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PHARMACEUTICAL COMBINATION OF G-CSF AND PLGF USEFUL

FOR BLOOD STEM CELL FIELD OF THE INVENTION This invention

regards a combination of biologically active molecules for use in the

mobilization of blood stem cells in a patient or subject in need thereof.

More specifically, the invention provides a combination of G-CSF 5 and
PRIZRMNCEUYRAT)\E OMBINATION OFLGzaSI ATVDIPIGEH USEFUL

blood progenitor cells (PBPCs) thereby increasing feasibility and efficacy
of organ or cell transplaR@B BRL@ODcSdEMadEhErapy protocols in

tumor patients. BACKGROUND OF THE INVENTION 10 Autologous
PBPCs have significantly increased indications, feasibility and efficacy of

high- -radiqt N tologous stem cell transplantation
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a potentially curative therapy for patients with high-risk leukemias lacking
themdd EANMate haptifatadl py theelmecndmorpt.ev, despeoxiomtaelyadioth of G-CSF
the global population of patients who may benefit of allogeneic

anchiysHnpaisic Henbroesteséiused s tinabintngutb gaekibprt e 9f peripheral
cancer patients inclyde _t of myeloid growth factors_alone or duri
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piimal Fz:%ﬁCiransplantation and of chemo-radiotherapy protocols in tumor

patients.

BACKGROUND OF THE INVENTION

Autologous PBPCs have significantly increased indications, feasibility
and efficacy of high-dose chemo-radiotherapy and autologous stem cell
transplantation (SCT)'* in patients with non-Hodgkin lymphoma (NHL),’
relapsed Hodgkin lymphoma (HL),* as well as multiple myeloma (MM).

Allogeneic PBPCs represent the preferred stem cell source for
HLA-matched SCT and the unique source for HLA-mismatched

allografts6s7,8‘9,10,1 1

which is a potentially curative therapy for patients with
high-risk leukemias lacking an HLA-matched related or unrelated donor, i.c.,
approximately 40% of the global population of patients who may benefit of
allogeneic transplantation.

Protocols used to mobilize autologous PBPCs in cancer patients include
the use of myeloid growth factors alone or during recovery from cytotoxic
chemotherapy, with the Ilatter approach allowing optimal PBPC

e 13,14
mobilization'>!!

. Mobilization of allogeneic PBPCs from healthy donors is
usually achieved by short courses of recombinant human granulocyte colony-

stimulating  factor (rhG-CSF) in doses ranging from 10 to
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mobilization12'13'14 Mobilization of allogeneic PBPCs from healthy
donors is usually achieved by short courses of recombinant human
granulocyte colony 25 stimulating factor (rhG-CSF) in doses ranging from
10 to 2 20 g/kg/dayi5,i6,i7,is Cancer patiedts autografted with >5 x 106
CD34+ cells/kg experience prompt and durable hematopoietic
2@pgrAlImenRy Whetdds those receiving <2 x 106 CD34+ cells/kg are at risk
for delayed engraftment, engraftment 5 failure or secondary
myel6iyspagatictse peftargrafitdde wethingokal 5l 0GR A ST ltikg experience
availability of adequate amounts of CD34+ cells represents an essential

PRItk dudad auB e atRp GkidasiRREmSRAdiShErsay othose receiving
ise related factgrs, a substantial prgportion of chemotherapy naive
<015 a0y SRR FoREdy (I (ORS EFLoF DETEEGH S eratment
ili imal 4+ 222T ' f
F O O RS Ay St PR o e SRR bptclogous
SeSsuetiereninigmbslohHbf-ig@aiicatdranaplans; fPVERS4+5 K18%resents an
normal donors experience poor stem cell mobilization and require
cspentadegdosqaisitch GEQBEradd entutipie @ip leartetis ive celienes23 diberapy or
15 Recipients of HLA-mismatched allografting require the reinfusion of

dispasprredpisss factomprolataatiplepsaronian edishempetheramyaraive (10 to
oSSR Synes, ot e e monlton SRR
ORI cpgromoco o colect o et ol e of
proportien.gi RRARYE 04844t numbers of allogeneic CD34+ cells does not
represent a critical issue in recipients of HLA-identical transplants; however,
5 to 15% of normal donors experience poor stem cell mobilization and require
increased doses of rhG-CSF and multiple apheretic procedures®>*%.
Recipients of HLA-mismatched allografting require the reinfusion of “mega”
doses of T-lymphocyte-depleted CD34+ cells to prevent graft failure and
severe GvHD?®. Under the standard mobilization regimen, (i.c., a 7 day course
of rthG-CSF) donors for HLA-mismatched SCT undergo an average of 4
leukaphereses to collect the target cell dose of CD34+ cells (12 x 10° CD34"
cells’kg body weight), with a substantial proportion of donors (20 to 25%)
failing to provide the target CD34+ cell dose.
Despite age, sex, schedule of cytokine treatment as well as previous

chemo-radiotherapy may affect stem cell mobilization®”**?’

, no specific
characteristics have been clearly identified as predictive factors for cytokine
mobilization. Therefore, any procedure applicable to cancer patients or normal
donors, and capable of increasing the yield of circulating progenitors in the

absence of added toxicity, is expected to have a profound impact on the

feasibility, toxicity and costs both autologous and allogeneic SCT.
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failing to provide the target CD34+ cell dose. Despite age, sex, schedule

of cytokine treatment as well as previous chemo-radiotherapy may affect

stem cell mobilization27'28'29, no specific characteristics have been

clearly identified as predictive factors for cgtokine 25 mobilization.

Therefore, any procedure applicable to cancer patients or normal donors,

and dapabis&d iPGPTSingobiyelibal siglatng peddendardbin thdng molecules

absence of added toxicity, is expected to have a profound impact on the
capabliliof, iotéeiigramgl voshs Huthnaechlagisny shdeglogénegc IBDTtdpoietic stem

Increased PBPC mobilization might be achieved by using molecules )
cedhpnEfickingrictifg v&rwwér%isﬁmgygéguigﬁndw%p%}émhehum to

stein cell traffigking i.e., transmigration through the Iuminalqlenggthelium

er

Y AYATULAT I BPBSnTALFOW sSRASESn HBmIRG RS heA ngeverse  in
m3BhilERAno0132.52 & Oua AUUHAN A ANBERAC NI L ARIRBE PP Cmobilization

llization relies on the use of combihations of cytokines, such a

rdlgeorohinaet hsenan dsi isiiaatideny tefmegeskihade RRIANYsSHBYaEI@ant human
factor (rhGM-CSF) plus rhG-CSF34, interleukin-3 (rhiL-3) plus rhG-CSF

(rb) rtEBAMOSERS; arat RPHAE? 13H oFinatjmehttngerfestoot REFOM-CSF) plus

mobilizatjon might be achieved b)gclo incorporating in the standard,
rhiobifttationEgieita oty idling y&blarrésg, -§eh &% $lMeft ttor and PIXY-
&pro enitars

R e

. ilizatian b C o _ ] _ .
R B R OIS sl YR ines,
s@’i‘iﬁyeﬁélyﬁfb@]ﬁf@éiﬁra@ﬁg@)ﬂﬁs of flt-3*° ligand, capable of expanding

marrow progenitors, thus increasing the number of cells susceptible to
subsequent mobilization by rhG-CSF.

So far, substitutes or adjuncts to rhG-CSF either failed to substantially
improve the mobilization of blood progenitors achieved with rhG-CSF alone, or
resulted in a limited improvement outweighed by a substantially increased toxicity.

Placental growth factor (P1IGF) is a member of the vascular endothelial
growth factor (VEGF) family and functions as an angiogenic amplifier by
signaling through VEGF receptor-1 (VEGFR1). Recently, administration of an
adenoviral vector expressing human (h) PIGF has been shown to exert
complex hematopoietic effects, including enhancement of bone marrow
recovery following myelosuppression, and mobilization of hematopoietic
progenitors. However, the administration of growth factors following injection
of recombinant adenoviral vectors presents several major differences from the
direct injection of a purified factor, and might not be predictive of its effects
when administered according to the modalities used in the clinical setting.

