe am no
aci d sequencayiGBERLLDIN@GR, 5. A phar (aE®WH GRI-GEPMPosi tion gggording to

claim1l1, wherein said oli g} i de conprises the am no acid sequence
Met - Tyr - G y- Dhet- '@Y!}-ﬂfb&’yf’h%t 1ﬂéﬁwt@dd@wt%¢ﬂ BEGIR, Nfhi Lh2,nhpandopt i onal |y

be acylated. 6. A tion ordln to claimb5, wherein
oai 0 ol | gopept At RAL TRECY shifma RN NP BRI BRG V-G v " S0 o
03/011313 PCT/1LOL/ 00700 7. A phar ITB.CEUtI cal conposition according to any

of the preceding clains for enhancenment of engraftnent of bone nmarrow
transpl afts, A pharmaceutical composition according to claim 1, wherein said

oligopeptide is a pentapeptide having the formula:
Tyr-Gly-Phe-Gly-Gly, as denoted by the amino acid sequence of SEQ
ID NO:1.

3. A pharmaceutical composition according to claim 1, wherein said
oligopeptide is a  pentapeptide having the formula:
Tyr-Gly-Phe-His-Gly, as denoted by the amino acid sequence of SEQ
ID NO:2.

4. A pharmaceutical composition according to claim 1, wherein said
oligopeptide is a tetrapeptide having the formula: Gly-Phe-Gly-Gly,
as denoted by the amino acid sequence of SEQ ID NO:3.

5. A pharmaceutical composition according to claim 1, wherein said
oligopeptide comprises the amino acid sequence
Met-Tyr-Gly-Phe-Gly-Gly, as denoted by SEQ ID NO:4, which may
optionally be acylated.

o

A pharmaceutical composition

Ty Foy nladiea S
ding to claim 5, wherein said

oligopeptide has the formula: Ac-Met-Tyr-Gly-Phe-Gly-Gly.
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hemat opoi eti ¢ reconstruction, bone marrow re-popul ati on and nunber of
circulating stemcells 8. A pharnmaceutical conposition according to any of
t he preceworg/oiohai ns for enhancenent of engraftnent of beea/mereocew
transplants, hematopoietic reconstruction, bone marrow re-popul ati on and
nunber of circulating stemcells in patients receiving irradiation or

chenot herapy A $halhecolificaBesnposidlonC R8RREIHd @9 A6F VUG Py One of
claims 7 and 8, wherein said oligopeptide increases the nunber of

circul ating cluitusifor eahgacement ebengraftngentTofh prammceuttraadplaoisposi ti on

di t | ai,m 9,  wh ' i.d | tili t I h
i oul at g BEPFYOPiEbr ShRORRE S os Pohbe BERRE - 1T PORHE BRar Pk out  cal

conposi tion aeehd Titql&lial R ciierein said multilineage stemcells are
the circulating early precursor double positive CD34/Fl k2 cells. 12. The

pharmaceutical conposition according to any one of clainms 7 and 8, wherein

sai d oligopeptide enhances the i mmature cell and nonocyte recovery. 13.
The phar %ﬁcegt Pt n’cﬁ?ﬁﬁg@f‘]t CORPREEGRJPHGT LAY %‘Pﬁé(gf&tq &i‘f?ﬁ?ﬁ?rlg and 8,

303 M ool ofparBERMARCBRLAE LY Kkl el e B PS50 14 e
phar maceut i chbncgopoietici aecacstoncing bonanynanewof rebapakitibnanghd, for

i ncreasi ng the nunber .of white blood cell (WBC), circulating henatopoietic
stem cel | s aRdmRRE & sirgabngesteavcellsdn patientsyrecelyingrpaagipdioreeeut i cal

conposition éﬁg‘%{"%&% S,o any one of claims 7 and 8, for supporting bone
marrow transpl anta by increasing

9. The pharmaceutical composition according to any one of claims 7
and 8, wherein said oligopeptide increases the number of circulating

multilineage stem cells.

10. The pharmaceutical composition according to claim 9, wherein said
multilineage stem cells are the circulating early precursor CD34

positive cells.

