NOVEL MESENCHYMAL STEM CELLS AND BONE- FORM NG CELLS FI ELD OF THE | NVENTI ON
The invention relates in general to the fields of cell phenotype and cell
di f f er entwet2o@m3sasd to uses of cells in nedicine. Mrepspapedooosishy, the
invention identifies a new nesenchymal stemcell (MSC) type and a new
bone-formng cell type, and concerns osteogenic differentiation of said
MSC, and therapeutic and prophylactic applications of said MSC and sai d
bone-form ng cells in bone di seases. BACKGROUND OF THE | NVENTI ON

Transpl antation of stemcells capable aof or having a propensity for
under goi ng osteogenic differentiation is a prom sing avenue for the
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Bi ol Ther 5 : 437-42). wever, MSC may only represent a mnor proportion

of all Bone marrow stromal cells or mesenchymal stem cells (abbreviated as BMSC or MSC) can
be readily isolated and expanded from adult bone marrow and several other tissues, based
on the adherence of these cells to tissue culture plastic. MSC mostly demonstrate a tri-
15 potential, mesoderm-related fate, i.e., the capacity to undergo osteogenic, adipocytic and
chondrocytic differentiation (Pittenger et al. 1999. Science 284: 143-7), although MSC
capable of producing neural, liver and muscle cells have also been reported (Prockop 1997.

Science 276: 71-4).

MSC may be defined by expression of soluble and surface markers, including among others
20 CD105, CD90 and CD73. Moreover, the prior art generally shows MSC as negative for the
CD34 antigen, which is instead known to be highly expressed in immature blood and
endothelial cells. In particular, CD34-positive, bone marrow originated MSC have not been
described previously. Also, enhanced osteogenic and osteoregenerative properties have not
been described previously for CD34-positive MSC, and particularly for CD34-positive MSC

25 originated from bone marrow.

Bone marrow transplantation has been employed to treat bone disorders (Gangji et al. 2005.
Expert Opin Biol Ther 5: 437-42). However, MSC may only represent a minor proportion of all
cells present in bone marrow samples, and can moreover display variable tendencies for
osteogenic differentiation, such that a considerable proportion of so-transplanted cells would
30 not eventually contribute to the formation of the desired bone tissue. Indeed, it has been



cells present in bone marrow sanpl es, and can noreover display variable
tendenci es for osteogenic differentiation, such that a considerable
proporti omoahowrsdosanspl anted cells woul d not eventual | pcamresoopsiseot o t he
formation of the desired bone tissue. Indeed, it has beenshown that only
about 14% of human adult nesenchymal stem cell progenitors naintained an
osteogenic potential (D Ilppolito et al. 1999. J Bone M ner Res. 14:
1115-22). In view thereof, there exists a continuing need to inprove the
yield of production of osteoprogenitors osteoblasts or bone-formng cells
from mesenchymal stemcells. SUMMARY OF THE | NVENTI ON The present inventors
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15 ceII ased ther es particularly or bone disorders. The present inventors succeeded to
enrich MSC cells for the above cell subtype, which then maintains its phenotypic and

biological properties.

An aspect of the invention provides an isolated mesenchymal stem cell (MSC) characterised
in that it co-expresses at least one mesenchymal marker and CD34.

20 A further aspect provides a method for obtaining MSC cells co-expressing at least one
mesenchymal marker and CD34 comprising enriching or isolating from a population of MSC
cells a subset of cells which co-express said at least one mesenchymal marker and CD34. An
embodiment provides a method for obtaining MSC cells co-expressing at least one
mesenchymal marker and CD34 comprising (a) isolating MSC cells from a sample of a

25  subject; (b) optionally enriching and/or expanding the MSC cells of (a); and (c) enriching or
isolating from the MSC cells of (a) or (b) a subset of cells which co-express at least one
mesenchymal marker and CD34.

Another aspect relates to MSC cells obtainable by a method comprising isolating from a
population of MSC cells a subset of cells which co-express at least one mesenchymal marker
30 and CD34. An embodiment provides MSC cells obtainable by steps comprising (a) isolating



isolating fromthe MSC cells of (a) or (b) a subset of cells which
co-express at | east one nesenchymal marker and CD34. Anot her aspect rel ates
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15 fac or and/or an angiogenic growth factor, preferably to a haematopoietic growth factor and
an angiogenic growth factor, e.g., to one or more haematopoietic growth factors and/or one or

more angiogenic growth factors.

This method may also be adapted for obtaining from an MSC population (i.e., a relatively
more heterogeneous MSC population) MSC cells which co-express at least one
20  mesenchymal marker and CD34, and/or enriching an MSC population (i.e., a relatively more
heterogeneous MSC population) for MSC cells which co-express at least one mesenchymal
marker and CD34, by means of suitable culturing conditions. This entails exposing said
relatively more heterogeneous population of MSC (e.g., MSC cells isolated from a sample of
a subject) to a haematopoietic growth factor and/or an angiogenic growth factor, preferably to
25 a haematopoietic growth factor and an angiogenic growth factor, e.g., to one or more

haematopoietic growth factors and/or one or more angiogenic growth factors.

Advantageously, the method may obtain and/or enrich MSC cells comprising expression of
CD34 and one or more mesenchymal markers, such as preferably CD105, CD90 and/or
CD73, also preferably at least CD105, from a starting or initial MSC cell population.
30  Advantageously, the enriched-for MSC cells may lack expression of haematopoietic and/or
endothelial markers, such as for example CD45, CD133, CD31, CD14 and/or CD19. Hence,



a subject) to a haematopoietic growh factor and/ or an angi ogenic growth
factor, preferably to a haematopoietic growh factor and an angi ogenic
grow h f awpa@ngy/B5®s, to one or nore haenmatopoi eti c gr owplTiERedonsssand/ or
one or nore angiogenic growh factors. Advantageously, the nethod may
obtain and/or enrich MSC cells conprising expression of CD34 and one or
nore nmesenchymal markers, such as preferably CD105, CDOO and/or CD73, also
preferably at |east CD105, froma starting or initial MSC cell population.
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ALP enzymatic activity and/or ALP staining) and pro-angiogenic properties (as suitably but
without limitation demonstrated by expression of vWF and/or VEGF, preferably vWF and
VEGF, and/or by ability to organize into branched neo-vascular structures or pseudotubes in

20  a suitable model such as a Matrigel model). Further contemplated are cell populations
comprising such MSC cells.

Also provided are MSC cells obtainable or directly obtained by said methods of expanding or
enriching MSC cells or cell populations using a haematopoietic growth factor and/or an
angiogenic growth factor.

25  Another aspect relates to methods for differentiating in vitro the mesenchymal stem cells
(MSC) co-expressing at least one mesenchymal marker and CD34 as defined in the
preceding aspects, into bone-forming cells, such as for example osteoblasts or
osteoprogenitors.

A further aspect provides bone-forming cells, such as for example osteoblasts or
30  osteoprogenitors, obtainable by differentiating in vitro the mesenchymal stem cells (MSC) co-



conprising such MSC cells. Also provided are MSC cell s obtainable or
directly obtained by said nethods of expanding or enriching MSC cells or
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grow h factor. Another aspect relates to nethods for differentiating in
vitro the nesenchymal stemcells (MSC) co-expressing at |east one
mesenchymal nmarker and CD34 as defined in the preceding aspects, into
bone-form ng cells, such as for exanpl e osteobl asts or osteoprogenitors. A
further aspect provides bone-formng cells, such as for exanple osteoblasts
or osteoprogenitors, obtainable by differentiating in vitro the nmesenchynal
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15 such bone-forming cells, including inter alia culturing, maintaining, expanding, enriching (e.g.,

by sorting) and post-enrichment expanding of said bone-forming cells and cell populations.

Also disclosed is a method for obtaining bone-forming cells co-expressing at least one
mesenchymal marker and CD34 comprising differentiating MSC cells co-expressing said at
least one mesenchymal marker and CD34 to bone-forming cells.

20  Such bone-forming cells co-expressing at least one mesenchymal marker and CD34 may
also be obtained by other methods. Hence, also disclosed is a method for obtaining bone-
forming cells co-expressing at least one mesenchymal marker and CD34 comprising
enriching or isolating from a population of bone-forming cells a subset of cells which co-
express said at least one mesenchymal marker and CD34. An embodiment provides a

25  method for obtaining bone-forming cells co-expressing at least one mesenchymal marker and
CD34 comprising (a) isolating bone-forming cells from a sample of a subject or differentiating
bone-forming cells from MSC cells isolated from a sample of a subject; (b) optionally
enriching and/or expanding the bone-forming cells of (a); and (c¢) enriching or isolating from
the bone-forming cells of (a) or (b) a subset of cells which co-express at least one

30 mesenchymal marker and CD34.
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and/or one or more angiogenic growth factors.