DESCRIPTION OF THE INVENTION

Due to the relevant clinical impact of any procedure capable to improve
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resulted in a limited improvement outweighed by a substantially increased
toxicity. Placental growth factor (PIGF) is a member of the vascular
endothelial growth factor (VEGF) family and functions as an angiogenic
amplifier by signaling through VEGF receptor-1 (VEGFR1). Recently,
administration of an 20 adenoviral vector expressing human (h) PIGF has

steger somb ol xeid ol exsbaingieppiotil effagisadasiitgingt PIGF in animal
enhancement of bone marrow recovery following myelosuppression, and

moddliizatlowoigetmasopoiktic PBEEHihitisateonr aheadmirisg atiora oflinical
_growth factors foIIowiIr;gdinjecIion of recombinant adenaoviral vectors

siprationsNevmal BAbRisrarstoacremnipetod trpssitensalby AR days
f r,.and mi be predicti i f dmini d

W R R R R N e A S R BBE R /B or

coﬁhﬁw&wmﬁ@w@@@ gg@?%qie&%ﬂmmpﬁ@gﬁgg@wmp (25-5

capable to improve 4 stern c obilization, we tested ing

8GNV iNB06 Bd Gla inpasimaleraodel aliediny himulaecPRRE mabilizgietion of
as occurring in a clinical situation. Normal BALB/c mice were injected

c yholaipestorredlIthg Pfdtiosy day s paithneitees contm| eetlicle @BS/MB8ADlood cell
rhG-CSF alone (10 g/d), or a 5 combination of rhG-CSF (10 g/d) and

(WBShbsathudivrd peri G sbsolyte) miBdesanaties denseteg cells

(R RO ak iR R RS IRTEI 6
cur g oo (e e o B S vident
thhekePIGH hif@wedt I GYHBAL no effect on the mobilization of WBC, CFC,
and LTC-IC. A 5-day injection of rmPIGF (5 ng/d) combined with rhG-CSF
significantly increases mobilization of CFC and LTC-IC, as compared to
rhG-CSF alone.
In addition, the mobilizing activity of PIGF/G-CSF combinations was

tested in a non-human primate model (Rhesus Monkeys). The results obtained
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that rmP1GF injected alone has no effect on the mobilization of WBC,
CFC, and LTC-IC. A 5-day injection of rmPIGF (5 g/d) combined with
rhG-CSF significantly increases mobilization of CFC and LTC-IC, as
compared to rhG-CSF alone. 15 In additidn, the mobilizing activity of
PIGF/G-CSF combinations was tested in a non-human primate model

in(Rixgseis Werkeyartfide resufisabinined #(s254miifdnicmvgse furtheparticular,
confirmed in this animal model. In particular, PIGF/G-CSF combination

P liobrovéiSihecnmobiimtion ohpwBCsd CRCsnetFiHzakgs ehdNBCslCeFi@'s, HPP-
terms of kinetics, frequency and absaolute numbers. The above-indicated

CEfotipachhed bbbt da s e LiskRg Hrse deeaugnanasd ahanisie pumbers.
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mobilization in a patient or subject in need thereof. As used herein the

s yeengd s patiefik ctntly shibjeC S Fpasid rabBl €eFerino themao i Hivadiais pfuperipheral
they may also refer to animals, especially mammals. Examples of states,

bl IogsBitaseadss that may benefit from the mobilization of blood

stem cells include, but are not limited 15 to, organ pr cell transplantatio
and térﬁkﬁ%h%}:n‘g‘-‘?a’&%ﬁ%}gﬁy{siﬁ Al Smbined preparation of G-CSF

and PIGF useful for stimulating blood stem cell mobilization in a patient or
subject in need thereof. As used herein the terms “patient” and “subject”
preferably refer to human individuals, but they may also refer to animals,
especially mammals. Examples of states, conditions or diseases that may
benefit from the mobilization of blood stem cells include, but are not limited
to, organ or cell transplantation and tumor chemo-radiotherapy, in particular
autologous'? or allogeneic SCT in patients with NHL, relapsed HL*, MM’, or
in the recovery phase following myelosuppressive chemotherapy.

The active ingredients of the combined preparation can be
simultaneously or separately administered in formulation with
pharmaceutically acceptable vehicles and excipients. The parenteral route of
administration is preferred. Methods for the preparation of pharmaceutical
compositions suitable for parenteral administration are known in the art;
details can be found in “Remington: The Science and Practice of Pharmacy”,
Mack Publishing Co. The amount of active ingredients in the combined
preparations according to the invention can be varied depending for instance
on the administration route, on the effect sought or condition to be treated, and
on the response of the patient. As a genecral rule, an effective amount of

G-CSF and PIGF is able to produce the desired response in terms of blood
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autologous1'2 or allogeneic SCT in patients with NHL, relapsed HL4,
MMS, or in the recovery phase following myelosuppressive
chemotherapy. The active ingredients of the combined preparation can be
simultaneously or separately administereddn formulation with 20
pharmaceutically acceptable vehicles and excipients. The parenteral route

stefradBlinialbaiinpat piefetied dviedwsishieicthecppepataitan e monitored during
pharmaceutical compositions suitable for parenteral administration are

thiendveatimend,a; gdebgilsasambagohe irciRaiig®nbIniee Ssiencecatld, and if
Practice of Pharmacy"”, Mack Publishin%}Co. The amount of active

neRgredYntdhe thdadeeinesrss hepdpatificdccararisiiBahs inlBnidn pEgferred
b ied ing for i dmjni [ ff .
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frpatient{subie! perenssl gafrd Foritared diiiag Ghe YEadmefschd. 1Y to 300,
counting the circulating blood stem cells, and if necessary the dosages

pretarablnddifie @ 8deotditghg/kgPhieferred embodiment of the invention,
recombinant hG-CSF and rhPIGF are used in 5 form of injectable

solutibhs §olpNyimg Luampassditirnil undte dbs psertioBm 1 to 150,

Do 1oL, BRI eVl Bk RSt Bl GeLbiito Mo combination
irl%’?ﬁgﬂge FLES 1-11 - mobilizing effects of PIGF/G-CSF
combination 10 in a mouse model

MATERIALS AND METHODS

Animals. Six- to 8-week-old female BALB/c mice, with body weight of
20 to 25 g, were purchased from Charles River (Milano, Italy, EU).
Experimental procedures performed on animals were carried out in accordance
with the guidelines of the United Kingdom Coordinating Committee on
Cancer Research (UK Coordinating Committee on Cancer Research.
UKCCCR guidelines for the welfare of animals in experimental neoplasia. Br.
J. Cancer., 58:109-113, 1998.). The mice were injected daily, intraperitoneally
(IP), for 5 days with either control vehicle (PBS/MSA), rhG-CSF alone
(10 pg/d), or a combination of rhG-CSF (10 pg/d) with recombinant murine
(rm)P1GF (2.5 - 5 ug/d). Each experiment was performed at least on three
separate occasions, and three to four mice per group per time point were used.

Cytokines. Recombinant human granulocyte colony-stimulating factor
(thG-CSF, Neupogen®) was from Roche (Milan, Italy, EU); rmPIGF was
purchased from R&D Systems Inc., Abingdon, United Kingdom); rhPIGF was
provided from Geymonat SpA (Anagni, [taly, EU).

Mobilization protocols. The standard mobilization protocol included
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MATERIALS AND METHODS Animals. Six- to 8-week-old female BALB/c
mice, with body weight of 20 to 25 g, were purchased from Charles River
(Milano, Italy, EU). Experimental procedures performed on animals were
carried out in accordance 15 with the guidélines of the United Kingdom
Coordinating Committee on Cancer Research (UK Coordinating

tréaoimenitteé BACBcewRbSEREIT SBKA O Wig/miasindP oo tlee dellgrdqf 5 days.
animals in experimental neoplasia. Br. J. Cancer., 58:109-113, 1998.).

T e aticdanvtlre mjebid: twilyg fifecaparfidtiéaly r(iD|Gdr XHays Withithense, 1P)
control vehicle (PBS/MSA), thG-CSF alone 20 (10 pg/d), or a combination i

Wk haslBEES S dPRAR RBhDIAEN? nflfie SIS GE @.5108lg/a9geRtnor in

QBT e rn seh A B WFS ot ES RSk
RecopBTHEIRD SFAMIREVEE SAISSLSUTHENN (B8N HBEESFhite blood

Neupogen(W) was from Roche (Milan, Italy, EU); rmPIGF was 2

ceUONBEY FonnR&R G)stams i, AisatenminiiedsKitosorsyiBieig cells
was provided from Geymonat SpA (Anagni, Italy, EU). Mobilization

((Fréthcabsthe standake mohifizdtog-peoto caiiHoraienl f atiagtmeedtsof (LT C-1C).
BALB/c with rhG-CSF (10 pg/mouse, IP) once daily for 5 days. To

Usleabiapd heevvisniftgceraptensl o tesre nsmeitfiogds tvsog hdirse aftgr the last

¢ were administered once daily for 5 days either as a single agent or in
redm5A4tion with rhG-CSF. Controls were injected with PBS/MSA. 5

o B VERTE PSSR A o e G onvi
plexus into heparin-containing tubes. After white blood cell (WBC) counting,
PB was diluted (1:4, v/v) with PBS and mononuclear cells (MNCs) were
separated by centrifugation (280 g, 30 min, room temperature) on a Ficoll
discontinuous density gradient. Cells were then washed twice in Iscove’s
modified Dulbecco’s medium (IMDM, Seromed, Berlin, Germany, EU)
supplemented with 10% fetal bovine serum (FBS, Stem Cell Technologies,
Vancouver, Canada), 2 mM L-glutamine and antibiotics.