11. The pharmaceutical composition according to claim 9, wherein said
multilineage stem cells are the circulating early precursor double

positive CD34/F1k2 cells.

12. The pharmaceutical composition according to any one of claims 7
and 8, wherein said oligopeptide enhances the immature cell and

monocyte recovery.

13. The pharmaceutical composition according to any one of claims 7
and 8, wherein said oligopeptide selectively increases any one of the

BFU-E and GEMM colony forming units (CFU).
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proliferation of stemcells, accelerating the hematol ogi cal reconstruction
upon bone marrow transplantation and increasing the cellularity of bone
mar r ow. 1W0 o3hei3phar maceuti cal conposition according to clearm.di3o7door use
in treating bone marrow transpl anted subjects suffering fromany one of
hemat ol ogi cal di sorders, solid tunors, inmunol ogical disorders and

apl asti cjanemha. pAdrmabeutRhar WReRILiHi G laceadResithi Ay @weostchagnk o7 cl ai m 16,
wherein said hematol ogical disorder is selected fromthe group consisting
of | ynphonmasnd| Sukfori ascreppiaigkithe snuinbenses white mplaodprestli (WEED; ve

di sorders. 18. The. pharmaceutical conposi.tion.accor g to clalim 16,

wher ei n sai dCHﬁ’;}%%Hg@r 3?‘?’?18?0&3[03%(%0 cﬁ%%%lr Fars; andy i°8§5%q¥1 ?@O?ﬁ/eﬁ“é‘ﬁ%‘? 0si s
(IMF). 19. Usen@farphy one of the oligonucleotide conprising the amno acid
sequence Tyr-Gy-Phe-dy-dy, Tyr-Ay-Phe-H s-dy, dy-Phe-AGy-Ay and
Met-Tyr-G@ y-Phe-Ay-Ay as denoted by SEQ 1D NGs:1, 2, 3 and 4
respectively, in jhe preparation of .a pharymaceutical conposition for
enhancendft = dheeh ?Wﬁﬁ%‘ﬁﬂcgfc%ﬂ%‘”m%rarcﬁ% ?%&Qp"l‘%togl,e ote topo et;c
reivilst LLrygqlgl Y 1ifhe BORe malM63C t¥adshlhdishidn WR LedSapopul ati on
and nunber of 1% ?bg(%lat%}\{%%ost 15 honp) mattodh tansblmtarion By S T90 700 20,
Use of any opeolaferatienol ofjostrxheotdlde congerstiing tthe amienmtalogttatequence
Tyr-A@y-Phe-Ay-dy, Tyr-d y-ghe- Hs-Ay a ){ Phe- G y-g y and.

Met - Tyr - G y- PRenatiiation 3@08ehore duarFosEtyansplagiation andingrepsing

respectively,,li end. %%i -Rfy @ Ppharnaceutical conposition for
enhancenent 8#1!3 g%%?%fr%ent X Iggln@ ‘marrow transpl ants, henmatopoietic
reconstruction, bone marrow re-population and nunber of circulating stem
cells in patients ) o . ) .
16. The pharmaceutical composition according to claim 15, for use in
treating bone marrow transplanted subjects suffering from any one

of hematological disorders, solid tumors, immunological disorders

" and aplastic anemia.

17. The pharmaceutical composition according to claim 16, wherein said
hematological disorder is selected from the group consisting of
lymphomas, leukemias, Hodgkin’s diseases and myeloproliferative

disorders.

18. The pharmaceutical composition according to claim 16, wherein said

myeloproliferative disorder is idiopathic myelofibrosis (IMF).

