WO 2009/135914PCT/EP20091055559 HUMAN BONE-FORMING CELLS IN THE TREATMENT OF
CONDITIONS AND BONE DISEASES ASSOCIATED WITH IMMUNODEFICIENCY OR
IMMUNOSUPPRESSION Field of the Invention 5The invention relates to therapeutic applications of -
bone-forminyy Gel#g%niredtreatment of conditions and bone diseases assauiatedzegtyimnaunodeficiency
or immunosuppression. Background to the Invention Immunodeficiency disorders represent a
diverse group of severe conditions in which compromised function of the immune system causes
increased susceptibility of patients to 10various opportunistic infections or conditions.
Immunodeficiency can also result from administration of immunosuppressants (e.g., to prevent
rejection of transplanted organs) or as a side effect,of treatments directed to other pathologies, such
as, e.g., chemotherapy. There exists a need for further treatment modalities in immunodeficiency

cisonders. 1oHuRAR BERENONSLEE COH VB TRERTGERT R COTNbRYTAND Bype'e antgen

(HLA) class | and do not express HLA class Il but can be induce pres atter by stimulation
with interferonW%% ﬁ_ BRIAL %‘Pé{K%dMWHEﬁH%N% %3(5”8?%9%’%@55%%% that MSC

could also act as antigen-presenting cells. This function was observed in a narrow time window and
only after IFNEIo@frHfigiE4f8RMNd/or stimulation, but 20 not on non-stimulated MSC. In presence of

specific5an§lﬂ%ni rerorp g:fa}&géda %Itgg']cans or tetanus toxoic?) MS? cells ar abl(?hto ﬁé’é&?@,ﬁ‘f?}? their HLA

ventio es Erapeulic a 1picati?ris 0 IP srioriying, cells i the
class lI antlgen expression py autocrine secretion of low | levels. owever, wnen

concentratiGATH IR A iR Jissas e S8serigS A kD FRSSINT RIGRHITH S AR UMEESOMPC function of
MSC are inhibited (Stagg et al. 2006. Blood 107:2570-7; Chan et al. 2006. Blood 107: 4817-24).
250steoblaBesfuRrabREdrERE®r from cell lines have been shown to be immunocompetent and
to stimulate, allogeneic.peripheral blood mononuclear cells (Skjodt et al. 1989. Immunology. 68:
416-20). V\)Bnétg(?g g@iﬁp LFEEZE?(%%%’%S@Q ‘Hesc irp%)tti’(‘))noof e ﬁvgﬁﬂ%ﬁoﬁlénsswﬁﬁ%rwise
defined, all FeFRECTIEY ifvrAderosiiBetBTHDe MSi TnelusRSg teerRPreas LasarsbiiitRichalients, Wave the
meaning asveosnmneilyrunsecstoatdiy oneodiosdinary skill in the art to which this invention belongs.
5As used herein, the singular forms "a", "an", and "the" include both singular and plural referents
unless the ¢BAtEXRLSECPRCYICBitedBINERMSEOBY I GTEXAM e IME EBICURIFEIES BB NE 6 nifore than
one cell. Thewarmsjécmpfisiagihliotmprges) ands' cosir istetoff asatsesberaintedesyhenymous
with “includingy,oidpeUdesh 95 "cgniainingrerg@ntains”, and are inclusive or open-ended and do not

There exists a need for further treatment modalities in immunodeficiency disorders.

15 Human mesenchymal stem cells (MSC) express high levels of human leukocyte antigen
(HLA) class | and do not express HLA class |l but can be induced to express the latter by
stimulation with interferon v (IFN v) {Le Blanc et ai. 2003, Exp Hematol 31: 880-6).

It has been reported that MSC could also act as anfigen-presenting cells. This function was
observed in a narrow time window and only after IFNy administration and/or stimulation, but

26 noton non-stimulated MSC. In presence of specific antigen {from Candida albicans or tetanus
toxoid), MSC celis are able to up-regulate their HLA class [l antigen expression by autocrine
secretion of low [FNy levels. However, when IFNy concentration in culture increases, HLA
class H expression is down-regulated and the APC function of MSC are inhibited (Stagg et al.
2006. Blood 107: 2570-7; Chan et al. 2006. Blood 107: 4817-24).

25  Osteoblasts from trabecular bone or from cell lines have been shown fo be immunocompetent
and to stimulate allogeneic peripheral blocod mononuclear cells (Skjodt et al. 1989
Immunology 68: 416-20).



10exclude additional, non-recited members, elements or method steps. The recitation of numerical
ranges by endpoints includes all numbers and fractions subsumed within that range, as well as the
recited endpoints. The term "about" as used herein when referring to a measurable value such as a
parameter, aWGHABIIE Atemporal duration, and the like, is meant to enc@®dpassconnizstions of +1-10%
or 15 less, preferably +/-5% or less, more preferably +1-1% or less, and still more preferably +10.1%
or less of and from the specified 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. All documents cited in the present specification are
hereby incorporated by reference in their 20entirety, In particular, the teachings of all documents
herein specifically referred to are incorporated by reference. The present inventors surprisingly
realised thaPeemitiormththedieedisplay potent antigen presenting cell (APC) properties, in addition to
expected o%ﬁoregenerative actions, and are thus useful in the treatment of diseases and conditions
associated WtRSTINGRYRAGIEITEY %ﬂ%ﬂﬁHﬁﬁ%&ﬂiﬁ?‘@%@%H?%ﬂ%%fﬁt%@é&%ﬂmﬁécﬁwﬁm also
found that [RsiRaLiGst RIS delks, bacheasing pakicuizorhomesitosimixdcehs obtadivanyesifil ittoeyrt
differentiatiegfram dselatedunesapsiymal stem cells (MSC) or bone marrow stromal cells (BMSC),
can display distinctive immunological markers (such as, e.g., HLA class Il antigen) and antigen
presenting ééllysasheptiais, shbstinsulyiemsdepeimiéntyofhetivatiote obstinsinition {sdafives, e.g., by
interferon gaseraal SAISARCCOMEXZIOM] 3RU4E CHIAERL0RY/ 027 3 matkersand pppgrties are
thus not ”%ﬁé%?%ﬁ@%é@&%@eﬁ narrow time window following an activation or stimulation. Such
comparatively steady APC properties make bone-forming cells an advantageous agent in the

treatment of tkacaibeveotisRass's ‘306 tRBEIURASHIRRRRJIBrasPasts Hedn\wRUORRIMEGeRiRIsolated

bone-formin s Jor intreati Isea: iCQnditi n ass uclleted with immunodeficiency or
9\&8&!%5, HaGdbs ?@‘&qgté\ , 26 %’ns ) andoar?ozrra sive or OPae& ende gnrqr?gair&%ment for

immunosuppression; the use of isolated bone-forming cells € manufacture o

the treXtmefiad19s ARULANE! PABHRSIHRS M EERRE M BTN ithMEReEStRRENCy or immunosuppression; 10a
method for preventing Aariealing. a.dispase Ahedndlinn aesosialed withimmunodefiiency or
immunosuppression in a subject in need ot such treatment, comprising a mlnls?erlng 0 said subject a
prophylacticdiRdP theseatieai PR iR RBERR BPisolated bone-forming cells;  a
pharmaceutigl,comagaifon cRIPHSING (FRIRIRRRAIGAMING, calls (RfuSg I 131 eating g disease or
condition associated with immunodeficiency or iImmunosuppression.

an amount, a temporal duration, and the like, Is meant to encompass variations of +/-10% or

15 less, preferably +/-5% or less, more preferably +/-1% or less, and still more preferably +/-
0.1% or less of and from the specified value, insofar such variations are appropriate to
perform in the disclosed invention. It is 1o be understood that the value to which the modifier

“about” refers is itself also specifically, and preferably, disclosed.

All documents cited in the present specification are hereby incorporated by reference in their
20 enfirety. In particular, the teachings of ali documents nherein specifically referred to are
incorporated by reference.

The present inventors surprisingly realised that bone-forming cells display potent antigen
presenting cell (APC) properties, in addition to expected osteoregenerative actions, and are
thus useful in the treatment of diseases and conditions associated with immunodeficiency or

3]
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immunosupprassion,

Advantagequsly, the inventors also found that bone-forming cells, such as in particular bone-
forming cells obtainable in vitro by differentiation from isolated mesenchymal stem cells
(MSC) or bone marrow stromal cells (BMSC), can display distinctive immunological markers
(suc_h as, e.g., HLA class Il antigen} and antigen presenting cell properties substantially
3¢ independently of activation or stimulation (such as, e.g., by interferon gamma). Said APC



The term "isolating" with reference to a particular component denotes separating that component from
at least one other component of a composition from which the former component is thereby "isolated".
The term "isolated" as used herein in relation to cells or cell 20 populations also implies that such cells
or cell populdfioitéd85itt form part of an animal or human body, but are PEfHETEEWISEESarated there
from, such as, e.g., maintained and/or propagated in cell culture. The bone-forming cells may
preferably be of animal origin, more preferably of mammal origin including non-human mammal origin
and even more preferably of human origin. 25The bone-forming cells may be usually obtained from or
derived from a biological sample of a subject (i.e., a sample removed from a subject and comprising
cells thereof) such as preferably a human or non-hgman mammal subject. The bone-forming cells
may be prefigrgbly employedfertiasitolvgousadmivisisatiesafiye coatiministe redrtoy thessamesubject from

which the cglishaysrPes0-ABtARSRRIIARHYEE0E lgﬁa%weagp&@ét é&&%&mﬁ:@fﬂmiélered toa
subject oth?r than, but of the same sgemes WO 2009/135914PCT/EP2009/055559 4 as, the subject

from which The 28§ § 20 D EENP 9B B3P B BB MR h e ARy P B X aRd Gt fministration of

said bone-fogming-callsfemdrhaiaipcallsigtained or derived from a subject of one species are
administered to a subject of a different species). Preferably herein, human bone-forming cells are to be

employed for autcoptrdistonatfogene iceld ministr aitiveatdnd andie sebpe et lidvingssodisedsetor condition

associated with impHReHSHSLREAMIMMSEIBsHRRIGSSION. The term "bone-forming cells” as used
herein generally refers to cells capable of contributing to the formation of bone material and/or bone

matrix, and partictiarped ehistéatésotetedioeiisgp el fpoipel atemmsanthiehvhavequaxtiyeot falyhprogressed
along osteogenic hfigremtiasion 1 Qpathway. WikheitiimiiationsRaneriarming Felsdermicularly