WBC counts. WBC counts were performed using heparin-anticoagulated
blood and an automated counter (ADVIA 120, Bayer, Milano, Italy, EU).

Colony-forming cell (CFC) assay. Total colony-forming cells (CFCs),
i.e., granulocyte-macrophage colony-forming units (CFU-GM), erythroid burst-
forming units (BFU-E), and multilineage CFU (CFU-GEMM) were assessed in
standard methylcellulose cultures. Briefly, 1-ml aliquots of blood (5 x 10* to

2 x 10° MNCs) were plated in 35-mm Petri dishes in methylcellulose-based

medium (HCC-3434; Stem Cell Technologies) supplemented with recombinant
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(CFC), absolute numbers of long-term culture-initiating cells (LTC-IC).
Unless otherwise stated, animals were sacrificed two hours after the last
treatment. 10 Cell harvesting and separation. PB was harvested from the
orbital plexus into heparin-containing tube®. After white blood cell (WBC)
counting, PB was diluted (1:4, v/v) with PBS and mononuclear cells

mdIRCE sste nsepHr fse tbby erB Ty giiiag/(AB0 maBenim iaterleukin-3 (rmlIL-3,
temperature) on a Ficoll discontinuous density gradient. Cells were then

1Qvaieel bvkas pnBoears shanand(iby Dutstedkis-Hetih VDM, ng/ml) and rh
Seromed, Berlin, Germ plemented with 10% fetal bovine
CIERIAP QLRI §%ﬁpee|5r'gymﬁé o B0 e S ROSFAASCOTFHRE to standard
utamgine ,an t|b|ot| cou Cco nts we, erform o
o A R S G T R TR R e of 5%

@)%lQnBﬁY eHMIBRAKA IEWD 2RO BiRIORYsorMing 65!l {GFE). assay TOtaI

olony-forming ceIIs (CFCs), i.e., granulocyte-macrophage colony-forming

units J(emnig= %eMMﬁKthﬂhhﬂgln&hltﬁ($ﬂJIB) anskawlltiiiB@IEC  were
CFU (CFU-GEMM) were assessed in standard methylcellulose cultures.

amriesd limtaiduesl it dC@Ebo1den £y ro5alINBE)aderd PRRBi3973-82).
35-mm Petri dishes in methylcellulose-based 25 medium (HCC-3434;

B@&%ﬂvcéﬁsreEﬁHém@ﬁes) §uab|é&e>m&&wltm@&9ﬁaﬁ%t B rfiouael i) medium

| I I i I
ORI T, ISR (5 i SRR RN 67He s dnlle cultures
c GRYRGR '%‘W&@@OI%W@I ﬁemmm@mr% CHIAALOAFT024 cells

standar criteria after 12-14 days of incubation at 37C in'a humidified
(Iandoseeidéd¥y Dr. K. Moore, Princeton University, Princeton, NJ, USA)
(Moore KA, et al., Blood. 1997;89:4337-47).

Complete medium consisted of alpha-medium supplemented with FBS
(12.5%), horse serum (12.5%), L-glutamine (2 mM), 2-mercaptoethanol (10™ M),
inositol (0.2 mM), folic acid (20 uM) plus freshly dissolved hydrocortisone
(10° M). Cultures were fed weekly by replacement of half of the growth medium
with fresh complete medium. After 4 weeks in culture, nonadherent cells and
adherent cells harvested by trypsinization were pooled, washed, and assayed
together for clonogenic cells in methylcellulose cultures. The total number of
clonogenic cells (i.e., CFU-GEMM plus BFU-E plus CFU-GM) present in
4-week-old LTC provides a relative measure of the number of LTC-IC originally
present in the test suspension. Absolute LTC-IC values were calculated by

dividing the total number of clonogenic cells by 4, which is the average output of

clonogenic cells per LTC-1C (Sutherland HJ, et al.,Blood. 1989;74:1563-70).
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5 CO2 in air (Humphries, R.K.et al., Blood, 53:746-763, 1979.). Long-term
culture-initiating cell (LTC-IC) assay. LTC-IC were assessed in bulk
cultures (Carlo-Stella C, et al. Blood. 1999;93:3973-82). Briefly, test cells
(5 - 8 x 106) were resuspended in comple% medium (MyelocultTM 5100,
Stem Cell Technologies) and seeded into cultures 10 containing a feeder
layerfoXik MBI 2,000 cGy) murine AFT024 cells (kindly provided by
Dr. K. Moore Prlnceton Unlver5|ty Prlnceton NJ, USA) Moore KA, et al.

satcdh SF
supplemented Wlth FBS (12 5%) horse serum (12 5%) L- glutamlne (2

ml\/l\ 2 mnrr-apfnnfhannl (10-4 l\/I\ 15.inositol /n 2 ml\/l\ folic acid (20 M)

IO aoia (=9 1viy

Mpmmmﬂwolgsnhré‘d hydrocortisone (1WBM}tIdoﬂlum¢s were fed weekly

by feplacement of half of the growth m M @ th fresh complete medium.
After 4 weeks in culture, nonadherent cESHSHY %ﬁg}ent celld Mfgasted

PN/ peRinization were pooled, washed g%@i@geq} ther f9r165 + 9729
bt 20

r‘lnnngnnm cells-in mnfh\llr\nllnlncn cultures a fm‘ql’ number o

rh€le@8gdiiie geltd (i.e., CFU GEMM plus BPUOERA® CEUESH)) pleSENtn,575

K- 0|o [C provides a relative measyre. of the number of
mol?%ge B/ M8 Q%ent in the test suspensm? %o)s agéq_Tgﬁ%p)/alugs&me 141

rh@?'@@'ﬁt@% %Q)V@H@WF@@ ugm?er 5’%@6’@%@0"3 EERR0Y 1 7%4@'961778
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rhé} (Bﬁfo(ilQLBBBint mﬁBK}RQSZFgQi)EXAMS’(D_(E(H'B@BIe 18, AMBC) CoPBfdstird, 715

mice treated with rmPIGF and/or ThG-CSF
* BALB/c mice were injected [P for 5 days with either PBS/MSA,

rhG-CSF alone (10 upg/d), or a combination of rhG-CSF (10 pg/d) with
rmPIGF (2.5 - 5 pg/d). Blood samples were collected 2 hours after the last
injection of rmPIGF and/or thG-CSF.

EXAMPLE 2

Table 2 - Frequency of circulating CFCs in mice treated with rmPIGF

and/or rhG-CSF

Mobilization Regimen* CFCs/10° MNCs

Median (range) Mean + SD
PBS/MSA 7(2-15) 8+3
thG-CSF (10 pg/d) 76 (51 - 148) 82+ 29
rmPIGF (5 pg/d) 8(7-9) 81
rthG-CSF (10 pg/d) + rmPIGF (2.5 pg/d) | 115 (93 - 184) 130+ 37
thG-CSF (10 pg/d) + rmPIGF (5 pg/d) | 195 (113 - 253) 180 + 58

* BALB/c mice were injected [P for 5 days with either PBS/MSA,
rhG-CSF alone (10 pg/d), or a combination of thG-CSF (10 nug/d) with rmPIGF
(2.5 - 5 pg/d). Blood samples were collected 2 hours after the last injection of

rmPIGF and/or rhG-CSF. CFCs include granulocyte-macrophage CFC
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Mobilization Regimen* WBC/L blood Median (range) Mean SD PBS/MSA
2,000 (850 - 4,000) 2,165 929 rhG-CSF (10 g/d) 6,000 (5,200 - 21,650)
9,577 5,575 rmPIGF (5 g/d) 2,450 (1,350 - 2,950) 2,450 141 rhG-CSF
(10 g/d) + rmP1GF (2.5 pg/d) 5,600 (4,60dO 13,700) 7,040 3,778
rhG-CSF (10 g/d) + rmP1GF (5 g/d) 9,500 (4,800 - 18,400) 9,980 5,715 *
(EALBHM) ceenyetheonge chedtsPfiont may sinith ERRE-PRS/MEA nfuttie@RF CFC
alonel\go g/d), or a combination of rhG-CSF (10 g/d) with rmPIGF (2.5 -
(Gl Mo drda wksralenvesdaormaupsiamiiante |sultwigscasnsamples from
rmPIGF and/or rhG-CSF. EXAMPLE 2 Table 2 - Frequency of circulating
© r%@?‘iﬁl ice treated with rmP1GF 10 and/or rhG-CSF Mobilization
Regi%ﬁﬁ)@ MNCs Median (range) Mean SD PBS/MSA 7(2-15)
813 G- gg/d) 76(51-148) 82 29 rmP1GF (5 g/d) 8(7-9) 8:.L 1
rhG-G$i51d BN b BIRAC R 5l B LA AR riABA FRT &Y G GRfted with
(10 g/d) + rmP1GF (5 g/d) 195 (113 - 253) 180 58 * BALB/c mice were
riinp GEdalirifor 5ld@yE $fith either PBS/MSA, rhG-CSF alone (10 tg/d), or a
combination of rhG-CSF (10 g/d) with rmP1GF (2.5 - 5g/d). Blood
samples were collected 2 hours after the last injection of

