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ldentificatíon and isolatÍon of multipotent cells from non-

osteochondral mesenchymal tiss ue

5 Field of the invention

ïhe present invention relates to isolated rnultipoteni adult cells which are

isolated from non-osteochonclral mesenchymal tissue and are characterízed by

the presence and absence of a set of cell su¡'face markers. The invention also

relates to a method for identifying and ísolating a popufation of said cells, as

10 rn¡ell as to the applÍcations thereof, for example, [n the nranufacture of a

plrarmaceutical composition for the repair and regeneration of tissues.

Background of the invention

Stem celfs show differential characteristics as they are abfe to sustain

15 thernselves and differentiate irrto one or more cell type. Although researcl"¡ 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 thân 30 years.

Nevcrlhefess, in recent years, stern cell teclrrr<;logy has rnade large advattces

such tlrat siem cells are currently considered as a promising source of tissue

20 and organs, with an impoftant therapeutÌc potential for repair and regeneration

of tissues.

The use of stem cells is an altomative therapy for several human

diseases, pañicularly those in which there is a loss of functional cells, includíng

chonclral, bone and muscular lesiorrs, rreurodegenerative diseases,

25 imrnunologic 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

6,4.97,875).

Irr addition to cell therapy applications, stern cells have potential

applications in the research and developrnent of new drugs. On the one hand,

30 tlre study of mechanisms implicated in ttre proliferation and differentiaiÍo¡r 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, incfuding cell

developrnent and clifferentiaiion ancl neoplastic processes (Phillìps et a\.,2000;
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Rantafho-Santos et al., 2002; lvanova et al., 2002). On the other ftand, stem cell

technology allows specialized cells to be genemted and tlre development of cell

models for human and animal diseases, in which the eíficacy and toxicity of new

active ingredients can be cleterminecl in the proclinical phase (U.S.6,294,346).

5 An adult somatic stem cefl is an undifferentiated cell which is found in

differentjated tissue and which has the capacity to proliferate and differentiate

into one or more cell types. Adult stern ceÌls are present in dífferent adult tissue,

their presence being extensively reported in bone marrow, blood, cornea, retina,

brain, muscle, skeleton, dental pulp, gastrointestinal epithelium, liver and skin

10 (Jiang et aÍ., 2OOZ). By their nature, adult stem celts can be used Ín an

autoÍogous settíng, and as such, ihey are ímmunologically compaiibles and their

use does not raise any ethical concerns.

An adult stem cefl should be able to give rise to fulfy differentiated cells

with mature phenotypes which are integraied into the tissue where they are

15 found and which are able to carry oui the specialized functions of the given

tissue, The tertn "phenotype" nsfers to observable characteristfcs of the cell,

such as characteristic nrorphology, interactions with other cells and wílh the

extracellular matrix, cell sudace proteins (sur{ace markers} and characterisiic

functions.

2Q Different populatÍons of aduft stem cells capable to contribute to the

tepair of dífferent tÍssues have been described. Among these popufations, those

of mesodernric origin are of padicular interest because they offer the theoreiical

possibility of regenerating a farge number of clinically very relevant connective

tissues such as bone, cartilage, tendons, sl<eletal muscle, heart muscle,

25 vascular endoiheiiunr, sub-dermal fat and bone mârow stroma, The first cell

population of this type ísolated was the so-called mesenchyrnal stem cells

(MSC), which are found in bone marrow stroma (Friedenstein ef al., 1976;

Caplan et al., 1991; Pittenger et al., 199g). These cells have been extensively

characterized ancl studies pedormed wÍth these celfs have shown that they can

30 clifferentiate into different rnesenchymat cell lines such ae adipocytes (Beresford

et al ,1992), chondrocytes {Johnstone ef a/., 1998), niyoblasts (Wakitani et al.,

1995) and osteolrlasts (Haytresworth et a\.,1992). Lilcewise, they also have the

capacity to dífferentiate into neulons (Sanchez-Ramos et al.,20At).
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The ideal source of adult stem cells is one in which they can t¡e obtained

by an easyi non-invasive ptocess and one that aliows a sufficient nutnber of

cells to be isolated. ln particular, a source should provide stem ce[ls that can be

easily isotated fronr a living sufrject wiihout significant risks and discomfort and

5 the source should allow a high yield to be obtained with minimal contamination

from other cell types, without excessive cost of isolation and culture.

The process of obtaining bone marrow is painful and the yield is very

low, a substantial increase in the number of cells being necessary by ex vivo

expansion, to obtain clinically relevant amount. This step increases cost and

l0 rnakes the procedure time consuming, as wel[ as increases the risk of

contamination and loss of nrateríal. For these reasons, it wou[d be very

clesirabte to be able to isotate multipoteni cells from nresenchytnal tíssues other

than bone n'ìarrow. ln particufar, gÍven their surgical accessÍbility, it would be

convenient to be able to isolate cells frorn non-osteochondral mesodermal

t 5 tissues such as, but not limited to, skin, fat and muscle tissue.

The prese¡rce of different populations of multipotent adult cells in soft

tissues derived from the enrbryonic rnesoderm has been repoded by several

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

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

Zt ef a/. 1993, Rogers ef a/. 1995). Multipotent cells have also been obtained from

human lipoaspirated tissue {Zuk et al., 2OQ1). Another example of rnultipotenf

cells isolated frorn adult conlrective tissue is the so-called Multipolent Adult

Progenitor Cells (MAPC) obtained from bone rnarrow (Jiang et al., 20Û2). ln

principte, all these isolated celf populatlons could be used in tlre repair and

ZS regeneration of connective tissue in a simiÌar fashion to the MSC of bone

manCIw (Captan et al., 2001). However, except for MAPC, none of these

populations has beetr, until present, sufficienlly cliaracterizecl at the phenotype

level, Therefore, although the presence of nrultipotent adult cells has been

descritred in different connective tissues, ín the curre¡rt state of the art, it is not

30 possíble to ideniify and unequivocally distiriguish between differeni multipotent

celt types obtained from soft tissue, or to oþtain a substantialfy purc populatíon.

Curlenf ly, phenotype characterization of stem cells comprises

deterrnínation of markers such as cell surface receptot's, âmong otlrers; and tlte
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determinatíon of their capacity for dífferentiation in in viÍro cultures. Ëach cell

type has a certain combrination of surface markers, that is, it has a ceftaÍn profile

of expressíon that characterizes tfiat particular cefl type, distinguishing it frorn

others.