encompass osteq%roggnsjtorsrésoss]g%oblasts, 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
(t;ells" ?@ intendeﬁahefﬁ}m}@Nﬁiye&Q@ﬁ% mhgy@afgfsaﬁ@ﬁ ghgg&gﬁa&cg&a@&p%@é&%ﬁé@p @ﬂﬁ pre‘sent
one-forming ce any one, more or all followin aracteristics: the cells comprise
expression of alkgnrrr‘@{)@c%i%%% s% iir{]]_ Toﬁw@%efﬁ’g&fi@aﬁy%@ﬁ%frfhrée %ngef- |\L}g%r-lt<ﬁe r%ﬁ?}pe; b) the
cells comprise expPESERIRSOIHER)ITRENGIPFE BirbE proesragiaitype theamnmborbnsiettiyropeptide
(P1NP), osteoneciimo{OiNy, iesteapoaisni¢it)g asteocalcin (OCN) and bone sialoprotein (BSP); 20c) the
- cells show evidence of ability to mineralize the external surroundings, or synthesize calcium-containing
extracellular matr’k PET3FREIFaXFeDeasIBrEstoBHERiRImiEeiRiRY, seeeTaiing cety. TyoTse] cell
Biochem 64: 2958HhgCakciudisaesemolaticondisicke cedts aintbdlepasitiomintioeaaficismiotemns can be
- conventionally meagikeA fpsexagple by culturing in 45C32-, washing and re-culturing, and then
determining any radioactivity present inside the 25cell or deposited into the extracellular matrix (US
5,972,703),Tbe using aspializgrinvitedrfasede 1o a particular component denotes separating that

component from at least one other component of a composition from which the former
component is thereby “isolated”. The term “isolated” as used herein in relation to cells or cell

20  populations also implies that such celis or cell populations do not form part of an animai or
human body, but are removed or separated there from, such as, e.q., maintained and/or
propagated in cell culiure.

The bone-forming cells may preferabty be of animal origin, more preferably of mammal origin
including non-human mammal origin and even more preferably of human origin.

25 The bone-forming cells may be usually obtained from or derived from a biological sampie of a
subject (i.e., a sample removed from a subject and comprising celis thereof) such as
preferably a human or non-human mammal subject.

The bone-forming cells may ‘be preferably employed for autologous administration (i.e.,
administered to the same subject from which the cells have been obtained or derived) or

30 allogeneic administration (i.e., administered to a subject other than, but of the same species



mineralization assay (see, e.g., Gregory et al. 2004. Analytical Biochemistry 329: 77-84); d) the cells
substantially do not differentiate towards any one of, and preferably towards neither of cells of
adipocytic lineage (e.g., adipocytes) or chondrocytic lineage (e.g., chondrocytes). The absence of
differentiatioW?(gWﬂig%ﬁch cell lineages may be tested using 30standar& et inducing
conditions established in the art (e.g., see Pittenger et al. 1999. Science 284: 143-7), and assaying
methods (e.g., when induced, adipocytes typically WO 2009/135914PCT/EP20091055559 5 stain with
oil red 0 showing lipid accumulation; chondrocytes typically stain with alcian blue or safranin 0). ‘
Substantially lacking propensity towards adipogenic and/or chondrogenic differentiation may typically
mean that less than 50%, or less than 30%, or lesssthan 5%, or less than 1% of the tested cells would
show signsasf theipagjettitan vhhdregetisc sdiffertibtioredvioe iegelied A chepssisire ctive best. In an

embodimenetigdnnadaringisells sy sistRnalchaiagierisiicsdsted ingendd ¢ agedy above. In

an embodineyt, (he,oans foring cells are positve (01 (12, Comprize expression of) HLA class
antigens. toln an e odiment, the bone-torming cells are positive for(re., 8%%?6 1Se expression Of)

HLA class ragrrsBiyhetans hhartgans.iinady shrr sabadineplsyhehonssiessing:calls shaw evidence
B s, nal G e L oS A T o

show evidence of Immunosuppressive 15properties. Wheré a cell is’sal a particular
component &GI8 PTRROSUPRESESENS that a skilled person will conclude the presence or

evidence o iSti iqr g..aptibody-detectable or detection by,reverse transcription polymerase
chain-react@ﬁ?%%%a@ggﬁggﬁeﬁetﬂv%h%nugggr%%‘ano%?qggﬁ;{preir%ﬁr?gtce&rﬁecggatrﬁeelrr%eﬁ?p tcr%rtf? Egred to
suitable cofftri OBtRligREF &R W%?HB%P%WW@@@M@SF&@%@%@%WW igatesrapksiEnt, positive
cells may oretiveragstigenerateh arsignalaiiat is Sigpificagtisdiffesentfrostethercontrae@gaydaut without

limitatign, adeasl,l-GrialdhighesihansHehRignal geoesaiad oy %HU&R&%&S@@@OF}?&%&%@%- fold, at
ast'50-fold higher or

least 4-fold, at least 10-fold, at least 20-fold, at least 30-fold, at [east 40-fold, at le
even higheﬁg&a’ﬁ' LR GSIEH BPHRIShE etyé)&?-gﬁ@&ﬁétﬁ?gﬁ?é%r@i‘ﬁ%@&@?&‘ﬁié’ﬂﬂﬂ%ﬁf@ any suitable

immunologicaldeehpisisis KRQWELILIAS appradeha S EBRURGs QRaRhemisty L Afinlly agsowption,
Western blot ang?lfﬂs FACS egﬁéng etc., or b%]%% suitable biochemical assay of enzyme activity

(e.g., for ALB}" yezgt%')v'su?t% &h MG WP PHIRAGeRANG SF (U ATERE RRREAt e.g.,
Northern blbensdprmigdsiieatior deRriritaioeRE PGR {dleviSe guracerisie:

2009/135914PCT/EP2009/055559 6 data for markers listed in this disclosure are known and can be
]I§ I%Is 381;[71 TISE 8Xpression o aeﬂﬁ%%% &) H?Pé“?f\%ﬁmﬁlrg ,Iplxl?%:fzrﬁ?]e&lg%ly ALP of the

. a) the
obtained fror% pu% IC ases’such as
bone-liverkidney type;
b} the celis comprise expression of any one or more or all of procoliagen type 1 amino-
terminal propeptide (P1NP), csteonectin (ON), osteopontin (OP), osteocaicin (OCN) and
bone siatoprotein (B3P,

20 ¢) the cells show evidence of ability to mineralize the exiernal surroundings, or synthesize
caicium-containing extraceliular matrix {(e.g., when exposed fo ostzogenic 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
“Ca®, washing and re-culturing, and then determining any radioactivity present inside the

25 celi or deposiied inté the extracellular matrix (US 5,872,703), or using an Alizarin red-based
mineralization assay (see, e.g., Gregory et al. 2004. Analytical Biochemistry 329: 77-84);

d) the cells substantially do not differentiate towards any one of, and preferably towards
neither of cells' of adipocytic lineage (e.g.. adipocytes) or chondrocytic lineage (e.q.,
chondrocytes). The absence of differentiation towards such cel! fineages may be tested using
30 standard differentiation inducing conditions established in the art (e.g., see Pittenger et al.
1999, Science 284: 143-7), and assaying methods (e.g., when induced, adipocytes typically



Isolated bone-forming cells or cell populations for use in the invention may be obtained or derived in
any suitable manner known in the art. Without limitation, one suitable method to obtain bone-forming
osteoblasts, more particularly HLA class Il positive osteoblasts and osteoblast populations, has been
disclosed in W*#8677893431 and involves culturing isolated bone marrcdR¢ SESaed/ ests§(BMSC) or
mesenchymal stem cells (MSC) in the presence of serum or plasma and basic fibroblast growth factor
(FGF-2). In another example, bone-forming osteoblasts, more particularly HLA class Il positive
osteoblasts, can be directly 10 isolated and cultured from trabecular bone as described by Skjodt et al.
1985 (J Endocrinol 105: 391-6). In a yet further example, osteogenic lineage cells may be obtained by
differentiating MSC in osteogenic medium as descriped by Pittenger et al. 1999 (Science 284: 143-7)
and Jaiswabetral. #4887 (@upra) preferatalyiigtheipesencantitr FeRdmachieyve thidiglassat positive
osteoblasts,ARASIAANIES! POHIANCOS S U esR EB AR DR Salpisebheng fprming cells
| m

for uses as defined herejn, are optainable or directly obtained by differentiation fr or MSC.
AdvantageSUsh ,r%%%'ﬂ%‘##&%ﬁ%‘%rﬁnﬁ?’aypé(é%ﬁ?g%%ﬁﬁﬁw BN e Giskises P B 9% achieve
HLA class ltheasifiveostsdbiasty anthe sestsislastpopulhtons sine sé aéiisosisplaycbomipayatily stable
APC propedigsraviighcandaephiaingthwithoutexiesgal activation factors. 20The term
"immunodeficiency"” generally denotes a state when a subject's specific and/or non- specific immune
system fundfici? igprasioleyidpresivetnereisenty Diselayed chaentitivios Bsisdoiated ayith)
immunodef@gi@niwigsvdmmunodeficiency disorders"” refer to a diverse group of conditions characterised
primarily by an increased susceptibility to various opportunistic infections with consequent severe

acute, recurrestt efebERRnaise asRe IBRYINGLIO M 2 BIMURP delicionsy dUe 10 Qe OLMQre defects in
the immune %\%stﬁré]. Immunodeficiency disorders encompass, without limitation, "immunodeficiency

syndromes'pw Serelﬁtigﬁquéatures are the result of the immune defect, and "syndromes with
immunadeficiency”, wherein some, even prominent features cannot be explained by the immune
defect’ Orhelﬁr%nugr%ﬁq Th R AR U AL S B R WG ke s € BRI ReERITMAfbhs 30
associated 9lg8$ iransurigsdippydismigenshere the latter term refers to artificial, usually controlled
diminution or prevention of a subject's immune response. Immunosuppression in subjects may be
caused by imravndstppressamstritnenboesigpprassait siedersdaiany Wentigen-presenting cell
2009/135914BE) T/ FRZ989/055559 7 compound or agent that is known or found to suppress or prevent
an undesired immune response, such as, e.g., prevent the immune system's rejection of a

oD e h oA AR O WLDCSARIE A PG, WU P AR, cYslosodn
mycophenolate mofetil, rapamycin, FK506 and corticosteéroids), or it may occur as a & eftect of a
therapy’ of 358R&TRiications (e.qg., side effect of cancer chemotherapy). By means of example and not
limitation, digagses andLondilons assaeiated with immunadsiigiency opipmuno HSoHE"
comprise: human jmmunadeficiency virus (HIV) infection and acquiréd immune defitiericy Syndrome

