1 EXPANSI ON OF HAEMOPO ETI C PRECURSORS Fi el d of the Invention
5 The present invention relates the present invention relates to a nethod
of transpl anti ng haemat opoi etic precursor cells into a subject in need

t her eof which involves culturing the haematopoietic precursor cells in the
presence of a population of cells enriched for STRO-1 bright cells. The
nmet hod of the present invention is useful in the treatnent of
haemat ol ogi cal di sorders. 10 Backgroung of the Invention For nore than a
decade, unbilical cord blood (CB) has been investigated clinically as an
alternative source of hematopoietic progenitors for allogeneic

transpl antati on of 15gRPANSIOR OREHAEMOROIETIS PRECURSORSI ow donor. Fewer
T-cells and/or | ess developed T-cells in CB conpared to marrow all ows for

the possibility that CB grafts will produce less Graft vs. Host Di sease

(GVHD), t heField efithelnyentif norbidity and nortality in the allogeneic
transplant setting. Other potential advantages include the ability to
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Donor Progr Regi stry. incte the first CB transplant perforrned in 1988,
nmore than 5 Qe HIE %% wi de have received related or unrel ated CB
transplants for a variety of malignant and non- 30 nalignant di seases. The
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or ability to markedly increase the number of allografts available and thus the number of
20 patients who could be transplanted, given the availability and ease of collecting CB
from placental veins prior to disposal of the placenta, compared to collecting bone
marrow or peripheral blood progenitor cells (PBPCs) from living donors. This new
source of hematopoietic progenitors has allowed CB banks to target collection of units
with human leukocyte antigen (HLA) types such as those of minority African
25 American and Hispanic populations, which are under-represented in the National

not

Marrow Donor Program Registry.

Since the first CB transplant performed in1988, more than 5,000 patients world-wide
have received related or unrelated CB transplants for a variety of malignant and non-
30 malignant diseases. The majority of CB recipients have been children although adults
are increasingly receiving CB transplants when an HLA- matched donor is not
available. The progression-free survival rates reported thus far are comparable to
results achieved following allogeneic bone marrow transplantation (Barker JN et al.,
(2001)). Moreover, there are many reports of what appears to be less GVHD than that
35 associated with bone marrow transplants, despite the use of CB grafts with substantially
more donor-recipient HLA disparity than that tolerated in recipients of marrow or



2 PBPC allografts. The maj or disadvantage of CB is the |ow cell dose, which
results in slower tinme to engraftnent and hi gher rates of engraftnent
failure when conpared to bone nmarrow transplantati on (Kernan NA et al..
(1993)). In studies of CB transplantation published by Kurtzberg (Kurtzberg
J., (1996)), duckman (G uckman et 5 al., (1997)), Rubinstein (Rubinstein
P., (1998)), R zzieri (R zzieri DA et al., (2001)), and Laughlin (Laughlin
Ml et al., (2001)) the nedian times to an absol ute neutrophil count (ANC)
of > 0.5x109/L ranged from22 to 34 days. Median tines to a
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setting. These data suggest that giving more CB cells may result in faster neutrophil

engraftment.

25 Summary of the Invention

The present inventors have developed a method for expanding haemopoietic progenitor

cells (HPCs) by co-culturing with a population of cells enriched for STRO-1"8 cells

or progeny thereof. The expanded HPCs can be used for transplantation into a subject
30 in need thereof, such an individual with a haecmatological disorder.

Accordingly, the present invention provides a method of transplanting haematopoietic
precursor cells into a subject in need thereof, the method comprising:

culturing haematopoietic precursor cells in the presence of a population of cells

35 enriched for STRO-1"#" cells or supernatant or progeny derived therefrom, wherein

such STRO-1""¢" cells arc mesenchymal precursor cells (MPC) which comprise



adm ni stering the expanded haemat opoietic precursor cells to a subject. 5

I n one enbodi nent of the invention the population of cells enriched for
STRO- 1 blight cells are allogeneic cells. In another enbodi nent, the STRO 1
blight enriched cells are grown to >70% confl uency for cord bl ood

co-cul ture by about four days after initiating culture. 10 In another

enbodi nent, the ratio of STRO 1 bright enriched cells to hematopoietic
precursor cells at the start of the co-culture is about 1:4, about 1:5,
about 1:6, about 1:7, about 1:8, about 3:9 or about 1:10. 15 The STRO 1
blight enriched cells nmay be derived fromany suitable tissue source.
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25 cells or progeny thereof.

In another embodiment of the invention the expanded haematopoietic precursor cells
comprise CFU-GM cells. The expanded haematopoietic precursor cells may comprise
at least 1 x 10 CFU-GM cells per kg of subject body weight.
30
In another embodiment of the invention, haematopoietic reconstitution occurs in the
subject following administration of the expanded haematopoietic precursor cells. For
example, haematopoietic reconstitution may occur in the subject within 30 days, more
preferably within 25 days, more preferably within 20 days, more preferably within 15
35 day and more preferably within 10 days of administration of the expanded
haematopoietic precursor cells.



The haemat opoietic lineage cell resulting fromthe differentiation may be,

for exanple, a B-cell, T-cell, dendritic cell, nonocyte, neutrophil,
macr ophage, natural killer cell, granulocyte, erythrocyte, eosinophil,
nmegakar yocyte, platelet, bone marrow, splenic, dermal, or stromal cell. 20

The factor which enhances differentiation may be, for exanple, a stemcell
factor (SCF), GV SCF, M CSF, G CSF, M&DF, EPO FLT3-ligand, IL-1, IL-2,
IL-3, IL-4, IL-6, IL-7, IL-11, TNFa or 4hronbopoietin. 25 Transplantation
of the expanded haemat opoi etic precursor cells nay be effected together
with the co-cultured MPC or progeny thereof, and/or together with
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In one embodiment, administration of haematopoietic precursor cells expanded in

30 accordance with the method of the present invention leads to reduced risk of graft
versus host disease when compared to administration of haematopoietic precursor cells
that have not been subject to ex vivo expansion. In another embodiment, administration

)

of haematopoietic precursor cells expanded in accordance with the method of the
present invention leads to reduced risk of graft versus host disease when compared to

35 administration of haematopoietic precursor cells that have been expanded by methods
other than those of the present invention.



30 Disease (HD), multiple nyeloma (M), or a secondary malignancy

di ssem nated to bone. The present invention is applicable to a wi de range
of animals. For exanple, the subject may be a mammal such as a hunan, dog,
cat, horse, cow, or sheep. In one 35 enbodi nent the subject is a human. 6
Thr oughout this specification the word "conprise", or variations such as
"conprises" or "conprising", wll be understood to inply the inclusion of a
stated el enent, integer or step, or ﬁgp of elenents, integers or steps,
but not the excl usion of any other ele i nteger or step, or group of

el ements, integers or steps. 5 Detailed Descriation of Preferred Enbodi nent
of the Inv eﬁtvhﬁ Be Iﬂﬁe&ét@&fﬁ@tt thé BB bPihe RiveNidiaRay BRIRAHnf R tréa'&ﬁerﬁ‘ >6f yivo

expansi on of u ical. cord blo d derived HPCs by co-culture wt
mesenchymal raﬁfg%‘&tt}}a ptologiq disox Such 10 expanded HPCs are useful in the

treatnment of conditions such as haemat opoi etic malignancies and in
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culure of MRCERARHEPRECTE it Ce s ot Us TP e RePeot . i n
sui tabl d5nedi um preferably a liquid nedium Typically, the supernatant is
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' e © %\{\é%rder Xf {ymp gclyrt] numl?er%xei\d/or %Euoql? Slﬁ: as a cP %r&r cause(? %y a T-cell
or B-cell deficiency. Examples of disorders of lymphocyte number and/or function are
AIDS, leukemias, lymphomas, Hodgkins lumphoma, chronic infections such as
20 military tuberculosis, viral infections, rheumatoid arthritis, systemic lupus
erythematosus, or hereditary disorders such as agammaglobulinemia, DiGeorge

anomaly, Wiskott-Aldrich syndrome, or ataxia-telangiectasia.

