I dentification and isolation of multipotent cells from nonosteochondr al
mesenchymal tissue Field of the invention The present invention relates to
i sol at ed wol2nequotent adult cells which are isol ated frorcmeErz@sesehondr al
mesenchymal tissue and are characterized by the presence and absence of a
set of cell surface markers. The invention also relates to a nethod for
identifying and isolating a population of said cells, as well as to the
appl i cati ons t her ddentifieatien amdl isolation pé midtippienteelisofrom paAr naceut i cal

conposition for the repair d regeneration of tissues. Background of the
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research into stemcells and their applications is still inits early
stages, adult stemcells in bone marrow have been used in transplants for
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mechani sns | npl i cate he pro Ion an ferentiation of stem
cells is of great value in the process of searching for and characterizing
new genes ianv | ved i,n ﬁn\g'de r nae of bi ol ogi cal processes, including cell
devel opmen rQHPATE IBVEBHO9 g neopl astic processes (Phillips et a\.,
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stem Cellsl themselves and differentiate into one or more cell type. Although research into
stem cells and their applications is still in its early stages, adult stem cells in
bone marrow have been used in transplants for more than 30 vyears.
Nevertheless, in recent years, stem cell technology has made large advances
such that stem cells are currently considered as a promising source of tissue
20 and organs, with an important therapeutic potential for repair and regeneration

of tissues.

The use of stem cells is an alternative therapy for several human
diseases, particularly those in which there is a loss of functional cells, including
chondral, bone and muscular lesions, neurodegenerative diseases,

25 immunologic rejection, heart disease and skin disorders (see U.S. patent
numbers US 5,811,094, US 5,958,767, US 6,328,960, US 6,379,953, US
6,497,875).
In addition to cell therapy applications, stem cells have potential
applications in the research and development of new drugs. On the one hand,
30 the study of mechanisms implicated in the proliferation and differentiation of
stem cells is of great value in the process of searching for and characterizing
new genes involved in a wide range of biological processes, including cell

development and differentiation and neoplastic processes (Phillips et al., 2000;
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technol ogy all ows specialized cells to be generated and the devel opnent of
cell nodels for human and ani mal diseases, in which the efficacy and

t oxi ci ty wb 20@m32@bi ve i ngredi ents can be determ ned i nPCmEPROSOIISHI cal
phase (U.S. 6,294,346). An adult somatic stemcell is an undifferentiated
cell which is found in differentiated tidsue and which has the capacity to
proliferate and differentiate into one or nore cell types. Adult stemcells
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such as characteristic morphology, interactions with other cells and with the

extracellular matrix, cell surface proteins (surface markers) and characteristic
functions.

20 Different populations of adult stem cells capable to contribute to the
repair of different tissues have been described. Among these populations, those
of mesodermic origin are of particular interest because they offer the theoretical
possibility of regenerating a large number of clinically very relevant connective
tissues such as bone, cartilage, tendons, skeletal muscle, heart muscle,

25 vascular endothelium, sub-dermal fat and bone marrow stroma. The first cell
population of this type isolated was the so-called mesenchymal stem cells
(MSC), which are found in bone marrow stroma (Friedenstein et al., 1976;
Caplan et al., 1991; Pittenger et al., 1999). These cells have been extensively
characterized and studies performed with these cells have shown that they can

30 differentiate into different mesenchymal cell lines such as adipocytes (Beresford
et al., 1992), chondrocytes (Johnstone et al., 1998), myoblasts (Wakitani et al.,
1995) and osteoblasts (Haynesworth et al., 1992). Likewise, they also have the

capacity to differentiate into neurons (Sanchez-Ramos et al., 2000).



1995) and osteobl asts (Haynesworth et ai, 1992). Likew se, they al so have
the capacity to differentiate into neurons (Sanchez-Ranps et ai, 2000). The
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state of thisaes ,derm/edsfrmtthe embryonic mesoderm has been reported by several

authors. For example, it has been reported that multipotent cells can be

obtained from skeletal muscle and other connective tissue of mammals (Young

20 etal 1993, Rogers et al. 1995). Multipotent cells have also been obtained from

human lipoaspirated tissue (Zuk et al., 2001). Another example of multipotent

cells isolated from adult connective tissue is the so-called Multipotent Adult

Progenitor Cells (MAPC) obtained from bone marrow (Jiang et al., 2002). In

principle, all these isolated cell populations could be used in the repair and

25 regeneration of connective tissue in a similar fashion to the MSC of bone

marrow (Caplan et al., 2001). However, except for MAPC, none of these

populations has been, until present, sufficiently characterized at the phenotype

level. Therefore, although the presence of multipotent adult cells has been

described in different connective tissues, in the current state of the art, it is not

30 possible to identify and unequivocally distinguish between different multipotent

cell types obtained from soft tissue, or to obtain a substantially pure population.
Currently, phenotype characterization of stem cells comprises

determination of markers such as cell surface receptors, among others; and the



possible to identify and unequi vocally distingui sh between different
mul tipotent cell types obtained fromsoft tissue, or to obtain a
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nul ti pot ent optidrhprefhibsd &l aifestehfiatdd cell types. The uncertainty about which
markers are associated with the stem cells to allow them to be distinguished
from those cells that show a greater degree of differentiation, along with the low
20 percentage of stem cells present in adult cells, has made it difficult to identify
and purify populations of multipotent adult mesenchymal cells.

A significant disadvantage in using multipotent adult cells resides in the
fact that most of the current sources for obtaining multipotent adult cells are
contaminated with other cell types, complicating the process of identification,

25 isolation and characterization of the populations of multipotent adult cells with
the objective of using them for therapeutic or other ends. Thus, there is an
interest in obtaining a population of multipotent adult cells isolated in a
substantially pure form.

The characterization of a multipotent adult cell population from non-

30 osteochondral mesenchymal tissue will allow a method for identification and
isolation to be designed, as well as the identification of growth factors
associated with self-regeneration. Moreover, there may be growth factors

associated with the initial phases of differentiation, knowledge of which would



substantially pure form The characterization of a nmultipotent adult cell
popul ati on from nonost eochondral nesenchymal tissue will allow a nethod for
i dent i fi owDi20065/8M6491 sol ation to be designed, as well aspCh&rPeasotosii cati on
of growth factors associated with self-regeneration. Mreover, there nay be
grow h factors associated with the initisal phases of differentiation,

know edge of which woul dall ow nore efficient in vivo and ex vivo
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non- ost éopl‘ﬁﬂr’i?ftegl aquggﬂ@qiﬁ%ed?q%m?@,nsdﬁdmp%ﬁpo p&mﬁ.rs&resent on
characteri ghé gell STMACHR HONING thePARIpDler® HadWfelg a conposition of
substantially honbgeneous nmultipotent stemcell markers to be obtai ned.
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CD13<+>, CD29<+>, CD44<+>, CD49a<+>, CDbBl<+>, CDb4<+>, CD55<+> CD58<+>,
CD59<+510 CImpWROPAGAOLIDE05 arketsnd allowingcka espnessition opf csHbstenially cor

5, CD1 6, : {F%Q (RO6 and CD133. The
mul ti pot en%ﬁ%n%?ggl@%éﬁeﬁg%ﬁgﬁ | ong%rrsggibrﬁoé‘?tﬁe capacity to

proliferate and to be differentiated into different cell lineages. In a
particul ar enbodi nent, the multipotent adult cells of the invention can be
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i sol ated cell population that conprises, or consists of, the nmultipotent

adul t cil | heodintfier referad itoms tha rultipotent adult cell of the invention, which (a) is
isolated from non-osteochondral mesenchymal tissue; (b) expresses CD9<+>,
CD10<+>, CD13<+>, CD29<+>, CD44<+> CD49a<+>, CD51<+>, CD54<+>,
CD55<+>, CD58<+>, CD59<+>, CD90<+> and CD105<+>; and (c) lacks
expression of CD11b, CD14, CD15, CD16, CD31, CD34, CD45, CD49f, CD102,

20 CD104, CD106 and CD133. The multipotent adult cells of the invention present
the capacity to proliferate and to be differentiated into different cell lineages. In
a particular embodiment, the multipotent adult cells of the invention can be
differentiated into bone phenotype cells, muscle phenotype cells and neuronal
phenotype cells.

25 In another aspect, the invention relates to an isolated cell population that
comprises, or consists of, the multipotent adult cells of the invention. In an
embodiment, said cell population is nearly, i.e., substantially, homogeneous.

In another aspect, the invention relates to a substantially homogeneous
cell composition which comprises a multipotent adult cell of the invention or a

30 cell population of multipotent adult cells of the invention.