5 Different combinations of surface markers have been used for identifying

and isolating substantially pure populations of hematopoietic stem cells from the

bone marrow of mice, such as: [Linnue/lo1 Thy1.1lffi, c-Kithish'Sca-1'¡, ¡Lín-,

Thy1.1lo'n, Sca-1*, rhodarnine 123rT (Morrison, S.J. et al., 1995) or [Lin-,

GD34-/ínt, c-Kit*, Sca-1*¡ l0sawa, lt/l. et al-,I996). Likewise, similar cornbinations

10 of markers have been used for enriching popuÍations of hunran lrernatopoietic

stem cells [LÍn-, Thyl'', CD34', CDgSnts/lT {Monison, S,J. ef a/., lgg5).

Currentfy, ¡t is not known how rnany markers associaled with

compromised and dÍfferentiated cells are also present in the different

multipotent adult mesenchymal cell populations. For example, a commonly

i5 used marker for enriching multípotent adult mesenchynral cells is CD44

(hyaluronic acid receptor). Nevertheless, CD44 is also present in different types

of compromised and differentiated 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 tow

20 percentage of stern cells present in adult cells, has made it difficult to identify

and purify populations of multipotent adult nresenchyrnal cells.

A significant disadvantage in using multipoter,t adult cef ls resides in the

fact that most of the curreni sources for obtaining nrultipotent adult cells are

contaminated with other celf types, cornplicatírtg the process of identification,

25 isolation and characterization of the populations of multipotent adult cells with

tlte objective of r:sing thenr for tlrerapeutic or other ends. Thus, there Ìs an

interest in obtaítring a population of multipotent aduli cells isofated in a

substantially pur e forrn.

The characterization of a multipotent adult cell population f¡om non-

30 osteochondral mesenchytnal tissue will allow a method for identification and

isolation to be designed, as wefl as the identificatíon of growth factors

associated with self-regeneratiorr. Moreover, tlrere rnay be growth factors

associated with the initial phases of differentiation, l<nowledge of which would
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allow niore effícîent ln vivo and ex yivo differentiation, as well as for exercising

control clver the proliferation of stem cells-

The present invention provides a nrultipotent adult cell population from

non-osteochondral mesenôhymal tissue, preferabf e from adípose tissue,

5 isolated and cþamcterized by nreans of immunophenotype markers present on

the cell sudace, showíng their multipotent nature-

Similarfy, the present Ìnvention provídes a method for the [dentification

and isotation of a population of muliipotent adult cells from non-osteochcndral

mesenchymal tíssue, dependent on a pattern of characteristic

l0 imnrunophenotype markers, allowing a composition of substantially

homogeneous multipotent stem cell markets to be obtained-

Brief description of tlre invention

ln an aspect, the invention relates to an isolated multipotent adult cell,

t5 hereinafter referred to as the rnultipotent adutt cell of the invention, which (a) is

isolatecl from non-osteochondral mesenctrymal tissue; (bi expresses CD9<+>,

cD10<+>, CDlS<+>, CD29<+>, CD44<+>, CD49a<+>, CD51<+>' CD54<+>,

CD55<+>, CDSB<+>, CDS$<+>. CD9CI<+> and CD1Û5<'r>; and (c) lacks

expression of CD11hr, CD14, CD15, CD16, CD31, CD34, CD45, CD49f, CD102,

ZA CD104, CD106 and CD133. The multipotent adult cells of the inveniion present

the capacity to prolife¡ate and to be differentiated into different cell lineages' ln

a partícular enrbodiment, the multipotent adult cells of the invention can be

differentiatecl into bone phenotype cells, muscle phenotype cells and neuronal

phenotype cells.

ZS ln another aspect, tfte inveniion relates io an isolated cell population that

corlprises, or consists of, the rnultipotent aclult celts of the invention. ln an

embodimeni, said cell population is nearly, i.e., sul¡stantlafly, homogeneous'

f n anotlrer aspect, the inr¿ention relates {o a substantially hontogeneous

cell composition which comprises a multipotent adult cell of the invention or a

30 celt population of rnultìpotent adutt cells of the invention'

ln another aspect, the invention relates to a celf that expresses at least

one characteristic of a specialized cell, wherein the cell is derived from an

isolated multipotent aclult cetl of ihe invention. ln an embodiment, the invention
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relates to a celf tlrat expresses at least one characteristic of a specialized cell,

wherein the at [east one characteristic ís that of a cell selected from the group

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

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

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

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

cell, wherein the çells are deríved from isolated multipotent adult cells of the

invention, constiiutes a further aspect of the invention.

ln another aspect, the invention relates to a rnethod for obtaining the

10 Ísolated multipotent aduft cells of lhe invention which comprises:

a) collecting a non-osteochondral mesenchymal tissue;

b) obiaining a cell suspension by enzymatic digestion;

c) sedimentating the cells and resuspending the cells in an appropriate

culture medium; and

I5 d) culturing the cells, and eliminating cells that slrow no adhesíon.

The cells obtained and ísolated according to said method contain tfie

clraracteristics of the multipotent adult cells of the inventlon, í.e., they (a) have

l¡een isolated from non-osteochondral rnesenchymal tissue; (b) are positive to

the following markers: CD9, CD10, CD13, CD29, CD44, CD49A, CD51, CD54,

20 CÐ55, CD5B, CD59, CD90 and CD105; and (c) Iack express¡on of the following

markers: CD11b, CD14, CD15, CD16, CD31, CD34, CD45, CD4gf, CD102,

CD104, CD106 and GD133. In addition, said cells present the capaclty to

proliferate and to be differentiated into different cell flneages.

ln a preferred enrbodiment, the non-osteochondral rnesenchymal tissue

25 is a connectíve tissue, preferably adipose'tlssue. f n a stilf another preferred

embodirnent, the muftipotent adult ceffs of the i¡rvention can be genetically

modified.

ln another aspect, {he invention relates to a nrethod for identifying a

population of multipotent aduli cells, wherein said population comprises, or

3t consists of, isolated multípotent adult cells of the ínvention, the method

comprising:

(ai incubating tlre cefls with labelted specif"ic binding com¡rounds for one

or more characteristic rlrarkers for said population; and
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)

(b) detecting the ptesence or absence of binding by the cells to these

specific trinding comPounds-

tn a preferyecl embodirrent, said specific binding compound is an

antibody.

ln anotlrer aspect, the present invention relates to a method for isolating

a population of multipotent aduft cells of the invention, which comprises:

(a) collecting â non-osteochondral mesenchylnal tissue;

(b) obtaini¡g a cell suspension from the tissue by enzyrnatic digestion;

(c) incubating the cell suspension with a labelted compound that binds

specifically to one or more of the surface marlcers characteristie for said

population; and

(cl) selectíng those cefts that have the profile of expressÍon of markers.