19. Use of any one of the oligonucleotide comprising the amino acid
sequence Tyr-Gly-Phe-Gly-Gly, Tyr—Gly-Phe-Histly,
Gly-Phe-Gly-Gly and Met-Tyr-Gly-Phe-Gly-Gly as denoted by SEQ
ID NOs:1, 2, 3 and 4 respectively, in the preparation of a

pharmaceutical composition for enhancement of engraftment of bone

re-population and number of circulating stem cells.
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receiving irradiation or chenotherapy. 21. Use according to any one of
clains 19 and 20, wherein said oligopeptide is a pentapeptide having the
formul a: woyws/o@A3y3 Phe-d y-Ay, as denoted by the am no acipdTaeguen@e of SEQ
ID NO 1. 22. Use according to clainms 19 and 20, wherein said oligopeptide
is a pentapeptide having the formula: Tyr-Ady-Phe-H s-Gy, -as denoted by
t he am nd2@cildses eduant enef oSERE | digdudleofide ddseprasier dhagthoanyidone of
clainms 19 and 20, wherein sai i gopept.i de is a_hexapeptide having the
formula: Ac-WELERHE -d y- P @rély?]%jl%[g%ér@ﬂenot ed rB&/’f'ﬁ"]r&I%Fﬁ'HéS-é}‘éy,d sequence
of SEQ I D NO 4., _dse gt 1e00f~ ¢! Al wherein
said oli gope(gllyi %ge idéﬁlz(}ggtg gggl\e/%? iTé]g Cﬁlgﬁl%g%[lﬁe(}l&c)?éwﬂ%g?)gegﬁgpﬁg@g y-Qy,

as denoted by} hBGwi,n@, agi duskeqerspectivedrQ ihD the). Pre@@ratidse dcgording to
any one of clainms 19 and 20, in the preparation of a pharnaceuti cal

conposi ti on fryrIRGesticphgomResitignfer eaﬁawc;@ern@amh@ﬁ engragynent ofage st em
cells. 53 WO 3 [ 1L01/ 00700 . 26. Use accordi t o _any one of

cl ai m 25, V\herggé%%atﬁgngq}% lqj%’a%‘ler%at%?lfléﬁ 1?%888‘%‘{‘@8{1@ ne é’i‘%%f)We

circul ating earpopulBénpasilt nvenlsd! bs.circtlati esiRes 0fdishnt Pabmism 25,
wherein said circulating nultilineage stemcells are double positive

CD34/ Fl k2 celteseivpgs nyediagtgoeni¢rametdenany.one of clainms 19 and 20, in the
preparation of a pharmaceutical conmposition for enhancing the i mmature
cell and nonocyte recovery. 29. Use according to any one of clains 19 and

20, in _t@l.pr[%@ra@ﬁcbﬁﬁn%f t&_aRPAbRBCHULLGRL §9MRAAI boonywhefeiseksgt i vely

i ncreasing any one of the BFU E and GEMM colony formng units (CFU).
oligopeptide 1s a  pentapeptide having the formula:
Tyr-Gly-Phe-Gly-Gly, as denoted by the amino acid sequence of SEQ

ID NO:1.

22. Use according to claims 19 and 20, wherein said oligopeptide is a
pentapeptide having the formula: Tyr-Gly-Phe-His-Gly, as denoted
by the amino acid sequence of SEQ ID NO:2.

23. Use according to any one of claims 19 and 20, wherein said
oligopeptide is a  hexapeptide  having the formula:
Ac-Met-Tyr-Gly-Phe-Gly-Gly, as denoted by the amino acid sequence
of SEQ ID NO:4.

24. Use according to any one of claims 19 and 20, wherein said
oligopeptide is a tetrapeptide having the formula: Gly-Phe-Gly-Gly,

as denoted by the amino acid sequence of SEQ ID NO:3.

25. Use according to any one of claims 19 and 20, in the preparation of a

pharmaceutical composition for increasing the number of circulating
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30. Use according to any one of clainms 19 and 20, in the preparation of a
phar maceuti cal conposition for increasing the nunber of white blood cells,
ci rcul at iwg odemst®poi etic stemcells , and overall bone mammD/00700
cellularity. 31. Use according to any one of clains 19 and 20, in the
preparation of a pharmaceutical conposition for supporting bone marrow
transpl apgat iU Aycdrbedeasi agdy paned iof edlainh 025, 0fwlsdrein calid scircudgidgg er ati ng