In another aspect, the invention relates to a cell that expresses at least
one characteristic of a specialized cell, wherein the cell is derived from an

isolated multipotent adult cell of the invention. In an embodiment, the invention



enbodi nent, said cell population is nearly, i.e., substantially,
honogeneous. | n another aspect, the invention relates to a substantially
honogeneowe 20@l/d37&9nposi t i on whi ch conprises a mul ti pot ect/ERdeosoiasel | of
the invention or a cell population of multipotent adult cells of the

i nvention. In another aspect, the invengion relates to a cell that
expresses at | east one characteristic of a specialized cell, wherein the
cell is derélsied tbracehthatsatmeesbsnal leapooeatchatdieriste 6f afspebielized eall,i on.
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isolated nultipotent adult cells of the invention, constitutes a further

aspect of télk wherein itle cella aia alervedafspcisolated multieptend adul| celleoft hea

met hod for. obtainin ed nmul t ent ult cells of the invention
whi ch conpmvgg 0”’a3&‘éhP%%%%?qH§F‘%r%%R?‘%Bf C'HX?@?J] mesenchymal tissue; b)
obtaining a cel |n sHeRRMSASPRABYIHRNFYERtGE rdia@ns td @Nmeathod g6f BBRfiGhg et he
cells and resuspending the cells in an appropriate culture nmedium and d)

cul turilfg tsetatedmytipeiaat éqimlhp@lkewfﬁbe@yqnilOﬂwm‘cB §OWAi§e8dhesi on. The cells
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of the multi én € I nven e., they (a) have been

i sol at ed frorb)nobtamh@@odfmlrtdfs@bnmeaeim)maiattddageﬁlor(,b) are positive to the
foll ow ng markers: CD1 13, CD29, CD44, CD51 CD54, CD55,
CD58, CD59, @zgée%imfr@ﬁmsth%rf@ £cINd ARRUSPERAIGS o Q?I”St'ﬁea'? FARREAPTRfe
markers: CD1 1b : 16, CD31 , CD34, CD45, CD49f, CD102, CD104,
CD106 and CDlSSCUIg?égS%(?}tQﬁgr? 9sDal d cells present the capaci ty to
prolifdsate ahdculturbey thiefdedseand ahmmatmg@edismmrﬁmw n@ladhbsmeages In a

preferred enbOdjT e céllstggtapnoe% 8rs1(5 iSO af)ndggéor g ch%raalmethgg contain the
characteristics of the multipotent adult cells of the invention, i.e., they (a) have
been isolated from non-osteochondral mesenchymal tissue; (b) are positive to
the following markers: CD9, CD10, CD13, CD29, CD44, CD49A, CD51, CD54,
20 CD55, CD58, CD59, CD90 and CD105; and (c) lack expression of the following
markers: CD11b, CD14, CD15, CD16, CD31, CD34, CD45, CD49f, CD102,
CD104, CD106 and CD133. In addition, said cells present the capacity to
proliferate and to be differentiated into different cell lineages.
In a preferred embodiment, the non-osteochondral mesenchymal tissue
25 is a connective tissue, preferably adipose tissue. In a still another preferred
embodiment, the multipotent adult cells of the invention can be genetically
modified.
In another aspect, the invention relates to a method for identifying a
population of multipotent adult cells, wherein said population comprises, or
30 consists of, isolated multipotent adult cells of the invention, the method
comprising:
(a) incubating the cells with labelled specific binding compounds for one

or more characteristic markers for said population; and



I's a connective tissue, preferably adipose tissue. In a still another
preferred enbodinent, the nmultipotent adult cells of the invention can be
genet i calwg 20wdi3fé4ed. | n anot her aspect, the invention preratreasoosal met hod
for identifying a population of nmultipotent adult cells, wherein said

popul ati on conprises, or consists of, isblated nultipotent adult cells of
the invention, the nmethod conprising: (a) incubating the cells with
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fromthe group consisting of CD1 1b, CD14, CDl1 5, CDl1 6, CD31 , CD34, CD45,
CD49f, CD102, (@édctirgiho6e aatls GRitIBivarthe exofile dédxprsdion cfubsdguent
positive selectign, whereby cells that bi_gd tn? | abel | ed conpo%mds t hat bind
specifically to Therdirreencsa e @hsgnee of said surface markers characterizes said

cells, thus, being characteristic for said cell population. Cells that have the
15 profile of expression of characteristic markers of the multipotent adult cells of
the invention are finally selected.

In a preferred embodiment, said method of isolation consists of
performing a negative selection, whereby cells that show binding to labelled
compounds that bind specifically to a marker selected from the group consisting

20 of CD11b, CD14, CD15, CD16, CD31, CD34, CD45, CD49f, CD102, CD104,
CD106 and CD133 are excluded, and a subsequent positive selection, whereby
cells that bind to labelled compounds that bind specifically to a marker selected
from the group consisting of CD9, CD10, CD13, CD29, CD44, CD49a, CD51,
CD54, CD55, CD58, CD59, CD90 and CD105 are selected. Preferably, the

25 labelled compound of specific binding is an antibody.

In another aspect, the invention relates to a multipotent adult cell of the
invention, or a population of multipotent adult cells of the invention, for
therapeutic use, e.g., for use as a medicament. In an embodiment, the invention
relates to a multipotent adult cell of the invention, or to a population of

30 multipotent adult cells of the invention for use in the repair and regeneration of
tissues.

Thus, in another aspect, the invention relates to a pharmaceutical

composition that comprises a multipotent adult cell of the invention, or a



fromthe group consisting of CD9, CD10, CD13, CD29, CD44, CD49a, CD51 ,
CD54, CD55, CD58, CD59, CD90 and CD105 are selected. Preferably, the

| abel | ed worpaunsds4of specific binding is an anti body. | rCamPRIvSHOIBIPECt,
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net hod ¥or ﬂa@:e@éslmgan emaodimest $aid vingrRasltic methrmhde fob tigsye olepgitcal or
phar macol og, é%ef%ﬂ or to a conbinatorial library of said agents, which
conpri ses: % 'S0 atl ng a cell population of nultipotent adult cells of
the invention, JWhesreithert bspedt| kise :mi\&;ntlear Irglatmhgen&mﬂsod fdr) assgssindj y t he
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cell PoPul AbhfiinaiRel AFERAS! L bBEnR! m%rﬁc&hpﬁew agents on the cul tured
15 (a) isolating a cell population of multipotent adult cells of the invention,
wherein the cells are nearly homogeneous,
(b)  expanding the cell population via culturing;
(c) applying a biological agent or a pharmacological agent or a
combinatorial library of said agents to said cell population, and
20 assessing the effects of said agents on the cultured cells.

In an embodiment, the population of multipotent adult cells of the
invention of step (a) is isolated from an individual or from a statistically significant
population thereof. In other embodiment, the cells of the cell population of
multipotent adult cells of the invention of step (a) are nearly, i.e., substantially,

25 homogeneous. In another embodiment, prior to step (c), the cells are allowed to

differentiate into a specific type of cells.

Brief description of the figures
Figures 1a-1d show histograms of fluorescence immunocytometry
30 corresponding to the profile of surface markers obtained from cells isolated from
liposuction samples of a healthy donor. The results show the evolution over
time of the markers studied in the cell cultures, indicating in each case the

particular time period to which the analyzed cells belong. Figure 1a shows the



In an enbodi ment, the population of multipotent adult cells of the

i nvention of step (a) is isolated froman individual or froma

st ati sti cabl2goegisgeavf i cant popul ati on thereof. I n other eciha®eensniosit he
cells of the cell population of nultipotent adult cells of the invention of
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period to which the analyzed cells belong. Figure 2a shows the expression
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| i ng. Fi h . | i .
cul turt ng haterS ahP8n T SHRBREPEGRR, 28 sRRvERNE IS oSS ffer
cul turing. FinggkesoBeulBdirshamnd thigurei 8¢ agioavss thef ekpressiescenomrkers after 3
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cultures, indicatfng 1n each case the particular time period to which the
anal yzets caldreedpeindivg toRhgrefildaf shdase nharkergpoletaiiedrirarh aslls ksiateddrdbay 0.
Figure 3b Shfg)%vs\ﬁc’gigne ng prleess?rio%na%irﬁregﬁhs/ ddhor. The results show the evolution
over time of the markers studied in the cell cultures, indicating in each case the
particular time period to which the analyzed cells belong. Figure 3a shows the
expression of markers on Day 0. Figure 3b shows the expression of markers on
20 Day 7 of culturing. Figure 3c shows the expression of markers after 4 weeks of
culturing and Figure 3d shows the expression of markers after 3 months of
culturing.
Figures 4a-4d show microphotographs of cells incubated in osteogenic
medium for 3 weeks. Figure 4a shows mesenchymal stem cells from human
25 bone marrow (positive control). Figure 4b shows the cells of the invention,
multipotent adult cells from non-osteochondral mesenchymal tissue, incubated
in osteogenic medium for the first week. Figure 4c shows the multipotent adult
cells of the invention, incubated in osteogenic medium for the second week.
Figure 4d shows the multipotent adult cells of the invention, incubated in

30 osteogenic medium during the third week.