Advantageously, the method may obtain and/or enrich bone-forming cells comprising
expression of CD34 and one or more mesenchymal markers, such as preferably CD105,
20  CD90 and/or CD73, also preferably at least CD105, from a starting or initial bone-forming cell
population. Advantageously, the enriched-for bone-forming cells may lack expression of
haematopoietic and/or endothelial markers, such as for example CD45, CD133, CD31, CD14
and/or CD19. Hence, in an embodiment the enriched-for bone-forming cells may comprise
expression of CD34 and of one or more or preferably all of CD105, CD90 and CD73, also
25  preferably at least CD105, and may lack the expression of one or more or preferably all of
CD45, CD133, CD31, CD14 and CD19. Advantageously, the present method realises an
increase in the proportion of bone-forming cells comprising co-expression of CD34 and one or
more mesenchymal markers in an initial bone-forming cell population in the course of the

application of the method.

30  Advantageously, bone-forming cells expanded and/or enriched by exposing to
haematopoietic and/or angiogenic growth factors as taught herein may display both adequate
osteogenic properties (e.g., as demonstrated by ALP expression and staining) and beneficial



and/ or one or nore angi ogenic growh factors. Advantageously, the nethod
may obtain and/or enrich bone-formng cells conprising expression of CD34
and one owormoessemsenchymal markers, such as preferabl y PCDEP2009058@9 and/ or
CD73, also preferably at |east CD105, froma starting or initial

bone-form ng cell popul ati on. Advant ageously, the enriched-for bone-form ng
cells may | ack expression of haenmatopoietic and/or endothelial markers,
such as for exanple CD45, CD133, CD31 , CD14 and/or CD19. Hence, in an
enbodi nent the enriched-for bone-formng cells may conprise expression of
CD34 and of one or nore or preferably all of CD105, CD90 and CD73, al so
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recruiting, inducing proliferation and/or stimulating haematopoietic cells. In an embodiment,
the haematopoietic growth factor as intended throughout this specification is chosen from a
group comprising or consisting of colony stimulating factor 2 (CSF2), CSF3, macrophage
CSF (M-CSF), granulocyte monocytes CSF (GM-CSF), interferon (IFN) including inter alia

20 IFN-alpha and IFN-gamma, tumour necrosis factor (TNF), and haematopoietically active
cytokines such as inter alia interleukin 2 (IL2), IL4, IL17 and IL18. Preferably, the
haematopoietic growth factor may be chosen from GM-CSF and IFN-gamma, more preferably
may be IFN-gamma.

In an embodiment, the angiogenic growth factor may include any growth factor having
25 demonstrable angiogenic activity as known in the art, such as, e.g., being capable of
recruiting endothelial cells or inducing the formation of capillary structures by endothelial
cells. In an embodiment, the angiogenic growth factor as intended throughout this
specification is chosen from a group comprising or consisting of platelet-derived growth factor
(PDGF) including inter alia PDGF aa, ab, bb, vascular endothelial growth factors (VEGF1 or
30 2), Von Willebrand factor (vWF), angiopoietin 1 or 2, fibroblast growth factors (FGF1, FGF-3,
or other FGF factors; or an FGF factor other than FGF-1 and/or other than FGF-2) and
erythropoietin (EPO). In another embodiment, the angiogenic growth factor may be chosen



factor and/or an angiogenic growmh factor. In an enbodi nent, the
haenmat opoi etic grow h factor may i nclude any growth factor having
denonst r abbeolwassmsopoi etic activity as known in the arpcTapedasss4e. g. ,
bei ng capable of recruiting, inducing proliferation and/or stinulating
haemat opoi etic cells. In an enbodi nent, the haematopoietic growh factor as
i ntended t hroughout this specification is chosen froma group conprising or
consisting of colony stinulating factor 2 (CSF2), CSF3, nacrophage CSF
(M CSF), granul ocyte nonocytes CSF (GWsCSF), interferon (IFN) including
inter alia |IFNal pha and | FN-gamm, tunour necrosis factor (TNF), and
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preferably concurrent exposed, to FG--2 to further stinulate the
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di fferenbisat LgRsd, pRfHaff! doncut®g Cexdoled B ¢t eth embadicoBny skasdi ng
MSC or bone-formng cells, such as for
embodiment expanding MSC or bone-forming cells, such as for example MSC or bone-
forming cells comprising expression of CD34 and one or more mesenchymal markers as
taught herein, may comprise exposing said MSC or bone-forming cells to IFN-gamma. This
treatment noticeably enhances both osteogenic and pro-angiogenic characteristics of the so-

20 treated cells.

In another preferred embodiment enriching for MSC or bone-forming cells comprising
expression of CD34 and one or more mesenchymal markers as taught herein from an initial
MSC or bone-forming cells population, may comprise exposing said initial MSC or bone-
forming cells population to one or more growth factors chosen from GM-CSF, IFN-gamma,
25  PDGF, FGF-1 and FGF-3; for example to one or more of GM-CSF and IFN-gamma and/or to
one or more of PDGF, FGF-1 and FGF-3; for example to one or more of GM-CSF and IFN-
gamma and to one or more of PDGF, FGF-1 and FGF-3. Optionally in these embodiments
the cells may be also exposed, preferably concurrently exposed, to FGF-2. In a particularly
preferred embodiment enriching for MSC or bone-forming cells comprising expression of
30  CD34 and one or more mesenchymal markers as taught herein from an initial MSC or bone-
forming cells population may comprise exposing said MSC or bone-forming cells to IFN-



exanpl e MSC or bone-forming cells conprising expression of CD34 and one or
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or bone- fworrmgiss®kl s to one or nore growt h factors chosem/HrranoiosSsCSF,
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The cell products of the invention are particularly suitable for prophylactic and therapeutic
treatments of bone-related disorders. Thus, further aspects relate to:

- the mesenchymal stem cells (MSC) co-expressing at least one mesenchymal marker and
CD34 as defined in the preceding aspects, or the bone-forming cells as defined in the
20 preceding aspects such as bone-forming cells co-expressing at least one mesenchymal
marker and CD34, or the cell populations or pharmaceutical compositions comprising the

cells as defined above, for use in the treatment of a bone-related disorder;

- use of the mesenchymal stem cells (MSC) co-expressing at least one mesenchymal
marker and CD34 as defined in the preceding aspects, or the bone-forming cells as
25 defined in the preceding aspects such as bone-forming cells co-expressing at least one
mesenchymal marker and CD34, or the cell populations comprising the cells as defined

above, for the manufacture of a medicament for the treatment of bone-related disorders;

- a method for treating a bone-related disorder in a subject in need of such treatment,
comprising administering to said subject a therapeutically or prophylactically effective

30 amount of the mesenchymal stem cells (MSC) co-expressing at least one mesenchymal
marker and CD34 as defined in the preceding aspects, or the bone-forming cells as



bone-form ng cells co-expressing at | east one nmesenchymal marker and CD34,
and one or nore pharnmaceutically acceptable carrier/excipient. The

phar macewvoady/Gswposi ti on may conprise a cell popul ati eocT@ErowEwiosisng sai d
M5C and/ or bone-forming cells, and one or nore pharmaceutically acceptable
carrier/excipient. A process for preparing the pharmaceutical fornulation
is also provided, conprising: adm xing the nesenchymal stemcells (MSC)
co-expressing at |east one nesenchymal marker and CD34 as defined in the
precedi ng aspects and/or the bone-formimg cells as defined in the preceding
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BRIEF DESCRIPTION OF FIGURES

Figure 1 illustrates dual-colour flow cytometric analysis of CD90 (FITC) and CD34 (APC)

expression. The dot plot histogram represents 5000 events collected as list mode data.

Figure 2 illustrates light microscopic examination of the CD90/CD34+ cells after 1 week of

20 culture.

Figure 3 illustrates dual-colour flow cytometric analysis of CD90 (FITC) and CD34 (APC)
expression after expansion under supplemented culture conditions. The dot plot histogram
represents 5000 events collected as list mode data.

Figure 4 illustrates mineralization (A) and ALP staining (B) by CD90/CD34+ cells
25 Figure 5 illustrates dependence of mineralization ability on CD34+ percentage.
Figure 6 illustrates osteogenic properties of cells by ALP staining.