(AIDS), hypSGERMEHRBTIRERTSOR &M SUI6YRE AR ALreesGePheaERaAlia dRENRIFBANTS total bone
marrow abl&fiterdyctrsed@din anoaiarhers plartegion terganptiemsplantatencivmpbatigio gentaat
]glymphOper&amgsw_ @H@Iﬂmdmu@ sﬁy&h@@@%@t@@%@%@%@@%@%%y&@%@eU_rgatiC
ever, trypa [ abuse: and.treatments with: chemotherapy agents, corticosteroids,
anti-TIéIO\Ié dr%%?%ﬁ%ﬁl g’ ﬁ%?ngr%%%ﬁﬁ %Jr%ns%?\?g ed{ral? B%SE‘SEH a?g ?P} ef AR agg{ﬁo w%sﬁnnsv,éc%/ec{i%s{?)a rine,
methotrexaf®, FH§ESSHETSEIR 2a580RICPIHe SRt S HEaTeninierier ksbiphss ToseiehvEheCD 20 and
anti-CD3. Itiraitaéonbedirasinit Stheddigges ésmorscondifion yassasiatedositivimmsnogleticiensy or
ImmunoSUgIeSHRANAYGHSaIREde. % ROBPEKTHIRIENPILBONSIRRION SRPAIARE %‘*‘185‘395’ e.g.
osteoporos%_,)sO §é)ei1o ecrosis, osteopenia, bone fragility, bone necrosis, bone fracture’ (or
microfractureég? O qerdEls, 'S4 bone osteolysis). Advantageously, the bone-forming 20cells of the

invention cameyaraleally actin sl diskasesiy AmlCraln ey edRlclehok gl timulating

bone-reconstructign. Hence, in emgodiments the invention also provides: isolated bone-forming cells

for use in trealing & bofie" HRINE S R8Aaiflo & s8BciSHE vt THRHORGHERERNEN R affinity
immunosupPEssism; Yssiernsichnayitet SehELtifing- cellbyfanitiseiatin bieattemicef assaedicament for

the treatmeatyhe benardiseaserorconditign-asseaiaiedsifdierunedealicignsy Qlantity of the
mmunosuRpiessiank e toddRideyen lag andigiiicating, a.hang diseaseror gondlfion apsociated

with immunodeficiency or iImmunosuppression ih a subject in need of such treatment;



30comprising administering to said subject a prophylactically or therapeutically effective amount of
isolated bone-forming cells; WO 2009/135914PCT/EP2009/055559 8 -
apharmaceuticalcompositioncomprising isolated bone-forming cells for use in treating a bone disease
or condition 3EEEHEF With immunodeficiency or immunosuppression.  PrafEPRMIYOFFA%an
bone-forming cells may be employed for autologous or allogeneic 5administration to human subjects
having a bone disease or condition associated with immunodeficiency or immunosuppression. The
isolated bone-forming cells can be administered to subjects, for treating diseases or conditions
associated with immunodeficiency or immunosuppression, including bone diseases or conditions
associated with immunodeficiency or immunosuppression, as defined 10above. Optionally, to
stimulate théamPia prefhersidstesf thehisodisdfosmingreeisnthe avellscamaybbe dbdgited viitma public
pro-inflamnmgaé@ggm%sg)@@ﬁggr@{c{ﬁﬁgjmm%,ﬁmﬁww, may be administered in conjunction
with (e.g., simultaneously or sequentially or separately in any order) a pro-inflammatory cytokine.
Examples dépeeihtiemaritaring cytekinestimciudetiithtontusmiimtion inGFM T MER b abiBnéti-d:7, 1L-18.

The terms "gsthjecth ehpalienls Feiarareferably B-ARMalm Moke Rieferahly é@ﬁé%%%%dt@nima's yet
more ptefergbl% Iy g(r)tebfr%(]aﬁﬁac% et\)/gS more p rg% ral? Iy, mﬂﬂt Cg}lsS sH)emflcf g/ |n Iudln%humans and
e 0

non-human mammals ave been th ServaHSH 8&8% £"%he term

"mammal” |ﬂ%ﬁﬂﬁ’@§faﬁ9péﬂ}ﬁﬁ*ﬁgﬁ c|?i’§sﬁﬁ%?i‘a§’%q}tﬁ$d 20 W@ua%/ I53¢ Aot amditEyaehpebusg domestic
and farm arsniais; 2o0samnionals, spmtaamanal$5|memrmma1$s@mmm|mnmms (a.{gtexﬁemmental
animals, SUgh, 5505 RUATRLE pBUEE SRS amBlBh SaDRIS 0B Saie0yinga g, cows,

sheep, horses, p?g[s andﬁrlmates eg monkeys and apes. Partlcu arly preferre areﬁ%l an subjects,

including bo GEREEE SiEPaIFsdne ?e%%ﬁ'i%’gatrl%mff %?Nepﬁ?&@rﬂs ?ng?ﬁ@wf@%@ PARtElarly to be
given t@ sulijectsdrengedtitieddimialscparacodrad udesivabjbrSidhdt evalild d8éneffoomitotatment of

a given congiioresELsh /s a giserpadr gmﬂm@n@waaedm@ﬂ@elmmﬂénﬂﬁé@ﬂ%@rma%a by
mmunosup&&g?e%%h g % |ﬂ,gogt%n @9'3%?33093 orc Qdc'ﬁo a§80|%ter etWal QL nodeflg ency or
immunosuppression. subjects may Inclu Wlt out tha Ion; oS8 tha 2hes &agnosed
with said co%ﬁi?éﬁ“%@%?&%é‘td%d@!}éﬁb eigraBhidRibIe arRsesicheSERR witoAsRaNE EbAdition is to
be preventethsW QRGOS 35HiHRGEHIER20094DbpESBnEhe terms "treat" or "treatment” encompass
both the therapeutic treatment of an already developed disorder, such as the therapy of an already
developed ('ﬂs%§%%@€o?ﬁﬁﬁ8ﬁ"ﬁ%%6ﬁ%%ﬁhbﬁ’ﬂﬁi@ﬁﬁﬁéfﬁ%a}’ gFFhAfUABRESIeSH oA Ncluding a
bone diseasétangonditicineathsobizited wtlkifferminodeficlerBy ST inMBtosuppressions Bsuell as
IOFOIOhy|aC“%cﬁe@érﬁ%ﬁ%w&mﬁéét&ﬁp%swa%@@ﬂh’&a&“w@@ﬂ?rﬁé@'ﬁ @ ieRReA (e chances of

incidence of an, undesired ff|IC h as to reve the chances of contraction and pro% ession of a

disease or @ondﬁlo%s"aegts)é)a SR Wi (ﬁ? ARLRYS t@@?i BPSriRE Sl TROERAL B SR AT Or desired
clinical resuM8RBAGSMElGH SN BRIBINTHt b AU iHdsipdicstoRberelertoriore symptoms or one or more

iological markers, dimini f.exten | ili La, not
boon%a mﬁxe?e qmmur?oﬂ%?&atngyegéﬁe}ay esﬁ% esseég b %g"u &ije%tsspemﬁc and/or non-

specific immune system function is pathologically reduced or absent, Diseases or conditions
associated with immunodeficiency or “immunodeficiency disorders” refer 1o a diverse group of
conditions characterised primarily by an increassd susceptibility fo various opportunistic

infections with consequent severe acute, recurrent or chronic disease, resulting from

3
A

immunodeficiency due to one or more defects in the immune sysiem. Immunodeficiency

disorders encompass, without fimitation, “immunodeficiency syndromes” wherein all features

are the result of the immune defect, and "syndromes with immunodeficiency”, wherein some,
- even prominent features cannot be explained by the immune defect.

The group of immunodeficiency disorders also encompasses diseases and conditions
30 associated with immuncsuppression, where the latter term refers to artificial, usually
controlled diminution or prevention of a subject's immune response. Immunosuppression in

subjects may be caused by immunosuppressants (‘immunosuppressant” refers o any



10 worsening) state of disease, delay or slowing of disease progression, amelioration or palliation of
the disease state, and the like. "Treatment" can also mean prolonging survival as compared to
expected survival if not receiving treatment. The term "prophylactically effective amount” refers to an
amount of alf 3&l& ¢dtbound or pharmaceutical agent that inhibits or dBfE5/ERA#45HELt the onset of
a. disorder as being 15 sought by a researcher, veterinarian, medical doctor or other clinician. The
term "therapeutically effective amount” as used herein, refers to an amount of active compound or
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 elle alleviation
of the symptoms of the disease or disorder being treated. Methods are 20known in the art for
determiningthweynd aiczibnaiat psdphyiactidadiydeffentreedo ses pihenteatmedesitay énmploy
autologousidsgoreells drivedifomiraubiechindbe tpated) ABRSIE A faneaiksiEs irgshirom

subject(s) ather than the subject to be treated, but belopging to the same species) or xenogenic (La,
cells derive%f(?rrgﬁ]egu%j%%?%g%ﬁ%?ﬁan% g}ﬁgig%swé ?%jp t%z‘fr% Fﬁg’sc BJ%S&O,[%nb% fpé%?gh? %?1 -forming
cells and cENFRBPURREEHS B BS0R ARG FH TSI ERvistdenaredwparictiferafeataiartswphoman
subjects usinigehindieani@nstdegaitk effadiog enetedvrerdorsring)cells or cell populations as defined
herein. Suitably, the herein defined bone-forming cells and cell populations may be formulated into and
administeretY a8 BREPACRRIBRIP c SRt J¥iti o IO R5E9£E3509 4 POTHCPS OUSHEHES oI used
herein, "carrrentmydiskepient!’ inclutesuaniessichaticsaiventditare ntsn ndterriteuehing grgyv)neutral
buffered sa#ﬁ@cﬁunpQﬂapaea@reeffﬁm@"&@)e@%ybg)y%%nreolkw_@%ﬁ'%eﬁégmmggq%ﬁe{sﬂ!&'e& fillers,
chelating agents (such as, e.g., EDTA or glutathione), amino acids (such as, e.g., glycine), proteins,
disintegrantSBTRIRTS, B EARET VAP E AL LAOISRE <O, BEREBRI N RRAHES, R40Burings,
aromatiserdnaniekdrepslagdion fopaichrasrieniatiopdyreffectytopatiagyramihenisl dgentsiigneservatives.