Detailed description of the invention

With the objective of designing an identification and isolation method
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i nvention, multipotent adult cells from non-osteochondral nmesenchymal
tissue, incebkiéd phiaringoyetsfioedeuinuatiosr of heulfipetent wdel. cafls fivre B@Nshows

the nultipotent adult cells of the inventdiaoqn, JRC t AN '

medi um f or OF%QCE%‘EW& MEKIChYR| sy gﬁ% 'S?‘H%gmlﬂ}ﬁ)?ip&b%tné)mp%aéﬁﬁgg%é[ﬁ/l s of
the invent iQihted NAHREH GHebeh @RN RIS CoTBMedNTrdhy s0Ig-def®ial @H(rj[iibs\.ée@@ue

Det ai l ed description of the invention Wth the objective of designing an

i dent i fi cawasranafyzadsandcaisonthese eddtipresisurfase BBtKERIWRP Studisd; giging the

[ Ssue. ¢ sareanyiad (B8 Gyl Wiy op et ST hRRERGEREL R, AforRAERG e

mesenchymalyifegbhtscedtinaiaged. from sub-dermal adi pose tissue was anal yzed and
al so the evolution of surface nmarkers was studied duri nﬁ@;he expanﬁsi on of
the cells in viFiretly.2xpiessionsl enegriescalpatface markels arefenadult Follp o

different cell, l] . Fi: I ; ' ' rkers
on 1 he adurtbastigr PAERse WS Yoo ARETBUYY BonorBhicR AheRidBThol
cytonmet ry wheghtlgasolataseand rmészeduliyg iisotaveldpaedt af dwe dultunegntuiteo.dée eloopnent

of the culture In vitro. To do this, a series of gorm_glnlﬁfus,(ed ma]{kers wer e
used t d0 d#Hsi #ysesiegRiceaMEIOnks USRS ImarkefsoWerz Mgt dpi 1Nty FieMefelisarasy
cells, inc i b QA OinNS hedd - ,
crovth 1 ot d¥tottiaraBlerizb Bitetnlidion! dHISOTCRRINGBIRAGPRIRE fo: TGRS,
The char acheniatapoietic omankersj potosvih &ahidt reekptors r and n@xtraselbtamnhondirkd

mesenchymal tissue a of determ ning their inmunophenotype profile
allows to (ﬁ%‘fqpﬁ‘érss(ﬁé"gﬁ%ﬂﬁation in terms of the presence or absence of a
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i dentified using specific antibodies, constituting a valuable tool that

al | ows 1% inEsenchymehdéissue by means of determining their immunophenotype profile
allows to define said population in terms of the presence or absence of a certain
set of surface markers. These markers are epitopes that can be identified using
specific antibodies, constituting a valuable tool that allows to identify the
population, as well as to design a strategy for isolation or purification thereof.

20 Subsequently, once characterized, the isolated cells were subjected to
differentiation assays with the objective of showing their multipotent nature. To
do this, the isolated and characterized cells were induced to in vitro differentiate
into cells that express at least one characteristic of a specialized cell. The
methods that can be used to induce differentiation of the multipotent adult cells

25 of the present invention into different specific cell types are known by those
skilled in the art and some of them are explained in detail in Examples 2, 3 and
4, which show in vitro differentiation of the multipotent adult cells of the
invention into bone phenotype cells, muscle phenotype cells and neuronal
phenotype cells, respectively.

30 Therefore, in an aspect, the invention relates to an isolated multipotent
adult cell, hereinafter referred to as the multipotent adult cell of the invention,
which (a) is isolated from non-osteochondral mesenchymal tissue; (b)
expresses CD9<+>, CD10<+> CD13<+>, CD29<+>, CD44<+>, CD49a<+>,



popul ation, as well as to design a strategy for isolation or purification
t hereof. Subsequently, once characterized, the isolated cells were
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CDhl1 5, CD1 6, CD31 , CD34, CD45, CD49f, CD1 02, CD104, CD106 and CDl1 33. An
i sol ated cel |l pophe ahubipotérdt adolbpodlisesf the twestien saref jsaldtednfrbm pmrent

adult cells of the jnvention constitutes a fuyrther, aspegt of the, present
"nventi on. OHeRCHRINRL I BPSEREOARHentISSUs o dBPI gBRUI at MBROPLEHERAL

I.e., S&'@“&%&éﬁér}waﬂ%&e@?@@%@ to BNScBUhémRRA s B0sther @Rl Eaffadd@nd
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The multipotent adult cells of the invention tan be obtained from any
suitable source of non-osteochondral mesenchymal tissue from any suitable
animal, including human beings. In general, said cells are obtained from non-
pathological post-natal mammalian non-osteochondral mesenchymal tissues. In

20 a preferred embodiment, the multipotent adult cells of the invention are obtained
from a source of non-osteochondral mesenchymal tissue, such as sub-dermal
adipose tissue. Also, in a particular embodiment, the multipotent adult cells of
the invention are isolated from a mammal, e.g., a rodent, primate, etc.,

preferably, from a human being.

25 The multipotent adult cells of the invention are also characterized by the
presence and absence of a set of markers, namely, said cells are characterized
in that they (i) are positive for some markers [CD9<+>, CD10<+>, CD13<+>,
CD29<+>, CD44<+>, CD49a<+>, CD51<+>, CD54<+>, CD55<+>, CD58<+>,
CD59<+>, CD90<+> and CD105<+>], and (ii) are negative for some markers

30 [CD11b, CD14, CD15, CD16, CD31, CD34, CD45, CD49f, CD102, CD104,
CD106 and CD133]. ‘

The phenotype characterization of the multipotent adult cells of the
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(immunophenotype characterization) may be direct, using a labelled antibody,
or indirect, using a second labelled antibody against the primary specific
antibody of the cell marker, thus achieving signal amplification.

On the other hand, the presence or absence of binding of the antibody

20 may be determined by different methods that include but are not limited to
immunofluorescence microscopy and radiography. Similarly, it is possible to
carry out the monitoring of the levels of binding of the antibody by flow
cytometry, a technique that allows the levels of fluorochrome to be correlated
with the quantity of antigens present on the cell surface bound specifically to the

25 labelled antibodies.

In the assay of identification and isolation, the cell population comes into
contact with a specific reagent, labelled or not, depending on whether the assay
is performed by a direct or indirect detection method, respectively. The term
"specific reagent” refers to a member of a specific binding pair; members of a

30 specific binding pair, include but are not limited to, binding pairs of antigens and
antibodies, pairs comprising MHC antigens and T-cell receptors,
complementary nucleotide sequences, as well as pairs of peptide ligands and

their receptor. The specific binding pairs include analogues, fragments and



(i mmunophenot ype characterization) may be direct, using a | abelled

anti body, or indirect, using a second | abelled anti body agai nst the primary
speci fi c wotzndwadye4of the cell marker, thus achieving si goalEpasnsloidsicati on.
On the other hand, the presence or absence of binding of the antibody may
be determ ned by different nethods that13nclude but are not limted to

i mmunof | uor escence mcroscopy and radi ography. Simlarly, it is possible to
carry out téevativestadithagpetific neerhbertdfsthefbimdingipay. of the anti body by fl ow

tometry, at i hat_ al | the |evels of. fl h

cor v el at &4 vi t h RS g NpOYES R resarets vty Ay 318 eafFoet Fr8fstoound

speci fi cal *r%ﬁﬁt obli& drﬁ@ﬁ%é&ﬁh@r%ha%hgﬁanﬁﬁbdié'@ms§étxévtaifent geany brgiatihon and
C

i
i sol ation, el I popul’ation cones into contact with a specific reagent,
| abel | ed oskihed petteperinlithg arh Wwhexpriimenis efsidlgptifieatipsr eopaparalgn Pfdeelect or

i ndi rect. detecti.on thod, respectiyv . : "specifi Jefers
to a menpbePOBfa O@%&E?fqr&'bejﬁﬁiq{‘at‘%ﬂeﬁ ﬁéﬂ@é# g[@%} ggdégééitégﬁig%msneg pair,
i ncl ude bulnchid Bt atd Abt RAiteE to:binaghstic paticlefbicit hgemaorsuthrames ihdi es,
pairs conprising MHC antigens and T-cell receptors, conplenentary

nucl eot i dewileglemddentifipatiaalar wap%nqrs%thep@@[) here 1o whissthgrantibegy has

receptor. The spegifig. blndi i S | 0, .

anddor  vat PGRTof ikhefor eRithPE. AsBeaR BRanga Ry Racr et the
ant i bodi es nagtigRagerdultvicklls adff thd tisverstionf byafibivc eymétnt eliesis. different
production of ;(%eci fic nmonocl onal anti bo%i es wll be evi denﬁ to ar%%
or di narly sRrnfibediepdakelied with Hisiogghromesdigk enieat difisrentuavsIengtls '8 Psr
separ at | on,,gh Giehle BARMY ArhBiS ThECH MIPLEHIEAD iid IRPShAH: plofle bttt
purpose, nmarkers that are uSed 1nclude but are not Iimted to: nmagnetic
parti cl es, pbpoalstiondod tHdasosurtivecomeskarsass widll aalcaow dulenseparation dor tre
separation of the cell type to which the anti body has bound. Thus, for
exanpl e, t A8t ABRKETS UsPUt he cel | popul ation conprising the multipotent

adult cells of the INeaHbOB e hbOWARYRS FRit Presbhone sHenbeirnsr mkdrebpdi es

| abel l ed with fluorochrones that emt at different wavel engths to be used
in the iSameas dmplcarrischusit byt affigitp eepiabation tedhniguasheviipe dnelide gnagnec of

the popul aLion toh WASSS Al AECpRCKR' Boaldd Wih! sARifiAbhHb QU SHARRS 8t 1 on

chromatography, cytotoxic agents bound to monoclonal antibodies or used

along with monoclonal antibodies and panning with the antibody attached to a

solid support, as well as by other techniques that are appropriate. A more

20 precise separation would be obtained by flow cytometry, a technique that allows

the separation of cell populations according to the intensity of staining, along
with other parameters such as cell size and cell complexity.