Figure 7 illustrates pro-angiogenic properties of cells by capillary-like structure formation

assay.



conprising the cells as defined above. The invention al so provides an
arrangenent conprising a surgical instrunent adapted for adm nistration of
a conposiwoanodsassubj ect, such as for exanpl e systen eealrpp2am/osissn site
of bone | esion, and further conprising any of the cells, cell populations
or pharmaceutical conpositions defined above. In any of above aspects and
enbodi nents, the at | east one nesenchymal marker may be preferably chosen
from CD105, CD90 and CD73, nore preferably it may be CD90 or CD105.
Particularly preferably, the at |east one nesenchymal marker may be CD105,
i.e., the MSC or bone-formng cells as taught herein may co-express at

| east CDDEFTAHMP DESEGRIATHONCRETHEINVENEIRINs of any of the above aspects, the
cells (MSC cells; bone-formng cells) are of human origin. Preferably, the
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0.1% or less of and from the specmed value, insofar such variations are appropriate to

perform in the disclosed invention. It is to be understood that the value to which the modifier

"about" refers is itself also specifically, and preferably, disclosed.

15 All documents cited in the present specification are hereby incorporated by reference in their
entirety.

Unless otherwise defined, all terms used in disclosing the invention, including technical and

scientific terms, have the meaning as commonly understood by one of ordinary skill in the art

to which this invention belongs. By means of further guidance, term definitions are included to
20  better appreciate the teaching of the present invention.

The term “stem cell” refers generally to an unspecialised or relatively less specialised and
proliferation-competent cell, which is capable of self-renewal, i.e., can proliferate without
differentiation, and which or the progeny of which can give rise to at least one relatively more
specialised cell type. The term encompasses stem cells capable of substantially unlimited
25  self-renewal, i.e., wherein the progeny of a stem cell or at least part thereof substantially
retains the unspecialised or relatively less specialised phenotype, the differentiation potential,
and the proliferation capacity of the mother stem cell, as well as stem cells which display
limited self-renewal, i.e., wherein the capacity of the progeny or part thereof for further
proliferation and/or differentiation is demonstrably reduced compared to the mother cell. By
30 means of example and not limitation, a stem cell may give rise to descendants that can
differentiate along one or more lineages to produce increasingly relatively more specialised



referents unless the context clearly dictates otherwi se. The terns
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especially foetal and adolescent skin (Young et al. 2001. Anat Rec 264: 51-62), periosteum,
and adipose tissue (Zuk et al. 2001. Tissue Eng 7: 211-28). Human MSC, their isolation, in
vitro expansion, and differentiation, have been described in, e.g., Pittenger et al. 1999
(supra), US Pat. No. 5,486,359; US Pat. No. 5,811,094; US Pat. No. 5,736,396; US Pat. No.

20  5,837,539; or US Pat. No. 5,827,740.

The term also encompasses MSC obtained from bone marrow, which are commonly referred
to as “bone marrow stromal cells” or “BMSC”. A sample of bone marrow for isolation of BMSC
may be acquired, e.g., from iliac crest, femora, tibiae, spine, rib or other medullar spaces.

In a preferred embodiment MSC or MSC populations as used herein may originate from bone
25  marrow, e.g., may be isolated and optionally expanded from a bone marrow sample. MSC
and MSC populations originated from bone-marrow can have characteristics (e.g., marker
profile, function, expansion, differentiation, efc.) different from and/or favourable over MSC
originated from other tissues, such as without limitation may more efficiently and/or more

controllably differentiate into bone-forming cells.



means of exanple and not limtation, a stemcell may give rise to
descendants that can differentiate al ong one or nore |ineages to produce

i ncreasi ngbyosselssdosvel y nore speci al i sedcells, wherei n putlEpd@wosszdant s
and/or increasingly relatively nore specialised cells my thensel ves be
stemcells as defined herein, or even to produce termnally differentiated

cells, i.e., fully specialised cells, which my be post-mtotic. The term
"adult stemcell" as used herein refers to a stemcell present in or
obtained from (such as isolated from am organismat the foetal stage or
after birth. The term "nesenchymal stemcell” or "MSC' as used herein
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fold higher than such signal generated by control cells, e.g., at least 2-fold, at least 4-fold, at
20 least 10-fold, at least 20-fold, at least 30-fold, at least 40-fold, at least 50-fold higher or even

higher.

The expression of cell-specific markers can be detected using any suitable immunological
technique known in the art, such as immuno-cytochemistry or affinity adsorption, Western blot
analysis, FACS, ELISA, etc., or by any suitable biochemical assay of enzyme activity, or by

25  any suitable technique of measuring the quantity of the marker mRNA, e.g., Northern blot,
semi-quantitative or quantitative RT-PCR, etc.

Nucleic and amino acid sequence data for marker proteins listed in this disclosure are
generally known and can be obtained from public databases such as, among others, from the
NIH “Protein Reviews on the Web” database (http://mpr.nci.nih.gov/prow/), the NIH “Entrez
30  Gene” database (http://www.ncbi.nim.nih.gov/sites/entrez?db=gene) or the Uniprot/Swissprot

database (http://www.expasy.org/). Suitable detection reagents and methods for said markers
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1G2, E-9 and GRE (Letarte et al. 1995. In: Leukocyte Typlng V, ed. SF Schlossman et al.,
Oxford University Press, Oxford, p. 1756-1759), of CD90 include inter alia monoclonal
antibody 5E10 (Craig et al. 1993. J Exp Med 177: 1331), and of CD73 include inter alia
monoclonal antibodies 1E9 and 7G2 (Thompson et al. 1990, supra) and 4G4 (Airas et al.

20 1993. J Immunol 151: 4228).

In an embodiment, the at least one mesenchymal marker is chosen from CD105, CD90 and
CD73. Preferably, the at least one mesenchymal marker is CD90 or CD105, more preferably
the at least one mesenchymal marker is CD105. The invention contemplates cells, in
particular MSC cells or bone-forming cells, which co-express CD105 and CD34, cells which
25 co-express CD90 and CD34, as well as cells which co-express CD73 and CD34. Also
covered are cells, in particular MSC cells or bone-forming cells, which co-express any two or
all three of CD105, CD90 and CD73, with CD34, such as, e.g., cells co-expressing at least
CD105 and CD90 with CD34, or cells co-expressing at least CD105 and CD73 with CD34.

As shown in the examples, cells of the above marker profile may also co-express alkaline
30  phosphatase (ALP). Hence, also provided are cells, in particular MSC cells or bone-forming
cells as disclosed herein, co-expressing at least one mesenchymal marker and CD34, and
further expressing ALP, more preferably ALP of the bone-liver-kidney type (ALPL). Exemplary
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osteoblasts, osteocytes and other cell types of the osteogenic lineage as known in the art.

A skilled person thus generally appreciates the bounds of the term “bone-forming cells” as
intended herein. Nevertheless, by means of further guidance and not limitation the present
20 bone-forming cells may display any one, more or all following characteristics:

a) the cells comprise expression of alkaline phosphatase (ALP), more specifically ALP of the
bone-liver-kidney type;

b) the cells comprise expression of any one or more of procollagen type 1 amino-terminal
propeptide (P1NP), osteonectin (ON), osteopontin (OP), osteocalcin (OCN) and bone
25  sialoprotein (BSP);

¢) the cells show evidence of ability to mineralize the external surroundings, or synthesize
calcium-containing extracellular matrix (e.g., when exposed to osteogenic medium; see
Jaiswal et al. 1997. J Cell Biochem 64: 295-312). Calcium accumulation inside cells and
deposition into matrix proteins can be conventionally measured for example by culturing in

30 “*°Ca®', washing and re-culturing, and then determining any radioactivity present inside the
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appr eci a} es. the bounds of the term "bone-form ng cells
orming cells as disclosed herein, or both said cell types taken together may constitute at

q.

least 2%, preferably at least 5%, such as at least 10%, more preferably at least 20%, such as
at least 30%, even more preferably at least 40%, such as at least 50%, or very preferably at

20 least 60%, such as at least 70%, at least 80%, at least 90% or up to 100% of cells present in
such cell populations.

Preferably, MSC cells or bone-forming cells as disclosed herein, or cell populations
comprising such, are of animal origin, more preferably of non-human mammal or human

origin, even more preferably of human origin.

25  MSC cells co-expressing at least one mesenchymal marker and CD34, and optionally any
additional marker of interest, as disclosed herein may be obtained by methods which are

known per se.