stabilisers, mptioxidantenianitity centrelling agabiss aksoetiondriByingagemsuARdthedie. The use

of such megjj S for eutical active suhstances js well known in the art. Such
materials sh .%ﬁgﬁgfo%g ggnﬁ_?s %gm §(§%%{t%éré/é?ewdvi%thctrhe§ gﬁ?\;ﬁﬁ}yo?gtﬁ% Scé?éiféieﬁ%%ﬁrecise
nature of th@Edier BuekcipfeitiBt otHEPYRESEPRIERATY efieie8 ofvehie FBULBIYT AimiMSTRETLS. For
example, thecosppositiorthagleimiheformobita pasenderally acceptablexad ieoussmuting, which is
pyrogge-freg ang.bassuitable pi isotonicity and stability. For general principles in medicinal
formulation, the reader is referred to Cell Therapy: Stem Cell Transplantation, Gene Therapy, and
Cellular ImrinursothemapgineyG thdoditgasés\\or Sheritian < Sessdsigtéiambidgerumidersity Bress, 1996;
and HematgRoigtis Sisaall THEEY SR Balbnl.djsteicBoR o Clushilbkivingsiqug,2000. Such

pharmaceutical compositions may contain further components ensuring the viability of the cells
therein. For&xaMiple. 1He COMmpoSTIOne may Compriee %Oglﬁtéfﬁ’ WP O Y' fR6Yhate or
carbonate BOFffEY¥CsyEasTIEED ABRfesRlciesis e premeirevsiaalldresiparaussl 2@ peheafwhringy comprise
sufficient sajéite ensure iBoesimnticeongiiagsdoy the:cells tagrevepiasmplic sHassatrer ex@ample,

suitable SO'M’&@RU&%&I&%&D&H@Q&%&@R &%g%%g%gﬁg}{ffered saline (PBS), sodium chloride

solution, Ringer's Injection or Lactated Ringer's Injection, as known in the art. Further, the composition
may comprisenascayghptpiens ehg inathtisniniswiichidaay increase the viability of the cells. The
pharmaceutical compositions may comprise further components useful in the repair of bone wounds
and defects. For éXAaldo88TATEE R SoReiRfsUAP) iFRatioR IeTHLERRSRALD S TRsEIsERshetic
proteins, bone maifix {entundzfieisnatrix iprodusaspreidicon by cells of the invention or by other
methods), hydroxyapatite/tricalcium phosphate particles (HA/TCP), gelatine, poly-lactic acid,
poly-lactic glycolidEcieHdRnaisR BRI8; femiBe £§!H o - ey faera ot sllageiramericieatiple, the
osteoblastic cells majraatcombinedawitscdemineradistitbbondoiatex (B Mheiuathefidaatsices to make
the composite osm&g@g&gigﬂgming in it own WO 2009/135914PCT/EP2009/055559

- a method for preveniing and/or treating a bone disease or condition associated with

immunodeficiency or immunosuppression in a subject in need of such treatment,

30 comprising administering to said subject a prophylactically or therapeutically effective
amount of isolated bone-forming ceils; |



11 right) as well as osteo-inductive. Similar methods using autologous bone marrow cells with
allogeneic DBM have yielded good results (Connolly et al. 1995. Olin Orthop 313: 8-18). The .
pharmaceutical composition can further include or be co-administered with a complementary bioactive
factor such ¥2M8Hé¥drphogenic protein, such as BMP-2, BMP-7 5 orfBRIER2808/0555%ther growth
factor. Other potential accompanying components include inorganic sources of calcium or phosphate
suitable for assisting bone regeneration (WO 00/07639). If desired, cell preparation can be
administered on a carrier matrix or material to provide improved tissue regeneration. For example, the
material can be a granular ceramic, or a biopolymer such as gelatine, collagen, osteonectin,
fibrinogen, or osteocalcin. Porous 10 matrices cange synthesized according to standard techniques
(e.g., Mikos et al., Bio ' ..323, : Mikos et al., Polymer 35:10 f% 1994: Cook et al., J.
Biomed, Mater. REés. 3 :;%g%%%@fﬂhe%ﬁﬁ?n&ﬁéﬁgutical cg?nm osit rtlsso%]]éen u?fﬁé?rolrﬁ%rl]gasee [%r be
co-administered ifPERTOIM ARG thPARS BRsARMAMAAESIS coteRFRe it HBaMEsEriERGthe APC
properties of the bonendEEwa®ding.cells. Hence, the invention also provides a pharmaceutical
composition comprising bone-forming cells and a pro-inflammatory cytokine for simultaneous,
sequential &F EEFRMte D8 N BPRSHRT @IS cSRlEs MAY (?Sn&fﬁ’éﬁ’geé’sg%rcia%ﬂoﬂﬁﬂfﬁ imeltRsgatieiency or
immunésuppiassibationcladmgnborsdistadesiog conditiensisssecatedwithrnusumetsaficigncy or
immunosupprasaiRBhiENNBIes Al RQrRHampatory cytokines include 20without limitation IFNy, TNFa,
IL-1p, IL-17, IL-18. Alternatively or in addition, the present cells may be stably or transiently
transformed Witlsciatrscledoeatsitrofd el seprier tonmtistustion sattectsubjettalihcldicanid sequences

of interest igshaeiRnBURSsEcRRIdIMIted IRthrsamrerdingsenaRirduststha-enhangmdhegrowth,
differentiatig an /o(g m'ngralization of og,texaqblasts. F rfexam le, an expression system for 25 BMP-2,
EL?CG S OF con HT1 1Clenc

can be intro ina stag\%ncs)ratsfsaor%alteent\?/éshlo{ﬁ"fg? Re pur ooéé%'P?Pegﬁﬁ&r?Pgﬁ Ry Ak tures or
osteod@ros%b.%thods of cell transformation are known to those skilled in the art. In a further aspect,
the invention rel t comprising a surgical instrument for administration of a

com positiordl3 Rrg%a%sﬁ b}gc%mgggﬁgﬂagﬁ {e?)f)a?rﬁg éeg’y%?éhn%is%%rl%f, %rﬁilr&%\ﬁ?q%rr%ﬁg? lgg Y 8B5S fesion, and
further compifs Mg B R BPYEY BEPaIBHRS1S BFthaiskhelation aberaaskelniarebtiedriripedition
comprising isaidnpetision eeth gopulatianspadiereior thenAHDRP Q94BN GT4a P 2RR9/Qb5R59 12
anangemenirs-AfARls L aRAMIsBe. e AMATMAGEIGALFRTRATION A S RRle gystemically,
topically or at the site of bone lesion. For example, a suitable surgical instrument may be capable of
injectiﬂé a IEGWdT%Wp&ﬂ@oH‘bgrﬂbﬂ%ng cells of the present invention, such as systemically, topically
or at the siteaf pARe sy 2NSARHP e hRRRURNANS SRR AIMPIRLELSY Waamanne) hat
permits them to graft or migrate to the intended tissue site an reconsfl)tute or regenerate the
functionally GRS rBe S BrESEMp s TRt SR e d’ﬁl?fﬁnﬁ’é?é?‘@&‘étr%ag]f@agf PRasEcskeletal
lesion. For @xiugipie hostecyendsizodnrenfacitatedt intcain cevd abes with aisecyicaligrasedtre to
remodel tissygeAIaSE Bracspiliniind TRsthetic-ARWsRAURRIARE B renlasemRLkdn atherdO0
circumptanges, VARl SHIBR0Y WILnaLRe fRauited. aad the camposiion can. be adminisiered by
injection or (e.g.,r}%’r repair of the Veltebrar collimn using a g%.ﬁ“a%?e%?ﬂ&&g%ﬁe?p% A& fbodiment
the pharmaRE RivaPEe FPrepaRHRASHETnt elFbvelahalyhasa dHeh rtdasxarapiermies. ligisid
compositiohamsembeshhientiioth exarllguidzhgigy acaticed wo repasitiabrdé&s COFIEISING-HIek can be
administer ical icall ' iQn. bod t, the cells or cell
populationgeOI r%s g ﬂﬁﬁ%ﬁ%ﬁ%&% %ﬁ%ﬁﬁ%ﬁ?\g&%ﬁ gs)%it’lé%ﬁé}gl%%gﬁa{t% i%gp%@d%%) 5 ierﬁé??égnts. The
substrate oﬂr\ﬂlf%/ﬂ:%%a@&%‘%%wsﬂgoépplied and cultured can be a metal, such as titanium,

cobalt/ghromy j i ve:surfac ' ; olymer
curfaces su@q9%§§f%§§§%*?§?§§’%%‘ﬂ B R e

glass ceramles DR R P e b LR e BET RS SRR R CR G817 AshirRitim, and
calcium phé&sptitieesssoeiatetovghivalenpdetespreténisumisanpindbpe nsaidiagompoisrases the
substrate. bRedidRrIralasaRLRE RAFOHFRNAIISREOHS: immunosuppression. Such subjects may
include, without limitation, those that have been diagnosed with said condition, those prone to
30 develop said condition and/or those in whom said condition is to be prevented.



For example, cells that have proliferated, or that are being differentiated in culture dishes, can 25 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. EQREEHFd4ransferred onto a three-dimensional solid suppSftTEB2WYfipiegnating said
support with a liquid suspension containing said cells. The impregnated supports obtained in this way
can be implanted in a human subject. Such 30impregnated supports can also be re-cultured by
immersing them in a liquid culture medium, prior to being finally implanted. WO
2009/135914PCT/EP2009/055559 13 The three-dimensional solid support needs to be biocompatible
S0 as to enable it to be implanted in a human. It cam be of any suitable shape such as a cylinder, a

sphere, a plate Q4R PRELOT rbiltamyshapR-Rfdhe 'Hé'&?E@%@#EB&}EJ%Q%&NPBPQPQFQA% _

three-dimensional solid sug ort, particular mention_can be made of calcium carbonate, and in
particular SBFAYSHIES %L[Fi)fié‘él Y 7 tHEE fE1PBY BrdNsRERASN CRSTBREC VSRS BalRPBR alumina, on
zirconia, orgsfiesifdRshmihoshatedeiitiorh pdroxyapesiepissitationnchdins kel bmns obisarseddyy
hydrothermarexehangerieding Galsimnerieanate Indersansiemaes iBloRyHoxysaPAIHgIr else
apatitegvoljgsionie s, cetamice, Bigaciive glass ceramies such s Plaglass (M) dlasses. JOThe
above aspect% and embodiments are further support@g by the ?oﬁowmg non-fimi ing examples. The
examples dENOASHSS IHFIBBNSLFSrATiINGY RENENUIBPISYARGEE 26 SArdisatiern3ad I AIESHIREUPAIY or

induced, mdigdzayeinterdistingsnonuino reiguiatony@iefenies @snihaowshpposdlate Beaeficialiferation
while having.Gigh BRRGIREARSHRCINS LRPARIBIRFMINESS BRVGHOIBING achlR A rhgrRgerised by

high expression levels of mesenc al and bone surface markers and high mineralization capacity

nderlying B8 BOR BiGIBGRaT pBHERTE. TAUYAEEhaCF el By HSExDrRuh BAH Riclass | and
HLA cléss werfsisibalestaie tiogidisgrscedadayd Oy sievdiss e cdissbes spipukesipy. nrshetiotelinrMareover, the
HLA class HanelesWeicanhedeaiiatendindifierenidmmune-stimsdatenn melesyiesdsyeh as, inter arra,

IFNly , TNE %U?%%EQ%%%Q%SFMH?ir%@e‘?\‘?rHS @ggi %R{a}ble to downregulate the proliferative
ce nd a

response of stimulate S on an autologous a ogeneic basis. This demonstrates that both

autologousardeogsosigiianatiosming setnpipductswilb be paticularlyiiseiub fasHhereaiment of
e e s AN AL AC SR SO D fRsReRLIcNe SpguaRUpprgssive
properties mentioned above, these bone-forming cells can'also play a role o antlgen-presgntlng cells

(APC)!andSar8thetéidte BaFRIBIE to EIRIIBHR prowfsicRloNHef c@lIsCHifd U RRflamihalefy cells.