The multipotent adult celis of the invention present the capacity to

proliferate and to be differentiated into different cell lineages. lllustrative, non-

25 limitative examples of cell lineages in which the multipotent adult cells of the

invention can be differentiated include, e.g., bone phenotype cells, muscle

phenotype cells and neuronal phenotype cells.

The multipotent adult cells of the invention can proliferate and
differentiate into cells of other lineages by conventional methods. Methods of

30 identifying and subsequently isolating differentiated cells from their
undifferentiated counterparts can be also carried out by methods well known in

the art.
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mul tipotent adult cells of the invention can be naintained and allowed to
prol i f erdt e sexuri (BS) readiusenie el uefal strth seednuthE®hpreweern £alf SHfpl e,
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within the s&bbit sefurnneati serune (RSY), tr. naido ity i contethulateel, o thee multpatens of
medi a and/ or nedi a suppl enents as necessary for the cells use often
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(CS), fetal ca rum ( orn calf serum , goat serum (GS),
hor se serumtiidSerapanchabestinactivatedet 5eb8iq ifrddsmed secessary 40 isastivaig RS) ,
etc. Alsoi tcohnspo%%msegP {haet ce:gfnpilémén ecans%le;fjiep R/}o%mation of serum concentrations,
withdrawal of serum from the culture medium can also be used to promote
survival of one or more desired cell types. Preferably, multipotent adult cells of
the invention will benefit from FBS concentrations of about 2% to about 25%. In
20 another embodiment, the multipotent adult cells of the invention can be
expanded in a culture medium of definite composition, in which the serum is
replaced by a combination of serum albumin, serum transferrin, selenium, and
recombinant proteins including but not limited to: insulin, platelet-derived growth

factor (PDGF), and basic fibroblast growth factor (bFGF).

25 Many cell culture media already contain amino acids; however some
require supplementation prior to culturing cells. Such amino acids include, but
are not limited to, L-alanine, L- arginine, L-aspartic acid, L-asparagine, L-

cysteine, L-cystine, L-glutamic acid, L-glutamine, L-glycine, and the like.

Antimicrobial agents are also typically used in cell culture to mitigate
30 bacterial, mycoplasmal, and fungal contamination. Typically, antibiotics or anti-
mycotic compounds used are mixtures of penicillin/streptomycin, but can also

include, but are not limited to amphotericin (Fungizone®), ampicillin,



adult cells of the invention are of human origin, supplenentation of cell
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b- estradl ol ocortisone, |nsu in, prolactin, progesterone,
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In another aspect, the invention relates to a method for obtaining the
isolated multipotent adult cells of the invention which comprises:
a) collecting a non-osteochondral mesenchymal tissue;
20 b) obtaining a cell suspension by enzymatic digestion;
c) sedimentating the cells and resuspending the cells in an appropriate
culture medium; and
d) culturing the cells in a solid surface, and eliminating cells that show no
adhesion to said solid surface.
25 The cells obtained according to said method contain the characteristics

of the multipotent adult cells of the invention.

As used herein, the term “solid surface” refers to any material that allow
the multipotent adult cells of the invention to adhere. In a particular embodiment
said material is a plastic material treated to promote the adhesion of

30 mammalian cells to its surface.
Steps a)-d) can be carried out by conventional techniques known by

those skilied in the art. Briefly, the multipotent adult cells of the invention can be



The multipotent adult cells of the invention can be transfected or
genetically engineered to express, at |east, one polypeptide of interest.

I n an enbwoizoeni37e4bhe pol ypepti de of interest is a prodect/rragalolesipf
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mesenchy malerhbs@ikferit) 918 mjtippuentadd @t aslisrer the ikendbnarburan menagsube. g. ,
from human adi pose_ tissue. The animal can be alive or dead, so |long as
nonost et hsiedmal agiessadispraobiained By dePpdctiit hi n t he ani nal are vi abl e.
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15 settle, a step that removes loose matter (e.g., damaged tissue, blood,
erythrocytes, etc) from the tissue. Thus, the washing and settling steps
generally are repeated until the supernatant is relatively clear of debris. The
remaining cells generally will be present in lumps of various sizes, and the
protocol proceeds using steps gauged to degrade the gross structure while
20 minimizing damage to the cells themselves. One method of achieving this end
is to treat the washed lumps of cells with an enzyme that weakens or destroys
bonds between cells (e.g., collagenase, dispase, trypsin, etc.). The amount and
duration of such enzymatic treatment will vary, depending on the conditions
employed, but the use of such enzymes is generally known in the art.
25 Alternatively or in conjunction with such enzymatic treatment, the lumps of cells
can be degraded using other treatments, such as mechanical agitation, sonic
energy, thermal energy, etc. If degradation is accomplished by enzymatic
methods, it is desirable to neutralize the enzyme following a suitable period, to

minimize deleterious effects on the cells.

30 The degradation step typically produces a slurry or suspension of
aggregated cells and a fluid fraction containing generally free stromal cells (e.g.,
red blood cells, smooth muscle cells, endothelial cells, fibroblast cells, and stem

cells). The next stage in the separation process is to separate the aggregated



The sanpl e of non-osteochondral nesenchynmal tissue is, preferably, washed
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solution (e.g., phosphate buffered saline (PBS)) and then vigorously
agitated and left to settle, a step thatl7enoves | oose matter (e.g.,
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typi Calllral produces a slurry or suspension of aggregated cells and a fluid
fracti ol cdHPAPIR general Iy free stromal cells (e.g., red blood cells,
snooth muscle cells, endothelial cells, fibroblast cel I s, and stem cell s).
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centrifugation,” wnhich forces a pe covere

super nat antto am%mwt@tmﬁtythﬁerr@anelpetrw sslrr cltbargdphhstepeln gle Isasdpended
in a physiologically- conpatlble fluid. Moreover, the susp ended cells

typi cal ly idiérliigudrge makgmsayofigRr amthesisippbedlbsire and "arandlegi abl e to
| yse them Methods for selectively |ysing erythrocytes are known in the
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if the eryt e remainin
the cells will be cultured WIthout dlfferentiatlon on a solid surface, using a

suitable cell culture media, at the appropriate cell densities and culture
conditions. Thus, in a particular embodiment, celis are cultured without
20 differentiation on a solid surface, usually made of a plastic material, such as
Petri dishes or cell culture flasks, in the presence of a suitable cell culture
medium [e.g., DMEM, typically supplemented with 5-15% (e.g., 10%) of a
suitable serum, such as fetal bovine serum or human serum], and incubated
under conditions which allow cells to adhere to the solid surface and proliferate.
25  After incubation, cells are washed in order fo remove non-adhered cells and cell
fragments. The cells are maintained in culture in the same medium and under
the same conditions until they reach the adequate confluence, typically, about
80% cell confluence, with replacement of the cell culture medium when
necessary. After reaching the desired cell confluence, the cells can be
30 expanded by means of consecutive passages using a detachment agent such
as trypsin and seeding onto a bigger cell culture surface at the appropriate cell

density (usually 2,000-10,000 cells/cm?). The cells can be passaged some



separated fromthe |lysate, for exanple by filtration, sedinentation, or
density fractionation. Regardl ess of whether the erythrocytes are |ysed,
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'n a parti CpLHearl]rotype, although it has to be confirmed so that the cells can be used
according to the invention. Therefore, the adhesion of cells to the solid surface
constitutes a criteria for selecting the multipotent adult cells of the invention.

20 Confirmation of the phenotype of interest can be carried out by using
conventional means.

Cell-surface markers can be identified by any suitable conventional
technique, usually based on a positive/negative selection; for example,
monoclonal antibodies against cell-surface markers, which presence/absence in

25 the cells has to be confirmed, can be used; although other techniques can also
be used. Thus, in a particular embodiment, monoclonal antibodies against CD9,
CD10, CD13, CD29, CD44, CD49a, CD51, CD54, CD55, CD58, CD59, CD90
and CD105 are used in order to confirm the absence of said markers in the
selected cells; and monoclonal antibodies against CD11b, CD14, CD15, CD16,

30 CD31, CD34, CD45, CD49f, CD102, CD104, CD106 and CD133 are used in
order to confirm the absence of said markers in the selected cells. Said
monoclonal antibodies are known or can be obtained by a skilled person in the

art by conventional methods.



enbodi nment, the cell density is between 2,000-10,000 cells/cm2. Cells
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Further assays carried out by the inventors have shown that ex vivo

expansion of the cells of the invention without inducing differentiation can be
accomplished for extended time periods by using specially screened lots of
suitable serum (such as fetal bovine serum or human serum). Methods for

20 measuring viability and yield are known in the art (e. g., trypan blue exclusion).