In another example, method of the invention may be used in the treatment of a disorder

25 of multilineage bone marrow failure, which may be the result of radiotherapy or
chemotherapy or malignant replacement. For example, the disorder may be a
myelofibrosis, acute myelogenous leukemia (AML), myelodysplastic syndrome
(MDS), acute lymphoblastic leukemia (ALL), chromic myelogenous leukemia (CML),
chronic lymphocytic leukemia (CLL)), Non-Hodgkin’s lymphoma (NHL), Hodgkin’s

30 Disease (HD), multiple myeloma (MM), or a secondary malignancy disseminated to
bone.

The present invention is applicable to a wide range of animals. For example, the
subject may be a mammal such as a human, dog, cat, horse, cow, or sheep. In one

35 embodiment the subject is a human.



30 such as centrifiugation. The supernatant may or may not have been
subjected to further purification steps before admnnistration. In a
preferred enbodi nent, the supernatant conprises |ess than 105, nore
preferably | ess than 104, nore preferably | ess than 103 and even nore
preferably no live cells. 7 In one enbodi nent of the invention the

popul ation of cells enriched for STRO-1 bright cells are allogeneic cells.
The al |l ogeneic cells nmay be obtained freoman individual with a close HLA
match to the subject. An advantage of the present inventions is that the
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Accordingly, the netho e I nvent also extend to the optional use
of .one or 5 nore differentiation factors for facilitating haematopoietic
r econst 25 uThe nerpo Sduptrnbtast’ aufensf toethp anvded!ldCaaterial comprising one or more

soluble factors produced following the ex vivo culture of mesenchymal precursor cells,
and/or progeny cells thereof, in a suitable medium, preferably a liquid medium.

Typically, the supernatant is produced by culturing the cells in the medium under
suitable conditions and time, followed by removing the cellular material by a process
30 such as centrifiugation. The supernatant may or may not have been subjected to further
purification steps before administration. In a preferred embodiment, the supernatant
comprises less than 10°, more preferably less than 10*, more preferably less than 10

and even more preferably no live cells.

35 The term “one or more soluble factors” refers to molecules, typically proteins, secreted
by the MPCs and/or progeny cells thereof, during culture.



Cells enriched for STRO I bright cells 10 In one enbodi nent the method of
the present invention involves co-culturing of haenatopoietic precursor
cells with a population of cells enriched for STRO |' cells, wherein such
STRO- 1 blight cells are nesenchymal precursor cells (MPC) which conprise
mesenchymal precursor cells capable of giving rise to colony form ng
unit-fibroblasts (CFU-F). 15 MPCs are non-hemat opoietic progenitor cells
that are capable of formng Iarge nunbe;s of multipotential cell colonies.
The enrichnent of adult MPCs is described in detail in WD 01/04268, the
entire contents of which are incorporated by reference. The term " MPCs"
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phenotypic cell. 9 In one enbodinent, the RO 1+ cells used in the

present invention are al so TNAP+, STRQ 3+ (TNSAP), VCAM 1+, THY-1% STRO- 2+,
CD45+, @Dl%mﬂh@@%mgeaﬁyhmctbbcmﬁth@mvexttwnebﬁlat suffrcient awpbazs of $ERO-

STRO- | bri ghtrigkt elnlighdiRyelBdficl RRadL bR N8 &rd B6& @ElsVEMNVIbE tobtdihbd 1+
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surface; " where the terns relate to intensity of fluorescence or other
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used on a particul ar, opggul 1 on %I ?g] e 1
rior to expansmn Acc ingly, the method of the mventxon may involve co-culturing
_ cord blood with a population of cells enriched for STRO-1""" cells or supernatant or
25 progeny derived therefrom. An advantage of this embodiment is that it obviates the
need for isolation of CD34" or CD133" cells from cord blood prior to expansion,

therefore minimising manipulation and loss of haematopoietic precursor cells.

Engraftment can be facilitated by co-administration of a differentiation factor such as a

30 stem cell factor (SCF), GM-SCF, M-CSF, G-CSF, MGDF, EPO, FLT3-ligand, IL-1,
IL-2, IL-3, IL-4, IL-6, IL-7, IL-11, TNFa or thrombopoietin. Administration of the
differentiation factor may occur at the time of administration of the HPCs and/or at
regular intervals after administration of the HPCs.

35 The haematopoietic lineage cell resulting from the differentiation may be, for example,
a B-cell, T-cell, dendritic cell, monocyte, neutrophil, macrophage, natural killer cell,



The term "bright", when used herein, refers to a marker on a cell surface
that generates a relatively high signal when detectably | abelled. Wil st
not wishing to be limted by theory, it is proposed that "bright" cells
express nore of the target nmarker antigens. For instance, STRO 1 bri cells
produce a greater fluorescent signal, when labelled wwth a 20

FI TC-conjugated STRO- 1 anti body as determ ned by FACS anal ysis, than
non-bright cells (STROIduludim. In amther exanple, STRO-Ibright cells
have 2 | og magni tude hi gher expression of STRO 1 surface expression
relative to an jsotype matched negative control. By conparison, STROIdim
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35 cyt oki nes which support the expansion of HPCs. Preferably, the cytokines
are early acting cytokines, such as, but not limted to reconbi nant netHu
stemcell factor (SCF), 11 flt-3 ligand (FLT3), IL-1, IL-2, IL-3, IL-6,
I L-10, IL-12, tunor necrosis factor-a and thronbopoietin. Late acting
cyt oki nes can al so be used. These include for exanple, granulocyte colony 5
stinmulating factor (G CSF), granul ocyte/ macrophage col ony stimulating
factor (GUCSF), erythropoietin (EPO, F and macrophage growth factor
(MCSF). Multipotential Expanded MPC Progeny (MEMPs) are defined in WO
2006/ 032092. Met hods for preparing enriched popul ati ons of MPC from whi ch
progeny may Irb@leléhmfdlmdh@smldfsczfeime@dim tHQretnGifvhbon Bk mkﬁS@ff,OSS%O.
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may be a pofubngst ¢rehpdithent, thasneserchamgl pre@yisos cpln e deaxasgylomesesehymednpl e,

t he progenypiBitsd? Qelhik abfed ih Maoneodgsrsest ed, unexpanded, popul ation of
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they are présehis “pPsitive”| feveivampatker Hdhis sl 2 low(loox divpl @ a high Seigbtt i ng for
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tissue, teq%p dSQ%a| pul p, skin, liver, kidney, heart, retina, brain, hair
follicles, JHES e, Iung, spleen, |ynph node, thymus, pancreas, bone,

| i gamentl’ bone marrow, tendon and skeletal nuscle. 30 MEMPs can be
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for one 28" P%é-%or%&ge}tgde S%hee{n%ibody as determined by FACS analysis, than non-bright

cells (STRO-1%"4™  Tn another example, STRO-1"#" cells have 2 log magnitude

higher expression of STRO-1 surface expression relative to an isotype matched

negative control. By comparison, STRO-1%™ and/or STRO-1™"*% celis have less

than 2 log magnitude higher expression of STRO-1 surface expression, typically about

25 1 log or less higher expression over the isotype matched negative control.