Moreover, &rsepitvacrdy wiizetlereferent ecorddirdirchsieal triah wasype dfoaniee cahichrebovincingly

demonstratgchihe Rensiicigl affeataietdhessdispesfarminasellsdihanse e resdfeendiianagsociated

W U QR S O DA Y 0, 1298 L Ol ician, which may inlude
inter alia alleviation of the symptoms of the disease or disorder being treated. Methods are

20 known in the art for determining therapeutically and prophylactically effeciive doses.

The treaiment may employ autologous {le., cells derived from the subject to be treaied),

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) bone-forming cells and cell populations as
25  defined herein.

Envisaged are in particular treatments of human subjecis using human auiologous or
allogeneic bone-forming cells or cell populations as defined herein.

Suitably, the herein defined bone-forming cells and cell populations may be formulated into
and administered as pharmaceutical compositions.

30 Pharmaceutical compositions will typically comprise the bone-forming cells or cell populations

as the active ingredient, and one or more pharmaceutically acceptable carrierfexcipient. As



WO 2009/135914PCT/EP2009/055559 osteonecrosis of the femoral head associated with chronic
immunosuppression due to the administration of high oral doses of corticosteroids for organ
transplantation, autoimmune disease, or severe asthma. Together, the data suggest that the cells will
be particulaf{PUe&HIPf8Hhe treatment of 5 diseases or conditions associBtddERAHEFATEhodeficiency
or immunosuppression, optionally wherein such diseases involve a bone-dysfunction or bone-lesion
component, including bone diseases or conditions associated with immunodeficiency or
immunosuppression. Brief Description of the Figures Figure 1 illustrates mineralization by HLA-H
positive bone-forming cells. 10Figure 2 illustrates ALP expression by HLA-I1 positive bone-forming
cells. Figure 2A shows HLA-DR staining of the cells: Figure 28 shows ALP staining of the cells. In
each figureyggspberpandtashieiscontiolsstaimeigianidate padelishuvests LADRso b staicing
fsgeggveMs@?gIh%@)f@lrSBgﬁ@ba2@_&;@@%9@&%&5&@ﬁﬁf@ir@éﬂ%@i ,\/_&%_WCQT&F%;O&!B;&TRL vS.
-06-tregted patients. re ustrates " Index evolu n S.
APO-DB-tran e e e e BB s (& ca e T AL o)
APO-DB-tré5tB 35118t Pidifresd-RANIINGYicHPSETe EBiEtIGHtn STRFSydutsicanipBegliaged patients.
Example 1 Riwenotypigsifialy siscdanusobipiegicatseluangiacasnarkers, ofidrereelisayere amalyzed by

20 flow cytmwnﬁgggw ing es&&gﬁr@%@g@%@%%t@&@%@&%@?& Qaﬂgxﬂgé,%&?'

antibodies: HLA-I, DR, C080, CD86, 4, CD4OL and CD28 for 15 min and then washed with
PBS beford BEihG WOHRG88PERY FRSEHen dE@YinG 2iesr B Baiildirereniisitisudl Aedisss 1l
positive ostetsbressinrushanirrtieaisrhambies ks tpeadsated frovwmiesbachyntabsteraaells (MSC) in

Vitro using areRrventienahesifeeesitGitue medimHSdinekding 2MEM or a-MEM medium
supplemented with 10% FCS or autologous or allogeneic serum or plasma, dexamethasone (10-8M),

ascorbic aciig50ssgmTELEnel Pogyerisprosphinten{ 19 niv)) saispke miéindedanittoGE2E0ohgim1).
WO 200h9/ 1&5&3}#5’?&'59@@&9/}%5&58 démilisesalizalion lilhsc?@)fmﬁ(ib@@ PARSHRMaIly accept)able .
mesenchy ifferentiationin gsteogenic medium,. Cells from culture are recove incubation
with trypsirr:g gg%%?%éﬁgﬁ ggr%d Jﬁ%&tgd%aéy 8%%}1%@8%@ ggﬁs \L/J\E/Eeal Iﬁw -w‘éﬁé"%ﬁ%&‘é in C%hséaé?(%ar}lés%n medium

(12,500 celfea)Prine@ipeit ggidna REBATCR fepraseer iy rofsried dstedlyEimeeryediam Chlte cells are
Scultured farZyspiantdtinre ehkeancNiecrapgiami iSaipdacachevehy3dpd, days. Mm@\aaﬁ/ksmirmﬂfﬁure, cells

were fixed igy3. 14 fermaldainged? BRandssiings iy a5 s em cell Therapy, E. D. Ball, J.

Lister & P. Law, Churchill Livingstone, 2000.

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

20 pH, and may comprise sufficient salt to ensure isoosmotic conditions for the celis to prevent
osmotic siress. For example, suitable solution for these purposes may be phosphate-buffered
saline (PBS), sodium chioride 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 calls.

25  The pharmaceutical compositions may comprise further components useful in the repair of
bone wounds and defects. For example, such components may inciude without limitation
bone morphogenetic proteins, bone matrix (e.g., bone matrix produced in vitro by cells of the
invention or by other methods), hydroxyapatiteftricalcium phosphate particles (HA/TCP),
geiatine, poly-lactic acid, poly—laétic glycolic acid, hyaluronic acid, chitosan, poly-L-lysine, and

30 collagen. For example, the osieoblastic celis may be combined with demineralised bone

matrix (DBM) or other matrices to make the composite osteogenic (bone forming in it own



Media. Dexamethasone dilution: ~ Dex1 (5.104M): 2 pl dexamethasone stock (5.10-2M) + 198 pl
aMEM 10Dex2 (10-8M): 2 pl Dex1 (5.104M) + 998 pl aMEM Osteogenic medium (40 ml) VolumeFinal
conc. aMEM31 ml/ FCS6m115% PenStrepGlu (100x)400 plix Dexameth. (Dex2)400 pl10-8M Ascorbic

acid200 pls3VStptpigilterophosphate2 mi10 mM Proliferation assay. 280THEREHIMREAST cells/ml from
individual A (PBMCa) were plated in 96- well microtitre plate with irradiated human bone-forming cells
from individual B (OBb) for 7 15days in a total volume of 200p1 and in presence or absence of PHA (or
another stimulatory agent). Alternatively, 200,000 human T cells/ml from an individual A (PBMCa)
were plated in 96-well microtitre plate with irradiated human bone-forming cells from individual B (OBb)
for 7 days in a total volume of 200p1 and in presenge or absence of PBMCb from individual b (or of
PBMCc 20fright) amsindilidesl o}teWQIRB06/1368%54 PCIHERL089405556801:6 Hdne banewasning cells

were seedeghabAARAN0 RN VBRSNS wanineuhatag with 1pG1R SREHyIMiding ésj?r 18h of the

culture period to measure T cells proliferation. Cells were washed twice with ice-cold PBS and twice
with Ice-coldr&%optrichiaredcaticcatitofioA ) chindllstheelisaere lyseckbyasttitisaredntaining 0.1N

NaOH and @ofshiionnkdiofbilbe:osrRetn atanbinbayesiel And M d it seintlatigpdiguid to be

analyzed on a-cqunter. %xam le, 2 Fell P%‘?QOW e Floyv cgtometr showed that this bone forming
5 01 -4, or any offhier ﬁ)wth acior. er p% ential actompanving componenis include

cell population expréssed mesenchymal

inorganic sources of calcium or phosphate suitable for assisting bone regeneration (WO
00/07639). If desired, cell preparation can be administerad on a cartier matrix or material to
provide improved tissue regeneration. For example, the material can be a granular ceramic,
or a biopolymer such as gelatine, coliagen, osteonectin, fibrinogen, or osteocaicin. Porous

10 matrices can be synthesized according to standard fechnigques (e.g., Mikos et al,
Biomaterials 14: 323, 1993; Mikos et al., Polymer 35:1068, 1994; Cook et al., J. Biomed.
Mater. Res. 35:513, 1957).

The pharmaceutical compositions can further include or be co-administered in combination

with any pro-inflammatory cytokine, which can enhance the APC properties of the bone-
15 forming celis. Hence, the invention also provides a pharmaceutical composition comprising

bone-forming cells and a pro-inflammatory cytokine for simultanecus, sequential or separate

use in ireating diseases and conditions assocééted with  immunodeficiency  or

immunosuppression,  including bone diseases or conditions associated  with

immunodeficiency or immunosuppression. Examples of pro-inflammatory cytokines include
20 without imitation IFNy, TNFa, IL-1B, IL-17, IL-18.

Aiternatively or in addition, the present cells may be stably or transiently transformed with a
nucleic acid of interest prior to introduction to the subject. Nucleic acid sequenceas of interest
include, but are not fimited to those encoding gene products that enhance the growth,
differentiation and/or mineralization of osteoblasts. For example, an expression sysiem for

25 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
for administration of a composition to a subject, such as for example systemically, topically or
30 at asite 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



markers (CD90, CD105 and 0073) at high levels. Haematopoietic surface molecule are weak 10
(0045, 0034) or absent (CD14, 0D19). The cells expressed high level of HLA class | but surprisingly,
also high level of HLA-class Il molecules. However, all the costimulatory molecules tested (0080,
0086, 0028, EFERAPY absent (Table 1). Interestingly, as shown by LeBSIAFEBEUPFOH3 (Exp
Hematol 31: 890-6) for MSC cells, we observed that the presence of IFNy (5ng/m1) in the culture
medium for 24 to 48h, induced an 15increase of HLA class Il expression (Table 1). Similar
observations were done with TNFa, IL- 113, IL-17, IL-18 and other pro-inflammatory cytokines. Table
1: Phenotypic markers of bone-forming cells cultured in presence of IFNy or not (percentage of cells
deemed positive by FACS) without IFNy with IFNy12N Mean SD N Mean SD ALP 17 67.9 16.6 CO CO
CO COCO gergoed R@EReC OrGoTGGZRIch k3. 1100 pObrhdceutical composition for example

systemically, topically or at the site of bone iesion, For exampie, a suitabie surgical instrument
may be capable of injecting a liquid composition comprising celis of the present invention,
such as systemically, iopically or at the site of bone lesion.