t he hemat ol ogi cal reconstruction ugon‘ bone marrow__transpl antati on and

i ncreasi ng t heultdineagasten ellsiwendhasireplatingeany €034 esiting cells-any one of
clainms 19 and 20, in the preparation of a pharnmaceutical conposition for
treating subjects suffering fromany one of henmatol ogical disorders, solid
tunors, omunnleogi&atingits dRAS2RANFhadiasidid aRediagingdmIRN3ARd 1313
PCT/1L01/ 00700 33. Use according to claim 32, wherein said henmatol ogi cal

di sorder is atymenlsafredoublgkperiaye CHiHBR callsdgki n' s di sease and

nmyel oproliferative disorder. 34. Use according to claim33, wherein said
nyel oproliferative disorder is idiopathic myelofibrosis (IM). 35 A

met hod f ol eRRANGeBRNheAh AR06A bNBHIM ORI HTBAAY pilehalsibRE &

henopoi eti ¢ reconstruction, "bone marrow re-popul ati on and nunber of
circul ati ng shemeekbliticalvhomiposiomotbrcenpangeg theeimstaprefceidandi st eri ng
to any one of a cell or of a subject in need thereof, an effective anount
of an ol i gopEPPRATIHELFAYET%t i mul atory activity on hematopoietic cells as
defined in any one of clains 1 to 7, or of a conposition conprising said
ol i gopeptide as an effective ingredient. 36. A nethod for enhancenent of
engr af t Moy dfsdanerdimg vanst vansptlairths 19hanbpo iat the pwpanstiomof hon, bone
marrow re-popul ation . i X i '
pharmaceutical composition for selectively increasing any one of the

BFU-E and GEMM colony forming units (CFU).

30. Use according to any one of claims 19 and 20, in the preparation of a
pharmaceutical composition for increasing the number of white
blood cells, circulating hematopoietic stem cells , and overall bone

marrow cellularity.

31. Use according to any one of claims 19 and 20, in the preparation of a
pharmaceutical composition for supporting bone marrow ’
transplantation by increasing proliferation of stem cells,
accelerating the hematological reconstruction upon bone marrow

transplantation and increasing the cellularity of bone marrow.

32. Use according to any one of claims 19 and 20, in the preparation of a
pharmaceutical composition for treating subjects suffering from any
one of hematological disorders, solid tumors, immunological

disorders and aplastic anemia.
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and nunber of circulating stemcells in patients receiving chenotherapy or
irradi ation, which nethod conprises the step of admnistering to any one
of a cel Iworo3mi13as3 subj ect in need thereof, an effective acmunel/@ioman

ol i gopeptide having stinmulatory activity on henatopoietic cells as defined
in any one of clains 1 to 8, or of a conposition conprising said

ol i gopepiade &% afcorlirRtd “RrihN@RedRAbin 34id RerBitblogicall disQaking a subj ect
suffering fromany one of hemat of ogi cal disorders, solid tunors,

i nmunol ogi calangi s@ledeﬁﬁ andeuh@ma%t ﬂynmln@maa Hedglinsi ndisaase nasdering to
sai d subject _a 1t her t| ﬁ‘ﬁf effectl ve anmount of an oligopeptide having
stinul atory 8§ Q/PIE(X}I S%do 'etic cells as defined in any one of

claims 1 to 8, or of a conp05|t|on conprising said oligopeptide as an
effective ingredient. 55 WD 03/011313 PCT/1LO1/ 00700 38. A nethod of

treati ng3d. sﬁbsjee@ctcosdﬁnfgeird clgithr3in valmgreom eanlf miyehqtrolifeghtizk dsmdeders, solid
t unors, |m"runol i dIS %@?rs a %Tapl astic anem a, conprising

admi ni steri nd)sf Tog1s Papeutical |y effective amount of an

ol i gopepti de havi ng sti rrul atory activity on hematopoietic cells as defined
in any one of claims 1 to 8, or of a conposition conprising said

ol i gopepigisde AsnRho®! FSCtdal R &H! &Rt en!;fbf%:l@ﬁ?r bt Ofnoxlﬁl € nddi £G4 Ment - of