The population of cells used in the present invention is preferably enriched for STRO-
1* cells relative to STRO-14™ and/or STRO-1"™=44% cells,

30 When used herein the term "TNAP" is intended to encompass all isoforms of tissue
non-specific alkaline phosphatase. For example, the term encompasses the liver
isoform (LAP), the bone isoform (BAP) and the kidney isoform (KAP). In a preferred
embodiment, the TNAP is BAP. In a particularly preferred embodiment, TNAP as
used herein refers to a molecule which can bind the STRO-3 antibody produced by the

35 hybridoma cell line deposited with ATCC on 19 December 2005 under the provisions
of the Budapest Treaty under deposit accession number PTA-7282.



Ki 67, CD44 and/or CD49c/CD29, VLA-3, a33l1l. In yet a further preferred 12
enbodi nent, the MEMPs do not exhibit TERT activity and/or are negative for
t he mar ker CD18. Once a suitable MPC popul ati on has been obtained, it
may be cultured or expanded by 5 any suitable neans to obtain MEMPs. In a
preferred enbodi nent of the invention, the MPCs are obtained froma master
cell bank derived from MPCs enriched fromthe bone marrow of young healthy
vol unteers. The use of MPCs derived frgp such a source is particularly
advant ageous for subjects 10 who do not have an appropriate famly nenber
avai | abl e who can serve as the MPC donor. Furthernore, other subjects, in
particul ar fthepefaiadhthataudignifieokpopertion ef tha NIPGsjark eapable efsdiffersntiatioar t o
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concent r at dibrétdast,mesrerve biyorad, cprdcunsseies smbath dmxsalepskewtai tmusclbhpde:&ten ed
purity, exWa?c%ﬁir ithdlialTBRANAAYSHRI, aBtfde raﬁa?shgota%r&y@eémgkers and pot ent
bi ol ogl C actiVvity. Furthéermnore, wor the present Applicant and others
confi rme the i mmunol ogi cal 30 tol erance of their allogeneic MPCs in a

vari ety of Iprecthermémiaidirasnt, the IMIPCsaire alot ogpebleiaf ghetg risgaipon culfirinpetd he
Applicant’ g4 E6d @yky avail abl e source of MPCs do not express HLA-II
(DR), they are therefore non-imunogeni c and provide an ideal MPC source
for use in 35 the present invention. 13 Cord Bl ood Exsangui nation of the
unbi | i cal dhe drebim adrention di ralates @/esd ob yypefmataneoraniuble, fadiors obatne froway of
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ant i coagul afithe invention may a have a wide variety of phenotypes dependlng on the culture

conditions (including the number and/or type of stimulatory factors in the culture
medium), the number of passages and the like. In certain embodiments, the progeny

25 cells are obtained after about 2, about 3, about 4, about 5, about 6, about 7, about 8,
about 9, or about 10 passages from the parental population. However, the progeny cells
may be obtained after any number of passages from the parental population.

The progeny cells may be obtained by culturing in any suitable medium. The term

30 "medium", as used in reference to a cell culture, includes the components of the
environment surrounding the cells. Preferably, the medium used in the co-culture
methods of the present invention is a liquid medium.

Preferably, the culture medium is supplemented with one or more growth factors or
35 cytokines which support the expansion of HPCs. Preferably, the cytokines are early
acting cytokines, such as, but not limited to recombinant metHu stem cell factor (SCF),



Cord bl ood used in the nethods of the present invention can be obtained

t hrough a comercial source e.g. LifeBank USA (Cedar Knolls, NJ), ViaCord
(Boston MA), 10 Cord Bl ood Registry (San Bruno, CA) and Cryocell

(G earwater, FL). Methods for harvesting cord blood cells are known in the
art. Exanples of such nethods are also described in the patent literature
I ncl udi ng, for exanple, US 5,916,202 entitled "Unbilical cord bl ood
collection" and US 7,147,626 entitled "?brd 15 bl ood and pl acenta
collection kit". In one enbodi nent, thdlcord blood i s matched with the
subject at 4, 5 or 6/6 HLA class | (serological) and Il (nolecular)
antigens. | ﬂt-@ﬂfgﬁﬁtﬁ{FL%QQQ.llrmnlzg 188, 14 st~ 10ML-3 9/ flmbt A&osi b @r-araqused per
subj ect. The cord bl.ood units may be cryogenically frozen 20 prior to use
or used str FYRLOPREED when harvested from the umbilical cord. Prior to
culture, the cord blood cells may be enriched for CD34+ progenitor cells,

or they maypLhe a&ifel Glivkehe 8dn DoGERED. OThBE Inkfdd &5 RRarle, V¥R $1eQBloRY tlhet g
pul ate

mar ker 33. 25.1'n.one i Nnen he cord blgod cell.s.arg .un
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cells are agd8Bdetythrenoietin{(ERO), dablh endupagrephege growdsfieetbt (MHGSH).MPCs or MEMPs. 30
I n anot her enbodi nent, the cord blood units are co-cultured for around 14

the”corcul ¢ plRisgdl g bd TBE oty (EED it SRR, wo afBsdfa e '
growt h factMethods fof m@epacing tenriche@oprpitationss of MPSh&oankybish meegenyfmathée pr esent

i nventi o HAQERLRRRE@IbEE i MRS 91 SPZ68CAld WO 200410858301 H|aatiR GifPEchtdt O(I\)/ng
e

s, d. tabl i shed adherent MPC cel | cylture. & T
may be cul UFGa b e Fuhvel 5 B pEPLERire s fen B8 il EpaRESa  ooder

| ayer to whiresent sithdetber célls thet dreblissuel spedifie commitiesl eellst (FSG{g). WO

01/04268 refers to harvesting such cells from bone marrow at purity levels up to about

90%. The population comprising MPC from which progeny are derived may be

15 directly harvested from a tissue source, obtained from a master cell bank, or
alternatively it may be a population that has already been expanded ex vivo.

For example, the progeny may be obtained from a harvested, unexpanded, population
of substantially purified MPC, comprising at least about 0.1, 1, 5, 10, 20, 30, 40, 50, 60,
20 70, 80 or 95% of total cells of the population in which they are present. This level may
be achieved, for example, by selecting for cells that are positive for at least one marker
selected from the group consisting of TNAP, STRO-1"#", 3G5*, VCAM-1, THY-1,

CD146 and STRO-2.

25 The MPC starting population may be derived from any one or more tissue types set out
in WO 01/04268 or WO 2004/085630, namely bone marrow, dental pulp cells, adipose
tissue and skin, or perhaps more broadly from adipose tissue, teeth, dental pulp, skin,
liver, kidney, heart, retina, brain, hair follicles, intestine, lung, spleen, lymph node,
thymus, pancreas, bone, ligament, bone marrow, tendon and skeletal muscle.