For example, conventional methods allow to isolate and optionally expand MSC or BMSC
cells from biological samples of subjects.

30 The terms “biological sample” or “sample” as used herein generally refer to a sample
obtained from a biological source, e.g., from an organism, organ, tissue or cell culture, etc. A
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e general population of |solated and optionally expanded MST or BMSC cells by methods
known per se, such as, for example, using fluorescence activated cell-sorting (FACS),
magnetic-activated cell sorting (MACS) or affinity-based technologies inter alia affinity
chromatography. Live cells having a desired expression profile are allowed to bind with

20  reagents (most commonly immunological reagents such as, e.g., monoclonal antibodies)
specific for the respective markers, wherein said reagents are in turn modified (e.g., by a
fluorophore, or by immobilisation on magnetic particles or another type of stationary phase),
such as to facilitate for selection or capture of cells bound by said reagents from cells not so

bound.

25  For general guidance on these methods, refer inter alia to Flow Cytometry and Cell Sorting,
2nd ed., by Andreas Radbruch (ed.), Springer 1999 (ISBN 3540656308); In Living Color:
Protocols in Flow Cytometry and Cell Sorting, 1st ed., by RA Diamond and S Demaggio
(eds.), Springer 2000 (ISBN 3540651497); Flow Cytometry Protocols (Methods in Molecular
Biology), 2nd ed., by TS Hawley and RG Hawley (eds.), Humana Press 2004 (ISBN

30  1588292355); Affinity Separations: A Practical Approach, P Matejtschuk (ed.), Oxford
University Press, 1997 (ISBN 0199635501); and Dainiak et al. 2007. Adv Biochem Eng
Biotechnol 106: 1-18.
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13: 436- angiogenic growth factor, the latter combination achieving a synergic effect on the cell
expansion or enrichment. The haematopoietic and angiogenic growth factor may be
contacted with the cells simultaneously or sequentially in any order, preferably
simultaneously. Advantageously, the cells may be exposed, preferably simultaneously

20  exposed, to FGF-2 to further enhance their expansion and/or enrichment.

In an embodiment, the haematopoietic growth factor is chosen from a group comprising or
consisting of colony stimulating factor 2 (CSF2), CSF3, macrophage CSF (M-CSF),
granulocyte monocytes CSF (GM-CSF), interferon (IFN) including IFN-gamma, tumour
necrosis factor (TNF), and haematopoietically active cytokines such as inter alia interleukin 2

25 (IL2). More preferably, the haematopoietic growth factor is chosen from GM-CSF and IFN-
gamma, even more preferably may be IFN-gamma. In an embodiment, the angiogenic growth
factor is chosen from a group comprising or consisting of platelet-derived growth factor
(PDGF), vascular endothelial growth factors (VEGF1 or 2), Von Willebrand factor (VWF),
angiopoietin 2, fibroblast growth factors (FGF1, FGF3, or other FGF factors) and

30  erythropoietin (EPO). More preferably, the angiogenic growth factor is chosen from PDGF,
FGF-1 and FGF-3, even more preferably PDGF and FGF-3, still more preferably may be
PDGF.



48). These protocols are applicable herein. Cells co-expressing the desired
mar ker proteins can be selected, enriched or isolated fromthe general

popul at i omoahodssdoat ed and optional ly expanded MSC or BWBT/EPeddo®sizye et hods
known per se, such as, for exanple, using fluorescence activated
cell-sorting (FACS), magnetic-activated cell sorting (MACS) or
affinity-based technologies inter alia affinity chromatography. Live cells
having a desired expression profile are allowed to bind with reagents (nost
comonl y i mmunol ogi cal reagents such as9 e.g., nonoclonal antibodies)
specific for the respective markers, wherein said reagents are in turn
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which co-express at least one mesenchymal marker and CD34. In such case, the so-obtained
population of bone-forming cells may be enriched for bone-forming cells co-expressing said at
least one mesenchymal marker and CD34. In another example, bone-forming cells may be
obtained from MSC cells which have not been enriched for cells co-expressing at least one
20  mesenchymal marker and CD34, or may be directly isolated from a subject. In such case, the
so-obtained population of bone-forming cells would generally not be enriched for bone-

forming cells co-expressing said at least one mesenchymal marker and CD34.

In any of these situations, techniques as described above for MSC cells (such as, e.g., FACS,
MACS or affinity-based technologies) can be used analogously to select, enrich or isolate
25 bone-forming cells co-expressing said at least one mesenchymal marker and CD34, from a
relatively more heterogeneous population of bone cells. Bone-forming cells co-expressing
said at least one mesenchymal marker and CD34 may also be enriched using a

haematopoietic and/or angiogenic growth factor as taught in this specification.

In the context of the various aspects of the invention, the term “bone-related disorder” refers
30  to any type of bone disease, the treatment of which may benefit from the administration of
osteogenic lineage or bone-forming cells, e.g., osteoprogenitors, osteoblasts or osteocytes, to
a subject having the disorder. In particular, such disorders may be characterised, e.g., by



be enriched to at |east 2% preferably at |east 5% such as at |east 10%
nore preferably at |east 20% such as at |east 30% even nore preferably at
| east 40%vouehzemsat | east 50% or very preferably at lpeagpP2@055532Cch as
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of bone-related disorders.

In an aspect, the cells or cell populations may be used for producing bone matrix in vitro. Said
bone matrix may be employed, e.g., in conjunction with or without the cells or cell
20  populations, in treatment of bone related diseases.

Introduction of the present cells or cell populations to subjects can be useful in the treatment
of bone fractures and bone-related disorders in said subjects. The terms "subject" or "patient”
refer preferably to animals, more preferably warm-blooded animals, yet more preferably
vertebrates, and even more preferably mammals specifically including humans and non-
25 human mammals, that have been the object of treatment, observation or experiment. The
term "mammal” includes any animal classified as such, including, but not limited to, humans,
domestic and farm animals, zoo animals, sport animals, pet animals, companion animals and
experimental animals, such as, for example, mice, rats, hamsters, rabbits, dogs, cats, guinea
pigs, cattle, cows, sheep, horses, pigs and primates, e.g., monkeys and apes. Particularly

30  preferred are human subjects, including both genders and all age categories thereof.



art, such as in the art of propagating and differentiating MSC, BMSC and
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number, \s/cl)u% ! tlay;[ ya researcher, veterinarian, medical doctor or other clinician. The term
“therapeutically effective amount” as used herein, refers to an amount of active compound or

20  pharmaceutical agent that elicits the biological or medicinal response in a subject that is being
sought by a researcher, veterinarian, medical doctor or other clinician, which may include

inter alia alleviation of the symptoms of the disease or disorder being treated. Methods are

known in the art for determining therapeutically and prophylactically effective doses.

The treatment may employ autologous (i.e., cells derived from the subject to be treated),

25  allogeneic (i.e., cells derived from subject(s) other than the subject to be treated, but
belonging to the same species) or xenogenic (i.e., cells derived from subject(s) belonging to
species other than the subject to be treated) MSC, BMSC or bone-forming cells or cell
populations as defined herein.

Envisaged are in particular treatments of human subjects using human autologous or

30  allogeneic MSC, BMSC or bone-forming cells or cell populations as obtained herein.



function of osteoblasts or osteocytes present in the bone, decreased bone
mass in a subject, thinning of bone, conprom sed bone strength or
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fractures, bone reconstruction, e.g., after traumatic injury or cancer
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M ce st affe phaiRt e Jf ¥PLAer SO8ipidrRlos otHdH inM&ial will depend on the route of
administration. For example, the composition may be in the form of a parenterally acceptable
aqueous solution, which is pyrogen-free and has suitable pH, isotonicity and stability. For
general principles in medicinal formulation, the reader is referred to Cell Therapy: Stem Cell
Transplantation, Gene Therapy, and Cellular Immunotherapy, by G. Morstyn & W. Sheridan

20  eds., Cambridge University Press, 1996; and Hematopoietic Stem Cell Therapy, E. D. Ball, J.
Lister & P. Law, Churchill Livingstone, 2000.

Such pharmaceutical compositions may contain further components ensuring the viability of
the cells therein. For example, the compositions may comprise a suitable buffer system (e.g.,
phosphate or carbonate buffer system) to achieve desirable pH, more usually near neutral

25 pH, and may comprise sufficient salt to ensure isoosmotic conditions for the cells to prevent
osmotic stress. For example, suitable solution for these purposes may be phosphate-buffered
saline (PBS), sodium chloride solution, Ringer's Injection or Lactated Ringer's Injection, as
known in the art. Further, the composition may comprise a carrier protein, e.g., albumin,
which may increase the viability of the cells.