Mobilization Regimen* CFCs per ml Blood

Median (range) Mean + SD
PBS/MSA 57 (9 - 288) 8175
rhG-CSF (10 pg/d) 3,129 (1,042 - 5,518) | 2,977+ 1,126
rmPIGF (5 pg/d) 96 (87 - 105) 96 + 13
rhG-CSF (10 pg/d) + rmPIGF (2.5 pg/d) | 2,568 (1,480 - 5,885) | 3,198 = 1,928
thG-CSF (10 pg/d) + rmPIGF (5 pg/d) 6,143 (2,486 - 11,520) | 6,015+ 3,674

* BALB/c mice were injected IP for 5 days with either PBS/MSA,
rhG-CSF alone (10 pg/d), or a combination of rhG-CSF (10 pg/d) with
rmPIGF (2.5 - 5 pg/d). Blood samples were collected 2 hours after the last
injection of rmPIGF and/or rhG-CSF. CFCs include granulocyte-macrophage
CFC (CFU-GM), erythroid burst-forming unit (BFU-E), and multipotent CFC
(CFU-Mix). CFC data are derived from quadruplicate cultures on samples
from each animal. The absolute number of circulating CFCs in blood is a
function of the frequency of CFC multiplied by the total number of MNCs per
ml blood.
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15 rmP1GF and/or rhG-CSF. CFCs include granulocyte-macrophage CFC
10 (CFU-GM), erythroid burst-forming unit (BFU-E), and multipotent CFC
(CFU-Mix). CFC data are derived from quadruplicate cultures on samples
from each animal. EXAMPLE 3 5 Table 31 Absolute number of circulating
CFCs in mice treated with rmPIGF and/or rhG-CSF Mobilization
RegiliXA MREEhdr ml Blood Median (range) Mean SD PBS/MSA
57(9- 288 81 + 75 rhG- CSF (10 g/dt) 3, 129 (1 042 -5 518) 2 977+ 1, 126

(1,480 - 198 t 1,928 rhG- CSF (10 g/d) + rmPlGF (5 g/d)
L L ,015 + 3,674 * BALB/c mice were injected IP for 5
days Wlth either PBS/MSA rhG-CSF alone (10 g/d) or a combination of

Ao (D

IIIU bDI‘ \J.U g/U) WILII J.U l”ll"lbl‘ \L DIUUU bdlllplEb WEIT
R rad o

Mebitigason Regv@eier the last injectior b Blass-CSF. CFCs

include granulocyte-macrophage CFQ @ é@ throid bursg-for
unit (BEU-E), and multipotent CEC (C ?\#a{l% 6gta are erﬁr'\e/%%?rgr%

ngm{lsmlicate cultures on samples fro m7€(achz@r)|mal The absoduies

1 £ 43 £ 41 £ Han £
IIuIIIUCI UI L,Ill.,uld.l.lllg bl‘bb III UIUUU ID a Lo urictaurroruare mmeqgquctiVy Ol

thGFCSHUpH&IDY the total number of MNESDer Fi7blood. | 208 + 98

rmPIGF (5 pg/d) 4(3-5) 4+2

thG-CSF (10 pg/d) + rmPIGF (2.5 pg/d) | 565 (279 - 852) 565 + 405

thG-CSF (10 pg/d) + rmPIGF (5 pg/d) | 1,173 (852 -2,070) | 1,365 + 364

* BALB/c mice were injected IP for 5 days with either PBS/MSA,
rhG-CSF alone (10 pg/d), or a combination of rhG-CSF (10 ng/d) with
rmPIGF (2.5 - 5 pg/d). Blood samples were collected 2 hours after the last
injection of rmPIGF and/or rhG-CSF. The absolute number of circulating
LTC-IC was assayed in bulk cultures. Test cells (5 - 8 x 10°) were seeded into
cultures containing a feeder layer of irradiated murine AFT024 cells. After
4 weeks in culture, nonadherent cells and adherent cells harvested by
trypsinization were pooled, washed, and assayed together for clonogenic cells.
The total number of clonogenic cells (i.e., CFU-Mix plus BFU-E plus
CFU-GM) present in 4-week-old LTC provides a relative measure of the
number of LTC-IC originally present in the test suspension. The absolute
number of circulating LTC-ICs in blood is a function of the frequency of

LTC-ICs multiplied by the total number of MNCs per ml blood.
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20 11 EXAMPLE 4 Table 4 - Absolute number of circulating LTC-ICs in
mice treated with rmPIGF and/or rhG-CSF Mobilization Regimen*
LTC-ICs per ml Blood Median (range) Mean SD PBS/MSA 7(3-29) 9 5
rhG-CSF (10 .ig/d) 194 (57 - 337) 208 9812mPIGF(5¢g/d) 4(3-5) 4t2
rhG-CSF (10 g/d) + rmP1GF (2.5 g/d) 565 (279 - 852) 565 405 rhG-CSF
(10 g/d) +rmPIGF (5 g/d) 1,173 (852 - 2,070) 1,3651364 5 * BALB/c mice
were injected IP for 5 days with either PBS/MSA, rhG-CSF alone (10 g/d),
or a combination of rhG-CSF (10 g/d) with rmP1GF (2.5 - 5 g/d). Blood
samples were collected 2 hours after the last injection of rmP1GF and/or
rhG-CSF. The absolute number of circulating LTC-IC was assayed in bulk
cultures. Test cells (5 - 8 x 10") were seeded into 10 cultures containing a
feeder layer of irradiated murine AFT024 cells. After 4 weeks in culture,
nonadherent cells and adherent cells harvested by trypsinization were
pooled, washed, and assayed together for clonogenic cells. The total
number of clonogenic cells (i.e., CFU-Mix plus BFU-E plus CFU-GM)
present in 4-week-old LTC provides a relative measure of the 15 number
of LTC-IC originally present in the test suspension. The absolute number
of circulating LTC-ICs in blood is a function of the frequency of
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LTC-ICs multiplied by the total number of MNCs per ml blood. 20 12 5 10
15 20 2513 510 15 20 2514 510 15 20 2515 510 15