30
MEMPs can be distinguished from freshly harvested MPCs in that they are positive for
the marker STRO-1°" and negative for the marker alkaline phosphatase (ALP). In a
preferred embodiment of the present invention, at least 15%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90% or 95% of the cells have the phenotype STRO-1"% ALP". Ina

35 further preferred embodiment, the MEMPs are positive for one or more of the markers
Ki67, CD44 and/or CD49¢/CD29, VLA-3, a3Bl. In yet a further preferred



One advant age of enbodi nents of present invention is that sufficient
nunbers of confluent adherent all ogeneic MPCs for co-culture can be
obtained within about four 10 days after initiating MPCs froma single
cryopreserved vial (containing >1.5 x 107 cells/m at cryopreservation).
Sufficient nunbers of MPCs according to the invention is where enough cells
are present to reach >70% confluency in 12 x T-150cn® tissue culture fl asks
(per subject). This is considerably fagper than prior art nethods of
generating MPCs de novo froma bone marrow donor, which typically takes
about four 15 weeks. In one enbodi nent of the invention, cord blood cells
are co- cul t embeflinenth the\MESEPsi dp aot exhibiti TERE aptivityi ovd/oreté negativerger tieng f et al
bovi ne ser umaigt gbagi ne, G CSF, SCF, FLT3-1igand and thronbopoietin. 20 The
cells may be co-cultured for a period of about 14 days. Adm nistration of
HPCs to the subject 25 According to the nethods of the present invention,

t he ex vi voOesgraswiteldle MARTs ppntition hasehgemobtamgd, fanayfhgrcultered pneipantizdblye

co- cul t ur£d,\RERauE mMEVRS dbidinvERPsant ed into a subject having a

haemat ol ogi cal nalignancy. In a preferred enbodinent, the subject is a
human. 30 Modes of adm nistration of the cells incl ude but are not limted
to, system Iné prefeavenobedimapterithomyvertis, the MP(s raeq)ebta'néd)ﬁomarm@eer cell
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super nat anttinog it tales orgenayate MR amd shanegpeifored cd-cudmres 0 Ao offttheshdifPGeurcs ol at ed
fromthe cyghy fafdp btumal %Mn%%@g m&%@ﬁﬁuxy%an&ha&mawwaé It @pgept abl e
carrier. _Hence, ﬁ‘gk i ons of. the jnve on CaE‘é e adm ni stﬁred in a
phar macddt iXaRY éﬁ sy e, PN e Beg  lengflyy. propessing: of dhg ) § ne
and aqueougoknibifiyr ofsaintamivaton dineg wsburef TBhecdevelapmewrof masterdéelluteanks i n wel |

known in ”b?feﬁsr% ‘wa “to%a%@ﬁ@is@rel&t&? d@&ﬂ@ﬂﬂ%@m{‘"’% féric%oﬂrp%h&iﬁg tRl one with
MPCs or MEMPsS O o anot her exanple, the HPCs are provided

cul tu
Wit hout MPEEHRAL SI?EWP@ Mfg:sl%rt {\%Efgdplﬁ?f"’df‘hé“%ﬁar ation of mesenchynal cells

and haenopoietic cells are well known in the art, and include, but are
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nmesenchymal aenopol eti¢c ce thrap
separat i on Péﬂﬁ’&? t ﬁlFeoﬁFaé?‘P’éfn%ft ghyorig- Aehgmic Z@qu@écu aseq refemzfbionag ant
derived t héMebdnohyma PrévarsadCtiii! et Revastop?i Bont marmineells ardanabted fiolh or

after adm g SEEdide?ngd & JEPhSithARIRhOBMoR! | CrHeCERASHIcteHE 18l are
immunoselected for stromal enrichment using the STRO-3 (TNSAP) monoclonal

25 antibody (Simmons PJ et al., (1991)), subsequently expanded, and cryopreserved to

produce a cell bank. The expansion of immunoselected bone marrow mononuclear

cells concentrated for mesenchymal precursors yields a product with defined purity,
expression of mesenchymal precursor specific markers, and potent biological activity.
Furthermore, work by the present Applicant and others confirms the immunological

30 tolerance of their allogeneic MPCs in a variety of preclinical and clinical allogeneic
settings.

Since the Applicant’s commercially available source of MPCs do not express HLA-II
(DR), they are therefore non-immunogenic and provide an ideal MPC source for use in
35 the present invention.



25 I'n one enbodi nent of the invention, haematopoietic reconstitution occurs
in the subject follow ng adm nistration of the expanded haemat opoi etic
precursor cells. For exanple, haenatopoietic reconstitution nay occur in
the subject within 30 days, nore preferably within 25 days, nore preferably
wi thin 20 days, nore preferably within 15 day and nore preferably within 10
days of adm nistration of the expanded haemat opoi etic 30 precursor cells.
Haemat opoi eti ¢ reconstitution may deteig;ned by any one of a nunber of
sui t abl e measurenents. For exanpl e, haermatopoietic reconstitution is taken
to have occurred once any one or nore of the follow ng have occurred:

neut rophi | ep@Bbddent, platelet 35 engraftnent, |ynphoid engraftnent,
white blood cell engraftnent, red blood cell engraftment, erythroid
engraftment _and/or negakaryocyte engraftnment. 16 Neutrophil engraftnent
Neut r ophi | Brrgrguinatienof the uabflicalegraltoed eandic pelticved Hyi far examwlg, puigtet by count
(ANC) whi chwiys oglif@thdn, dRAKIn®r er@Ataindided ffuxX mLplngf Sfuedzie Puapuld ve days.

5 Platel f Pl at el f3 defined. as.the. f f
Chr ee. consetit Fyb PR gt RaRUbPRet e PEPLB R i B G 1 nan

50 x 109/ L.usq\nf ¢ eyrinigo thdt may pr mexgrad finolsieen agtiopagulanthl ood cel | engraftment is
defined as the first of three consecutive days an absol ute

pol ynmor phonucl.ear .cells (P r reater .thap 50 x 9/1. . Red blood cells
PoE0) ehgr N od Sed in HFaBbng 8¢ BRbsH: AR fartyd it WiShe Siod usi ng
measur enentcopimeri#l wrtbe 16| lofiBanky URA KCedar Kol WD odérCord fBostanoMAgx anpl e,

red bl ood a@drl B&MARREIHR (BanBhind) @O a8€ Crfocall(OlbawattHELKDF i s about 3. 6% and
the F cells are about 7-8% The invention will now be described in nore

detail wth reference to the followng non-limting exanples. 17
Methods for harvesting cord blood cells are known in the art. Examples of such

methods are also described in the patent literature including, for example, US
5,916,202 entitled “Umbilical cord blood collection” and US 7,147,626 entitled “Cord
15 blood and placenta collection kit”.

In one embodiment, the cord blood is matched with the subject at 4, 5 or 6/6 HLA class

I (serological) and II (molecular) antigens. In another embodiment, at least two cord

blood units are used per subject. The cord blood units may be cryogenically frozen
20 prior to use or used straight away when harvested from the umbilical cord.

Prior to culture, the cord blood cells may be enriched for CD34" progenitor cells, or
they may be enriched for progenitor cells based on expression of the marker CD133.

25 In one embodiment, the cord blood cells are unmanipulated prior to their addition to the
MPCs.

In another embodiment, the cord blood cells are added to confluent monolayers of pre-
established MPCs or MEMPs.

30
In another embodiment, the cord blood units are co-cultured for around 14 days in a

suitable ex vivo expansion medium. The expansion medium used for the co-culture

may comprise fetal bovine serum, glutamine and suitable growth factors.

35 In one embodiment of the invention, the number of expanded HPCs used to treat a
subject is in the range of from >1.0 x 107 TNC/kg to >4.0 x 10’ TNC/kg.