Any of the steps and procedures for isolating the cells of the cell
population of the invention can be performed manually, if desired. Alternatively,
the process for isolating such cells can be facilitated through a suitable device,
many of which are known in the art.

25 In another aspect, the invention relates to a method for identifying a
population of multipotent adult cells, wherein said population comprises, or
consists of, multipotent adult cells of the invention, the method comprising:

(a) incubating the cells with labelled specific binding compounds for one
or more characteristic markers for said population; and

30 (b) detecting the presence or absence of binding by the cells to these
specific binding compounds.

This method can be carried out as previously mentioned in connection



cells can be physically picked and seeded into a separate plate (or the
well of a multi-well plate). Alternatively, the cells can be subcl oned onto
a mul ti-weblo@msra@sat a statistical ratio for facilitatipog/Ep@siongin si ngl e

cell into each well (e.g., fromabout 0.1 to about 1 cell/well or even
about 0.25 to about 0.5 cells/well, sucl0as 0.5 cells/well). O course, the
cells can be cloned by plating themat |ow density (e.g., in a Petri dish
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popul at i on;celled thiby, Beihgcthargcichistiprios aaik cetl pdyadatimn. o€els nidatngaby thbae

5. previ ouSHTIFoRt FEREESION CoRIGEIBRIF (HETRE PhthaBHurgeypeadat cells o
e hee, A Bl 8 ekl sqide nven on- |12 b er g enbochrent
present 15 nventi oim reel prefsred embedinoehtf osaid soi@hd)ahgofa ipolatibat consists of
mul ti pot entpéarfjourlrr%iné: %l Hes,ga%fvet she eict%vne,r\]/&r%eorgby Vé’gilg %rg %%Iruid%gs(hat show binding
to labelled compounds that bind specifically to a marker selected from the group
consisting of CD11b, CD14, CD15, CD16, CD31, CD34, CD45, CD49f, CD102,
CD104, CD106 and CD133, and a subsequent positive selection, whereby cells
20 are selected that bind to labelled compounds that bind specifically to a marker
selected from the group consisting of CD9, CD10, CD13, CD29, CD44, CD49a,
CD51, CD54, CD55, CD58, CD59, CD90 and CD105. Preferably, the labelled
compound of specific binding is an antibody.
This method can be carried out as previously mentioned in connection
25  with the method for obtaining the multipotent adult cells of the invention.
The multipotent adult cells of the invention, or a cell population of
multipotent adult cells of the invention, can be found in a cell composition.
Therefore, in another aspect, the invention relates to a substantially
homogeneous cell composition which comprises a multipotent adult cell of the
30 invention or a cell population of multipotent adult cells of the invention.
The multipotent adult cells of the invention can be used for repairing and
regenerating tissues. Thus, in another aspect, the invention relates to a

multipotent adult cell of the invention, or a population of multipotent adult cells



(a) collecting a non-osteochondral nmesenchymal tissue; (b) obtaining a cell
suspension fromthe tissue by enzymatic digestion; (c) incubating the cell
suspensi onownadn3acdbabel | ed conpound t hat bi nds speci fi caCnEpe@sons1or nore
of the surface markers characteristic for said popul ation; and (d)
selecting those cells that have the profplie of expression of markers. The
presence or absence of said surface markers characterizes said cells, thus,
bei ng char aof ¢hé shventior, feaittecldutipasd, ad.igonforGadd @st hamebmwamdrtie Ipraof i | e

of expression of, characteristic rkers of the | tipotent adult cells of
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a mar ker sehedtredeferation lof tigswesm consi sting of CD1 1b, CD14, CD15, CD16,

CD31 , CD34, CD43?] C&)ﬁ%‘r CDlO% CD1 94 06, and CD133, @nq a _subsequent
posi tivesel ecti ghan Q‘};F’GEEI he inyeatioR relales) 19 ARhABNAGeHECH LRTIRASE0
compounds t hadt Bbigriseed hh@Rbbtent QdRItNBEKS Bl RRERGoh T 8Md Zb%pWa@i@H of
consi sting of CD9, CD10, CD13, CD29, CD44, CD49a, CD51 , CD54, CD55, CD58,
CD59, CD90 amndtigiens adeitetelisalof yihet inventidel bed @ opipymatesticallyeeiceertablendi ng

Is an antibaody. This nethod,can be carrie ut_as preyiously.nentioned in
connect T on AT b SnENOEEY STMRGURBH i WD AHEEP PO (O R 1 St ' ¢ he
i nvention. fdiahauwbpaipah@negasbtatios of tissws.t he invention, or a cell

popul ati on of nultipotent adult cells of the invention, can be found in a

cel | corfosi ti onCominatiane of itwoapo e ofs pwer of nmétipeieehersh cedpatfethe o a

durt cel | INePRERARERLR AR, WERTRRG SoBE, UMD RMRaPER MR o

of the inveptdvded bir¢haridstantobeatioandul t cells of the invention can be used
for repairing and regenerating tissues. Thus, in another aspect, the

i nvention rel at eghk0o phdrrddeRataint cafpbsitic! lofofthbheniemfin | edmpeised a
popul ation of nultipotent adult cellsof the invention, for therapeutic use,

e.g., for uportylactieally eatherapeviically affastive msrpuntitiea Mwtineteradul egleef to a
mul t] potgnt tr?edmv'énﬁghl oroé cgl?%obmé%%io?'?nulﬂf)otent adult cells of the invention, and
a pharmaceutically acceptable carrier. In a specific embodiment, the term
“pharmaceutically acceptable” means approved by a regulatory agency of the
Federal or a state government or listed in the U.S. Pharmacopeia, or European
Pharmacopeia, or other generally recognized pharmacopeia for use in animals,
20 and more particularly in humans. The term “carrier” refers to a diluent, adjuvant,
excipient, or vehicle with which the therapeutic agent is administered. The
composition, if desired, can also contain minor amounts of pH buffering agents.
Examples of suitable pharmaceutical carriers are described in “Remington's
Pharmaceutical Sciences” by E.W. Martin. Such compositions will contain a
25 prophylactically or therapeutically effective amount of a multipotent adult cell of
the invention, or a cell population of multipotent adult cells of the invention
preferably in purified form, together with a suitable amount of carrier so as to
provide the form for proper administration to the subject. The formulation should
suit the mode of administration. In a preferred embodiment, the pharmaceuitical
30 compositions are sterile and in suitable form for administration to a subject,
preferably an animal subject, more preferably a mammalian subject, and most
preferably a human subject.

The pharmaceutical composition of the invention may be in a variety of



to a population of nultipotent adult cells of the invention for use in the
repair and regeneration of tissues. In another aspect, the invention

rel at es twoaogarémceuti cal conposition that conprises acmEPRoosoiesnt adul t
cell of the invention, or a population of multipotent adult cells of the

I nvention, and a pharnaceutically accept2@bl e carrier. In a preferred

enbodi nent, said pharmaceutical conposition is useful for the repair and
regener at i dorroé. Thesuesludegnbi extinphs, sflidt wembisolidr andfiquigodosdgartdrtrispot ent

adult cells of the i Ver(le(tsf'non are,.i ncl udeqsi vvifh.i n the scope.of the
phar maceut | T EoRRTIASh RSOy IJidmSolHions T PR ifgtable
phar maceut 'é‘«ﬁ infIMeSddiitRihsCletd hend Be«e@é\tré@ﬁ*orﬁo@apéﬁ@@ oft tAEORIYIRAthe@s !y or

therapeutically effective anount of a nultipotent adult cell of the
i nventi on, afradmioistriatipopaddhewpeotic appticaionent adult cells of the

' i op, and h i cal bl ier. | i fi
erbodi ont , "t ne T RGNS Ruta) I PRY bf Bl BBl EkShialiBe JnRREbh ob e
regul at ory sggp@tetficd tormeeafieh @mFtiskHdkan@ouer MBesibject I ated thardohe

U.S. Pharmacopei a, or European Pharmacopeia, or other generally recognized
phar macopeicarf be easded oW ivepsYertidnasneansarlni @ wlaaticylas gnhasdinent, Iad t er m

"carrier" refers t di Luent ,._ adj l.pLent.,. ehi | i ch
t he therapeﬁﬁllﬁco%ggnﬁ)?@l%@ﬁ rl?s?%rﬁﬁgii&ﬁqgﬁ&ﬁ%ogﬁgmﬁgg,bviE ﬁ]leeg?(}ﬁegvm%n
al so cont aiifvéled trapsluS tIed celts helthe desiged genies . eithernplvego of /s wivioalkd e
pharmaceutical carriers are described in "Rem ngton's Pharnmaceuti cal

Sci ences® Hhennaplissuendiresityn ThengRllsi 4arobe tiansfertashiaihe degreshiisauscdy cal 1y

or therapeut] e t ity ; e

i nventi on, L%Hf %%érépﬁg%o@tgkﬁécﬁ’ggmgﬁ 9%3%@3% 'gn\)ta[?g%{ép{)mg@gﬂtés tlﬁfh%ﬂjeg P}H\I%'ent i on
preferably For gxampleedelloraan begsdduvmd wniohthe dasired|siteawiibint thef tissue t@r so
as to provide the formfor proper _adm nistration to the subject. The

For mul at | orPSARIGecePRUIgTR nelie. GRIRAANDS (FTIatiod 580 df cyFadiomg
enbodi ment , 4d\ e PNRHERCEMhbARLs, §OMBAS ichhANRe2SRnE GkitS cBRhd sbetddt i ©

formfor admnistration to a subject, preferably an animl subject, nore
pr ef er abf y themeiisppkeican subj ect, and nost preferably a human subject.