The presence or absence of said sufface markers clraracterÍzes said

cells, thus, being characteristic for said cell populatÍon. Cells that have the

profile of expression of characteristic markers of the muliipotent adutt cells of

the invention are finally selected.

ln a preferred embodiment, said ntethod of isolation consists of

per-forming a negative selection, whereby cells that show bindfng to labelled

compounds that bind specifically to a marker selected from the group consisting

of CD11b, CD14, CD15, CÐ10, CD3f , CD34, tÞ45, CD49f, ÇD102, CD104,

CD106 ancl CD133 are excluded, and a subsequent posiiive selection, wlrereby

cells that bind to labellecl compouncls that bind specificafly to a marker selected

fror¡ the group consisting of CD9, CD10, CD13, CD29, CÐ44, CD49a, CD$1,

CD54, CD55, CD5B, CD59, CDSO and CD105 are selected. Preferalrly, the

labelled compound of specific binding is an antibody.

ln anotlrer aspect, tlre invention relates to a multípotent adult cell of the

invention, or a population of multipotent adult cells of tlre invention, for

therapeutÍc use, e.g., for use as a medicamenl. ln an ernbodiment, the invention

relates to a rnultipotent adutf cell of the invention, or [o a population of

rnultipoteni adult cells of the invention for use in the repair and regeneration of

tissues.

Thus, in anotlrer aspect, the invention relates to a phamaceutical

composifion that comprises a rnultipotent adult cell of the ínvention, or a

10

i5

2t

25

30
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population of rnuttipotent adult cells of the invention, and a pharnnaceuticalfy

acceptable carrier. ln a preferred embodiment, said pharmaceuticalconrposition

is useful for the repair and regeneration of tissues.

Further, in another aspect, the inventíon relates to the use of a

5 multipotent adult cell of the invention, or a cell populat¡on of multipotent aduli

cells of the invention, for the manufacture of a phanïaceutical cornposition for

the repair and regeneration of tissues.

Also, in other aspect, tlre invention relates to a therapeutic method

comprising administering said pharmaceutical composition io a patient in need

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

regeneration.

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

vítro or ín vivo cell response to a biological or pharmacological agent, or to a

conrbÍnatoriaf fibrary of said agents, which comprìses:

15 (a) isolating a cell population of multipotent adult celfs of the invention,

hereín the cefls are nearly hornogeneous,

(b) expanding ihe cell popufation via culturing;

(c) applyíng a biological agent or a pharmacologlcal 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 emhodimeni, the population of multipotent adutt cells of the

invention of step {a} is isotated from an individuaf or frorn a statistically signifícant

populat¡on thereof, ln other embodiment, the cells of the cell population of

multipotent adult cells of the inventíon of step (a) are nearly, i.e., substantiafly,

25 hornogeneous. fn another enrbodiment, prior to step {c), the cêils are allowed to

differgntìate into a.specifíc type of cells.

Brief descriptiotr of the figures

Figures 1a-1d show histograms of fluorescence ítnntunocytornefry

30 corresponding to the profite of surface markers qbtained fronr cells ísolated from

liposuctíon samples of a hoalthy donor. The results show the evolutíon over

time of tlre rnad<ers studied in the cell cultures, indicating in each case the

particulartíme period to which the arralyzed celfs l:elong. Figure 1a shows the
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expression of marl<ers on Day O. Figure 1b shows the expression of markers on

Day T of culturíng. Figure 1c shows the expression of marke¡s after 4 weeks of

culturing and Figure 1d shows the expression of markers after 3 months of

cu[turing.

5 Figures 2a-2d show the lrístograms of fluor-escence inrfnunocytometry

col esponding to the profile ol'su¡face markers obtained from cells isolated from

liposuction samples from a secorrcl healthy donor. The results show the

evolution over time of the markers studied in the cell cultures, indicatin$ in each

case the paúicufar tirne períod to which the analyzed cells belong. Figure 2a

10 shows tlre expression of rnarkers on Day 0. Figure 2b shows the expression of

markers on Day 7 of culturing. Figure 2c shows the expression of markers after

4 weeks of culturing and Figure 2d shows tlre expression of markets after 3

months of culturing.

Figures 3a-Sd show tlie histograms of fluorescence immunocytometry

15 corresponding to the profile of su¡face nrarkers obtained from celfs isolated frorn

líposuction samples frorn a third healthy donor. The resufts show the evolution

over time of the markers studied in the cell cultures, indicating in each case the

partícular time period io which the anafyzed cells lielong. Figure 3a shows the

expression of rnarkers on Day 0- Figure 3b shows the expression of markers on

20 Day T of cultr-rring, Figure 3c shows the expression of markers after 4 weeks of

culturirrg ancl Figure 3cì shows the expression of marl<ers after 3 months of

culturing.

Figures 4a-4d show microphotographs of cells incubated in osteogenic

medium for 3 weeks. Figure 4a shows mesenchymal siem cells from hunran

25 bone marrow (positive control). Figure 4b shows the cells of the inventlon,

multipotent adutt cells from non-osteoclronclrat rnesenchymal tissue, incubated

ín osteogenic medium for the first week. Figure 4c shows the multipotent adult

cells of tlie invention, incubated in osteogenic nredium for the second week.

Figure 4d shows the mr.rltipotent adult cells of the invention, incubated in

30 osteogenic nredium during the third week.

Detailed description of tlre invention

Wíth the objective of designing an identification a¡rd isolation method
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useful for obtaining a defined population of multipotent adutl cells fronr nor.l-

osteocl-iondral mesenchynral tíssue ("soft tissue"), the phenotype of recently

isolated human mesenchymal cells obtained from sub-dermal adipose tissue

was analyzed and also the evolution of surface markerc was studied during the

5 expansíon of the cells in vítro, as well as theit- capacíty for dífferentiatÍng into

different cell fineages.