30  The pharmaceutical compositions may comprise further components useful in the repair of
bone wounds and defects. For example, such components may include without limitation

bone morphogenetic proteins, bone matrix (e.g., bone matrix produced in vitro by cells of the



pigs, cattle, cows, sheep, horses, pigs and primtes, e.g., nonkeys and
apes. Particularly preferred are human subjects, including both genders and
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(i.e., caliérhatlely orad abibiosn, s prReéitCID /a0 M Shdbly 6 transiently transformed with a
nucleic acid of interest prior to introduction into the bone lesion, e.g., a surgery or fracture
site, of the subject. Nucleic acid sequences of interest include, but are not limited to those

20  encoding gene products that enhance the growth, differentiation and/or mineralization of
osteoblasts. For example, an expression system for BMP-2, can be introduced in a stable or
transient fashion for the purpose of treating non-healing fractures or osteoporosis. Methods of
cell transformation are known to those skilled in the art.

In a further aspect, the invention relates to an arrangement comprising a surgical instrument

25  for administration of a composition to a subject, such as for example systemically, topically or
at a site of bone lesion, and further comprising the cells or cell populations of the invention, or
a pharmaceutical composition comprising said cells or cell populations, wherein the
arrangement is adapted for administration of the pharmaceutical composition for example
systemically, topically or at the site of bone lesion. For example, a suitable surgical instrument

30 may be capable of injecting a liquid composition comprising cells of the present invention,
such as systemically or at the site of bone lesion.



speci es other than the subject to be treated) MSC, BMSC or bone-form ng
cells or cell populations as defined herein. Envisaged are in particular
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though calcium phosphate is not an indispensable component of the substrate. The substrate

may be porous or non-porous.

20  For example, cells that have proliferated, or that are being differentiated in culture dishes, can
be transferred onto three-dimensional solid supports in order to cause them to multiply and/or
continue the differentiation process by incubating the solid support in a liquid nutrient medium
of the invention, if necessary. Cells can be transferred onto a three-dimensional solid support,
e.g. by impregnating said support with a liquid suspension containing said cells. The

25  impregnated supports obtained in this way can be implanted in a human subject. Such
impregnated supports can also be re-cultured by immersing them in a liquid culture medium,

prior to being finally implanted.

The three-dimensional solid support needs to be biocompatible so as to enable it to be
implanted in a human. It can be of any suitable shape such as a cylinder, a sphere, a plate, or
30  a part of arbitrary shape. Of the materials suitable for the biocompatible three-dimensional
solid support, particular mention can be made of calcium carbonate, and in particular

aragonite, specifically in the form of coral skeleton, porous ceramics based on alumina, on



pH, and may conprise sufficient salt to ensure isoosnotic conditions for

the cells to prevent osnotic stress. For exanple, suitable solution for

t hese purwoe®/mpsbe phosphat e-buffered saline (PBS), sodinrreohssns de

solution, Ringer's Injection or Lactated Ringer's Injection, as known in

the art. Further, the conposition nmay conprise a carrier protein, e.g.,
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EXAMPLE 1

Isolation and culture of bone marrow MSC. 100ml of heparinized bone marrow (BM) was

20  obtained from iliac crest of patients or from healthy volunteers. BM was mixed with
phosphate-buffered saline (PBS, 2v:v) and layered on density gradient Ficoll solution. After
centrifugation, mononuclear cells were harvested from the interface and washed twice in
PBS. The cells were resuspended in DMEM medium supplemented with 20% plasma,
optionally supplemented with FGF-2. The cells were plated at 1x10” cells/175cm? flasks

25 (tested range 1x10°- 1x10°) and maintained in a 37°C humidified atmosphere containing 5%
CO2. The cells were allowed to attach for 1 to 4 days prior to an initial medium change, and
subsequently cultured for time intervals as specified below.

Isolation of CD34 positive cells. After 14 days of standard mesenchymal culture (DMEM and
plasma at 20%), approximately 1x10° cells were harvested and maintained in PBS. The
30  whole cell population was then labelled with an APC-labelled anti-CD34 monoclonal antibody



osteobl asts. For exanple, an expression systemfor BMP-2, can be introduced
in a stable or transient fashion for the purpose of treating non-healing
fract ur eswono@sssmpor osi s. Met hods of cell transfornati egTapeocknssse t o
those skilled in the art. In a further aspect, the invention relates to an
arrangenment conprising a surgical instrument for admnistration of a
conposition to a subject, such as for exanple systemcally, topically or at
a site of bone lesion, and further conprising the cells or cell populations
of the invention, or a pharmaceutical cgenposition conprising said cells or
cell popul ations, wherein the arrangenent is adapted for adm nistration of
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i npl ants e substrate on which the cel s can be applied tured can
be a net&ﬁus@%@ﬁdékpﬁmkEﬁﬁtun cobal t/chronmium all oy or stainless steel, a
bi oactive surface such as a cal ci um phosphat e, Eol ynmer_ surfaces such as

pol yet hybRetainipg Gelie weracaingq fondliGietestian o daiess a5 Gefls wars ¥ashgd dvical
suchias ghReBSCHEAMKESIN 60%b|t@ét§@uﬁlﬁe&l§§éiorﬁ§foﬁ3($§éb%h6§éﬁoomﬁpepél@f&raﬁ@d are
metals, tsh%(r:m r}mglesd égl;atlr?\?v:trlljgllstn%g%va?g}'lfglj 4u5r2e%Qr?§spE%Itlsev?lere then stained with a Fast Blue
RR/Naphtol AS-MX phosphate solution for 30 minutes at room temperature, and in the dark.
Cells were washed with distilled water for 2 minutes, and then counterstained in Mayer’'s
Haematoxylin solution for 10 minutes. Finally, cells were washed in distilled water for 3

20 minutes.

Mineralization assay. Cells from culture were recovered at day 28 or 35 by incubation with

trypsin and plated at 60 to 120 000 cells/well in 6-wells plate in the expansion medium (12

500 cells/cm?). The next day, the medium is replaced by 2.5 ml osteogenic medium. The cells

are cultured for 2, 3 or 4 weeks. The medium is replaced every 3-4 days. After 2 weeks of
25 culture, cells were fixed in 3.7% formaldehyde/PBS and stained by alizarin red.

Network formation assay. A Matrigel tube formation assay was performed to assess the
ability of the cell population to form a network of capillary-like structures. Briefly, 24-well
culture plates were coated with 10 pl (3.5 mg/ml) of pure Growth Factor-reduced Matrigel (BD
Matrigel Basement Membrane Matrix, BD Biosciences, Erembodegem-Aalst, Belgium) per
30  well according to manufacturer’s instructions, and then allowed to polymerize for 30 minutes

at 37°C. A total of 30.10° cells/well were seeded on Matrigel and incubated for 6 hours at



t hough cal ci um phosphate is not an indi spensabl e conponent of the

substrate. The substrate nay be porous or non-porous. For exanple, cells

t hat havewproddfssoat ed, or that are being differentiategcirereaddiossses di shes,

can be transferred onto three-di nensional solid supports in order to cause

themto nultiply and/or continue the differentiation process by incubating

the solid support in a liquid nutrient mediumof the invention, if

necessary. Cells can be transferred onto a three-dinensional solid support,

e.g. by inpregnating said support with2a |iquid suspension containing said
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EXAMPLE 2

Cell phenotype

10 The MSC cell population obtained as explained in Example 1 (“Isolation and culture of bone
marrow MSC”) without cell sorting or growth factor stimulation expressed high levels of
mesenchymal markers (CD90, CD105 and CD73), consistent with their mesenchymal origin.
Haematopoietic CD34 surface molecule was expressed at low levels (usually between 5% to
15% of the whole population). ALP marker representing the bone potential of the cells was

15 also highly expressed (Table 1 and 2). A third of the CD34+ cells were also CD90+ (Figure 1
— a low and high level of expression of CD90/CD34+).