The pharmaceutical composition of the invention can be used in a
combination therapy. In a specific embodiment, the combination therapy is
administered to a subject in need of treatment, such as a patient in need of
repair or regeneration of a tissue. In an embodiment, the combination therapy is

20 used in conjunction with other types of treatments to repair or regenerate
tissues. In accordance with the above embodiment, the combination therapies
of the invention can be used prior to, concurrently or subsequent to the
administration of the multipotent adult cells of the invention.

Also, in another aspect, the invention relates to the use of a multipotent

25 adult cell of the invention, or a cell population of multipotent adult cells of the
invention, for the manufacture of a pharmaceutical composition for the repair
and regeneration of tissues.

The invention further relates, in another aspect, to a therapeutic method
comprising administering said pharmaceutical composition to a patient in need

30 thereof. In an embodiment, said therapeutic method is for tissue repair or
regeneration.

In another aspect, the invention, relates to a method for assessing in

vitro or in vivo cell response to a biological or pharmacological agent, or to a



The pharnmaceutical conposition of the invention may be in a variety

of forns. These include, for exanple, solid, sem-solid, and |iquid dosage
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to a subject in as a patre need of repair or

regener at i gaverition dfistqui@a) id Bokited roadaminlividtdlerdamiansbiisticatly eigaificant used
in conjunction with other types of treatnents to re regenerate
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repair and regensiddrom Sothbsakssct, fleinvBUESH irORtdUid Bkl thabRsreskas
anot her aspect, to a therapeutic net hod conprising adm nistering said
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multipotent adult cells having a differentiation stage more advanced than that of

the multipotent adult cells of the invention. In an embodiment, the invention

relates to a cell that expresses at least one characteristic of a specialized cell,

20 wherein the at least one characteristic is that of a cell selected from the group

consisting of an epithelial cell, an endothelial cell, an adipocyte, a myocyte, a

chondrocyte, an osteocyte, a neuron, an astrocyte, an oligodendrocyte, a

hepatocyte, a cardiomyocyte, and a pancreatic cell. An isolated cell population

that comprises said cells that express at least one characteristic of a specialized

25 cell, wherein the cells are derived from the isolated multipotent adult cells of the
invention, constitutes a further aspect of the invention.

The following examples are presented to illustrate the invention, but they

in no way limit it.

30 Example 1
Isolation of multipotent adult cells from soft tissue and characterization of

surface markers

The isolation of multipotent adult cells from soft tissue was performed by



regeneration. In another aspect, the invention, relates to a nmethod for
assessing in vitro or in vivo cell response to a biol ogical or

phar macolwgQi2o@lo3aggent, or to aconbinatorial |ibrary of ®ardragsniesii which
conprises: (a) isolating a cell population of nmultipotent adult cells of
the invention, wherein the cells are nea24y honogeneous, (b) expanding the
cell population via culturing; (c) applying a biological agent or a
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to a cell that expresses at |east one characteristic of a specialized cell,

wher ei n t hedegnal pdipgeeitisstef pbiaired bydinaseationiftampct baelthy hiumaredpners t he

T rorent alON Bt ageonard BivatE bR PR r i HEE) fNbPE Bous e
cell's of theasRegWitlophosph#ts Riffleesti BBIMe sbltiohNPBB)i 00 dcHidieedettouctiose! |

that expresses at |east one characteristic of a specialized cell, wherein
the at [18asef Hireeutiaselkiaimatrixcand theispladionofdbe| cells ae agymadimdigrstionoup
consi sting | bal Iyl ' ; ' ;
mocyte. o MesTp R yiel colBeRBs el sblion (BRaMIPALSIT 6
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i sol ated cell po ation that conmprises, said cells _that express at | east
one charact ef |£MEK)| @e‘gu%e‘ﬁ’it%ﬂiﬂrzgréo‘]egl l?‘?"'%eﬁeé'i”ﬁ‘_' t11més é@ﬁl gusé)reé‘sﬂ_m WASd
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further asp ntion. The follow ng exanples are presented to

i |l ustrdtse the i NHAlliveas added atwyehd cooceriyatidmet0.16 M and the mixture was
incubated for 10 minutes at room temperature to induce the lysis of the
erythrocytes present. The suspension was centrifuged at 250-400 g and
resuspended in DMEM-10% FBS with 1% ampicillin-streptomycin. Finally, the
cells were plated, inoculating 2x10*-3x10* cells per cm?.

20 The cells were cultured for 20-24 hours at 37°C, under an atmosphere
with 5% CO,. After 24 hours, the culture was washed with PBS to remove the
cells and the remains of the tissue in suspension. The cells selected by
adhesion to the plastic container were cultured in DMEM + 10% fetal bovine
serum (FBS).

25 After isolation, the multipotent adult cells isolated were characterized
from one of the donors, in function of the presence/absence of a series of
surface markers. To do this, the expression of the following surface markers
was monitored by flow cytometry:

- Integrin: CD11 b, CD18, CD29, CD49a, CD49b, CD49c, CD49d, CD49e,

30 CD49f , CD51, CD61, CD104.

- Hematopoietic markers: CD3, CD9, CD10, CD13, CD14, CD16, CD19,
CD28, CD34, CD38, CD45, CD90, CD133 and glycophorin.
- Growth factor receptors: CD105, NGFR.




Exanmple 1 Isolation of nultipotent adult cells fromsoft tissue and
characterization of surface nmarkers The isolation of nultipotent adult

cel | s frowpoddo3tédssue was performed bysel ecting those eeriEP200soiosal
capacity for proliferation and differentiation, characterized in that they
show adhesion to the plastic container 8 the cell culture. Then, the cells
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markers. To do this, the expression of the follow ng surface markers
15 and immediately analyzed using the Epics-XL cytometer (Coulter). As controls,

cells stained with unspecific, FITC or PE labelled, antibodies of the
corresponding isotypes were used.

Figures 1a-1d, 2a-2d and 3a-3d show the histograms grouped by donor
for a better visualization of the evolution of the markers studied during the

20 culturing, indicating in each case what time in the culture period the analyzed
cells belong.

The analysis of surface markers at different times allowed their presence
or absence to be determined, as well as their behaviour during the culture
process. The results obtained show that the cell populations isolated from the

25 different healthy donors show a homogeneous behaviour in their phenotype
characterization.

From the analysis of the expression profile of surface markers (Figures
1a-1d, 2a-2d and 3a-3d), 3 criteria were used to determine which markers
define the cell population and allow it to be identified and differentiated with

30 respect to other types of cell populations. These criteria were:
1. Discard those markers that vary from one sample to the other or over
time during culturing.

2. Verify that those that are positive are also positive at time zero (recently



was nonitored by flow cytonetry: - Integrin : CDL 1 b, CD18, CD29, CD49a,
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markers at different tines allowed their presence or absence to be
determined, as well as their behavi obixatple@g the culture process. The
resul ts obtai n?d show_ hat t e cell ?ted fromthe di fferent
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osteochondral mesenchymal tissue into bone phenotype cells

15 In the differentiation assay, characterized human muitipotent adult cells
of the present invention were used. The cells were isolated from the 3 samples
of analyzed lipoaspirates, each corresponding to a healthy donor (Example 1).
The multipotent adult cells were isolated and characterized as mentioned in
Example 1. A sample of mesenchymal stem cells (MSC) of human bone
20 marrow was used as positive control.

The isolated cells were seeded at a density of 10,000 cells/cm? onto 6-
well plates (one plate per sample), and were incubated in standard culture
medium (DMEM, 10% FBS, L-Glutamine 2 mM and antibiotic). After two days of
culturing, the culture medium of one of the wells (control) is replaced with fresh

25 medium, and the remaining wells with osteogenesis inducing medium, which
contains the standard culture medium with the following added:

- Dexamethasone 100 M

- Ascorbic acid 50 uM

- p-Glycerophosphate 10 mM

30 The cells were cultured for 3 weeks in normal conditions, changing the
medium every 2-3 days. After three weeks, the presence of mineralized
deposits of calcium phosphate can be seen, which indicates the presence of

osseus nodules. These nodules are detected by staining with Alizarin red



characterization. Fromthe analysis of the expression profile of surface
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CDh34, CD45, pi@‘b‘?}fatecmfﬁ% 4PpLaf, sttdddMp aaaime@DISS. WeXeptam@etin uMier he
differentiation of nultipotent adult cells from human nonost eochondr al

mesenchynal MidreseaPs.nt o bone phenotype cells In the di fferentiation assay,

charact er i zed hyeRl ILLLLAUEN nAdebhoRERhTOb B REETMocbeRR ARoC ©

used. The cells re | solate es of ana |poasp| rates,

each correspipmndilizgrih ded ARiadudhty thdofopmafien affphisidm pho‘ébﬁatwilstqmdtanh tadul t
cells were isolated and characterized as nentioned in Exanple 1. A sanple

of meseh®hyFRNPISt e%r@%wrgilrewé@) MSC iR PBEn AW oW 2GS 3P é‘spﬁ%‘é‘}/?l ve
. h /
contro rcfodtfogt&we G, 7RIS 58 anpfrgh ﬁ1a |§>b€(¥ tf%%uéro’eh%()@rﬁ%{bﬁ fm 2

onto 6- we one’’p a e per were | ncubated in standard
cul ture nedarge (dUMEied 086 BBBe maﬂmte:aaﬁ ree 2isddraed, althobglotwith . difttieg t wo
days of culturin t he cuthhure rredlu neo he wells controIL 3
repl aced wi'l nsit §§ﬂ each of the samples Wel s In which osteogenesis was induce
showed the same behaviour and in the control wells (not submitted to
15 osteogenic stimuli) the formation of bone matrix was not detected. No
relationship was seen between the amount of bone matrix formed and the time
that each sample was being cultured after isolation from the tissue (between 3

and 9 weeks).