Firstly, expression of a series of surface markers on tlre adult cells from

sub-dermal adipose tissue was monitored by flow cytometry when cells were

recently isolated arrd also during the development of the culture in vitro. To do

10 this, a series of commonly used markers were useci to identify stem cells, as

well as to characterize differentiated cells, including buf not limíted to: lntegrins,

hematopoietíc markers, gtowtlr factor receptors and extracellular nratrix

receptors (Example 1).

Ïhe characterization of multipotent adult celfs from nûn-ôsteochondral

15 mesenchymaf tissue by means of determining their immunophenotype profile

allows to define saíd population in terrns of the presence or absence of a certain

set of surface rnarkers. These nrarkers are epitopes that can be identifÍed using

specific antibodies, constituting a vafuable tool that ailows to identify the

population, as well as to design a strategy for isotation ôr purifícation thereof.

2() Subsequently, once characterized, the isolated cells were subjected to

differentiaiÍon assavs with the objective of showing their multipotent natur"e. To

do this, the isolated and characterized celfs were induced to ¡n vitro díiferentiato

into cells that express at least one characteristic of a specialized cefl. The

methods that can be used to induce differentiation of the muttipotent adult cells

25 of the present invention into different specific cell types are l<nown by those

skilled in the art and sotne of them are ex¡:lained in detail irr Ëxarnples 2, 3 and

4, wltícl'r show i¡t vitt'o differentiation of the muttipotent adult cells of tlre
ínvention Ìnto bone plrenotype cells, muscle plrenotype cells and neurcnal

phenotype cells, respectively.

30 Therefore, in arr aspect, the inventìon relates to an isolated multipotent

adult cell, hereinaftel referred to as the multipotent adult ceil of the invention,

which (a) is isolated from non-osteochondral mesenchymal tissue; (b)

expresses CD9<"r->, CD1û<+>, tDl3<+->, CD29<+>, CD44<-t>, CD4ga<+>,
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CD51<+>, CD54<+>, CD55<+>, CD58<+>' CD59<+>, CD90<+> and

cD105<-r->; and (c) Iacks expresslon of cD11b, CD14, CD15, CD16, CD31,

CD34, CD45, CD4gf, CD1Û2, CD1Û4, CD106 and CD133'

An isotated cell population that comprises, or consists of, the multipotent

5 adult cells of the invention constitutes a further aspect of the present invention'

lri a particular emboclímeltt, said cell population is nearly, i.e., substantially,

homogeneous.

The rnultipotent adult cells of the invention are isolated from nolì-

osteochondral mesenchymal tissue- The term "non-osteochondral

1û mesenchymal tissue" refers to a mesenchymal tissue other than cartilage and

bone nrarrow, Non-osteochondral mesodermal tissues are also referred in this

ciescription to as "soft tissues". Il[¡strative, nonlimitative, exallples of no¡r-

osteochondraf mesodermaf tissues include sl<Ín, fat and muscle tissue' ln a

patticular enrbodiment, the nrultipoteni adutt cells of the invention are isolated

l5 from sub-dermaladipose tissue.

' The multípotent adult cells of the invetrtion'can be obtaíned fronr any

suitable source of rron-osteochondral mesenchyrnal tissue from any suitable

animal, includíng human beings. ln general, saíd cells are obtained fronr non-

pathofogicat post^natal mammalian non-osteochondral rnesenchynraltissues. ln

Z0 a preferred embocJiment, the muftipotent adult celts of tlre inventiorl are obtained

from a source of non-osteochondral mesenchymal tissue, such as sub-dentral

adipose tissue. Also, in a particular embodiment, the multipotent adult cells of

the invention are isotated from a rrrammal, e.g', a rodent, prinraie, etc',

preferably, from a human being,

25 The multipotent adult cells of the invention are also clramcterized by the

presence and absence of a set of markers, namely, said cells are characterízed

in that they (i) are positive for some markers [CD$<r->, CD10<1'>, CD13<+>,

cD29<+>, cD44<+>, cD49a<+>, cD51<+>, CD54<+>, cD55<+>, CD58<*>,

cDSg<+>, cDgo<+> and cD105<{->1, and (ii) are negative for some rnarkers

30 [cD11b, cD14, CD15, CD16, CD31, CD34, CD45, CD4gf, CD102, CD1Û4,

CD1ûô and CD133l.

Tlre phenotype characterization of the multípotent adult cells of tlre
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invention, or of a cell population comprising said ceils, by surface rnarkers can

tie conventíonally pedormed either by individuai stainit'tg of the cells (flow

cytometry) or by makíng histological cuts of tlre popufatíon in sifu, ín

accordance with conventionai methods. ln a particular embodiment, the

5 expression of saíd surface markers on ttre muftipotent adult cefls of the

invention may be monitored by flow cytometry.

The characterization of the multipotent adirlt cefls of the invention, or a

cell popufation comprising, or consisting of, said cefls, by their immuno-

phenotype profile can be used to define said cells or cell populatiott in terms of

10 the presence or absence of a certain set of surface markers. These marl<ers are

epiiopes that can be identified with specific antibodies, constituting a valuable

tool that allows to identify the population, as well as to design a strategy for

iso[ation or purification thereof. Monocfonal antibodies against said sudace

marl<ers can be used to ídentify the multipotent adult cells of the invention.

15 The detennination of the profíle of surface markers by antibodies

(irnmunophenotype characterization) rnay be direct, using a labelled antibody,

or indirect, using a second labellecl antibody against the primary specific

antíbody of the cell rnarl<er, thus achleving slgnal amplífication.

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

20 may be deterrnined by different methods ihat inctude but are not timited to

immunofluorescence microscopy and radiography. Similarly, it is possible to

carry out the monitorìng of the levels of binding of the arrtibody by flow

cytometry, a technÍque that allows the levels of fluorochrome io be correlated

with the quantity of antigens present on the cell surface bound specíficafly to the

25 labelledantibodies.

ln the assay of identification and isolation, the cell population comes into

contact wíth a speciflc reagent, labelted or not, depending on whether the assay

is perlormed by a direct or indirect detection ¡Rethod, tespectlvely. The ierm

"specífíc reagent" refers to a member of a specific binding palr; members of a

30 specific bincling pair, include l¡ut are not limited to, binding paírs of antÍgens atrd

anlílrodies, pair$ comprising Ml-lC antlgens and T-cell receptors,

complementary nucleoticle sequences, as well as pairs of peptide ligands and

their receptor. The specific lrinding pairs incfude analogues, fragtnents and
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derivatives of the specific member of the bínding pair-

The use of antitrodies as reagents with af'finity is of particufar intetest.