Table 1: Phenotypic markers of MSC (percentage of cells deemed positive by FACS)

Whole cell population

CD90* CD34 ALP
#1 95% 4.3% 9%
#2 92% 5.9% 1%
#3 98% 18.5% 6%




outstanding interest for treatnent of bone diseases as this enriched

popul ati on has significantly higher proliferation potential and

si gni f i canbl2godnizgdeer bone reconstruction properties. | npeadipeoonsssuhei r
angi ogeni ¢ (CD34+) properties add to the treatnent benefits as a

conbi nati on of revascul ari zation i nduction and bone reconstruction nmay be
preferred. EXAMPLE 1 Isolation and culture of bone marrow MSC. 100m of
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from heal thy volunteers. BMwas m xed wth phosphat e-buffered saline (PBS,
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EXAMPLE 3

d cond hout growh factors as specified
SI S ‘ §£3(r8 i ol ogi cal cell surface markers
St%%qacgq & incubated with the follow ng

CD105, CD90 and

CD34 positive cell isolation

At the end of the first expansion step carried out as explained in Example 1 (“/solation and
culture of bone marrow MSC”) before cell sorting, the MSC cells were harvested off the
flasks. The method of positive selection by flow cytometry sorting to isolate the CD90/CD34+
population was used. Cells were first stained with a specific APC-coupled anti-CD34 antibody
10 solution. Then the cell population was injected through a Becton-Dickinson fluorescence-
activated cell sorter to isolate CD34 labelled cells from the population. The CD34+ cells were

then collected in a phosphate buffer saline solution.

An aliquot of the cells was analysed to check the purity. Out of 1x108 initial cells, on average
about 50x10° cells were sorted whom 15 to 90% were CD90/CD34+ osteoprogenitors,
15 corresponding to an enrichment of a factor of 10 to 30. These cells were further cultured

under same conditions.



CD73, as well as CD34 for 15 mn and then washed with PBS before being
centrifuged and resuspended in 0.3m PBS. ALP staining. Cells were stained
for ALP debecddwmosn day 28 or 35. Cells were washed twpce/prdo/oRB® then
fixed in 60%citrate buffered acetone for 30 seconds at room tenperature,
and then rinsed again with distilled water for 45 seconds. Cells were then
stained with a Fast Blue RR/ Naphtol AS-MX phosphate solution for 30 m nutes
at roomtenperature, and in the dark. Cells were washed with distilled
water for 2 mnutes, and then counterstained in Mayer's Haematoxylin
solution for 10 mnutes. Finally, cells were washed in distilled water for
3 m nut eEXAMPAE Al i zation assay. Cells fromculture were recovered at day
28 or 35 by incubation with trypsin and plated at 60 to 120 000 cell s/ well
i n 6-wel Expansignengtpod he expansi on medi um (12 500 cells/cm 2) . The next
day, the medi um i s replaced by 2.5 ml osteogenic nedium The cells are
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conditions. More interestingly, the combination of both haematopoietic and angiogenic factors

was able to give the highest increase in expansion yield, close to 50%, suggesting a
15 synergistic effect of the combination.

Cells incubated in osteogenic medium were used as control and give a moderate expansion
rate of the initial CD90/CD34+ initial population.

As an example, cells incubated with the haematopoietic factor GM-CSF in the presence of
FGF-2 considerably increased the yield over that of GM-CSF or FGF-2 alone (Table 3).

20  Table 3: Yield of the expansion of CD90/CD34+ cells (% of the standard conditions)

Standard Haematopoietic FGF-2 Combination

GM-CSF GM-CSF &
FGF-2
Culture 1 100% 97% 127% 145%
Culture 2 100% 112% 142% 162%
Culture 3 100% 102% 124% 138%
Culture 4 100% 89% 103% 148%
Culture 5 100% 98% 110% 123%
Culture 6 100% 105% 130% 145%
Mean 100% 98.2% 148% 178%




aMEM3 1 mM / FCS 6 mM 15% PenStrep3 u (100x) 400 m 1x Dexaneth. (Dex2)
400 m 10 8M Ascorbic acid 200 m 50 ng/m b-gl ycerophosphate 2 m 10 nmM
EXAMPLE 2wGebdéo/phesot ype The MSC cel |l popul ati on obt ai nedtar2espbsisned i n
Exanple 1 ("Isolation and culture of bone marrow M5C') w thout cell sorting
or growth factor stimulation expressed high |Ievels of nesenchymal markers
(CD90, CD105 and CD73), consistent with their nesenchymal origin.

Haemat opoi eti ¢ CD34 surface nol ecul e was expressed at |ow |l evels (usually
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Table 4: Phenotypic markers of CD90/CD34+ cells after 1 week of expansion in

supplemented culture conditions (% of cells deemed positive by FACS)

CD34+ cell population

N Mean SD
ALP 11 69.2 15.3
CD105 11 92.8 4.7
CD90 12 92.9 1.9
CD73 13 93.1 4.2
CD34 11 51.6 19.0
EXAMPLE 5

15 Bone Reconstructive Properties

Biological properties of this new population (as obtained in example 3, in the presence of a
combination of GM-CSF and FGF-2) were assessed by measuring the ALP production (ALP
staining) and their capabilities to form and mineralize new bone matrix. CD34+ cells produced
a substantial amount of bone matrix (score of 2 out a maximum of 2) and were significantly
20  positive to ALP staining process (score of 2 out a maximum of 2) suggesting that this
population of cells was capable of a high bone reconstructive potential (Figure 4). For



An aliquot of the cells was analysed to check the purity. Qut of 1x1 08
initial cells, on average about 50x1 06 cells were sorted whom 15 to 90%
wer e CDOOWODBebH3smseopr ogeni tors, corresponding to an epcTmrr®sBh a
factor of 10 to 30. These cells were further cultured under sane

condi ti ons. EXAMPLE 4 Expansi on net hod | sol ated CD34+ cells obtained as
explained in Exanple 3 were expanded in a 1 week culture protocol. About
70-75% of the isolated fraction survived to the purification steps. Those
cells were incubated in standard medi um cont ai ni ng pl asma suppl enmented with
grow h factors and cytokines. Alternatively non-sorted cells could also be
cul t ur edcorgparisbarstarglacd MSCvgaiteres igivei anfeahevinattix sgorevot hisut.5 sod eh Wy P sGehing

i ncubat ed .y t,f4 Baemat opoi etic factors (such as CSF2, CSF3, M CSF, GMW CSF,

| FN, TNF, or cytok| nes such as I1L2) alone or in conbi nation were able to

gr ow at rn*?&e%g@ X B nBian bR uihibifer 360 Yol CDSHABART s ARl N e ey er
the yield of t I's 1 ncubatin vmth angi ogeni ¢ factors (such as FLT1 ,
PDGF, VEte, m'owahzaéaﬁ@p@w%fﬁwe , FGF3 and EPO) al one or in

conbi nati on were on average 25% h| gher than the yield obtained in standard
condi § i OBXAMWESs | Nt erestingly, the conbination of both haenmat opoietic and
angi ogenic factors was able to give the highest increase in expansion

yi el d, cEgsastion, &GMhmenigmeiropesties of WSS andstidne-feinfiectellef t he conbi nati on.
Cell's incubated in osteogenic nediumwere used as control and give a

noder at e Peolifeaat®namntheaireseote vhteemaidpio@itic GDYOI LRAenicarawtbfagimp(iTabid Hn. As an
exanple, cells incubated with the haenmatopoietic factor GMWCSF in the

pr esenceTbé cliSFvere subisttele tathe eniictunerd peadoqohes gkpididedingrxantpée 1 6ENGWESKE or
FGF-2 al gpe g fable 3). Table 3 : Yield of the expansion of CD90/CD34+ cells
(% of the standard condi tions) Moreover, the norphol ogy of the CDO0/ CD34+

cel | 3o af hglishid @Kq ﬁébl&'&l' ﬁ*«t{ CFER2 tzh%/rﬁﬁm%luééﬁ el Roigdraish A1 bapahdigh obPone
formng cells ure z) hose osteo rogenitor cells remained adherent at

all tinesPqede nqwe%een ol @ﬂepf@fm@a)ce&ma@é@mpwsdttﬂéfﬂe £pte! RNISHRERR: T5R- woul d

not be coieuhb@tfimer dsvdaldaansfinR slesdric®r FOFOMyEhdreddnandng eRSdRMA dIdhis

| i neages 8 ufch as onpes of Eghbali-Fatourechi et al. 2007. Bong 48 1370 7).
ne-forming cell population®can be obtained and/or maintained using either GM-CSF "(

ng/ml) or IFN-gamma (10 ng/ml), and was significantly increased using FGF-1 (2 ng/ml),
15 FGF-3 (2 ng/ml) or PDGF (1 ng/ml) angiogenic growth factors.