20 Example 3
In vitro differentiation of multipotent adult cells from human non-

osteochondral mesenchymal tissue into muscle phenotype cells

In the differentiation assay, characterized human multipotent adult cells

of the present invention were used. The cells were isolated from the 3 samples

25 of analyzed lipoaspirates, each corresponding to a healthy donor (Example 1).

The multipotent adult cells were isolated and characterized as mentioned in

Example 1. A sample of MSC of human bone marrow was used as positive
control.

The isolated cells were seeded at a density of 10,000 cells/cm? into

30 standard culture medium (DMEM, 10% FBS, L-Glutamine 2 mM and antibiotic).

After two days of culturing, the culture medium of one of the wells (control) was

replaced with fresh medium, and the remaining wells with myogenesis inducing

medium (Wakitani et al., 1995), which contains the standard culture medium



medi um and the remaining wells with osteogenesis inducing nmedium which
contains the standard culture nediumw th the foll ow ng added: -

Dexanet haworeocli3@s4dl - Ascorbic acid 50 mM - p-d ycer ophesphze@so0osmiM The
cells were cultured for 3 weeks in normal conditions, changing the nmedi um
every 2-3 days. After three weeks, the p2&sence of mneralized deposits of
cal ci um phosphate can be seen, which indicates the presence of osseus
nodul es. Thm&téthedulllce/ﬁingre&idedt ected by staining with Alizarin red(Standford
et al., 1995) Ci | I th iu s elimnated, the cells were
washed tw ce V\ntﬁ%lf’ﬁ bg%@?}fp weﬂ o col d ethanol for 30 m nutes at
room tenperature. D%n{étﬁggoﬁ@d)bﬁ ongr e then washed wi th PBS and stai ned
with Alizarin red_[( for 10 minutes at roomtenperature. The
stained cells weré ﬁz&%lﬁé@mﬁ-ﬂlﬁr@b ndant water, and the precipitates of

cal ci um hosphate g28? ch a gpepga&hstrongl y stai ned red, were exam ned under
the m croscope. ﬂ ow m crophot ographs of the osteo-induced
cells stained w tAhiteAIz4zabur% tigs! melitimowead reprickarptizpaanf camlirel thedium,
phosphate is 3UI cker in the sanple corresponding to MSC from bone mar r ow
whi ch acts a8 eih(p@gll$W@ée@@htﬂnedlfor(%ﬁg\ue@km@angmgtthé me@amwﬁr%ﬁﬁwe

di ti f
L Por e R ohl TS RS gk M oho4E3, Bhe VG el B,
wel |'s i n whisgclosés ogahesirie Wesl| ifDdUﬂgdcaﬂﬂomedsédém sr@rreieln@ﬂameouﬁy@msu n

the control wells (not submtted to oste enlc stlrrull the formation of
bone mathli x PRgBOYEE. Ha seteabialped weseif hYVB R atoses d@é‘tyﬁéé%[:ﬁeata%nt

ai tor 1 sol al o (o R pEEn TR pqahaPEEERIPRIIE mRERIMHAN BR

di f f er ent i aspecifiofantigén |f@f0hﬂﬂtleaﬂfhétremdt§ eorﬁfn’mﬁhwdnﬁaremlaﬁem ©b the hdmedn
mesenchymal tissue jn henotvpe cells In,the diff rentlatlon
assay, char HE{"éF?C?L{?E{jaMHEn%F e{bg hpﬁé@&ﬂpuﬁgﬁpgenotype cells

15 Example 4
In vitro differentiation of multipotent adult cells from human non-

osteochondral mesenchymal tissue into neuronal phenotype cells

In the differentiation assay, characterized human multipotent adult cells
of the present invention were used. The cells were isolated from the 3 samples
20 of analyzed lipoaspirates, each corresponding to a healthy donor (Example 1).
The multipotent adult cells were isolated and characterized as mentioned in
Example 1. A sample of MSC from human bone marrow was used as positive
control.
The isolated cells were seeded at low density, 3x10° cells/cm?, into
25 standard culture medium (DMEM, 10% FBS, L-Glutamine 2 mM and antibiotic),
supplemented with 10 ng/ml bFGF and incubated for 24-36 hours to yield a
large number of cells. The wells were then washed and neuron-inducing
medium was added (Black and Woodbury, 2001), comprising:
- aMEM
30 - BHA 200 uM
- Penicillin / streptomycin
- L-Glutamine 2 mM
- Forskolin 10 uM



of the present invention were used. The cells were isolated fromthe 3
sanpl es of anal yzed |ipoaspirates, each corresponding to a healthy donor
(Exanpl e wp.20dm3769al t i potent adult cells were isol ated aod/EPh@saciseri zed as
mentioned in Exanple 1. A sanple of MSC of human bone marrow was used as
positive control. The isolated cells wer® seeded at a density of 10, 000
cells/cm2 into standard culture nedium (DMEM 10% FBS, L-Qd utam ne 2 niM
and antibiotic). A%DMSW days of culturing, the culture nmedium of one of
the wells (control s replaced, wth fresh nedium and the remaining wells
with nyogenesis i‘r{é%ﬁﬁnﬁgﬂﬁuwmki tani et al., 1995), which contains the
standard cul ture ngdiiiwi fdmt he foll owi ng added: - Ascorbat e-2-phosphat e
0.1 mM - Dexanethasone 0.01 mM - |ITS+1 (Sigma-Aldrich) - 5-Azacytidine 3 nmM
After 24 hours, t+elk@dinuvh was repl aced by standard culture nmedium and the

cells wege cul tur for. 2-3 s, changing the nmedi um every 2-3 days.
After this tine, 'f\z%lpﬁ%?lag'da%%‘ﬁhred an el ongated phenotype, forned

fibrillar structNFes Hoifs SMER is@ldtiohUai RBPHORIYIEA cHRPbe chuldBba&HsehRsl;
myobl ast phenotype, the cells obtained were fixed w th paraformal dehyde
(PFA) at 4%hamtlls mequied @ Wiundesdrshames dutlyergaiigentheith @aolpngations with

07 Ferent o s AnERafe A6 Behs XL HBPARRO Cusrvd 8T ey s OB e
nuscl e phensdligsbisiabl sverb@al with PPA ¥t 490atd friceibatsd with amtipbdiew | dgast ent

adult cells from human nonost eochondral nesenchynal tissue into _neuronal
phenot yp@ cgyren| speplicdiantigeast iMi20R ashyTudhar Hia efesrdls HomiiFm the

mul ti pot ent y;ad nttiagc% 0% 1194 hhhf‘arPhﬁﬁ@dHtghq“é{%E ANk }ﬁf{r{f‘e Hﬁ/@ﬂﬂoﬁr ﬂﬁoqﬁbéa%wer e
i solated fromthe sanpl es of anal yze I poaspirates, each correspondi ng
to a heal t phatohge ¢disanpl e 1) . The nultipotent adult cells were isolated
and characterized as nentioned in Exanple 1. A sanple of MSC from human
bone marrow was used as positive
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A(9):723- 36- . isolated multipotent adult cell, which (a) is
i sol at ed f?%%ﬁ%%gg'g%%iﬁ%ndral mesenchymal tissue, (b) expresses CDI9<+>,
CD10<+>, CD13<+>, CD29<+>, CD44<+>, CD49A<+>, CD51<+>, CDb4<+>, CD55<+>,

CD58<+>, CDB9<+>, CDO0<+> and CD105<+>;, and (c) | acks expression of CDl 1b,
cD14, ci5, cp1 %, Anpiplatedpmugltioten adghosell’ epawrdingcts odainert, BéiEhds

CD133. 2. )’?@%E%%g%%b&itﬁﬁt%pm:t cell according to claim1, which is

isolated b t conpri ses:
(a) collecting a non-osteochondral mesenchymal tissue;

(b) obtaining a cell suspension by enzymatic digestion;
(c) sedimenting and resuspending the cells in a culture medium; and
15 (d) culturing the cells on a solid surface, and eliminating cells that show

no adhesion to said solid surface.