The production of specific monoclonal antibodÍes will be evident to any ordinary

skilled persrn in the art. In exper¡ments of identification or separation of cell

5 populations, the antibodies are labelled. For this purpose, markers that are used

include [:ut are not limited to: magnetic partícles, biotin and fluoroclrromes that

wÍll allow identifícation or separation of the cell type to which the antibody has

bound. T¡us, for exanrple, ttre analysis of the celÍ population comprising the

muttipoteni adult cells of the invention by flow cytometry allows different

10 antibodies labelled with fluorochromes that emit at different wavelengths to be

used in the same sample. Thus, it is possible to kttow tlre specific profile of the

population for these sufface markers, as well as Çarry oui a separation for the

set of nrarkers used.

The separation of the populations that present lhe phenotype of interest

15 can be carried out by affinity separât¡on techniques, whÍch include magnetíc

separation (using magnetic particles coated with specific antibodies), affinity

c¡romatography, cytotoxic agents bound to monoclonal antibodíes or used

along witlr monoclonal antibodies arrd pantring with the antibody attached to a

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

Z0 precise separatíon woutd be obtained by ffow cytometry, a techn¡que that allows

the separation of cell populations accortling to the intensity of stainíng, along

with other parameters suclr as cell size and cellcomplexity,

The multipotent adult cells of the invention present the capacity to

proliferate anc{ to be differentiated into clifferent celf lineages" lllustrative, non-

ZS limitative examples of cell lineages in which the multipotent adult cells of tlre

invention can be differentiated include, ê.9', botre phenoiype celts, muscle

phenotype cells atld neutonal phenotype celts.

The multipotent adult cells of the inve¡ltion can proliferate and

c¡ifferentiate into cetls of otlrer lineages by conventional methods. Methods of

30 identifyirrg ancl subsequently isolating differentiated cells from their

undifferentiated counterparts can be also carried out by methods well known itr

the art.
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The rnultipotent adult cells of the invention are also capabfe of being

expanded ex vivo. That is, after isolation, the multipotent adult ceJls of the

invention can be maíntained and allowed to proliferate ex vivo in cuiture

medium. Such nredíurn comprises, for example, Dulbecco's Modified Eagle's

5 Medium (ÐMEM), antibiotícs, and glutamine, and it is usually supplemented with

2-20% fetal bovine serum (FBS). lt is within the skill of one in the aft to modify

or modulate concentraiions of media andlor nredia supplements as necessary

for the cells used. Sera often contain cellular factors and components that are

necessary for viability and expansion. Examples of sera include FBS, bovine

10 serum (BS), catf serum (CS), fetal calf serutn (FCS), newborn calf serum

{NCS), goat serum (GS), horse serum (HS}, porcíne serum, sheep serum,

rabbit serum. rat serum (RS), etc. Also it is contemplated, if the multipotent

adult cells of the invention are of human origin, sr.rpplementation of cell culture

medium with a human serun, preferably of autologous origin. lt îs understood

15 that sera can be heat-inactivated at 55-65"C if deemed necessary to inactivate

cornponents of the complement cascade. Modulation of serunr concentrâtions,

wíthdrawal of serum from tlre culture medlum can also lre used to promote

suwival of one or more desired celf types. Preferably, multipotent adult cefls of

the invention will benefit from FBS concentrations of about Za/o la about 25%.ln

2a another embodiment, the multipotent adult cells of the invention can be

expanded in a culture rnediunr of defìnite contpositíon, in whlch the serum is

replaced by a combination of serum albumin, serum transferrin, selettium, and

reconrbinant proteins includíng but not limited to: insufin, platelet-derived growtlr

factor (PDGFi, and basic fibroblast growth factor(bfcF).

25 Many cell cultr-¡re media already contain amÍno acids; however sÕme

requir-e supplementation prior to culturing celfs. Such amino acids include, but

are not límited to, L*alanine, L- arginine, L-aspartic acid, L-asparagine, L-

cysteine, L-cysiine, L-glutanric acid, L-glutamine, L-glycine, and tlte like.

Antimicrol¡ial agents are also typically used in cell cultute to rnitigaie

30 bacterial, mycoplasmal, and fungal contamination. Typically, antlbiotics or anti-

mycotic compounds used are ¡nlxtures of penicillin/streptomycin, but can also

Ínclude, but ãre not limited to arnphotericin (Fungizone@i, ampicillin,
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gentamÍcin, bleomycin, hygromacin, kanamycin, mitomycin, eic'

Hormones can also l:e advantageously used in cell culture and inclucle,

brui are not limiied to, D-aldosterone, diethylstilbestrol (DES), dexanrethasolle,

b-estracliof , hydrocortisone, insulin, prolactin, progesterone,

5 somatostatin/hurnan growth hormonè (HGH),' etc.

The maintenance conditions of the multipûtent adult cells of the invention

can afso contain cellular factors that allow cells to remain in an undifferentiated

form. tt is appatent to those skifled in the art that príor to differentiation

supplements that inhibit cell differentiation must be removed from the culture

10 medium. tt is also apparent fhat nol'all cells will require these factors. ln fact,

these factors may elicit unwanted effeçts, depending on the celf type'

The nrultípotent aclult cells of ttre invention can be tratlsfected or

genetically engineered to express, at least, one polypeptide of interest. ln an

embodiment, the polypeptide of ìnterest is a product capable of inducing or

l5 increasing the expression of genes involrred in the repair or regeneration of a

tissue.

ln another aspect, the invention relates to a method for obtaining the

isolated multipotent adult cells of the invention which comprises:

a) collecting â non-osteochondral mesenchymal tissue;

20 b) obtainíng a celf suspension by enzymatic digestion;

c) sec1i¡nentatirrg ihe cells and resuspendirrg tlre cells ín an appropriaie

culture rnedlu¡n; and

d) culturing the cells in a solid sudace, and elirninating cells that show no

adhesion to said solid surface.

ZS The cells olitained according to said rnethod contain the characteristics

of the multipotent adult cells of the invention'

As used herein, the term "solid surface" tefers to any ntateríal that allow

the muttipotent adult cells of the invention to adhere. ln a particular embodiment

said material is a plastic material treated to promote the adltesion of

30 mammalian cells to its surface.