5 The cells or celf populations can be administered in a manner that permits them to graft or
migrate {0 the intended tissue site and reconstifute or regenerate the functionally deficient
area. For example, the cells may be administered at a site of musculoskeletal lesion. For
exampie, osteogenesis can be facilitated in concordance with a surgical procedure to remodel
tissue or insert a split, or a prosthetic device such as a hip replacement. In other

10 circumstances, invasive surgery will not be required, and the composition can be
administered by injection or (e.g., for repair of the vertebral column) using a guidabie
endoscope.

In an embodiment the pharmaceutical celi preparation as defined above may be administered
in a form of liguid composition. in embodiments, the cells or pharmaceutical composition
15 comprising such can be administered systemically, topically or at a site of lesion.

in another embodiment, the cells or cell poputations may be transferred to and/or cultured on
suitable substrate to provide for implanis. The substrate on which the cells can be applied
and cultured can be a metal, such as fitanium, cobalt/chromium alloy or stainless steel, a
bicactive surface such as a calcium phosphate, polymer surfaces such as polyethylene, and

20 the like. Although iess preferred, siliceous material such as glass ceramics, can also be used
as a substrate. Most preferred are metals, such as titanium, and calcium phosphates, even
though caicium phosphate is not an indispensable component of the substrate. The substraie
may be porous or non-porous.

For example, celis that have proliferated, or that are being differentiated in culture dishes, can

8]
h

be transferred onto three-dimensional solid supports in order to cause them fo multiply and/or
continus the differentiation process by incubating the solid support in a liquid nuirent medium
of the invention, if necessary. Cells can be fransfetred onto a three-dimensional solid support,
e.g. by impregnating said support with a lguid suspension containing said cells. The
impregnated supporis obtained in this way can be implanted in a human subject. Such
30 impregnated supports can alse be re-cultured by immersing them in a Hguid culture medium,
prior 10 being finalty implanted,
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The three-dimensional solid support needs to be biocompatible so as to enable it fo be
implanted in a human. it can be of any suitable shape such as a cylinder, a sphere, a plate, or
a part of arbitrary shape. Of the materials suitable for the biocompatibie three-dimensional
solid support, particular mention can be made of calcium carbonate, and in particular
aragonite, specificaily in the form of coral skeleton, porous ceramics based on aluming, on
zirconia, on tricalcium phosphate, andfor hydroxyapatite, imitation coral skeleton obtained by
hydrothermat exchange enabling calcium carbonate to be transformed into hydroxyapatite, or
else apatite-wollastonite glass ceramics, bicactive giass ceramics such as Bioglass(TM)
glasses.

The above aspects and embodiments are further supported by the following non-limiting
exampiss,

The examples demonstrate that bone-forming cells, displaying class-l and ciass [-HLA,

naturally or induced, may have interesting immunoreguiatory properiies as it could modulate

T celi proliferation while having high bone reconstructive capabilities. These bone-forming

cells are characterised by high expression levels of mesenchymal and bone surface markers

- and high mineralization capacity underlying their bone biological potential.

They are characterized by the expression of HLA class { and HLA class || molecules at their
surfaces and by an absence of costimulatory molecules. Moreover, the HLA class 1i molecule
can be regulated by different immune-stimulatory molecules (such as, inter alia, IFNy , TNFg,
-18).

These bone-forming cells are capable to downregulate the proliferative response of
stimulated T cells on an auiologous and aliogeneic basis. This demonstrates that both
autologous and allogeneic bone-forming cell products will be particularly useful for the
treatment of immune-related diseases.

In addition, and surprisingly with respect to the immunosuppressive properties mentioned
above, these bone-forming cells can also play a role of antigen-presenting celis (APC), and
are therefore capable to stimulate proliferation of T celis and other inflammatory cells,

Moreover, a small randomized, reference-controlled, clinical trial was performed, which
convincingly demonstrated the beneficial effects of these bone-forming cells in a savere

condition associated with immunodeficiency or immunosuppression, namely in stage § or il
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osteonecrosis of the femoral head associated with chronic immunosuppression due 1o the

administration of high oral doses of corticosteroids for organ transplantation, autoimmune
disease, or severe asthma.

Together, the data suggest that the celis will be particularly useful for the treatment of
diseases or conditions associated with immunodeficiency or immunosuppression, optionally
wherein such diseases involve a bone-dysfunction or bone-lesion component, incluging bone
diseases or conditions associated with immunodeficiency or immunosuppression.

Brief Description of the Figures

Figure 1 illustrates mineralization by HLA-iI positive bone-forming cells.

Figure 2 illustrates ALP expression by HLA-I positive bone-forming cells. Figure 2A shows
HLA-DR staining of the cells. Figure 2B shows ALP staining of the celis. In each figure, upper
paneil shows control staining, middle panel shows HLA-DR or ALP staining respectively, and
the lower panel shows an overlay.

Figure 3 illusirates VAS evoiution in CTRL vs. APC-OB+reated patients.
Figure 4 illustrates WOMAC™ Index evolution in CTRL vs. APC-OB-treated patients.
Figure 5 iliustrates bone lesion survival analysis in CTRL vs. APC-OB-treated patients.

Figure 6: Radiological score evolution in CTRL vs. APC-OB-treated patients.

Exampie 1

Phenotypic analysis. Immunobiological cell surface markers of the cells were analyzed by
flow cytometry. Bone-forming cells were incubated with the following labelled monoclonal
antibodies: HLA-, HLA-DR, CD80, CD8&6, CTLA-4, CD40L and CD28 for 15 min and then
washed with PBS before being cenirifuged and resuspended in 0.3ml PBS.

Cell differentiation. HLA class |l positive osteoblasts as used in the examples were generated
from mesenchymal stem celis (MSC} in vitro using a conventional osteogenic culture medium
(including DMEM or o-MEM medium supplemented with 10% FCS or autologous or
allogeneic serum or plasma, dexamethasone (10°M), ascorbic acid (50 pg/mi), and B~
glycerophosphate (10 mM)} supplemented with FGF-2 (10 ng/ml).
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Mineralization assay - Bone Marrow mesenchymal — cell  differentiation in
osteogenic medium. Cells from culiure are recovered by incubation with trypsin or versene
and piated at 60 to 120,000 ceilsiweli in B-wells plate in the expansion medium {12,500
cellsicm®). The next day, the medium is replaced by 2.5 mi osteogenic medium. The cells are
5 cultured for 2, 3 or 4 weeks. The medium is repiaced every 3-4 days. After 2 weeks of culture,
cells were fixed in 3.7% formaldehyde/PBS and stained by alizarin red

Media.
Dexamethasone dilution:
Dex1 (5.10"M). 2 yl dexamethasone stock (5. 107°M) + 198 pl cMEM

10 Dex2 (10°M): 2 ui Dex1 (5.10“M) + 998 pl oMEM

Osteogenic medium (40 mi)

Volume Final conc.
oMEM _ 31mi /
FCS 6 ml 15%
PenStrepGiu (100x) 400 pl 1x
Dexameth. (Dex2) 400 i 10*M
Ascorbic acid 200 pl 50 pg/mi
8-glycerophasphate 2ml 10 mM

Proliferation assay. 200.000 human T cells/mi from individuat A (PBMCa) were plated in 96-
well microlitre plate with irradiated human bone-forming cells from individual 8 (OBb) for 7

15 days in a total volume of 200ul and in presence or absence of PHA (or another stimulatory
agent).

Alternatively, 200,000 human T cells/ml from an individual A (PBMCa) were plated in 96-well

microtitre piate with irradiated human bone-forming cells from individual B (OBb) for 7 days in

a total volume of 200yl and in presence or absence of PBMCb from individuat b (or of PBMCo
20 from an individuat ¢).
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The bone-forming cells were seeded at 100.000 cells/iml. The culture was incubated
witht 1pCi/ml 3H-thymidine for 18h of the culture period to measure T calls proliferation. Cells
were washed twice with ice-cold PBS and twice with Ice-cold 5% trichloroacetic acid (TCA).
Finally, celils were iysed by a solution containing 0.1N NaGH and 0.1% Triton-X100. The
5 supernatant is harvested and mixed with scintillation liquid to be analyzed on a beta-counter.

Example 2

Cell phenotype

Flow cytometry showed that this bone forming ceil population expressed mesenchymal
markers (CDO0, CD105 and CD73) at high levels. Haematopoigtic surface molecule are weak

10 {(CD45, CD34) or absent (CD14, CD19). The celis expressed high fevel of HLA class | but
surprisingly, aiso high level of HLA-class I molecules. However, all the costimulatory
molecules tested (CD80, CD86G, CD28, CTLA-4) are absent (Table 1).

Interestingly, as shown by Le Blanc et al 2003 (Exp Hematol 31: 880-6) for MSC cells, we
observed that the presence of IFNy (Bng/mi) in the culture medium for 24 to 48h, induced an
15 increase of HLA class |l expression (Tabie 1). Similar observations were done with TNFg, IL-

1B, IL-17, IL-18 and other pro-inflammatory cyiokines.