3. The isolated multipotent adult cell according to claim 1 or 2, wherein
the non-osteochondral mesenchymal tissue is connective tissue.
20
4. The isolated multipotent adult cell according to claim 3, wherein said

connective tissue is adipose tissue.

5. The isolated multipotent adult cell according to any of claims 1 to 4,

25 wherein the cell is a genetically modified cell.

6. A cell that expresses at least one characteristic of a specialized cell,
wherein the cell is derived from an isolated multipotent adult cell according to
any of claims 1 to 5.
30
7. The cell according to claim 6, wherein the at least one characteristic is
that of a cell selected from the group consisting of an epithelial cell, an

endothelial cell, an adipocyte, a myocyte, a chondrocyte, an osteocyte, a



(a) collecting a non-osteochondral nmesenchymal tissue; (b) obtaining a cel
suspensi on by enzymatic digestion; (c) sedinenting and resuspendi ng the
cell s i n wocwdawra@snmedi um and (d) culturing the cells eaTa&rs@siotssurf ace,
and elimnating cells that show no adhesion to said solid surface. 3. The
isolated nultipotent adult cell accordid® to claiml or 2, wherein the
non- ost eochondral nesenchymal tissue is connective tissue. 4. The isol ated
mul t i pot enheactun, Bncstiocyts anddliggdeodcicytenadhepdiecdena sardlosynnget ane at i ssue
i s adi pose tissu§. 5, The isolated nultipotent adult cell according to any
of clains P2PEeRUC Sillerein the cell is a genetically nodified cell. 6. A
cell that expresses at |east one characteristic of a specialized cell,
wherein the cell is derived froman isolated multipotent adult cel
according to an$. én isodtad el population el canprises oells mgeeling & ang, of
wher ei n _t he _at Ig@gt one characteristic is that of a cell selected fromthe
f .

group cénsF?ﬁPﬁ& an epithelial cell, an endothelial cell, an adi pocyte,
a myocyte, a chondrocyte, an osteocyte, aneuron, an astrocyte, an
ol i godendrocyte, a hepatocyte, a cardionyocyte, and a pancreatic cell. 8.

An isol ated cel B. gbsulsatated aetlapopidainn aeeoreling o abajoy di mgereinasaidgrellc| ai ns
l1to 7. 9. i:sol ion according to claim8, wherein said
cel |l popul ng@ﬁ'“igﬁ‘%@%&ﬁ'@ﬁ%ﬁ@%gﬁéﬁs. 10. A nmethod for identifying a

popul ation of nultipotent adult cells, wherein said population conprises
isolated cells according to claim1, the nmethod conpri Si nge: (a(#ﬂi ncubat i ng
the cellOs with M8bd ITe8 & identifving vy ROBMRSORG & rBkitigatent radilt eells,

charact eri §iGa: ar sal nm%é! atd-an; ( i ; sence
or absence%fep%lﬁﬁél ﬁga%é&%ﬂ(zﬁc% R [éﬁgé;{gd:‘%lﬂlcsi ?%%&@WSF%;@%@PW&%%S 11.
The met hodnsastieed diorgptising! damihOubatingr ghen ddile syitcildbatledi sdeécific cinpimgnd i s
an anti body. - . :

compounds for one or more characteristic markers for said population; and (b)
detecting the presence or absence of binding by the cells to these specific

15 binding compounds.

11. The method according to claim 10, wherein the specific binding

compound is an antibody.

20 12. A method for isolating a population of multipdtent adult cells
according to claim 1, which comprises:
(a) collecting a non-osteochondral mesenchymal tissue;
(b) obtaining a cell suspension from the tissue by enzymatic digestion;
(c) incubating the cell suspension with a labelled compound that binds
25 specifically to one or more of the surface makers of said multipotent
adult cells; and
(d) selecting those cells that have the desired profile of expression of

markers.

30 13. The method according to claim 12, wherein a negative selection is
performed, whereby cells are excluded that show binding to labelled
compounds that bind specifically to a marker selected from the group consisting
of CD11b, CD14, CD15, CD16, CD31, CD34, CD45, CD49f, CD102, CD104,



12. A method for isolating a population of nmultipotent adult cells
according to claim1, which conprises: (a) collecting a non-osteochondral
mesenchymsib 200ca80&9 (b) obtai ning a cell suspension frorCTEP20059%08¢1 by
enzymatic digestion; (c) incubating the cell suspension with a |abelled
conpound that binds specifically to one3% nore of the surface makers of
said nultipotent adult cells; and (d) selecting those cells that have the
desired prdiD1@6 ahddXdpt@3si on of markers. 13. The nethod according to claim
12, wherein a negative selection is perforned, whereby cells are excluded
that show binding to | abelled conpounds that bind specifically to a marker

sel ected from t he, gHaUuR AP ASIdrAMgYo Gt 10 .0r GBLAhetdth DPpostNd sefebiidn ;
CD34, CD45, CD49f, CD102, CD104, CDIO6 and CD133. 14. The net hod according

to cl ai m 13s perfoBnedhutherebyacells are welestaediat drind do frbdlledneampaursisethatcel | s

are sel ected that .bi o_labelled ¢ unds that bind.specifical 0 a
marker | <ol SURLAPPPBADA B Baser SR R bhecaR U s BB R L 080 i,
CD49a, CD51CD18D6h2COD44 COTHM9L08061CloI954, a0B56DHI358, 186 D50 e My, hagd
according to any of claims 12 to 14, wherein the [abell'ed conpound of
speci fic biGlai is an antibody. 16. A substantially honogeneous cell
conposition which conprises a nultipotent adult cell according to any of
claimse 1 to 5 or a cell population according to clains 8 or 9. 17. A

phar maceuti cal ci@MdR hiethod dedorddigitti sesofalaimst 1pad entwhdidin tieelabelled

accordi nét; to any of claimgs 1 to 5 or a cell population according to claim
8 or 9 10 ocosAUNeeRf shechicdiingiNgds PRAMBOAYd of any of claims 12 to 15, and
a pharmaceutically acceptable carrier. 18. An isolated multipotent adult
cell according to any of clains 1 to 5, or cell population according to
claim8 or 9, orl6obA aubsthrdiatpritbmggemeduse calktdoothasiticanwhidh cbaiprised2at o
15, f inth . :
o ror usemtljlﬂpote%{ it cell according to any of claims 1 to 5 or a cell population
according to claims 8 or 9.
15
17. A pharmaceutical composition that comprises a multipotent adult cell
according to any of claims 1 to 5, or a cell population according to claim 8 or 9,
or obtained according to the method of any of claims 12 to 15, and a
pharmaceutically acceptable carrier.
20
18. An isolated multipotent adult cell according to any of claims 1 to 5, or
cell population according to claim 8 or 9, or obtained according to the method of

any of claims 12 to 15, for use in therapy.

25 19. An isolated multipotent adult cell according to any of claims 1 to 5, or .
a cell population according to claim 8 or 9, or obtained according to the method

of any of claims 12 to 15, for use in the repair and regeneration of tissues.

20. Use of an isolated multipotent adult cell according to any of claims 1
30 1o 5, or a cell population according to claim 8 or 9, or obtained according to the
method of any of claims 12 to 15, for the manufacture of a pharmaceutical

composition for the repair and regeneration of tissues.



19. An isolated nmultipotent adult cell according to any of clainms 1 to 5,

or a cell population according to claim8 or 9, or obtained according to

t he net howloahoeasyesof clains 12 to 15, for use in the reparmrand/ 010811
regeneration of tissues. 20. Use of an isolated nultipotent adult cel
according to any of clains 1 to 5, or a 8ll population according to claim
8 or 9, or obtained according to the nethod of any of clainms 12 to 15, for
t he manufacture 2f. A‘NMaBpauémuhmmbdcoommﬁsmgoadﬁmﬂdﬁﬁegredewn&n@uﬁcm
regeneration of tjssues. .. A therapeutic t hod ri sing adm nistering
a pharnaceu??%ﬁps@eﬂﬁ6§?¥#%%kh@@5?d 821B@Q9 'WP??gﬁgyﬁo atient in need
thereof. 22. Method according to claim2 1, wherein said therapeutic nethod
is for tissue repair or regeneration. 23. A nethod for assessing in vitro
cell r esponse t 022, Wiethahacairding tphaaina2 bl wherein saigeherapsauticanathod is for
conbinatg € |ibrary of said,agents, the nethod conprising: a) isolating a
cel | popdl atTHP BPRSIUITRECIY3PRi ns 8 or 9 , or obtained according to the
nmet hod of any of clainms 12 to 15, b) expanding the cell population via
culturing, and c) applying a biological agent or pharnacol ogical agent or a
conbi nat ori al | i BBary nudthedi for capsessingoin éracekll respansg itona inkpgicsd eysi ng

I LYy St M e b
speci fic typemptisiegl | s.
10 a) isolating a cell population according to claims 8 or 9, or obtained
according to the method of any of claims 12 to 15,
b) expanding the cell population via culturing, and
c) applying a biological agent or pharmacological agent or a
combinatorial library of said agents to the cell population, and

15 assessing effects of said agents on the cultured cells.

24. Method according to claim 23, wherein prior to step (c) the cells are

allowed to differentiate into a specific type of cells.