Table 5. Proliferation in the presence of haematopoietic and/or angiogenic growth factors

Conditions| Factor* | Culture Yield |% of increased proliferation % of increased
% rate versus FBS 15%  |proliferation rate vs. FGF-
2 alone

FBS 15% - 284 +/- 257 100 -

FGF-2 A 537 +/- 69 189 100

FGF-1' A 746 +/- 112 263 139

FGF-3' A 605 +/- 50 213 113

PDGF’ A 756 +/- 110 266 141

GM-CSF' H 524 +/- 61 185 98

IFN-g' H 508 +/- 16 179 95

' In the presence of FGF-2; *A= angiogenic and H=hematopoietic



Surface marker profile of these cells at the end of the expansion were

anal yzed in the standard condition of culture: CD34 naker was maintained at
a hi gh | ewel2omnisk®st he ot her nmesenchynal or bone speci f ipcTmERRéOPSSSAS MR hed
unchanged supporting the finding of a new popul ati on sharing both
osteogeni ¢ (ALP) and haemat opoi etic signature (CD34 positive) (Table 4 and
Figure 3). Table 4 : Phenotypic markers of CDOO/CD34+ cells after 1 week of
expansion in supplenmented culture conditions (% of cells deened positive by
FACS) EXAMPLE 5 Bone Reconstructive Properties Biological properties of
this new popul ation (as obtained in exanple 3 , in the presence of a

conbi nat PoenatfpiGWaCBFeraatiorH@abR2)6) wer e assessed by neasuring the ALP
production (ALP staining) and their capabilities to formand mneralize new
bone nat Flow. cytmaetric @aalyss 9f drkuexnanded bbre-tonming| cellsndii®) demopsiraiedrihat ithis
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(Figuse HAemaE@ﬂs&étréparﬁd 2AdothSfaR RERSH AR 2kt 6Bsh @k VD45, hone33radndi sps¢or e
of 1to 1.5 and an ALP staining score of 1.5. Interestingly, it was shown
t hat thea'ﬁqgﬁﬁ%r the % of CD34+ cells in the population the higher the

m neralizatiaqn_ca Figure 5). EXAMPLE 6 Expansion, enrichnent and
properti i@b'sg R}ﬁgy %B'ﬂ‘:é formng cells Prol | fer ation in the presence of

haemat opfol et1 C ngl.0g T 5). Th

subj ecteld to thE ge/moat%?%g%m 3\4%%98 Vgggellﬂﬁr Si%nedl ?'?P@ il Cgﬁ
by cultufre"). Ispfayed|in Table 5 (n=3). FGr{2 (2MAGFPH ) i
proliferfation aﬁd expansi oh of1@ dpemi#3 c| poped al i on1ef |benssif of nbpeu ¢

as conpared to the control |conditijon (FBY 15% . Qur datg further
that in [the prepemositiof cdi& Dogitvavagidsiime &ndositivesk pasiiva)id mlsitivel”s positive

cel s we

bone-forjm ng ce|l popul ati pn cebsh he adisai nedellsnd] orcelimi nt a¢atled uscely el t her
G CSF (I%ES 15% 3+/-1 66+/-2 74+/-19 | 90+/-8 [15.7+/-13] 2.2+/-0.7 |9.0+/-11.8
FGF-2 3+/-1.5 92+/-2 99+/-1 99+/-1 | 4.5+/-0.9 | 4.3+/-1.2 | 49+/-15
FGF-1' 2.6+/-0.5 94+/-3 97+/-3 98+/-1 | 2.9+/-1.1 | 3.3+/-0.7 | 39+/-10
FGF-3' 2.2+/-0.8 93+/-2 99+/-1 98+/-1 | 5.7+/-3.3|3.4+/-09| 42+/-8
PDGF' 2.2+/-0.4 93+/-2 99+/-1 97+/-1 | 4.9+/-2.2 | 3.3+/-0.7 | 34+/-8
GM-CSF' 1.44/-1.3 93+/-3 99+/-1 98+/-1 | 3.3+/-0.6 | 3.6+/-0.5| 40+/-7
IFN-g' 2.3+/-01 92+/-3 99+/-1 86+/-2 4+/-1.5 |3.3+/-0.7 | 28+/-7

' In the presence of FGF-2
Osteogenic properties (Table 7, Fig. 6)

10  Flow cytometric analysis and ALP staining of the expanded bone-forming cell population
indicated that these cells displayed strong osteogenic properties (n=3). Furthermore, it is
interesting to note that IFN-gamma was shown to selectively and considerably increase both
ALP expression and staining, thereby enhancing the osteogenic character of the cells.

Table 7. Osteogenic properties — ALP measurements

Conditions Osteogenic properties

ALP Expression (Flow ALP Enzymatic activity ALP Staining
Cytometry)
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vWF and VEGF molecule expression (n=3). Moreover, as illustrated in Fig. 7 (n=1), our data

indicated that this population of bone-forming cells was able to differentiate and organize into

branched neo-vascular structures and pseudotubes in a Matrigel model. In addition, IFN-

gamma was shown to clearly enhance this network formation as compared to controls (and

other haematopoietic and/or angiogenic factors). These in vitro results show that both IFN-

gamma and the expanded bone-forming cell population have the capacity to promote tube

formation and the development of capillary-like structures (pro-angiogenic effect).
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CD105 and CD34. 2 . The isolated MSC cell of claim1, which co-expresses
CD105, CD90, CD73 and CD34. 3 . A nethod for obtaining MSC cells

CcO- expr eswongosazsdoeast CDL0O5 and CD34, conprising enri clrcmgErbooonssao

popul ati on of MSC cells a subset of cells which co-express at | east CD105
and CD34. 4 . The nethod according to claim3 , conprising: (a) isolating
MSC cells froma sanple of a subject; (b) optionally enriching and/or
expanding the MSC cells of (a); and (c) enriching fromthe MSC cells of (a)
or (b) a subset of cells which co-express at | east CD105 and CD34. 5 . A
method for in vitro expanding of MSC cells, preferably of the MSC cells of
any one of clainms 1 or 2 , conprising exposing said MSC cells to one or
nmore haefhBBMDi etic growth factor, or to one or nore angi ogenic grow h
factor, or to one or nore haematopoietic growh factor and one or nore

angi ogenh cagigyMiéy H@@éﬁhyméﬂgeﬁgééllgl\?@d&)bhér%@teﬂéeﬁf Br @bl i cblekpra8desCANPAdt Si NY

exposing said MSC cells to FG-- nmet hod for in vitro obtaining MSC

cel I's asCHap? ﬁ%cpﬁ4-any one of clainms 1 or 2 froman MSC popul ati on and/ or
enriching an MSC popul ation for MSC cells as defined in any one of clains 1
or 2 , cRrfheisolagd erqmsdling ciin d, WEh pepxprasses C1050DRIM ICDTBIaRd CD34.

haenmat opoi etic growh factor, or to one or nore angi ogenic growh factor,

or to.on r . jeti.c.aro f.act or r .Qgeni c
ar out b1 SchoreRES P ABEMRERISE s olieleesipl ReAT LR sl (R4 ARBERET
sai d MSCewrighing ftam E@Splatioh of MBE oeiis hsdbssft ohpglisofhieh en-expréssoat Igast CaKed ei n

t he haerrgﬁ(p@Pbg_ti c growh factor is chosen froma group conprising col ony
stimulating factor 2 (CSF2), CSF3, macrophage CSF (MCSF), granul ocyte
nonocytes CSF (GWCSF), interferon (IFN), tunour necrosis factor (TNF), and
haemat op6i B8 '8el P agrordingtocgaigid: AYEPTSAI t he angi ogenic growth factor is

chosen from a(ag;sg_;émng:nméesﬂg RemR @hRliebr 'é(;e,d. grow h factor (PDGF),
vascul ar endo&)r)lel i al )groyvt h fact or ( VEG- W | | ebrand factor (VW),

angi Oboi etin ) gpioRaly ¢irishigaEadior erRaRARo theVISE celie el (@) 98thr opoi et i n ( EPO) .

(c) enriching from the MSC cells of (a) or (b) a subset of cells which co-express at
least CD105 and CD34.

5. A method for in vitro expanding of MSC cells, preferably of the MSC cells of any one of
claims 1 or 2, comprising exposing said MSC cells to one or more haematopoietic growth

15  factor, or to one or more angiogenic growth factor, or to one or more haematopoietic growth
factor and one or more angiogenic growth factor, and optionally and preferably further
comprising exposing said MSC cells to FGF-2.