13
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20 2516 510 15 20 2517 EXAMPLES 5-11 - mobilizing effects of
PIGF/G-CSF combination in a non-human primate model 5 MATERIALS
AND METHODS Experimental design. A co4hort of Rhesus Monkeys (n =
4) was initially mobilized with G-CSF alon]e (100 g/kg/day, SC, for 5 days)
(cycle 1), and after a 6-week wash-out period, received a second
mobilization 10 15 20 25 18 therapy consisting of rhPIGF (130 g/kg, 1V,
for 5 days) plus rhG-CSF (100 g/kg/day, SC, for 5 days) (cycle 2). After
an additional 6-week wash- out period, a third mobilization cycle consisting
of rhPIGF (260 g/kg, IV, for 5 days) plus rhG-CSF (100 .tg/kg/day, SC, for
5 days) (cycle 3) was
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5 administered to the same cohort of monkeys. According to the study
designs, the kinetics of mobilization following cycle | served as
intra-monkey control to assess the mobilization following cycles 2 and 3.
Mobilization parameters. We analyzed thelMobilization kinetics of white
blood cells (WBCs), as well as frequency and absolute numbers of 10
committed colony-forming cells (CFCs), high-proliferative potential
progenitors (HPP-CFCs), and long-term culture-initiating cells (LTC-ICs).
Mobilization parameters were analyzed daily during treatment (days 1 to
5), and 3 and 5 days post-cessation of therapy. Peripheral blood samples
were obtained from the femoral vein of anesthetized primates (ketamin,
10 mg/kg, 15 intramuscularly) using aseptic techniques. WBC counts.
WBC counts were performed using EDTA-anticoagulated blood and an
automated counter (ADVIA 120, Bayer, Milano, Italy, EU). CFC and
HPP-CFC assays. Total CFCs [i.e., granulocyte-macrophage
colony-forming units (CFU-GM), erythroid burst-forming units (BFU-E),
and 20 multilineage (granulocyte, erythrocyte, macrophage,
megakaryocyte) CFU (CFU-GEMM)] and HPP-CFCs were assayed by
using heparinized blood according to a previously described technique
(41, 42). Briefly, mononuclear cells (MNCs) obtained by centrifugation on
a Ficoll discontinuous gradient (density = 1.077 g/ml) were plated (1 x 104
to 2 x 10' per ml) in quadruplicate 25 in 35-mm Petri dishes in
methylcellulose-based medium (HCC-4100, Stem Cell Technologies,
Vancouver, Canada) supplemented with recombinant human stem cell
factor (rhSCF, 50 nghnl, Stem Cell Technologies), interleukin-3 (rhiL-3, 20
ng/ml, Stem Cell Technologies), interleukin-6
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19 (rhIL-6, 20 ng/ml, Stem Cell Technologies), rhG-CSF (20 ng/ml, Stem
Cell Technologies), granulocyte-macrophage colony-stimulating factor
(rhGM- CSF, 20 ng/ml, Stem Cell Technologies), and erythropoietin
(rhEpo, 3 U/ml, R&D Systems Inc., Abingégn, United Kingdom). CFCs
were scored after 5 12-14 days of incubation (37C, 5% C02) according to
standard criteria. HPP-CFCs, defined as macroscopically visible colonies
of>1 mm in diameter of compact colony growth, were scored after 28
days of incubation from methylcellulose cultures supplemented with
rhSCF (50 ng/ml), rhiL-3 (20 ng/ml), rhiL-6 (20 ng/ml), rhG-CSF (20
ng/ml), rhGM-CSF (20 ng/ml), 10 and rhEpo (3 U/ml) (43). The absolute
number of circulating CFCs or HPP-CFCs in blood is a function of the
frequency of CFCs or HPP-CFCs multiplied by the total number of MNCs
per ml blood. LTC-IC assays. The frequency of LTC-ICs was assessed
under limiting dilution conditions (44). Briefly, serial dilutions of test cells
(2x105to 15 3 x 103) were resuspended in 150 L complete medium
(MyelocultTM 5100, Stem Cell Technologies) consisting of alpha-medium
supplemented with fetal bovine serum (12.5%), horse serum (12.5%),
L-glutamine (2 mM), 2-mere aptoethanol (10-4 M), inositol (0.2 mM), folic
acid (20 M) plus freshly dissolved hydrocortisone (10-6 M) and plated in
96-well flat-bottom plates. 20 For each test cell dose, 16 to 22 replicates
were plated. Test cells were seeded into plates containing a feeder layer
of irradiated (8,000 cGy) murine M2-10B4 cells (3 x 104/cm2, kindly
provided by Dr. C. Eaves, Terry Fox Laboratory, Vancouver, Canada)
engineered by retroviral gene transfer to
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produce human IL-3 and G-CSF (45). Cultures were fed weekly by 25
replacement of half of the growth medium with fresh complete medium.
After 5 weeks in culture, nonadherent anifdherent cells from individual
wells were harvested by trypsinization, washed and assayed together for
the growth of CFCs. After 12 to 14 days of incubation, cultures were
scored as positive 20 (?I colony) or negative (no colony) and the LTC-IC
frequencies were calculated by using L-Cale software (Stem Cell
Technologies). The absolute numbers of circulating LTC-IC were

asse HIEQIRIED (40, il iie 'SREGELS dP PREFREIUSIE combination

iﬂ%?ﬂ%hﬁi’ﬁﬁﬁi(ﬂr@iﬁfﬁfje%ﬂ@l'wz"OB4 cells (3 x 104/cm2). After 5
WeeKs In culture, nonadherent cells and adherent cells harvested by
trypsmizZei B RIAE SNt MEBTHIOIDS assayed together for clonogenic
cells. The total number of clonogenic cells (i.e., CFU-GEMM plus BFU-E
plus Expesivygrtalerd esignvedk-siahorC ploRdwsasrdMovkeysadore=104) was
of the number, of LTC-IC originally. pres$nt in the test su%%ension. Absolute

iny el i RbE AR @ B ke by BRcing the 86K At oftlorodaiie (cyele
R SRR AR RS e,

induced 15 an average 5-fold increment in the mean (+SD) numbers of
WBCs, as compared to pretreatment values. Addition of 130 or 260 g/kg
rhP1GF to rhG-CSF resulted in a modest increase of WBC values
detected on day 5 of treatment.




10

15

20

25

20 2521 Table 5 - WBC counts in Rhesus monkeys treated with

rhG-CSF alone or rhPIGF plus rhG-CSF WBC counts per L blood Cycle 1

Cycle 2 Cycle 3 Day rhG-CSF rhP1GF rhg> GF (100 4g/kg/day, SC, for

(130 pg/kg, IV, for 5 (260 g/kg, 1V, for 5 5 days) days) days) + rhG-CSF +

rhG-CSF (100 g/kg/day, SC, for (100 pg/kg/day, SC, for 5 days) 5 days) 1
therzpy +cpasistimsod T {Fg QAN+ nxks, %1 303 453 dmesrapdeg £hG-CSF

“@?ﬂgé}ﬁ%ﬁg& é@ffﬁégi{%@%{é%gé, 3’3’83%%%%3@? 25 E§3§6§‘k wash-
oGS A RSP . o
e A o ogytle ) was
adaididere B0 tlay sants) catloytle 2 i akeombihatondihphRIGRe §t3dy designs,

g/kg, IV, day | - 5) plus rhG-CSF (100.tg/kg/day, SC, day 1 -5), and at
the kinetics of mobilization following cycle 1 served as intra-monkey control
to assess the mobilization following cycles 2 and 3.

Mobilization parameters. We analyzed the mobilization kinetics of
white blood cells (WBCs), as well as frequency and absolute numbers of
committed colony-forming cells (CFCs), high-proliferative potential
progenitors (HPP-CFCs), and long-term culture-initiating cells (LTC-ICs).
Mobilization parameters were analyzed daily during treatment (days 1 to 5),
and 3 and 5 days post-cessation of therapy. Peripheral blood samples were
obtained from the femoral vein of anesthetized primates (ketamin, 10 mg/kg,
intramuscularly) using aseptic techniques.

WBC counts. WBC counts were performed using EDTA-anticoagulated
blood and an automated counter (ADVIA 120, Bayer, Milano, Italy, EU).

CFC and HPP-CFC assays. Total CFCs [i.e., granulocyte-macrophage
colony-forming units (CFU-GM), erythroid burst-forming units (BFU-E), and
multilineage (granulocyte, erythrocyte, macrophage, megakaryocyte) CFU
(CFU-GEMM)] and HPP-CFCs were assayed by using heparinized blood
according to a previously described technique (41, 42). Briefly, mononuclear
cells (MNCs) obtained by centrifugation on a Ficoll discontinuous gradient
(density = 1.077 g/ml) were plated (1 x 10 to 2 x 10° per ml) in quadruplicate
in 35-mm Petri dishes in methylcellulose-based medium (HCC-4100, Stem
Cell Technologies, Vancouver, Canada) supplemented with recombinant
human stem cell factor (thSCF, 50 ng/ml, Stem Cell Technologies),
interleukin-3 (rhIL-3, 20 ng/ml, Stem Cell Technologies), interleukin-6
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cycle 3 by a combination of rhP1GF (260 g/kg, 1V, day 1 - 5) plus rhG-CSF
(100 pg/kg/day, SC, day 1 -5). WBC counts were analyzed daily during 10
treatment (days | to 5), as well as 3 and 5 days post-cessation of therapy.
Data are expressed as mean SD. EXAMPLE 6 Frequency of CFCs. As
compared to baseline values, the mean frequencies of blood CFCs (p

(rhob- mmmmbteﬁmsallw&@mmwwhf&@& S@Odif@i/léd,f@tﬁm Cell
?f?&er rhG-CSF alone, rhG-CSF/rhPIGF (130 pg/kg), and.22

IGET BB QNS MRATRARRASS AOLIGS AU HRE cBetaionhGM-

bi d I f
S AR A TSR S A TR 3 v
REHS ‘s{/‘s{%'i&?sguﬁlmo%BYﬁgEﬁﬁ{e%ﬁl\ﬂéH‘ [@fﬁg@l@ﬁlﬁlb@?@sfhﬁé@ Rldfed after
rhG-CSF CFCs/105 MNCs Cycfe 1 Cycle 2 Cycle 3 Day rhG-CSF rhPIGF

12hPAGHa ¥4 000 /it@/dbytiSE, (330@/k§%VCIOn b (Gowtkyg 1Yo faemttird criteria.
days) days) days) + rhG-CSF + rhG-CSF (100 g/kg/day, SC, (100

HEggRay, dcfined Brayayios@pasal)y isible telomigsied ok M98 diameter
of compact colony growth, were scored after 28 days of incubation from
methylcellulose cultures supplemented with rhSCF (50 ng/ml), rhIL-3
(20 ng/ml), rhIL-6 (20 ng/ml), rhG-CSF (20 ng/ml), thGM-CSF (20 ng/ml),
and rhEpo (3 U/ml) (43). The absolute number of circulating CFCs or
HPP-CFCs in blood is a function of the frequency of CFCs or HPP-CFCs
multiplied by the total number of MNCs per ml blood.