Steps aþct) can h¡e carrled out by conventÍonal techniques known by

those skillecJ ín the art. Briefly, the multipotent adult cells of the inventiot't can be
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obtained by conventional means from any suitable source of non-osteochondtal

mesenchyrnal tissue from any suitable animal, includlng hutnan beings, e.g ,

from human adipose tissue. The animal can be alive or dead, so long as ¡ron-

osteochondral mesenchymal tissue cells within the animal are viable. Typically,

5 human adipose cells are obiained from living dônors, using well-recognized

protocols such as surgical or suction lipectomy. lndeed, as liposuction

procedures are so common, fiposuction efÍfuent is a parlicularly prefered

source from which the cells of the invention can be derived. Thus, in a particular

embodiment, the rnultipotent adult cells of the invention are from hurnan sub-

I0 dermal adipose tissue obtained by liposuction.

The sampfe of non-osteochondral mesenchymal tissue is, prefeiably,

washecl before being ¡:rocessed. ln a protocol, the sample of non-osteochondral

mesenchymal tissue is washed with physiologícally-compatible saline solution

(e.g., phosphate buffered salíne (PBS)i and then vigorously agitated and left to

15 settle, a step tlrat teÍnoves loose malter (e.g., damaged tissue, filood,

erythrocytes, etc) fron-¡ the tissue. Thus, the washing and settling steps

generally are repeated ulrtit the supernatarrt is relatively clear of clebris. The

remaining cells generatty will be present in lumps of various sizes, and the

protocol proceeds using steps gauged to degrade ihe gross structure while

20 minímizing damage to the cetls themselves. One method of achieving tlris end

is to treat the washed lumps of cells with an enzyme that weakens or destroys

bonds between cells (e.g., collagetrase, dispase, trypsin, etc.). The amount and

duration of such enzymatic treatrnent will vary, depending on the conditions

employed, but tlre use of such enzylnes is generatly known itr the afi.

25 Alternatively or in conjunction wittl such enzymatic treatment, the lumps of cells

can be clegraclecl using other treatnrents, such as mecl¡anical agitation, sonìc

energy, iliermal energy, etc. lf degradation ís accomplished by enzymatic

meThods, it is desirabfe to neutralize the enzytne following a suitable period, to

tninimize deleterious effects on the cells.

The degradation step typically produces a slurry oF suspension of

aggregated cells and a fluicl fraction containing generafly free strotnal cells (e,g.,

red blood cells, srlooth muscle cells, endothelial cells, fibroblast cells, and stem

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

30
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cells from the celfs of the inventíon. This can be accomplished by cenirifugation,

which forces the cells into a pellet covered by a supernatant. The supernatant

lhen can be discarded and the peflet suspended in a plrysíologically-compatible

fluid. I\loreover, the suspended cells typically include erythrocytes, and jn most

5 protocols it is desirabfe to lyse them. Methods for selectívely lysing erythrocytes

are known in the art, and any suitable protocol can be employed (e.9.,

incubation in a hyper -or fiypotonic medium, by lysis using ammonium chloride,

etc.). Of course, if the erythrocytes are lysed, the remaining cells should then be

separated from the lysate, for example by filiration, çedimentation, or density

Ì 0 fractionation.

Regardless of whether the erytlrrocytes are lysed, the suspended cells

can be washed, re-centrìfuged, and resuspended one or more successive titnes

to achieve greater purity. Alternatively, the cells can be separated on the basis

of cells surlace markers profÍle or on the basis of cell size and granularity.

15 Foflowing the final isolation and resuspension, the cells can be cuftured

and, if desired, assayed for number and viability to assess tfie yield. Desirabty,

the cells will be cultured without differentiation, on a solid surface, using a

sultable cell culture rnedia¡' at the appropriate cell densíties and culture

conditions. Thus, ìn a particular embodiment, cells are cultured without

2t differentiation on a solid surface, usually made of a plastic material, such as

Petri dislres or cell cr¡lture ffasks, in the presence of a suitalrle celÌ culture

mediurn [e.9., DMEM, typically supplemented with 5-15% (e.9., 10%] of a

suitable setutrr, such as fetal bovine serum or human seruml, and incubated

under conditions which allow cells to adlrere to the solid surface and prollferate.

75 After irrcubation, cells are washed in order to remove non-adhelecl cells and cell

fragrnents. The cells are maintained in culture Ín tlre same mediutr and under

the same conditions untíf they reach the adequate conflt¡ence, typically, about

Bû% cell confluence, wlth replacement of the cell culture mediunr when

neÇessâry. After reaching the desired cell confluence, tlte cells can be

30 expanded by mearrs of consecutive passages using a detachment agent such

as trypsin and seedirrg onto a bigger cell culture surface at the appro¡rriate cell

detrsity (usually 2,000-10,000 cells/cm2;. the cells can be passagecl some
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times without losing their developmental phenotype. Typically, the cefls are
plated at a desired density such as between about 100 ceflslcnr'to about

100,000 cells/cm2 (such as about 500 cellslcnr2 to about 50,û0û cells/cm2, or,

more particularly, between about f ,000 cells/cm2 to about 20,000 cells/cm2). lf
5 plated at fower densities (e.g., about 300 cells/crn2), the cells can be more

easily clonally ísofated- For example, after a few days, cells pfated at such

densities will proliferate into an hornogeneous population. ln a particular

embodiment, the cell density is between 2,000-10,00û cells/cnr2,

Cells which remain adhered to the solid surface are selecfed and ttre
10 phenotype thereof is analyzed by conventional methods in order to confirm the

identity of the multipotent adult cells of ihe invention as will be mentioned below,

Cells which remain finally adhered to tlre solid sudace corrstítute a

homogeneous celf population of rnultipotent adult cells of the ínvention.

Ëxample 1 describes in a detailed man'rer the ísolation of nrultipotent adult cells

I5 of the inventíon fram human sub-dermal adipose tissue.

Usualfy, cells whÍch remain adhered to the solid surface show the desired

phenotype, although ít has to be ionfírmed so that the cefls can be used

according to the invention. Therefore, the adhesion of cells to the solid sur-iace

constítutes a criteria for selecting the multipotent adult cells of the invention-

2t) ConfínnatÌon of the phenotype of interest can be carried out t:y using

conventional mea¡rs.