Table 1: Phenotypic markers of bone-forming cells cultured in presence of IFNy or not

(percentage of cells deemed positive by FACS)

without IFNy with IFNy

N Mean sD N Mean SD

ALP 17 67.9 16.6 8 752 13.1
CD105 17 928 3.8 8 89.9 4.9
CD90 12 957 4.0 8 94.8 1.9
Cbr3 13 94.7 34 8 96 2.8
CD4as 17 2.8 3.3 8 1.4 2.1
CD14 12 3.2 39 8 2.1 1.7
CD19 13 4.8 4.8 8 2.3 2.3
HLA-class Ii 16 68.3 18.9 8 92.3 7.2
HLA-class | 16 93.8 3.0 8 96.1 4.5
chae 14 43 4.8 8 6.9 3.4
CDhzg 14 38 35 8 4.2 2.1
CD80o 15 2.1 2.2 8 32 20
J1CDA40L. 14 2.3 2.1 8 1.0 19




CTLA414 Example 3 immunomodulation 5.7 9.5 3.5 The bone-forming cell population described
above was checked for its ability to regulate the immune system in in-vitro conditions. The induction or
proliferation of T cell (peripheral blood 5 mononucleated cells-PBMC) in autologous or heterologous
conditions W&& ##88&d5Ht A-class |1+ bone forming cells were isolated an@fSFESAHHEGFrom patients
suffering of immune-related bone diseases. The level of expression of their HLA class Il marker by
flow cytometry and used their cells (bone-forming cells and/or PBMC) for T cell proliferation assays.
10No proliferative response of PBMC - from recipient a - was observed when co-culture with
HLA-class II+ bone forming cells in either autologous - from donor a - or allogeneic - from donor b -
conditions (Table 2). This demonstrated that HLA-glass Il+ bone forming cells were not recognized as
"foreign" ciS Ay perigheraliblood morsohucléar celts anfil therefore veresrsot abjle toselicit gn allogeneic
response. 15Moreover, when stimulated by a mitogenic activator, such as PHA, PBMC were
significantlyFdaWategulated by bone-forming cells in either autologous - from donor a - or allogeneic -
from donor %ﬂggn%dition]s.t,The level of immunosuppression was correlated with the initial level of HLA
class Il exp Table 2: Inhibitory effects of osteoblasts on allogeneic T cells
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5 mononucleated cells-PBMC) in autologous or heterologous conditions was tested.

HLA-class H+ bone forming cells were isolated and/or expanded from patients suffering of
immune-refated bone diseases. The level of expression of their HLA class H marker by flow
cytometry and used their cells (bone-forming cells andior PBMC) for T cel proliferation
assays.

10 No proliferative response of PBMC - from recipient a - was observed when co-culture with
HLA-class H+ bone forming cells in either autologous — from donor a - or allogeneic — from
donor b - conditions (Table 2). This demonstrated that HLA-class I+ bone forming cells were
not recognized as “foreign” cells by peripheral blood mononuciear cells and therefore were
not able to elicit an allogeneic response.

15 Moreover, when stimulated by a mitogenic activator, such as PHA, PBMC were significantly
downregulated by bone-forming cells in either autologous — from donor a - or allogeneic —
from donor b- conditions. The level of immunosuppression was correlated with the initial level
of HLA class Il expression (Table 2).

Table 2: Inhibitory effects of osteoblasts on allogensic T cells proliferation (value are
20 presented % increase or decrease — number of PBMC at start set at 100%).

Bone-forming cells
MSC HLAH PBMCa PBMCa + OBb PBMCa + PHA PBMCa + PHA +
n’ OBb
3 52.8% 100% 107% 700% 425% {61%)*
1 64.2% 100% 89% 912% 500% {55%)
2 85.1% 100% 100% 640% 240% (37%)
4 87.3% 100% 104% 479% 187% (39%)

* % of PBMC-PHA levels

These effects were not modified by pre-treatment with pre-inflammatory cytokines



100% 107% 700% 425% (61%)* 64.2% 100% 89% 912% 500% (55%) 2 85.1% 100% 100% 640%
240%(37%) 4 87.3% 100% 104% 479% 187% (39%) " % of PBMC-PHA levels These effects were nat

modified by pre-treatment with pro-inflammatory cytokines
WO 2009/135914 PCT/EP2009/055559

18
Exampie 4

Antigen Preseniing Properties

The addition of a second pool of PBMC from another donor ieads to an increased proliferation
of the PBMC from the recipient suggesting a role of APC of HLA-class i+ bone-forming cells
5 {Table 3). That observation is correlated also with the expression levels of HLA class I

Table 3: Proliferative effects of bone-forming cells on T cells proliferation {from a recipient) in
presence of PBMC from another donor (value are presented % increase or decrease ~
number of PBMC at start set at 100%).

Bone-forming ceils
MSC HLA I PBMCa PBMCa + PBMCa + OBb PBMCa + PBMCa + PHA +
n° PBMCb + PBMCb PHA + OBb + PBMCb
PBMChH
8 52.8% 4,200 171% 262% 1488% 1697%
5 | 642% 3,400 238% 341% 1676% 2329%
8 75.1% 4,000 126% 327% 1450% 2225%
7 [88.4% 4,800 202% 418% 1572% 2789%
i0
Interestingly, the addition of certain specific cytokines such as 112, IL.3, L4, 1IL11, IL12 or
PBMC from the beginning of the cell culture, ieads fo an increased proliferation of the PBMC
suggeslting a role of APC of HLA-class lI+ bone forming cells {Table 4). That observation is
also correlated with the expression levels of HLA class Il
i5

Table 4: Proliferative effects of bone-forming cells on T cells proliferation {from a recipient} in
presence of IL2 {value are presented % increase or decrease — number of PBMC at start set

at 100%).
Bone-forming cells
MSC | HLA PBMCa PBMCa + IL2 | PBMCa+ OBb PBMCa + PBMCa + PHA +
n° +1l.2 PHA + L2 OBh+1IL2
11 {49.8% 100% 152% 272% 1138% 1492%
17 166.2% | 100% 207% 348% 1346% 2028%
12 |791% 100% 141% 321% 1510% 2259%

These effects were not maodified by pre-treatment with pro-inflammatory cytokines.



WO 2009/135914PCT/EP2009/055559 18 Example 4 Antigen Presenting Properties The addition of
a second pool of PBMC from another donor leads to an increased proliferation of the PBMC from the
recipient suggesting a role of APC of HLA-class 11+ bone-forming cells 5(Table 3). That observation is
correlated a6 WA t#idéxpression levels of HLA class II. Table 3: ProlifefaFF #ee85%5? bone-forming
cells on T cells proliferation (from a recipient) in presence of PBMC from another donor value are
presented % increase or decrease - number of PBMC at start set at 100%). Bone-forming cells MSC n
HLA Il PBMCa PBMCa + PBMCb PBMCa + OBb + PBMCbh PBMCa + PHA + PBMCb PBMCa + PHA
+ OBb + PBMCb 6 52.8% 4,200 171% 262% 1488%

i9

Example 5

Bone reconstructive properties

The level of cellular markers (bone and mesenchymal markers) or membrane markers were
assessad by flow cytometry (Table 1). The bone (ALP) and mesenchymal {CD105, 73, 80)
5 markers were highly expressed with levels at >65% and >95% respectively

Correlation with bone biological function was done with ALP production (ALP staining} and
the ievel of expression of the HLA class i marker (minerglization, Figure 1) suggesiing that
cells expressing high level of HLA class Il molecules are capable of a high bone
reconstructive potential.

16 ALP was expressed by most, if not all cells {in cells incubated with IFNv) {Figure 2).

Exampie 6

Human clinical efficacy data

Design of the Study and Patient Populations

A small randomized, reference-controlled, clinical trial was performed, wherein eight patients

15 with a severe condition associated with immunodeficiency or immunosuppression {i.e., stage |
or 1i osteonecrosis of the femoral head) were freated by core decompression associated with
fesional implantation of either bone-forming cells presenting APC characteristics as obtained
above (APC-OB, patients #4 {o 8) or a population of bone marrow-derived mesenchymal
stromal cells {control treatment, CTRL, patients #1 to 4).

20 In these patients, chronic immunosuppression was due to the administration of high oral

doses of corticosteroids for organ transplantation, autoimmune disease, or severe asthma.

Treatment efficacy was investigated using both clinical {(hip pain and function, as measured
using visual anaiogue scale - VAS and WOMAC™ Index, respectively) and radiclogical (X-ray
and MRI evidence of progression to fractural stages HI or 1V, according to the ARCO

25 Classification of Osteonecrosis) criteria and endpoints. Patients were systematically
evaluated and followed-up for 24 months.
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Study Results

1. Clinicat Symptoms
1.1 Pain

Overall, a decrease in pain was observed in the APC-OB treated group after 12 to 24 months
5 as compared io the CTRL group.

in the APC-OB-treated group, mean pain scores, as assessed by VAS, decreased from 45.5

(+ 23) at baseline to 16.3 (£ 14) at three months, 17.8 (= 15) at six months, 15 (= 11) at iwelve

months, 16.8 (+ 11) at eighteen months, and 7.8 {+ 12) at twenty-four months, By contrast, an

increase in mean pain scores was found in the CTRL group, from 49 ( 32) at baseline to
10 60.5  30.7) and 58.5 (£ 18) at eighteen and twenty-four months, respectively).

QOver fime, the benefits of treatment with APC-OB transliates in differences between the two
groups at twenty-four months of over 100% (see Figure 3),

1.2. Functional Scores

Similarly, in the APC-OB-treated group, mean WOMAC™ Index fell from 48 (+ 25) at baseline
15 10 17.8 {x 23) at three months, 20.5 (+ 24} at six months, 15.5 (+ 12) at fwelve months, 18 (
11) at eighteen months, and 18 (+ 8) at twenty-four months, Conversely, WOMAC™ index
deteriorated in the CTRL groups over the same time period, from 38.8 (£ 25) at haseline to

56.8 (+ 22) and 57 (£ 26) at eighteen and twenty-four months, respectively.

Over time, the benefits of treatment with APC-OR translates in differences between the two
20 groups at twenty-four months of over 100% (see Figure 4),

1.3 Radiological Progression

At 24 months, survival analysis demonstrated that 75% of bone lesions in the CTRL group
had deteriorated fo fracture against none in the APC-OB-treated group (Figure 5).