Exanpl es Exanple 1 Conparison of "off-the shelf" allogeneic MPCs with

aut ol ogous MsCs 5 Cord blood (CB) co-cultured with MSCs generated de novo
from bone narrow was conpared with cord bl ood co-cultured with the
Applicants "off-the-shelf" MPCs (Robinson et al., 2007). MSCs are generated
de novo from bone marrow as foll ows. Approximately 80-100 ml 10 of marrow
is aspirated into sterile heparin-containing syringes and taken to the
MDACC Cel | Therapy Laboratory for MSC ggneration. The bone narrow
nononucl ear cells are isolated using ficoll-hypaque and placed into twoT175
flask wth 50 ml per flask of MSC expansi on nmedi um whi ch incl udes al pha
modi fi ed VERofculERIConditions ni ng gentanycin, glutanine (2 m\V and 20% (v/ V)
fetal bovine serum 15 (FBS) (Hyclone). The cells are cultured for 2-3 days
in 37C, 5% at ich ti he naon- adher ent lIs wll be re ed; the
ot i e ol e, ibeditydot B, e CprBR ARAEAG nabfrpRoile prabfiste TN
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trypsi ni zedTRONPCS RAa3AR Guittire8 ko cohtldonck] Rplifed Whd Fe-MdBGredtd PRSI RBgErum (50

m of medi u&}:(%e%r lﬁsk d% e cedl s arg P“'t“ﬁ%%ni n 37C, 5%2 for an

addi ti onal 120 WEjEh g, ided, the £prd blood (SlIS IoF Ro-CUtIng, asks of MBCs with 70% or
hi gher confluence are split again into 12 flasks and cultured in MC
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be >70% confl uent at this tine, e.t hen he . 25.CB .ex
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with MSC culeliyfi® ahBdbpriRetatibh). rREENerdt Qumb&S of WHCsfdceseing okt il @@en uni t s
wer e t hawed \&\%shed ahnd I%o-cul tuggd Wt b he[{ﬂent 30 1gon |§§f€l‘§ .from each
sour ce ( nech "HFERust ¢elf StePraseal 1o et~ 1R Soprluacyin 167X S ElEN st or o SoF,
FLT3- | i gandult@edBpks fprr TROjEct).AsThih dsnveetisiderphlyl faster then| pitpe rast meieds ofr e

better at ?éﬁé%@ﬁﬁngPGQ e nbORsn EB3fe RERGRAbhd! whith bypidahatkedgbodt fagenei ¢
VBCs. ]1§ bl(sq 1 Study "N' Avg. TNC fold

a
WEE.
In one embodiment of the invention, cord blood cells are co-cultured with MPCs in an
ex vivo expansion medium comprising fetal bovine serum, glutamine, G-CSF, SCF,
FLT3-ligand and thrombopoietin.

20
The cells may be co-cultured for a period of about 14 days.

Administration of HPCs to the subject

25 According to the methods of the present invention, the ex vivo expanded HPCs (which
may or may not further include the co-cultured MPCs or MEMPs) are implanted into a
subject having a haematological malignancy. In a preferred embodiment, the subject is

a human.

30 Modes of administration of the cells include, but are not limited to, systemic
intravenous injection. The cell preparation can be administered by any convenient
route, for example by infusion or bolus injection and can be administered together with

other biologically active agents.

35 In some embodiments, regimes for reducing implant rejection and/or graft vs. host
disecase of the HPCs may be practiced, particularly in circumstances where the



i ncrease Avg. CD34+ fold increase Allogenei cMSC cord expansion 6 13 14
Pre-clinical AllogeneicMPC cord expansion 5 12.6 29 dinical Allogeneic MPC

cord expansi on 9(TNCs); 11(CD34+) 16 39

15

allogeneic MPCs are also provided to the subject. Such regimes are known in the art.
See, for example Slavin S et al,, J Clin Immunol. 2002 22:64. Typical GVHD

prophylaxis agents include antithymocyte globulin (ATG), mycophenalate mofetil
(MMF), and tacrolimus.

It will be appreciated that the HPCs can be provided along with the culture medium
supernatant or one or more factors derived from co-cultured MPCs isolated from the
culture medium, and administered in a pharmaceutically acceptable carrier. Hence, cell
populations of the invention can be administered in a pharmaceutically acceptable
10 carrier or diluent, such a sterile saline and aqueous buffer solutions. The use of such

carriers and diluents in well known in the art.

In one example, the expanded HPCs are provided alone with MPCs or MEMPs of the
co-culture. In another example, the HPCs are provided without MPCs or MEMPs.
15 Methods for the separation of mesenchymal cells and hacmopoictic cells are well
known in the art, and include, but are limited to, affinity separation (according to
markers present on mesenchymal cells and haemopoictic cells) by chromatography,

batch separation and/or flow cytometry (FACS).

20 MPCs, MEMPs or supernatant derived therefrom can be administered prior to,
simultaneously with or after administration of the HPCs.

Haematopoietic reconstitution

25 In one embodiment of the invention, haematopoietic reconstitution occurs in the subject
following administration of the expanded haematopoietic precursor cells. For example,
haematopoietic reconstitution may occur in the subject within 30 days, more preferably
within 25 days, more preferably within 20 days, more preferably within 15 day and
more preferably within 10 days of administration of the expanded haematopoietic

30 precursor cells.

Haematopoietic reconstitution may determined by any one of a number of suitable
measurements. For example, haematopoictic reconstitution is taken to have occurred
once any one or more of the following have occurred: neutrophil engraftment, platelet

35 engraftment, lymphoid engraftment, white blood cell engraftment, red blood cell
engraftment, erythroid engraftment and/or megakaryocyte engraftment.



Exanple 2 Tinme to generation of sufficient nunbers of "off the shelf" MPCs
for 5 cord blood co-culture One vial containing frozen human nesenchymal
precursor cells (Lot No.25126787, >1.5 x 107 cells/nil) was thawed and 2. 03
x 106 cells recovered into 360 m s of al phaMEM nedi um suppl enmented with
antibiotics (penicillin and streptomycin), 10 glutam ne and 10% (v/v) fetal
bovi ne serum (PBS). The cell suspension was then distributed between 12 x
T-150 cn? tissue culture flasks (approxgmately 1.7 x 106 cells per T-150
cn? tissue culture flask). Cultures were nonitored using inverted, phase
contrast mcroscopy. Four to five days after initiation of the culture, the
MPCs were >Mesgenditergrafimenind coul d be used for cord bl ood nononucl ear cells

(MNC)  co- culNettréphil 2nErRARBE i GefirdE GO kEbtahitdYabsdliite h@u&cjpﬁﬂ‘ bdturdt PANCYH Baickul tured
after initiation of the

MPCs woul d be sufficiently. canfluent. by four .days

cul ture. Thi*&TH iﬂ&aéltoégqlfaxg)t 8}2 xs#’r@lfgr%;foéllsec&w%%fy?t he-shel f MPCs are
sufficient to generate sufficient nunbers of cells for cord bl ood
co-cul ture pfk&s:r edgrasfays in culture. This represents a significant

reduction f he approxi.mat el v, f our Kk f expansi.on culture required
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CB cells in ed fol | owi ng. hi gh-dose or nonnyel oabl ati ve therapy,
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safe in ternms of crossed i munol ogical rejection. Gaft failure was not
observed, but 10 the majority of patients did engraft wwth only a single CB
uni t. 1 n theeddiradeatls (RBGllengvafimen?l use two CB units, one of which will be
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e

transpl gnt reci pi ents, bel.ow 20- days t cally reported in this
set ti ng.1>1d00Kiad gl o plott s Fop exapmalt red BloRd e cneraltrosst mayhavgy | e
cul tur ed wiocturiedr whénghe HbR dceabontal.0%sd tic R dells gpeebaut 78%t or s descri bed in
this section (nanogram concentrations as opposed to the m crogram

concentratigns used systen cal | .Addi tjional.ly, .the expapded.cells will be
tshed 20" CobF TG GHHPOhe deoerihd ot el vittareisiey b PpUEE TR | o

unl i kel y t hatitingyepmpies] produce any systenmic side effects. Suitable growh
factors are described below 25 1.Filgrastim][G anul ocyte Col ony
Stinmulating Factor (G CSF)] Therapeutic classification: Reconbinant G owth
Fact or Mechani sm of action: GCSF is a human granul ocyte-stinul ating factor
that acts on hematopoietic cells to stinmulate proliferation,
differentiation, and sone end-cell functional activity.