t he subject by bone nmarrow transplantati on. The nethod according to
any one of chmml&?tsahﬂnﬂﬁmwﬂmerﬁmns&acﬂonhlmrmn:{argamaie -pbpadaten is any
one of a |lynmphoma, | eukem.a, . Hodgkin's di sease and el oproliferative

di sor der . .403 %uW@PHd%f%C"(}PHP&%gm Gitlss aTHch anathade rompsises dhat i ve
g sorder 15 i A AL N DTS Sy LMD iy & TELGELY o g ng

acutetransplat I’EJEC 1on | a transpl ante pat 1 ent

adm ni st eri nghtmeofahd qffdckwpt adouat fofcln viegopeptide having stimulatory
activity on hematopoietic cells as defined in any one of claims 1 to 7,
or of a composition comprising said oligopeptide as an effective

ingredient.

36. A method for enhancement of engraftment of bone marrow
transplants, hemopoietic reconstruction, bone marrow re-population
and number of circulating stem cells in patients receiving
chemotherapy or irradiation, which method comprises the step of
administering to any one of a cell or of a subject in need thereof, an
effective amount of an oligopeptide having stimulatory activity on
hematopoietic cells as defined in any one of claims 1 to 8, or of a

composition comprising said oligopeptide as an effective ingredient.

3837. A method of treating a subject suffering from any one of
hematological disorders, solid tumors, immunological disorders and
aplastic anemia, comprising administering to said subject a
therapeutically effective amount of an oligopeptide having
stimulatory activity on hematopoietic celis as defined in any one of
claims 1 to 8, or of a composition comprising said oligopeptide as an

effective ingredient.
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anount of an ol igopeptide having stinulatory activity on henmatopoietic
cells as defined in any one of clains 1 to 8, or of a conposition

conpri si nyogaiotided i gopepti de as an effective ingredient. #2T/1RB0w@véod for
enhancing the proliferation of hematopoietic stemcells conprising
exposing said cells to an effective anount of an ol igopeptide having
stinulatory activity on production of hematopoietic cells as defined in
any one of claims 1 to 8, or of a conposition conprising said oligopeptide
as an ef $&ct Avanpipdediferireating hes Or‘ioéug%‘&gdir%@mt ARY aPPf d&f wherein
said eeil is . L. y. . 31 3.1P% Q700 44,
The et hod a%%%%%@%éw?g8%#%§%§h%§hgﬁg?g¥%gggﬁl %é%b§%?#§g%ég?% is a Fl k2
posi tive cel hplakbic AneeiiBpdedmprisingi Adwiwistbring eo viaid naibjéati ni ng and/ or
expanding stemcell population in a blood_ sanple conprising isolating

peri pheral btlrvapestipally r eiestve Bedrsarhl &0 eAHERPR ‘bl%@annbrogenitor

cell s expressj.ng,the 4. I ge ri the I

progeni tor cﬁﬁl@lﬁﬁﬁg% Vilﬁg%lil gle(?%%tgk) ?%etglﬁs%eﬂ? Fea ?frlllgéﬁ glg%glg’c@fgﬁw th an

ol i gopept i de BavisNgtS8] SrbAL @b¥pdRitiof tomprising sddafligopepfidbempimpoi eti c

cells as defined in any one of clainms 1 to 8. 46. The nmethod according to

any one of ckffectivingredismt, fimrsunmort ebitpe itseaignexipetithg wdlertcey s to at

| east one cyiokine. 47. The 1ma%hod according to claim46, wherein said

cytokine i s SePeBAFOVTARTRIABRYYMp consisting of TPO (Thronbopoi etin),

EPO (Erythropoietin), M CSF (Mcrophage-colony stinulating factor),

G\t CSF ( Granul ocyt e- macr ophage- CSF), G CSF (G anul ocyte CSF), [L-1

(1 nt er| eBRi nThe, mkthd a¢dording to dny bhe®f clding, 3T land, 38,Lwlerein|sagd | L- 10,

IL-12, LIF (Leukenja.inhibitory factor) and,.KL iKit .
hematological disor exy is any ‘one of a lymphoma, leukemia,

Hodgkin's disease and myeloproliferative disorder.