LTC-IC assays. The frequency of LTC-ICs was assessed under limiting
dilution conditions (44). Briefly, serial dilutions of test cells (2 x 10° to
3 x 10° ) were resuspended in 150 uL complete medium (Myelocult™ 5100,
Stem Cell Technologies) consisting of alpha-medium supplemented with fetal
bovine serum (12.5%), horse serum (12.5%), L-glutamine (2 mM),
2-mercaptoethanol (10 M), inositol (0.2 mM), folic acid (20 uM) plus freshly
dissolved hydrocortisone (10° M) and plated in 96-well flat-bottom plates.
For each test cell dose, 16 to 22 replicates were plated. Test cells were seeded
into plates containing a feeder layer of irradiated (8,000 cGy) murine
M2-10B4 cells (3 x 10*cm?2, kindly provided by Dr. C. Eaves, Terry Fox
Laboratory, Vancouver, Canada) engineered by retroviral gene transfer to
produce human IL-3 and G-CSF (45). Cultures were fed weekly by
replacement of half of the growth medium with fresh complete medium. After
5 weeks in culture, nonadherent and adherent cells from individual wells were
harvested by trypsinization, washed and assayed together for the growth of

CFCs. After 12 to 14 days of incubation, cultures were scored as positive
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3 9+1 39+13 48+26 4 114+51 213+87 245+ 151 5 6326 196+26 261+83
8 66+11 4011 60+39 10 10+7 19+10 21+18 * Rhesus monkeys (n = 4)
received three mobilization cycles separ??éi by a 6-week washout period.
Mobilization was elicited at cycle 1 by rhG=CSF alone (100 gg/kg/day, SC,
day 1 - 5), at cycle 2 by a combination of rhPIGF 10 %30 /kg, IV, day 1 -

(=5 prlQﬁ_@-C@F resotyney/ (a9, selomy) 1amy 4he sk dfetrd@ pyjeguencies were
T T Tt I R R

niib s %ﬁ%?ycﬁ?a%iﬁgg;@g& P%?:Eg%&%%@?&ﬁﬂ‘%ﬁﬁ@cycgﬁﬁ&r (46), Brietly,

expressed as mean s include granulocyte-macrophage C

teke REHI NS, en/throit PwstfRuping side® b mpid snwbanientaa i Getlled into

(CFU-Mix). CFC data are derived from quadruplicate cultures on samples
culontesackoanaimah & XAMBdder Abgotutefvaitiad ait€iF GaudibgoI2-10B4  cells
numb%rs ofzcirculating CFCs in 5 blood were calculated as a function of
(3 Hrecfeamoy HEECs Wrakslity eylture iaranadhasenbrriiscanseadhierent cells

blood. As compared to baseline values, treatment with rhG-CSF alone,

haRveReE MPISPHBEAIYY, HRiGrRebestk HRstse. (Fel gatsi wesl itegsther for

AR A THOIACIASRS SF U8 BRIy ALYERRRARMAM plus
€ peak levels o S'were increased by

BFU-E plus CFU-GM) present in 5-week-old LTC provides a relative measure

of the number of LTC-IC originally present in the test suspension. Absolute

LTC-IC values were calculated by dividing the total number of clonogenic

cells by 4, which is the average output of clonogenic cells per LTC-IC.
EXAMPLE 5

Circulating WBCs. A 5-day administration of rhG-CSF alone induced
an average S-fold increment in the mean (£SD) numbers of WBCs, as
compared to pretreatment values. Addition of 130 or 260 ug/kg rhPIGF to
rhG-CSF resulted in a modest increase of WBC values detected on day 5 of

treatment.
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10 4- and 5-fold over cycle | (rhG-CSF alone). Table 7 - Absolute numbers
of circulating CFCs in Rhesus Monkeys treated with rhG-CSF alone or

rhP1GF plus rhG-CSF CFCs per ml bloo
rhG-CSF(100 rhPIGF rhPIGF g/kg/day,

g/k

g,

74+ 4

ycle 1 Cycle 2 Cycle 3 Day
, for 5 (130 a/kg, IV, for 5 (260

2+4365 3472 606420 47759634 7006 4

4,206 53,002 25,250 55,397 + 3,074 46,283
18,287 60 777 8 563 8 3, 952 2,666 4,532 13,714 3,719 + 1,899 10

224+ 164448+ 168943994 * Rhesusmonkeys (T = 5 received three
mobilization cycles separatedY BE 5pungspestl; a@‘?@@t period.
Mobilization licited at cycle 1 by r, 24 alone (100 g/
SCl day 1 - R&f %'rgr‘\/ﬁlp 2 by r‘nmhlnn?’gn of rhP1GE (130 g/kg E?’% dav
Day ) plus rhﬁ@SS—'E(lOO gg/k g/day, SGhBHYH -5), and |at cycle 3HBAGF
CO””WP@@?L%@JJQQ},%%S%@IO g/ I@Béﬁgﬂ?ﬁf %V, HPYs rhG(%%:ug/kg, IV, for 5
5 days) days) days)
+ rhG-CSF + thG-CSF
(100 pg/kg/day, SC, for | (100 pg/kg/day, SC, for
5 days) 5 days)
1 8,708 + 2,458 13,498 £ 5,514 8,370 + 1,585
2 31,313+ 3,889 24,533+ 2,789 41,180 + 7,364
3 40,600 + 6,274 35,388 £ 2,207 44,085 + 6,588
4 43,055 + 6,562 39,440 £ 6,744 37,960 + 3,598
5 43,523+ 13,790 60,040 + 9,508 49,048 + 7,120
8 14,363 + 4,163 23,073 £ 9,017 17,783 £ 5,964
10 12,145 + 5,421 16,398 + 8,314 11,150 £2,915

* Rhesus monkeys (n = 4) received three mobilization cycles separated
by a 6-week washout period. Mobilization was elicited at cycle 1 by thG-CSF
alone (100 pg/kg/day, SC, day 1 - 5), at cycle 2 by a combination of rhPIGF
(130 pg/kg, IV, day 1 - 5) plus rhG-CSF (100 ug/kg/day, SC, day | -5), and at
cycle 3 by a combination of rhPIGF (260 ng/kg, IV, day 1 - 5) plus rthG-CSF
(100 pg/kg/day, SC, day 1 -5). WBC counts were analyzed daily during
treatment (days 1 to 5), as well as 3 and 5 days post-cessation of therapy. Data
are expressed as mean = SD.

EXAMPLE 6

Frequency of CFCs. As compared to baseline values, the mean

frequencies of blood CFCs (per 10° MNCs) detected at peak were increased by
19-, 53-, and 52-fold under rhG-CSF alone, rhG-CSF/rhPIGF (130 pg/kg), and
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(100 g/kg/day, SC, day 1 -5). CFCs were analyzed daily during treatment
5 (days 1 to 5), as well as 3 and 5 days post-cessation of therapy. Data
are expressed as mean SD. CFCs includg granulocyte-macrophage CFC
(CFU-GM), erythroid burst-forming unit ( -E), and multipotent CFC
(CFU-Mix). CFC data are derived from quadruplicate cultures on samples

rhvfary SHERESIR 412 9 s @ kBlitsssosBaY Iy cirdsIsmpreres iR BRfeis K alone,
f i f C ltiplied h I b f
N B RAT E F RS SR e r ki cef CFC

fr%gﬁ@%va{g% r@frﬂggig frequencies of blood HPP-CFCs (per 105

Cs) detected on day 5 of mobilization were increased by 5-, and

12-foithuneles rhErefealsne orcibcileiaSIRCEGH RBRHKkIhonkeys treated

respectively. As compared to rhG-CSF alone, the combined
wiilhl? HEF (Y @B areatrhédGifdolesdrh @-foRkFincrease of HPP- CFC
frequency on the day of peak. 20 25 25 Table 8 - Frequency of circulating

HEE-CE% in Rhesus monkeys treated with rhG-CSF alone or rhPIGE
plus rhG-CSF HPP-CFCs/105 MNCg Egs/e (g2 *Day rhG-CSF

rhiPIGF(100gfkgfday, SCfor 5idays)(130-g/kg, 1V, for b days)+
rhG-CSE Cycle 1 Cycle 2 Cycle 3
Day thG-CSF rhPIGF rhPIGF
(100 pg/kg/day, SC, (130 ug/kg, IV, for 5 | (260 ug/kg, IV, for 5
for 5 days) days) days)
+ rhG-CSF + rhG-CSF
(100 pg/kg/day, SC, (100 ng/kg/day, SC,
for 5 days) for 5 days)
1 6+1 4+1 543
2 4+2 9+1 19+8
3 9+1 39+13 48 + 26
4 114 £ 51 213 £ 87 245 £ 151
5 63 +26 196 £ 26 261 £83
8 66+ 11 40+ 11 60 £ 39
10 10+7 19+ 10 21 +18