30 Storage and stability: G CSF should be stored at 2-8 C. Prior to
injection, Filgrastimnmay be allowed to reach roomtenperature, however,
any vials left at roomtenperature for greater than 24 hours shoul d be

di scarded. Vials should not be shaken. Vials should be inspected for

sedi nentation or discoloration prior to admnistration. If sedinentation or
di scoloration is observed, the vials should not be used. 35 Route of

adm ni stration: SC Injection-1V Infusig? 20 Inconpatibility: No definite
inconpatibilities are known. However, ugs that nay potentiate the rel ease
of neutrophils should be used with caution. Availability: Commercially
avai |l abl e | ExspRs €- dose, preservative-free vials containing 300 ncg (1 m
vial) and 480nctg (1.6 ml vial) of Filgrastim 5 Side effects: MId to

noder ate bone pain is possible in patients receiving nyel osuppressive
therapy. GeheampledkComparison of “offethe shelf allegencictMPEmiyithyausqlegnua MSCs
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with MSC culture medlum until ready for use.

Two frozen cord blood units were thawed, washed and co-cultured with adherent

30 monolayers from each source (MSCs or MPCs) for 14 days using the presence of
growth factors SCF, FLT3-ligand, G-CSF and TPO). As shown in Table 1, allogeneic
MPCs are better at expanding cord blood CD34 progenitor cells than the allogeneic
MSCs.



21 excessive tenperatures above or below this range is to be avoided. Do
not allow rnet HUSCF to freeze, and do not use if contents freeze in transit
or in storage. SIDE EFFECTS: Not known but injection site conplication such
as urticaria and erythema 5 3. Thronbopoietin (TPO Therapeutic
classification: Reconbinant Growth Factor MECHANI SM OF ACTION: TPO is a
human granul ocyte-stinulating factor that acts on hematopoietic cells and
in particular negarkyocyte progenitorsiBo stimulate 10 proliferation,
differentiation, and sone end-cell functional activity. Storage and
stability: TPO should be stored at 2-8 C. Vials should not be shaken. Vials
shoul d be iﬂ?B@éted for sedinentation or discoloration prior to

adm nistration. If sedinentation or discoloration is observed, the vials
shoul d not | be u Known sihde effdcts t Cyl o8] ¥§%@ - velln
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Therapeuti ¢ classificatign: Reconhi nant| G oWRHCERCt or IBRE#ENi sm| of

action: FLTAllsgencibunaas@ranul ocyt e-stinul ating3factor| that agts on 20
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Example 2 Time to generation of sufficient numbers of “off the shelf” MPCs for
5 cord blood co-culture

One vial containing frozen human mesenchymal precursor cells (Lot No.25126787,
>1.5 x 107 cells/ml) was thawed and 2.03 x 10° cells recovered into 360 mls of
alphaMEM medium supplemented with antibiotics (penicillin and streptomycin),
10 glutamine and 10% (v/v) fetal bovine serum (FBS). The cell suspension was then
distributed between 12 x T-150 cm? tissue culture flasks (approximately 1.7 x 10° cells
per T-150 cm? tissue culture flask). Cultures were monitored using inverted, phase
contrast microscopy. Four to five days after initiation of the culture, the MPCs were
>70% confluent and could be used for cord blood mononuclear cells (MNC) co-culture
15 expansion. Accordingly, it is likely that the cultured MPCs would be sufficiently
confluent by four days after initiation of the culture. This indicates that a single vial of
off-the-shelf MPCs are sufficient to generate sufficient numbers of cells for cord blood
co-culture after 3-5 days in culture. This represents a significant reduction from the
approximately four weeks of expansion culture required to achieve sufficient numbers
20 of confluent MPCs for co-culture from a bone marrow aspirate.



(MPC cul ture nedium, adherent cells will be collected by trypsinization
and the whole transferred into twelve (12) T-150 cn2 culture flasks. Cells
will be cultured in MPC 35 culture nediumin the twelve (12) T-150 cnR
culture flasks for an additional five (5) to six (6) days until growth
sufficient to achieve greater than 70% confl uence over the 22 avail able
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will be released for use in the cord bhgod co-cul ture expansi on protocol.
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confluence will receive ten (10) percent of a thawed, washed cord bl ood
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expanded cord bl ood transplantation results are superior to alternative
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25 1. Filgrastim [Granulocyte Colony Stimulating Factor (G-CSF)]
Therapeutic classification: Recombinant Growth Factor
Mechanism of action: G-CSF is a human granulocyte-stimulating factor that acts on
hematopoietic cells to stimulate proliferation, differentiation, and some end-cell
functional activity.

30 Storage and stability: G-CSF should be stored at 2-8° C. Prior to injection, Filgrastim
may be allowed to reach room temperature, however, any vials left at room temperature
for greater than 24 hours should be discarded. Vials should not be shaken. Vials
should be inspected for sedimentation or discoloration prior to administration. If
sedimentation or discoloration is observed, the vials should not be used.

35 Route of administration: SC Injection-IV Infusion



24 Table 2 Patient Date of transplant Tine to neutrophil engraftnent
Pl atel et engraftinent GVHD 1 9/12/2008 Day 12 (21/12/2008) Day 57
(04/02/2009) BX positive GVDH G Duodenum 2 10/02/2009 Day 22 (4/03/2009)

Day 18 (28/02/2009) Negative Negative

20

Incompatibility: No definite incompatibilities are known. However, drugs that may
potentiate the release of neutrophils should be used with caution.

Availability: Commercially available in single-dose, preservative-free vials containing
300 mcg (1 ml vial) and 480mcg (1.6 ml vial) of Filgrastim.

5 Side effects: Mild to moderate bone pain is possible in patients receiving
myelosuppressive therapy. General skin rash, alopecia, fevers, thrombocytopenia,
osteoporosis, nausea, vomiting, diarrhea, mucositis, anorexia, inflammation of the
blood vessels, and/or cardiac dysrhythmia can occur. Splenomegaly may result at high

doses of Filgrastim.

10
2. Recombinant-metHuStem Cell Factor (SCF).

Therapeutic classification: Recombinant Growth Factor
Mechanism of action: SCF is a human granulocyte-stimulating factor that acts on
hematopoietic cells to stimulate proliferation, differentiation, and some end-cell
15 functional activity.
Pharmaceutical data: Recombinant methionyl human stem cell factor (r-metHuSCF) is
a recombinant human protein produced in E. coli by recombinant DNA technology.
The 165-amino acid non-glycosylated protein contains two intramolecular disulfide
bonds, exists as a non-covalently associated dimer with a molecular weight of 36,000,
20 and differs from the natural protein by the presence of a methionine moiety at the N-
terminus (residue number [-1]) resulting from the expression in and in the fact that the
recombinant protein is not glycosylated. Cells expressing r-metHuSCF are grown in
culture under defined and controlled conditions. The cells are harvested yielding a
paste from which the r-metHuSCEF is extracted and purified via a series of proprietary
25 processing and chromatographic steps. The resulting purified r-metHuSCF is
formulated in an aqueous buffer before undergoing sterile filtration and filling. Criteria
for release of r-metHuSCF for use in the clinic are stringent. These include passing the
USP rabbit pyrogen test, the limulus amebocyte assay, a sterility test, and the general
safety test (Code of Federal Regulations, Title 21, Section 610.11). The nucleic acid
30 content is no greater than 1.7 pg/mg protein. The final product is a clear, colorless,
sterile protein solution free of particulates; r-metHuSCF is not less than 95% pure.
Biologic activity of purified preparations is assessed via radioreceptor binding and
proliferation assays.
Storage and stability: Recombinant-metHuSCF must be stored at 2-8°C. Stability of r-
35 metHuSCF at concentrations of 1.5 mg/ml has been demonstrated for 12 months when
stored under these conditions. Stability testing is ongoing. Exposure of the material to