CeJl-surface tnarkers can be iderrtifíed by any suitable conventional

technique, usually based on a positive/negative selection; for example,

monoclonal antibodies against cell-surface matl<ers, which presence/absence in

25 the cells has to be confirmed, can be used; although oiher techniques can also

be used. Thus, in a particular embodiment, rronoclonal antíbodies against CDg,

CD10, CD13, CDzg, CD44, GD49a, CD51, CDS4, CDS5, CDSB, CDS9, CDSJ0

änd CD105 are used in order to confirm ihe absence of said nrarkers in the

selecied cells; and monocfonal antibodies against cD11b, CD14, CD1S, CD16,

30 CD31, CD34, CD45, CD4gf, CD102, CDl04, CD106 and CD13S are used in
order to confirm the absence of said markers in the selected cetls. Said

¡nonoclonal atttibodies are ltnown or Çan be oþtained by a skilled person in the

aft by conventional methods.
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The capacity of the selected cells to differentiate into dlfferent cell

lineages can be assayed by conventionat methods as previously disc[osed,

The multipotent adult cells of the invention and cell populations provided

by the instant invention can be clonally expanded, if clesired, using a suitall[e

S method for cloning cell populations. For example, a proliferated population of

cells can be physically picked and seeded into a separate plate (or the well of a

rnulti-well plate). Alternatively, the cells can be subcfoned onto a multi-wellplate

at a statistícal ratio for facilitatíng placing a single cell into each well (e.9., from

about 0.1 to about 1 cell/wefl oÍ even about 0.25 io about 0.5 cells/well, such as

I0 0.5 cetlsiwell). Of course, the cells can be cÍoned by plating them at lowdensily

(e.g., in a Petri dish or other suitable substrate) and isolating them from other

cells using devlces such as a clonîng rings. The prorluction of a clonal

population can be expanded in any suitable culture medium. ln any event, the

isolated cetls can [:e cultured to a suitable point when their developmental

15 phenotype can be assessed-

Further assays carried out by the inventors have sfiown that ex vivo

expansion of the cells of the ínvention withor-rt inclLrcing clifferentiation can be

accomplisþed for extended time periods by using specially screened fots of

suitable serum (such as fetat bovine serurn or human serum). Methods for

20 measuring viability and yield are known in the art (e. 9., trypan blue exclusion).

Ar-ry of the steps ancl procedures for isolaii¡rg ttre cells of the cell

popufafion of the inventÍon can be performed manually, if desired. Aliernatively,

the process for Ìsolating such cells can be facilitated thraug[r a suitable clevice,

many of which are l<nown in the art.

25 ln another aspect, the inventíon relates to a method for identifying a

population of multipotent adulf cells, whereirr saicl population comprises, or

consists of, rnultipotent adult cells of the invention, tlte rnethod contptising:

(a) incubating fhe cells with labelled specific binding compounds for one

'or more characteristic markers for said popufation; and

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

specific binding comPounds.

This method can be caried out as previousfy mentioned in connection
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with ihe immunophenotype characterization of the cells of the invention. ln a

pteferred embodiment, saíd specific Þinding compound is an antibody.

ln another aspect, the present invention relates to a method for isolating

a population of rnultipotent adult cells of the ínvention, which comprises:

5 (a)coflectinganon-osteochondralmesenchy¡naltissue;

(b) obtaining a cell suspension from the tissue by e nzymatic digestion;

(c) incubating the cell suspension with a labelted compound that binds

specifically to one or more of the surface marl<ers characterisiic for said

populatíon; and

10 (d) selecting those cetls that have the profile of expression of markers.

The presence or absence of said surface markers characterÍzes said

cells, thus, being characteristic for said ceft populatíon. Cells that have the

profile of expression of characteristic markers of the multipotent adult cells of

the invention are finally selected.

15 ln a preferred embodiment, said method of isolation consists of

perforrníng a negative selection, whereby cells are excluded that slrow bittding

1o labelled compounds thai bind specifically to a marker selected fronr the group

consisting of CD11b, CD14, CD15, CD16, C031, CD34, CD45, CD4gf, CD102,

CD104, CD106 and CD133, and a subsequelrt positive se[ection, whereby cells

20 are selected that bind to labelled compounds tlrat bind specificalty to a ntarke¡'

selected from the group consisting of ÇD9, CÜ10, CD13, CD29, CD44, CD49a,

CDs1 , CD54, CD55, CDsB, CD59, CD90 and CD105. Preferably, the laþelted

compound of specÍfic binding is an antibody,

This nretfiod can be caríecÌ out as previously mentioned in connection

25 wíth the rnethod for obtaining the muttipotent adult cells of the invention.

The rnultipotelit aduli cells of the invention, or a cell population of

niultipotent adutt cells of the lnvention, can be found in a cell compositÌon.

Therefore, in another aspect, the ínve¡rtion lelates to a suf:statttially

homogeneous cell compositíon which comprises a multipotent aduli cefl of the

30 invention or a cell population of multipotent adult cells of the itrvention-

Tþe rnultipotent adult cells of fhe ínventiûn cân be r-tsed for repaÌring alld

rcgenerating tissues. -[hus, irr another aspect, the invention relates to a

multlpotent adutt celt of the invention, or a population of tnultipotent adult cells
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of the invention, for therapeutic use, e.g., for use as a medicament. ln an

embodimenl, the inverition relates to a multipotent adufi cell of tlre invention, or

to a population of multipotent adult cells of the invention for use in the repair

ând regeneration of tissues.

ln another aspect, the invention relates to a pharrnaceutical composition

thãt comprÍses a multipotent adult cell of the invention, or a population of

multipotent adult celts of the invention, and a pharmaceutically acceptable

carrler, ln a preTerred embodiment, said pharmaceutical composition ìs useful

for the repair and regeneration of tissues-

Combínations of two or more of type of multipotent acfult cells of tlre

Ínvention are included within the scope of the phannaceutical compositions

provided lry the instani invention.

The pþannaceuticaf composition of the invention compt'ises a

¡rrop¡ylactically or tlrerapeuticatly effectlve amount of a multipotent adult cell of

the invention, or a celt population of rnultipotent adult cells of the inverrtion, and

a phannaceuticalty acceptable carrier. ln a specific emboditnent, the tertn

"phatmaceuticafly acceptabfe" means approved by a regulatory agency of the

Federal or a state government or listed in the U.S. Pharlnacopeia, or Ëuropean

Pharmacopeía, or other generally recognized pharmacopeia for use in animals,

and more particularfy in humans, The term "carried'refers to a diluent, adjuvant,

excipient, or vehicle with which the tlierapeutic agent is administered. The

cornposition, if clesired, can also contain minor amounts of pH buffering agents.