* Rhesus monkeys (n = 4) received three mobilization cycles separated
by a 6-week washout period. Mobilization was elicited at cycle 1 by rhG-CSF
alone (100 pg/kg/day, SC, day 1 - 5), at cycle 2 by a combination of rhPIGF
(130 ug/kg, IV, day 1 - 5) plus rhG-CSF (100 pg/kg/day, SC, day 1 -5), and at
cycle 3 by a combination of rhPIGF (260 pg/kg, IV, day 1 - 5) plus rhG-CSF
(100 pg/kg/day, SC, day 1 -5). CFCs were analyzed daily during treatment
(days 1 to 5), as well as 3 and 5 days post-cessation of therapy. Data are
expressed as mean = SD. CFCs include granulocyte-macrophage CFC

(CFU-GM), erythroid burst-forming unit (BFU-E), and multipotent CFC
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(100 pg/kg/day, SC, for 5 days) 1411311 26+13+1 31314113 4
15+4 2710 52019 3718 8 1816 614 10 611 5+4 * Rhesus monkeys (n =
4) received three mobilization cycles separ;gted 5 by a 6-week washout
period. Mobilization was elicited at cycle I"by rhG-CSF alone (100
/kg/day, SC, day | - 5), at cycle 2 by a combination of rhP1GF (130 g/kg,
(C%, Mix). 5§ Blus dA3-8F (ratvgkgitrip deadmplicsie aplbireycpazsamples
by a combination of rhP1GF (260 g/kg, 1V, day | - 5) plus rhG-CSF (100
frﬁ%ﬁg%‘é B34y 1 -5). HPP-CFCs were analyzed daily during 10
treat tg 5), as well as 3 and 5 days post-cessation of therapy.
Datalﬁgré‘&é;mmgsése?j as mean + SD. HPP-CFC data are derived from
quadpipisite CVilMIeS AT eMeles KogbRach AR ESAMBLERIng CFCs in
Absolute values of HPP-CFCs. The absolute number of HPP-CFCs per
blbdddnidee tdktekitd ams daybneftio e €I Shéhfirapyenes dT-OROYgitiplied by
than pre- treatment values. Monkeys receiving the combined

thehap@SmHPher of3YDCpopky) tdablead. sReweeapmedota ihersdeoralues,

HPP-CFCs as compared to baseline values. At cycle 2, the leve| of day-5
ERSPSEE Y (b THGaSEq Bioge, THG-CSE/thPIGE. (130 ngikg), and rhG-

CSF/rhPIGF (260 pg/kg) resulted in a 85- 335- and 358-fold increase of CFCs,
respectively. At cycles 2 and 3, the peak levels of CFCs were increased by
4- and 5-fold over cycle 1 (rhG-CSF alone).

Table 7 - Absolute numbers of circulating CFCs in Rhesus Monkeys

treated with rhG-CSF alone or rhP1GF plus rhG-CSF

CFCs per ml blood *
Cycle 1 Cycle 2 Cycle 3
Day rhG-CSF(100 rhPIGF rhPIGF
ng/kg/day, SC, for 5 | (130 pg/kg, IV, for 5 | (260 pg/ke, IV, for S
days) days) days)
+ rhG-CSF + thG-CSF
(100 pg/kg/day, SC, for | (100 pg/kg/day, SC, for
5 days) 5 days)
1 134+ 9 138 + 38 170 £ 129
2 344 + 207 724 + 254 6,552 + 4,365
3 472 + 60 6,420 + 4,775 9,634 + 7,006
4 11,406 + 4,093 32,347 + 14,206 53,002 £ 25,250
5 5,397 £ 3,074 46,283 + 8,287 60,777 + 8,563
8 3,952 £ 2,666 4,532+3,714 3,719+ 1,899
10 224 + 164 448 + 168 943 +£ 994

* Rhesus monkeys (n = 4) received three mobilization cycles separated

by a 6-week washout period. Mobilization was elicited at cycle 1 by rhG-CSF
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fold over cycle 1. Table 9 - Absolute numbers of circulating HPP-CFC in
Rhesus 5 Monkeys treated with rhG-CSF alone or rhPIGF plus rhG-CSF
HPP-CFCs per ml blood * Cycle | Cycle é?‘%ay rhG-CSF rhP1GF (100
g/kg/day, SC, for 5 days) (130 g/kg, IV, f days) + rhG-CSF (100
g/kg/day, SC, for 5 days) 1 96:L 17 54:L 492 493 f 218 258 f 34 3 683 f

alass {|fdbugdseiins X sk ales DL 8bevsle Soby 0sEmEpationsof ghPIGF

(1Rl oied s 28 5K STTHEHELRER R Ao TS5, and a

bilizati ICi - | 0,09/kgid
e S A 8 e e, . By fc-cs

0 d ’ ’ . .
T Ematon S PIGH (060 kg v 4oy 1 -5} Pl G- GO (Lgor restment

(dgfkg/tlate T, daywel).aki3PdndCScalayts pese eemiytiod defilytiderapy. Data are
treatment (days 1 to 5), as well as 3 and 5 days post-cessation of therapy.

expagasede efprawal as nidan €BCsipmdpde daranreapieraepiornhage CFC

(quéJ 6?&]IBIISC,atgrythroid burst-forming unit (BFU-E), and multipotent CFC

(CFU-Mix). CFC data are derived from quadruplicate cultures on samples from

each animal. The absolute number of circulating CFCs in blood is a function of

the frequency of CFC multiplied by the total number of MNCs per ml blood.
EXAMPLE 8

Frequency of HPP-CFCs. As compared to baseline values, the mean
frequencies of blood HPP-CFCs (per 10° MNCs) detected on day 5 of
mobilization were increased by 5-, and 12-fold under rhG-CSF alone or
rhG-CSF/rhP1GF (130 ug/kg), respectively. As compared to rhG-CSF alone,
the combined rhPIGF/rhG-CSF treatment induced a 2-fold increase of HPP-

CFC frequency on the day of peak.
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15 cultures on samples from each animal. The absolute number of
circulating HPP-CFCs in blood is a function of the frequency of
HPP-CFCs multiplied by 27 the total nun;IJb r of MNCs per ml blood.
EXAMPLE 10 Frequency of LTC-ICs. A x:/’els of the LTC-IC frequency by

a limiting dilution assay showed that the combined administration of
rhp@a_b%@@o:gﬁ@ggmmwmrfq@mlatmnHR&QF&ﬁn i Bheswse monkeys

Q4,064 cells), as compared
> ' sis -“1-- LTC-ICs in Rhesus
Monkeys recelvmg a b- day course of rhG CSF alone or rhP1GF plus

QL 1NM01}

G-CSF10LTCC 959 CH-TC-Animal IVIUUIIILagIUII IC—Treguency-5No:
Regimen (mean)* Lower Upper per BPB=cEGshty’ MNGaricy MNCs 1
rhG-CSF 1/84,265 1/69 20%1”1021 598 1.2 2 rh(G-CSF 1/65, %%/%4 341
1/79,761 1.5 B rhG-CSE ne e ne ne 4 rhG-CSE 1/42, 0917
1/508§4 2.4 1 thP1GF (138GHRSF+ rG-CSF 1/4,009 1/5,97 {2689
24.9 2 P1GF(L3RA0MEHING SShol § a8 11 1P 6/RufR, 19 %or 5 days)
+ rhG-CSF
(100 pg/kg/day, SC, for 5 days)

1 4+1 3+1

2 6+1 3+1

3 13+4 11+3

4 15+4 27+ 10

5 20+9 37+8

8 18+ 6 6+4

10 6+1 5+4

* Rhesus monkeys (n = 4) received three mobilization cycles separated
by a 6-week washout period. Mobilization was elicited at cycle 1 by rhG-CSF
alone (100 ug/kg/day, SC, day 1 - 5), at cycle 2 by a combination of rhPIGF
(130 pg/kg, IV, day 1 - 5) plus rhG-CSF (100 pg/kg/day, SC, day 1 -5), and at
cycle 3 by a combination of rhPIGF (260 ng/kg, IV, day 1 - 5) plus rhG-CSF
(100 pg/kg/day, SC, day 1 -5). HPP-CFCs were analyzed daily during
treatment (days 1 to 5), as well as 3 and 5 days post-cessation of therapy. Data
are expressed as mean + SD. HPP-CFC data are derived from quadruplicate
cultures on samples from each animal.