3 13/02/2009 Day 15 (28/02/2009) Day 37 (22/03/2009) 4 12/05/2009 Day 13
(25/05/2009) Day 29 (10/06/2009) Negative 5 19/05/2009 Day 19 (7/06/2009)
Day 45 (3/07/2009) BX positive GV/DH A Duodenum stomach, colorectal 6

4/ 06/ 2009 Day 25 (29/06/2009) Day 39 (13/07/2009)

21

excessive temperatures above or below this range is to be avoided. Do not allow r-
metHuSCF to freeze, and do not use if contents freeze in transit or in storage.
SIDE EFFECTS: Not known but injection site complication such as urticaria and

erythema

3. Thrombopoictin (TPO)

Therapeutic classification: Recombinant Growth Factor

MECHANISM OF ACTION: TPO is a human granulocyte-stimulating factor that acts

on hematopoietic cells and in particular megarkyocyte progenitors to stimulate
10 proliferation, differentiation, and some end-cell functional activity.

Storage and stability: TPO should be stored at 2-8° C. Vials should not be shaken.

Vials should be inspected for sedimentation or discoloration prior to administration. If

sedimentation or discoloration is observed, the vials should not be used.

Known side effects: thrombocytosis, deep-vein thrombosis, pulmonary embolism,

15 thrombophlebitis.

4. FLT3-Ligand (FLT3)

Therapeutic classification: Recombinant Growth Factor

Mechanism of action: FLT3 s a human granulocyte-stimulating factor that acts on
20 hematopoietic cells.

Storage and stability: FLT3 should be stored at 2-8° C. Vials should be inspected for

sedimentation or discoloration prior to administration. If sedimentation or

discoloration is observed, the vials should not be used.

Known side effects: thrombocytosis, deep-vein thrombosis, pulmonary embolism,

25 thrombophlebitis.
3.3 __Administration of Qff-the-Shelf MPCs.

Angioblast Revascor™ MPCs are used for the CB co-cultures. A single frozen vial of
30 Angioblast Revascor™ MPC will supply sufficient cells to seed three (3) to four (4) T-
300 cm2 culture flasks. After recovery from thawing and after a period of 2-3 days of
culture in cMEM medium supplemented with ten (10) percent fetal bovine serum
(MPC culture medium), adherent cells will be collected by trypsinization and the whole
transferred into twelve (12) T-150 cm2 culture flasks. Cells will be cultured in MPC
35 culture medium in the twelve (12) T-150 cm2 culture flasks for an additional five (5) to
six (6) days until growth sufficient to achieve greater than 70% confluence over the



Negative 7 15/06/ 2009 NV A N A Negative 8 23/06/ 2009 Day 24 (17/07/2009) N A
9 Of study Of study Of study Of study 10 6/07/2009 Day 9 (15/07/2009)

22

available culture surface is achieved. At this point the T-150 cm2 culture flasks will be
released for use in the cord blood co-culture expansion protocol. Culture flasks
generated in this manner can be maintained at >70% confluence until required by a
weekly medium change. Ten (10) of the twelve (12) T-150 cm2 culture flask generated

5 and containing MPC at >70% confluence will receive ten (10) percent of a thawed,
washed cord blood unit. Co-culture will be performed in culture medium supplemented
with fetal bovine serum and containing 100 ng/ml each of SCF, FLT3-L, TPO and G-
CSF as described above for the family member-derived MSCs.

10 Patients will be admitted to the hospital on day -9 for hydration and receive the
designated preparative regimen on days -8 through -2. On day 0, the unmanipulated
CB unit will be infused followed by the expanded CB unit. On day 0 (culture day 14),
the cells from both cultures will be harvested and washed for infusion.

15 Example 4: Clinical Trial Results

Fourteen patients were transplanted with MPC induced expanded cord blood in an
ongoing trial. The average age of the patient was 40 years. Current results of the
transplants are shown in Table 2 below.

20
The median time to neutrophil engraftment was 17 days (compared to historic controls

of 34 days). The median time to platelet engrafiment was 38 days (compared to
historic controls of 128 days). No patients had Grade II/IV GVHD (compared to
historic controls of 40%).

25
Table 3 shows that current MPC induced expanded cord blood transplantation results

are superior to alternative cord blood expansion strategies.

Any discussion of documents, acts, materials, devices, articles or the like which has
30 been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim

of this application.
35



NA 11 3/08/2009 NVNA NA 12 21/07/2009 NA N A 13 23/07/2009 NA NA 14
7/ 08/ 2009
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It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments
without departing from the scope of the invention as broadly described. The present
embodiments are, therefore, to be considered in all respects as illustrative and not

5 restrictive.
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25 Tabl e 3 Product

Medi an tine to neutrophil
Rate of GVHD as Grade 2 or G eater 2 Angioblast Allogeneic MPC 14

"N' TNC Expansi on fol d CD34 Expansion Fold
engraffinent Median tine to platelet engra tinent

24
Table 2
Patient | Date of Time to neutrophil Platelet engraftment | GVHD
transplant engraftment

1 9/12/2008 Day 12 (21/12/2008) | Day 57 (04/02/2009) | BX positive
GVDH GI
Duodenum

2 10/02/2009 | Day 22 (4/03/2009) Day 18 (28/02/2009) | Negative

3 13/02/2009 | Day 15 (28/02/2009) | Day 37 (22/03/2009) | Negative

4 12/05/2009 | Day 13 (25/05/2009) | Day 29 (10/06/2009) | Negative

5 19/05/2009 | Day 19 (7/06/2009) Day 45 (3/07/2009) | BX positive
GVDH GI
Duodenum,
stomach,
colorectal

6 4/06/2009 Day 25 (29/06/2009) | Day 39 (13/07/2009) | Negative

7 15/06/2009 | N/A N/A Negative

8 23/06/2009 | Day 24 (17/07/2009) | N/A

9 Off study Off study Off study Off study

10 6/07/2009 Day 9 (15/07/2009) N/A

11 3/08/2009 N/A N/A

12 21/07/2009 | N/A N/A

13 23/07/2009 | N/A N/A

14 7/08/2009 N/A N/A




16 39 17 38 0% *Aastrom Bi osci ences Replica!!TM 28 2.4 0.5 22 71 36%
**Viacell Selected Anpl!ificationTM 10 219 24 54 40%

25
Table 3
Product “N” TNC CD34 Median Median Rate of
Expansion | Expansion | time to time to GVHD
fold Fold neutrophil | platelet as Grade
engraftment | engraftment | 2 or
Greater 2
Angioblast 14 16 39 17 38 0%
Allogeneic
MPC
* Aastrom 28 2.4 0.5 22 71 36%
Biosciences
Replicall™
**Viacell 10 219 24 54 40%
Selected
Amplification™
***Gamida 10 6 30 48 44% G2,
StemEx™ 50%
chronic
GVHD
post day
100
*#**Historic 97 adults | N/A N/A 28 90 46%
Control (New | (560 (Adults
York Blood | patients and
Center) including Pediatric
pediatric) combined
rate)

* Jaroscak et al., 2003

5 #* Chan et al., 2006
*4%  de Lima et al., 2008
#kk%  Rubinstein et af., 1998




***Gam da StenExTM 10 6 30 48 44% &, 50% chroni c GvVHD post day 100
***x*H storic Control (New YorkBl ood Center) 97 adults (560 patients

i ncluding pediatric) VA NA 28 90
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haemat opgi eti c ecursar cells compri.se CPU-GMcells. 4. The met hqd of
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4. The method of claim 3 wherein the expanded haematopoietic precursor cells
comprise 1 x 10* CFU-GM cells per kg of subject body weight.