Moreover, as shown in Figure 6 Hlustrating mean radiological score evolution in the two
25 patient groups, in the CTRL group the mean radiological score deteriorated from 1.3 at
baseline to 2 at three months, 2.5 at six months, 2.8 at twelve months, and 3 at eighteen

months and twenty four months. In comparison, APC-OB-treated patients only showed a
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minimal increase In mean radiological scores, from 1.5 at baseline to 1.5, 1.8 and 1.8 at

twelve, eighieen, and twenty four months, respectively.
Conclusions

In conclusion, our data indicates that patients {(with stage | or Ui osieonecrosis of the femoral
5  head related to corticoid-induced immunosuppression) receiving treatment with bone-forming
cells presenting APC characteristics showed marked improvement of clinical and radiological

endpoints, as compared to the confrol group.
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pro-inflammatory cytokines. WO 2009/135914PCT/EP2009/055559 19 Example 5 Bone
. reconstructive properties The level of cellular markers (bone and mesenchymal markers) or
membrane markers were assessed by flow cytometry (Table 1). The bone (ALP) and mesenchymal
(CD105, 73, 90) 5markers were highly expressed with levels at >65% and >95% respectively
Correlation with bone biological function was done with ALP production (ALP staining) and the level of
expression of the HLA class Il marker (mineralization, Figure 1) suggesting that cells expressing high
level of HLA class Il molecules are capable of g fiigh bone reconstructive potential. 10ALP was
expressed by most, if not all cells (in cells incubated with IFIty) (Figure 2). Example 6 Human clinical .
efficacy data Design of the Study and Patient Populations A small randomized, reference-controlled,
clinical trial wed!¥&rformed, wherein eight patients 15 with a severe condition associated with
immunodeficiency or immunosuppression (Le., stage | or Il osteonecrosis of the femoral head) were
treated by coredetorpredsionrgsseisiftedswithitesinga hoptatitatishwioeitipbesssé@tendng cells

presenting ARG Ghatastatatiends th%ﬂﬁ%égﬁﬁe(&%@:oE&h@%ﬁi@nﬁ%#%é?@)o%?@o@éﬂéﬂon of bone
marrow-derived mesenchymal sft%a“ cells (control treatment, CTRL, patients #1 to 4). 20In these
res

patients, chfEMETRINARG: E'SB Wwas due to the administration of high oral doses of
corticosteroids for organ transplantation, autoimmune disease, or severe asthma. Treatment efficacy
was investigatta B G HCEHEr iR B ireAfFIHBE SR, SR badlpedrubm gnedaraindiogue scale -
VAS and WEAGblayl trdeis)vedme chivebi dsiidsradiological (X-ray and MRI evidence of progression to
fractural stages Il or 1V, according to the ARCO 25Classification of Osteonecrosis) criteria and
endpoints. @mﬁwmﬁﬁmw of alkaline phosphatase {(ALPY;

b} the cells comprise expression of any one or more of procollagen type 1 amino-
terminal propeptide (P1NP), osteonectin (ON), ostedpontin (OF), osteccaicin {OCN)
and bone sialoprotein (BSP);

c) the cells show evidence of ability fo mineralize the external surroundings, or

synthesize calcium-containing extracellular matrix;

_d} the cells comprise expression of HLA-I and HLA-|L.

3. Isolated bone-forming celis for use according to any of claims 1 to 2, wherein said
bone-forming cells are osteoprogenitors, ostecblasts, osfeoacyies or cell types of the

osteogenic lingage.

4. isolated bone-forming cells for use according to claims 1 to 3, wherein said bone-
forming cells are obtainable by differentiation from mesenchymal stem cells {MSC) or

bone marrow stromait cells (BMSC).

5. Isoiated bone-forming cells for use according to any of claims 1 to 4, wherein said

bone-forming cells show evidence of antigen-presenting properties.

6. Isolated bone-forming cells for use according to any of claims 1 {o 5, wherein the
bone-forming cells are of human origin and the medicament is to be employed for

autologous or allogeneic administration to human subjects.



evaluated and followed-up for 24 months. WO 2009/135914PCT/EP2009/055559 20 Study Results 1.
Clinical Symptoms 1.1 Pain  Overall, a decrease in pain was observed in the APC-OB treated group
after 12 to 24 months 5as compared to the CTRL group. In the APO-CB-treated group, mean pain
scores, as assessed by VAS, decreased from 45.5 ( 23) at baseline to 16.3 ( 14) at three months, 17.8
(15) at six months, 15 ( 11) at twelve months, 1938 (11) at eighteen months, and 7.8 ( 12) at
twenty-four months. By contrast, an increase in mean pain scores was found in the CTRL group, from
49 ( 32) at baseline to 1060.5 ( 30.7) and 58.5 ( 18) at eighteen and twenty-four months, respectively).
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respebtively. Over time, the benefits of treatment with AFC-OB translates in differences between
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the mean radiological score deteriorated from 1.3 at baseline to 2 at three months, 2.5 at six months,
2.8 at twelve months, and 3 at eighteen months and twenty four months. In comparison,
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in meanfadiplogirl saareselimdsSica frageline to 1.5, 1.8 and 1.8 at twelve, eighteen, and twenty
four months, respectively. Conclusions In conclusion, our data indicates that patients (with stage | or Il
osteonecrosis of the femoral 5 head related to corticoid-induced immunosuppression) receiving
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22 CLAIMS 1. Isolated bone-forming cells for use in treating a bone disease or condition associated
with immunodeficiency or immunosuppression, wherein the bone-forming cells comprise expression of
HLA-II. 2. Isolated bone-forming cells for use according to claim 1, wherein the bone-forming cells
display the following characteristics: a) the cells comprise expression of alkaline phosphatase (ALP);
b) the cells comprise expression of any one or marg of procollagen type 1 amino-terminal propeptide
(P1 NP), osteonectin (ON), osteopontin (OP), osteocalcin (OCN) and bone sialoprotein (BSP); c) the
cells show evidence of ability to mineralize the external surroundings, or synthesize calcium-containing

extracellular maltrix; HF#R Eeiftebrrprdeigsnésion BreHrafarya chnedicagsmlii bone-forming
cells for use accordirg:ttirany ofradalissictor2onmtigoeinssaichenesfoimingcalsasacgsieoprogenitors,

osteobasts osteocyes o 6yl LR rsieaReIISIneRs, 2.Isalaied bontforming ols oruse

according to claims 1 to 3, wherein said bone-forming cells are obtain erentiation from
mesenchymal stem J&@”UMSC) or bone marrow stromal cells (BMSC). 5. Isolated bone-forming cells
for use according to any of claims 1 to 4, wherein said bone-forming cells show evidence of

antigen-presenting prﬁ%e&g'g%. S glggpf?ﬁf%mgi for L ording. to, any of claims 1 to 5,
wherein the bone-forming,cellg gre o%eﬁjmén origin'an tﬂegs%c%%@?ﬁeﬁ?ﬁ%%sépg%%ﬁ%yed for
autologous or alloge e 4apfiRRBHEERIES human subjects. 23 7. Isolated bone-forming cells for use

according to any of claintekétsGompersingahonefdiraase shoepnaitionassgciated with

immunodeficiency or] EAUNQASURR .8 )Q s is, osteqnecrosis, psteopenia, bone fragility,
bone necrosis, bone t1§|§2(:ture ?or mﬁ%ra%té?%s%?o%%%eg i%sl%l?%sqlrsfngrr 8?&%%1%% 5&%‘? 8. A

pharmaceutical composRBiedrHpiiaiREBitefomihGTenseaia (Obrb astrarenttd§Fytokine, for
simultaneous, sequentiadoiesepardCisendtteatngdpengrdisease or condition associated with

immunodeficiency or | Y REES 10N, harmaceutical composition for use according to
claim 8, wherein the gqne-f%(r%rﬁn%gggceI%?(c%?%gr%é@f#gj&’gn%iﬁﬁﬁéﬁ@& E]?hséjrf) i thsceutical
composition for use accSFNY SR RBIRRSIBI0NY axifrGelIHIrepidtinflammatory cytokine is IFNy,

TNFa, IL-1j3, IL-17 og)L#8celd bbbl eikinetaiod barieaforningLeells in the manufacture of
medicament for treating a bone disease or condition associated with immunodeficiency or
immunosuppression, wherein the bone-forming cells comprise expression of HLA-II. 12.The use
according to claim 11T ARNERATIRIE BB e Aoy RlitiEetd trspldywhersbl sdithbcesdractas swdis:

are osteoprogenitors, osteoblasts, osteocytes or cell types of the ostecgenic

fineage.

14, The use according to any of claims 11 o 13, wherein said bone-forming cells
arg obtainable by differentiation from mesenchymal stem cells {MSC) or bone

marrow stromal cells (BMSC).

15. The use according to any one of claims 11 to 14, wherein said bone-forming

celis show evidence of antigen-presenting properties.

16. The use according to any one of claims 11 to 15, wherein the bone-forming
cells are of human origin and the medicament is to be employed for

autologous or allogeneic administration to human subjects.

17. The use according to any of claims 11 to 16, wherein said bone disease or
condition associated with immunodeficiency or immunosuppression is
osteoporosis, osteonecrosis, osteopenia, bone fragility, bone necrosis, bone

fracture (or microfractures}), bone sclerosis, or bone osteolysis.



a) the cells comprise expression of alkaline phosphatase (ALP); b) the cells comprise expression of
any one or more procollagen type 1 amino-terminal peptide (P1NP), osteonectin (ON), osteopontin
(OP), osteocalcin (OCN) and bone sialoprotein (BSP); c) the cells show evidence of ability to
mineralize the external surroundings, or synthesizecalcium-containing extracellular matrix; d) the cells
comprise expression of HLA-I and HLA-II. 13.Thexgse according to any of claims 11 or 12, wherein
said bone-forming cells are osteoprogenitors, osteoblasts, osteocytes or cell types of the osteogenic
lineage. 14.The use according to any of claims 11 to 13, wherein said bone-forming cells are
obtainable by differentiation from mesenchymal stem cells (MSC) or bone marrow stromal cells
(BMSC). 15.Thé. uselé&ecoidipgatmanguting of olzisidn b Ldon idsimhisseinfsardnbaresforming cells show
evidence of antigen-pesenlingRIPPATESHEX RS USSAGCOIIAg R AN ps Bl flaims 11 to 15,

wherein the bone-forming cells are of human origin and the medicament is to be employed for

autologous or alloge AETOERHNEE MRS FRIITERCY 5 BUIRINCEHAREST S0 A KRRERERE any of claims 11
to 16, wherein said bamepdiséastitdhaondiiponcss sociatesthwitoinoptnede ficie Rty ein the
immunosuppression | rQsi IS, ia, b i rosis, bone
fracture (or microfrac%ﬁﬁsg;as,glﬁ)gngiﬁ%%Zgggﬂﬁé%%érisggt}gg@eﬁg%%&é@%‘%g@gﬁgﬁ%ﬁ%@ﬁcaI
composition comprising bone-forming cells in the manufacture of a medicament for treating a bone
disease or condition dseaciatectwitminrumodeSjciéreyrotatuneosupiessiobowhein the
composition further @a@ggg@orpr@[i)gﬂ@mmatory cytokine, and wherein the composition is to be
administered simultaneously, sequentially or separately. 19. The use according to claim 18, wherein
the bone-forming cells comprise expression of HLA-II. 20. The use according to any of claims 18 or 19,
wherein the przginflammatergaytokigeds HyNy clENfsa ol 79beddn the pro-inflammatory

cytokine is IFNy, TNFa, IL-1B, IL-17 or IL-18.