EXAMPLE 9

Absolute values of HPP-CFCs. The absolute number of HPP-CFCs per
ml blood detected on day 5 of rhG-CSF therapy was 17-fold higher than pre-
treatment values. Monkeys receiving the combined rhG-CSF/rhPIGF (130
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3 rhP1GF (130 gg/kg) + rhG-CSF ne ne ne ne 4 rhP1GF (130 g/kg) +

rhG-CSF 1/5,916 1/8,725 1/4,011 16.9 * The frequency of LTC-IC was

assayed under limiting dilution conditions using the murine M2- 10B4 cell

line as strmnal layer. Blood samples wer&@ollected on day 5 of

mobilization therapy. Serial dilutions of test cells (2 x 105 to 3 x 10") were
ngiisyeddarhaneaisoansils tpsB2fiadlicatesds e I RIEIHOs eacttabared to

cell dose. After 5 weeks, nonadherent and adherent 28 cells from
basdhitabhvesiis Wéreyadsadethtotastohodehiy-deiRIhdChes v@sidncreased by 5-

frequencies were calculated using Poisson statistics and the method of
f%ﬁimrﬁbfﬁé@nﬂwood EXAMPLE 11 5 Absolute values of LTC-ICs. Under

of CII’C Iatln
bers

ﬁé‘&%@@f!ﬁ@@%ﬁ%%h@)oﬁﬁm@‘ ‘&Eeﬁ?éd -ICs by
as compared to pretreatment values, an -0 as

compared to rhG-CSF alone. 10 Table 11 - Absolute numbers of

circulating LT
rhPIGF plus rh

-ICs In Rhesus Monrﬁﬁylf %E%Eed WITh ] §F alone or
-CSF LTC-ICs per tht blo 98 2 Day

rhG-CSF rhP1

vl A

GF (100 g/kgéelaye $C. for 5 days

(130 a/kg, N\Gferez days)

+HNG-Col-

Day thG-CSF rhPIGF
(100 pg/kg/day, SC, for 5 days) (130 ng/kg, IV, for 5 days)
+ rhG-CSF
(100 pg/kg/day, SC, for 5 days)
1 96+ 17 54+49
2 493 +218 258 +34
3 683+ 155 1,709 + 989
4 1,521 +332 3,883+ 1,309
5 1,593 + 405 8,557+ 1,142
8 998 + 541 603 + 384
10 121+52 121 =87

* Rhesus monkeys (n = 4) received three mobilization cycles separated

by a 6-week washout period. Mobilization was elicited at cycle 1 by rhG-CSF

alone (100 pg/kg/day, SC, day 1 - 5), at cycle 2 by a combination of rhPIGF
(130 png/kg, IV, day 1 - 5) plus rhG-CSF (100 png/kg/day, SC, day 1 -5), and at

cycle 3 by a combination of rhPIGF (260 ng/kg, IV, day 1 - 5) plus rhG-CSF

(100 pg/kg/day, SC, day 1 -5). HPP-CFC counts were analyzed daily during

treatment (days 1 to 5), as well as 3 and 5 days post-cessation of therapy. Data

are expressed as mean = SD. HPP-CFCs data are derived from quadruplicate

cultures on samples from each animal. The absolute number of circulating

HPP-CFCs in blood is a function of the frequency of HPP-CFCs multiplied by
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(100 g/kg/day, SC, for 5 days) 1 4+7 8+5 2 92+43 56+20 3 111+30 624
+3404 211+41 742 + 176 5130 125 3,115+988 8 63 122 533 + 270 10
6+2 112+40 * Rhesus monkeys (n = 4) received three mobilization cycles
separated by a 6-week washout period. Mbbilization was elicited at cycle 1
by rhG-CSF 15 alone (100 g/kg/day, SC, day | - 5), at cycle 2 by a

theorseinaueabeh IePVAFCELRE grkob o day | - 5) plus rhG-CSF (100
g/kg/day, SC, day 1 -5), and at 29 cycle 3 by a combination of rhPIGF
(260 EXAMPAAY 105) plus rhG-CSF (100 g/kg/day, SC, day 1 -5).

LTC-IC counts were analyzed daily during treatmentiia&l to 5), as well
as 3 reauengy p&di-de¥&enldrsor thardpsispata thie dxptedSedftramensy by a

.SD .derived from quadruplicate cultures on samples 5 from each animal at
1R TR SR A SIS b, B caDTEE T A AR IR gL AP IGE
iRbu res, - € - ) were se into . }
(lcgo(gteklrﬁ?# Z%é%ﬁge%ﬁrrgdﬁgtegdﬁ m%n%eﬁM%glgt%géce%&t%tgeér 5the LTC-IC
fragekady eyityneforpadherenBoslls,and aoBareaucels Sprugséedipdred to rhG-

trypsinization were pooled, washed, and assayed together for clonogenic

C&llaldneThe total number of clonogenic cells (i.e., CFU-Mix plus BFU-E

plus CFU-GM) present in 5-week-old LTC provides a relative measure of
the Table 10 - Frequency of circulating L. TC-ICs in Rhesus Monkeys

receiving a 5-day course of rhG-CSF alone or rhPIGF plus rhG-CSF

, ] 95% CI LTC-
Animal Mobilization LTCIC i IC
. Frequency 5
No. Regimen (mean)*  Lower Upper PeT 1C0
s

Frequency Frequency

1 rhG-CSF 1/84,265 1/69,209 1/102,598 1.2
2 rhG-CSF 1/65,835 1/54,341  1/79,761 1.5
3 rhG-CSF ne ** ne ne ne
4 rhG-CSF 1/42,091 1/34,837  1/50,854 2.4

1 rhPIGF (130 pg/kg) + thG-CSF  1/4,009  1/5,977 172,689 249
thPIGF (130 pg/kg) + rhG-CSF  1/7,562  1/11,100  1/5,152  13.2
rhPIGF (130 pg/kg) + thG-CSF ne ne ne ne

rhPIGF (130 ug/kg) + thG-CSF  1/5916  1/8,725 1/4,011 16.9

AW N

* The frequency of LTC-IC was assayed under limiting dilution
conditions using the murine M2-10B4 cell line as stromal layer. Blood
samples were collected on day 5 of mobilization therapy. Serial dilutions of
test cells (2 x 10° to 3 x 10%) were cultured for 5 weeks and 16 to 22 replicates

were plated for each test cell dose. After 5 weeks, nonadherent and adherent
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number of LTC-IC originally present in the test suspension. The absolute
number of circulating LTC-ICs in blood is a function of the frequency of
LTC-ICs multiplied by the total number of MNCs per ml blood. 30
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Cycle 1 Cycle 2
Day rhG-CSF rhPIGF
(100 pg/kg/day, SC, for 5 days) (130 pg/kg, IV, for § days)
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(100 pg/kg/day, SC, for 5 days)
1 4+7 8+5
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7. Use according to claim 6, in the manufacture of a parenteral
composition. 8. Use according to claim 6 of a combination of recombinant
hG-CSF and 20 rhP1GF. 9. Use according to claim 6, wherein said
states, conditions or diseases include org’—lfh or cell transplantation and
ciurpypyemo-radiotherapy, in particular autologous or allogeneic stem
~celltransplantation in patients with non-Hodgkin lymphoma (NHL),
relapsed Hodgkin lymphoma (HL), multiple 25 myeloma, or the recovery
phase following myelosuppressive chemotherapy. 10. Use according to

claim ' [ siti ides i
Los 106?%%%8&@%%%%@%@@%@% Q0 RAPNIHES BE28¥ ANIUPIGE as
the active substances, for use in the mobilization of blood stem cells in a
patient or subject in need thereof.
2. Combined preparation according to claim I, wherein G-CSF and PIGF

are simultaneously or separately administered to said patient or subject.

3. Combined preparation according to claims 1-2, for parenteral
administration.
4, Combined preparation according to claims 1-3, containing recombinant

hG-CSF and rhPIGF.

5. Combined preparation according to claims 1-4, containing from 1 to
150 pg/kg G-CSF and from 10 to 300 pg/kg PIGF.

6. Use of a combination of G-CSF and PIGF in the manufacture of a
pharmaceutical composition for the treatment of states, conditions or diseases
that require the mobilization of blood stem cells.

7. Use according to claim 6, in the manufacture of a parenteral
composition.

8. Use according to claim 6 of a combination of recombinant hG-CSF and
rhP1GF.

9. Use according to claim 6, wherein said states, conditions or diseases
include organ or cell transplantation and tumor chemo-radiotherapy, in
particular autologous or allogencic stem cell transplantation in patients with
non-Hodgkin lymphoma (NHL), relapsed Hodgkin lymphoma (HL), multiple
myeloma, or the recovery phase following myelosuppressive chemotherapy.
10. Use according to claim 6, wherein the pharmaceutical composition

provides a daily amount of 10 pg/kg G-CSF and of 130 ng/kg PIGF.