20
5. The method of any one of claims 1 to 4 wherein haematopoietic reconstitution
occurs in the subject following administration of the expanded haematopoictic
precursor cells.

25 6. The method of claim 5 wherein haematopoietic reconstitution occurs in the
subject within 10 to 30 days of administration of the expanded haematopoietic

precursor cells.

7. The method of claim 5 or claim 6 wherein haematopoietic reconstitution occurs

30 in the absence of an adverse immune response.

8. The method of any one of claims 5 to 7 wherein haematopoietic reconstitution is
determined by neutrophil engraftment, platelet engraftment, lymphoid engraftment,
erythroid engraftment and/or megakaryocyte engraftment.

35
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haenatop0|et1 gF @yrsorggfgsg [ aoﬁrcﬂ M%ﬁe % e co-cul tured
MPC or pr og&tly HHEIPEYF: 55TTRC erh%"s}?é}%’ d 582K A9 BRreP Y 3PN PS> 14
wher ei n 15r aplepicadarapl, onstwinal padl. expanded haenat opoi etic precursor cells is
effected together with supernatant or one or nore soluble factors derived

fromthe COI3CU| Il"i'ljer %%th'(\)/g%f grrly Bhe OFf aXin{shﬁ)r t%ole wherein the factor which enhances
differentiation is stem cell factor (SCF), GM-SCF, M-CSF, G-CSF, MGDF, EPO,
FLT3-ligand, IL-1, IL-2, IL-3, IL-4, IL-6, IL-7, IL-11. TNFa or thrombopoietin.
20

14.  The method of any one of claims 1 to 13 wherein transplantation of the
expanded haematopoietic precursor cells is effected together with the co-cultured MPC
or progeny thereof.

25 15. The method of any one of claims 1 to 14 wherein transplantation of the
expanded haematopoietic precursor cells is effected together with supernatant or one or
more soluble factors derived from the co-cultured MPC or progeny thereof.

16.  The method of any one of claims 1 to 15 wherein administering the expanded
30 haematopoietic precursor cells reduces the risk of host versus graft disease when
compared to administration of haematopoietic precursor cells that have not been subject

to ex vivo expansion.

17.  The method of any one of claims 1 to 15 wherein the subject has a haematologic
35 disorder.



16. The method of any one of clains 1 to 15 wherein adm nistering the
expanded 30 haemat opoi etic precursor cells reduces the risk of host versus
graft di sease when conpared to adm nistration of haematopoietic precursor
cells that have not been subject to ex vivo expansion. 17. The met hod
of any one of clainms 1 to 15 wherein the subject has a haematol ogi c 35

di sorder. 30 18. The nethod of claim 17 wherein the haematol ogi ¢ di sorder
is a disorder of platelet nunber and/oggfunction. 19. The nethod of claim
18 wherein the haematol ogic disorder is 5 thronbocytopenia, idiopathic

t hronbocyt openi ¢ purpure (I TP), or a disorder related to viral infection,
drug abuse 6%. ndlhegnethad) of clain 1Thehareit Kozl hadmatdlegindisprdeh s eidisordee of

haemat ol 0gi Gia@icp REAG: ahFoPrufitR@r der of erythrocyte number and/or function.
10 21, The nethod of claim 20 wherein the haematol ogi c disorder is an

anaem a. 22. The nmethod of claim?21 wherein the anaem a is aplastic
anaem a, aut®i mthae maborbl yf i clabmad®i awhdtioodhd o bgermatalegica, di@pddreyis s

anaem a, i grpddRb ‘faf?(ﬁo i@ BRGHb Ry topRE BluRNBM! &b a EiSbalSrefaflh C aci d)
deficiency an ?l qgwgtlc naem a, iron-deficiency anaemi a, pernicious
anaenmi a, EﬁﬁEI%@P?‘EH% Sor pAlgRaCE aenmi a or Pol ycyt hemi a Ver a. 23.

The nethod of claim17 wherein the haematol ogi c disorder is a disorder of

20 | ymphocyie ”‘I“HP%{eﬂﬁﬂdéfoélaﬁrP Fl"?tv&l{é{hn tt?e%aeiﬂi%l@é GBQrdQP 1sCL %&d?ﬁd%?* opherein
t he di sorder h due tg J, gl or B-cell deficiency. The met hod of
cl ai m 23 WEYRIORYE BUMBsrag/@eneona ps a | eukeni a, a Iynphona Hodgki ns

| umphond0 a chronic infection such as mlitary tuberculosis, a viral

i nfection, yheuqgt aeﬂo%m&h%zoswhéaﬁftnﬁrﬂa&naturagfc BB VBB O 2
heredltary di sorder such as aganmagl obul i nem & D George anonaly,

W skott-Aldrich syndrone, or ataxiatelangiectasia. 30 26. The net hod of
clai m 17 wi2r ei Tihd inethhdefralnimh Bf)iwhentirsthe deseniis isnapdassio mokemigfautniditiuhé neage

bone marrowy, étﬂblw E%mae:mla Dlood TRfs %EQQQ Qo aé?@égaﬁ Thanidh ighdhd ]@l%ckfan

haemat ol ogi ¢ di.Sorder 1s a result her a enot her a
g)g anacmia,, Fanconi anaemia, folate (fO(fIC ac1d) de ciency anaehila, ?1aemo ytic anaemlapy

iron-deficiency anaemia, pernicious anaemia, sickle cell anaemia, thalassaemia or

Polycythemia Vera.

23. The method of claim 17 wherein the haematologic disorder is a disorder of

20 lymphocyte number and/or function.

24.  The method of claim 23 wherein the disorder is due to a T-cell or B-cell

deficiency.

25 25. The method of claim 23 wherein the disorder is AIDS, a leukemia, a lymphoma,
Hodgkins lumphoma, a chronic infection such as military tuberculosis, a viral infection,
rheumatoid arthritis, systemic lupus erythematosus, or a hereditary disorder such as
agammaglobulinemia, DiGeorge anomaly, Wiskott-Aldrich syndrome, or ataxia-
telangiectasia.

30
26. The method of claim 17 wherein the haematologic disorder is a disorder of

multilineage bone marrow failure.

27. The method of claim 26 wherein the haematologic disorder is a result of

35 radiotherapy or chemotherapy.



31 28. The nethod of claim 26 wherein the haematol ogic disorder is a
result of malignant replacenent. 29. The nethod of claim 26 wherein the
haemat ol ogi ¢ di sorder is nyelofibrosis, 5 acute nyel ogenous | eukem a (AM),
nyel odyspl asti ¢ syndrone (MDS), acute |ynphoblastic | eukema (ALL), chromc
nyel ogenous | eukem a (CWM), chronic |ynphocytic | eukema (CLL)),

Non- Hodgki n's | ynphoma (NHL), Hodgkin's Di sease (HD), nultiple nyel oma, or
a secondary nalignancy di ssem nated to3pone.

28. The method of claim 26 whercin the haematologic disorder is a result of

malignant replacement.

29.  The method of claim 26 wherein the haematologic disorder is myelofibrosis,

5 acute myelogenous leukemia (AML), myelodysplastic syndrome (MDS), acute
lymphoblastic leukemia (ALL), chromic myeclogenous leukemia (CML), chronic
lymphocytic leukemia (CLL)), Non-Hodgkin’s lymphoma (NHL), Hodgkin’s Disease
(HD), multiple myeloma, or a secondary malignancy disseminated to bone.