40. The method of claim 39, wherein said myeloproliferative disorder is

idiopathic myelofibrosis (IMF).

41. A method for reducing acute transplant rejection in a transplanted
patient, comprising administering to said patient an effective
amount of an oligopeptide having stimulatory activity on
hematopoietic cells as defined in any one of claims 1 to 8, or of a

composition comprising said oligopeptide as an effective ingredient.

49. A method for enhancing the proliferation of hematopoietic stem cells
comprising exposing said cells to an effective amount of an
oligopeptide baving stimulatory activity on production of
hematopoietic cells as defined in any one of claims 1 to 8, or of a

composition comprising said oligopeptide as an effective ingredient.

43. The method according to claim 42, wherein said cell is a CD34

positive cell.
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ligand). 48. The method according to claim4l, wherein said cells are in
cell culture. 49. The nethod according to claim42, wherein said blood
sanpl e i swomaomsis an bl ood sanpl e. 50. The net hod accor di mgTiinoigdoaon d- 9,
wherein-n said blood sanple is a human bl ood sanple. 57 WD 03/011313
PCT/1L01/ 00700 51. The nethod according to claim50, wherein said bl ood

sanpl e ogiigi TakasefHodMcorEAT®d clufd 28 whefoinBhid CDBdSEEtivolcell io
decreased bl ood cell |evels. 52. The nmethod according to claimb51, wherein
sai d decr eased'lbRawditiveesed).s are caused by chenotherapy, irradiation

t herapy, or bone marrow transplantation therapy. 53. A nethod for
re-popul ating blood cells in a manmal conprising admnistering to said

mamral  agthenapgihbd 68 by ofrb ealid/ve ea s inGhtaiathgd hh@apeptyaelihgvi ng
stinmulatory activity on hematopoietic cells as defined in any one of

clainms 1 to 8temr cefl populattsi tinore cblvpdi shnple s gpmpsisiggpegldtaes as an
effective ingredient. 54. Th t hod 0 ai,m 53, ;wherei n.sai,d blood cell
is any one oPe“erhf‘rf‘hlr igpd r?ﬁg’lso 18“%1rﬁ?lﬁgyh{9ﬂgi ﬁa]@gll‘?’s?n%@ﬂmg $lobd

progenitor cells expressing the CD34 antigen, cluttering the
enriched blood progenitor cells under suitable conditions, treating
said cells with an oligopeptide having stimulatory activity on
production of hematopoietic cells as defined in any one of claims 1 to

8.

46. The method according to any one of claims 35 to 45, further

comprising exposing said cells to at least one cytokine.

47. The method according to claim 46, wherein said cytokine is selected
from the group consisting of TPO (Thrombopoietin), EPO
(Erythropoietin), M-CSF (Macrophage-colony stimulating factor),
GM-CSF (Granulocyte-macrophage-CSF), G-CSF (Granulocyte
CSF), IL-1 (Interleukin-1), IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8,
IL-9, I1-10, IL-12, LIF (Leukemia inhibitory factor) and KL (Kit
Ligand).

48. The method according to claim 41, wherein said cells are in cell

culture.

49. The method according to claim 42, wherein said blood sample is

mammalian blood sample.
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51. The method according to claim 50, wherein said blood sample
originates from a mammal suffering from, or susceptible to

decreased blood cell levels.

52. The method according to claim 51, wherein said decreased blood
levels are caused by chemotherapy, irradiation therapy, or bone

marrow transplantation therapy.

53. A method for re-populating blood cells in a mammal comprising
administering to said mammal a therapeuitically effective amount of
an oligopeptide having stimulatory activity on hematopoietic cells as
defined in any one of claims 1 to 8, or of a composition comprising

said oligopeptide as an effective ingredient.

54. The method of claim 53, wherein said blood cell is any one of

erythroid, myeloid and lymphoid cells.
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