6. A method for in vitro obtaining MSC cells as defined in any one of claims 1 or 2 from an
MSC population and/or enriching an MSC population for MSC cells as defined in any one of

20  claims 1 or 2, comprising exposing said MSC population to one or more haematopoietic
growth factor, or to one or more angiogenic growth factor, or to one or more haematopoietic
growth factor and one or more angiogenic growth factor, and optionally and preferably further
comprising exposing said MSC cells to FGF-2.

7. The method of any of claims 5 or 6, wherein the haematopoietic growth factor is chosen
25  from a group comprising colony stimulating factor 2 (CSF2), CSF3, macrophage CSF (M-
CSF), granulocyte monocytes CSF (GM-CSF), interferon (IFN), tumour necrosis factor (TNF),
and haematopoietically active cytokines, and the angiogenic growth factor is chosen from a
group comprising platelet-derived growth factor (PDGF), vascular endothelial growth factor



8 . The nethod of any of clains 5 or 6 , wherein the haenat opoi etic growth
factor is GMWCSF or | FN-ganma, nore preferably | FN-ganm, and the

angi ogeniwogoevtskwobact or is PDGF, FG--1 or FG-- 3, nore pcefereabloyssidGE or
FGF-3. 9 . MSC cells obtainable by the method of any of clainms 3 to 8 . 10.
Bone-form ng cells obtainable by differentiating in vitro the MSC cells of
any one of clains 1, 2 or 9 into bone-formng cells. 11. An isolated
bone-form ng cell characterised in that it co-expresses CD105 and CD34. 12.
The isol ated bone-formng cell of clainsll, which co-expresses CD105, CD90,
CD73 and CD34. 13. A nethod for in vitro expanding of bone-formng cells,
pr ef er ablMEGH), tMoe Wdlebrahd rfadtag (\WET), singiopeiatin dner af fiklokliasts grb@tht dactar, and
conprisip trﬁ&%‘?&ﬂﬂEPé i d bone-formng cells to one or nore haematopoietic
grow h factor, or to one or nore angiogenic growh factor, or to one or

mor & haegeiPQkfbl of IhP¥E daifnd s &6, %@reﬁ’rﬂﬁme%aeﬁ%fc%o%ﬂ&b%ﬁrﬁ‘i’a“ctcg risgm\/ﬁcéﬁ(?t or,

and optionally and preferabl g further conprising expoSing sai yone-form ng
cel | s t oOFEN-gamma, merenprairably dFNigamma. randothe a3 19ia9§ Ns sHeviholasionds E&IGFs as

defined Forany: rFres ohorelpéfe@bl®OoF d2-EF8m a bone-form ng cel | popul ation
and/or enriching a bone-formng cell population for boneformng cells as

defined prvsoyemébtsihatsié By B ridthd®oflady of GlEMMS Sio®) exposi ng sai d
bone-form ng cell population to one or nore haenatopoietic growh factor,

or to on [ e.angi L c.ogrowh f or ., or [re :
naomat opd? e gyl o PSRRI Ui BE R roPin bR RGP BT oS kP ana
opt i onal y2 ar@infer xneralnling €alist her conpri si ng exposi ng sai d bone-form ng

cells to FG-2. 15. The nmethod of any of clains 13 or 14, wherein the
haemat opj et ) (PN f; Ing | l,ony
L op Tl St A ol EpfBRaRR S L R RTR S TR oY

nonocytes CSF (GWCSF), interferon (IEN), tunmour necrosis factor (CZTNF), and
haena! opd?-etiededatpd ferg-lremipgicsik Pheaim hhdhiReoxgresgRnt e 1% G EREBEPY| s
chosen fromya group conprising platel et-derived growmh factor (PDGF),

vascul ar endot helial growthfactor (VEGF), Von WIlebrand factor (vW),

angi opoi %Iﬁ m]éth%la fgr in VI]cz‘rio%I;(Sabr!d?nsgtof Bﬁe- on'an%Ccteﬁg, ’pr&gr%bl?/ro¥ ¥h%rb%%81f§rHinng Ir:rsp 9.
of any one of claims 10 to 12, comprising exposing said bone-forming cells to one or more
haematopoietic growth factor, or to one or more angiogenic growth factor, or to one or more

15 haematopoietic growth factor and one or more angiogenic growth factor, and optionally and
preferably further comprising exposing said bone-forming cells to FGF-2.

14. A method for in vitro obtaining bone-forming cells as defined in any one of claims 10 to 12
from a bone-forming cell population and/or enriching a bone-forming cell population for bone-
forming cells as defined in any one of claims 10 to 12, comprising exposing said bone-forming

20  cell population to one or more haematopoietic growth factor, or to one or more angiogenic
growth factor, or to one or more haematopoietic growth factor and one or more angiogenic
growth factor, and optionally and preferably further comprising exposing said bone-forming
cells to FGF-2.

15. The method of any of claims 13 or 14, wherein the haematopoietic growth factor is
25  chosen from a group comprising colony stimulating factor 2 (CSF2), CSF3, macrophage CSF
(M-CSF), granulocyte monocytes CSF (GM-CSF), interferon (IFN), tumour necrosis factor
(TNF), and haematopoietically active cytokines, and the angiogenic growth factor is chosen
from a group comprising platelet-derived growth factor (PDGF), vascular endothelial growth



16. The method of any of clains 13 or 14, wherein the haenmatopoietic growh
factor is GMCSF or | FN-gamma, nore preferably | FN-gamm, and the angi ogenic
grow h f awpapowss9BGF, FG--1 or FGF-3, nore preferably POEEPI09OEI4E8. 17.
Bone-form ng cells obtainable by the nmethod of any of clainms 13 to 16. 18.
The MSC cells according to any one of clains 1, 2 or 9, or the

bone-form ng cells according to any one of clainms 10 to 12 or 17, wherein
said MSC cells or said bone-formng cells display both osteogenic
properties and pro-angi ogenic properties. 19. The MSC cells according to
any one of clainms 1, 2, 9 or 18, or the bone-formng cells according to
any one f&sctos (GEGE), yonwllqbZandlfchor (W), agiervisdind @f2, finehlasiogrpgihrfacta0 and\ cel |

popul ati gRu& ihSEBg)the MSC cells according to any one of claims 1, 2, 9
, 18 or %3 alnﬂ§ or% t%@: bone-form ng cells according to any one of clains 10

to 12, 17 to 19. 2 1. The MSC cells according to any one of clains 1, 2
, 18 or 16 Hiedrethod Rbamoefedlaigs fidy 1éeWh§fe&b“88MPWQtOPB'e%QVOWHéfaﬁYW(*ﬁ @M - 10

to 12, 1&skorliN- g%wxahmoﬁeeérbfewﬂmtg%@fan@Iuaé Ahgidhenicrowdadtér it POGF,
t reat ment of a bone-rel ated di sorder. .. A pharmaceutical conposition

conprisi A" 1h‘é’ﬁ@0°’d@?rﬁ§r%f€@8W<fQ%:PbF%F§ one of clains 1, 2, 9, 18 or 19

and/ or the bone-formng cells according to any one of clains 10 to 12, 17
to 19, on7.tBumedeinlingogiiglodtainableddy tied miethod @f adnef ovas 08 tortg.e phar maceuti cal |l y
acceptabl e carrier/excipient. 23. A process for preparing the

h i h
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10 19. The MSC cells according to any one of claims 1, 2, 9 or 18, or the bone-forming cells
according to any one of claims 10 to 12, 17 or 18, which are of human origin.

20. A cell population comprising the MSC cells according to any one of claims 1, 2, 9, 18 or

19, and/or the bone-forming cells according to any one of claims 10 to 12, 17 to 19.

21. The MSC cells according to any one of claims 1, 2, 9, 18 or 19 and/or the bone-forming
15 cells according to any one of claims 10 to 12, 17 to 19, or the cell population of claim 20, for
use in the treatment of a bone-related disorder.

22. A pharmaceutical composition comprising the MSC cells according to any one of claims 1,

2, 9, 18 or 19 and/or the bone-forming cells according to any one of claims 10 to 12, 17 to 19,

or the cell population of claim 20, and one or more pharmaceutically acceptable
20  carrier/excipient.

23. A process for preparing the pharmaceutical formulation according to claim 21, comprising:
admixing the MSC cells according to any one of claims 1, 2, 9, 18 or 19 and/or the bone-
forming cells according to any one of claims 10 to 12, 17 to 19, or the cell population of claim
20, with one or more pharmaceutically acceptable carrier/excipient.