Examples of suitable pharmaceutical carriers are descríbed in "Remingion's

Pharmaceutical Sciences" by E.W. Martin. Such compositions will contain a

prophylactically or therapeuticalty effective amount of a multipotent adult cell of

the inventíon, or a cell population of tlultípotent adult cells of the invention

preferably irr purified forrn, iogetlrer wíth a suítable amoutrt of ca¡'¡ier so as to

prcvide tlie forrn for proper administration to the subject, The formulation should

suii the nrode of adnrinistrafíon. ln a preferred embodiment, the phartnaceutical

compositions are sterile and in suitable form for administration to a suhject,

preferably an anirnal sulrject, more preferably a mammalian subject, and most

preferably a human subject"

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

10
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forms. These include, for exampfe, solid, semi-solíd, and liquid dosage forms,

. such as lyophilizecl preparations, liquÍds solutions or suspensions, injectatile

and infusible solutions, etc- Ihe prefered form depends on the Íntended mode

of administrafion and therapeutic a pplÍcaiio n.

5 The administration of the cells or celf population of the invention, or the

pharmaceutical cornposition cornprising sãffre, to the subject in need thereof

can be carried out by conventíonal mearrs. ln a particular embodímeni, said

cells or cell populatiorr ìs administered to the subject by a method which

involves transfering the cells to the desired tissue, either in vitro or in vivo, to

10 the anímal tissue directly. The cells can be tmnsfened io the desired tissue by

any appropriate method, which generally will vary according to the tissue type.

For exanrple, ceils can be seeded onto the desired site within the tissue to

establistr a population, etc- Cells can be {ransferred to sites itr vivo usîng

devices such as catherters, lrocars, cannulae, stents (which can be seeded with

i 5 the cells), etc.

The pharnraceutical composition of the invention can be used in a

coml¡ination therapy. ln a specific embodiment, the combination therapy is

administered to a subject in need of troatment, such as a patient in need of

repair or regeneration of a tissue. ln an embodiment, the combination therapy is

2A used in conjunct[on with other types of treatmertts io repair or regenerate

tissues. ln accordance with the above embodlment, the combínation therapies

of the invention can be used prior to, concurrently ol subsequent to the

administration of the multipotent adult cells of the invention.

A[so, in another aspect, {he invention relates to the use of a multipoient

25 adult cefl of the inventÍon, or a ceil population of muftipotent adult cells of the

inve¡ltion, for the manufacture of a pharmaceutical composition for the repair

and regeneration of tissues.

The ínvention fuüher relates, in another aspect, to a therapeutíc nlethod

comprising administering said pharrnaceutical composition to a patient in need

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

regeneration.

ln anotlter aspect, the lrrvetrtion, relates to a method for assessing tir

vîtro or in vivo cell response to a biological or pharmacological agent, or to a
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cornbinaforial library of said agents, which comprises:

(a) isolating a cell population of multipotent adult cells of tlrc invention,

wherein the cells are nearly homogeneous,

(b) expanding the cell population via cufturing;

S (c) applying a biolcgical agent or a pharmacological agetrt or â

combinatorial library a'f saícJ agents to said cell popufation, and

assessing the effects of said agents on the cultuted cells.

ln an embodiment, the population of multipotent adult cells of the

invention of step (a) is isolated from an individual or from a siatistically significant

l0 population thereof. lrr other embodiment, the cells of t[re cell population of

multipotent adult cells of the invention of step (a) are nearly, i.e., substantially"

honrogeneous. ln another ernbodiment, príor to step (c), tlre cefls are allowed to

diíferentiate into a specific type of celfs.

Fufther, in another aspect, the invention relates to a cell that expresses

t5 at least one characteristic of a specialized cell, whetein the cell is derived from

an isotated nruliipotent adult cell of the invention. These cefls are also

muftipotent adult cells having a differentiation stage more advanced than that of

the muftipotent adult cells of the inverrlion. ln an enrbodimelrt, the i¡rvention

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

Z0 wherein the at least one characteristic is that of a cell selected froln the group

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

chondrocyte, an osïeoCyte, a neuron, An astrocyte, an oligodendrocyte, a

hepatocyte, a cardiomyoiyte, and a pancreatic cell, An isolated cell population

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

ZS cell, wherein the cells are derived from the isolated multipotent adu[t celts of the

invention, constitutes a fu¡ther aspect of the invention-

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

in no way limit it.

30 Examp_le'l

Ìgçlgtiçn of mult¡pofênt adult ce_¡|F ff.Õgspft t¡ssqq qnd chafacteJ:izatþn CIf

sldace.rìar&ers

The isotation of rnultipotent adult cells ftum sofi tissue was perfot'rned by
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selecting ihose cells with a capacity for prolíferation and differentiation,

characierized in that they show adhesion to the plastic container of tlre cell

culture. Then, the cells were clraracterized by monitoring by flow cytometry the

expression of a series of sudace markers on the recently ísolated cells and

5 during the course of the oulture development in vitro.

The isolation of the multipotent adult cells was carried out from sub-

dermal adipose tissue, obtained by liposuctíon from 3 healthy human donors

{donors 1, 2 and 3). First, the sample from the sub-dermal adipose tissue was

washed with phosphate buffered saline solutíon (PBS). To achieve destruction

t0 of the extraceflular rnatrix and the isolaiion of the cells, an enzymatic digestion

was performed with type ll collagenase in saline sofution {5 mg/ml) at 37oC for

30 minutes. Tl'le collagenase was deactivated by adding an equlvafent volunre

of DMËM ntedium, with 10% fetal bovine $erum. This cetf suspension was

centrifuged at 250 g for 10 minutes to obtain a cefi deposit.

15 NH.rCl was added at an end concentration of 0.16 M and the mixture was

incubated for 10 nrinutes at room temperature to Índuce the lysis of the

erytltrocytes presen{. The suspension was centrifugecf at 25A-400 g and

resuspended in DÍ\4EM-10% FBS wíth 1% ampicilfín-stre¡rtorrrycin. Finally, the

cells were platecl, inoculating 2x104-3x1ûa cells per 
"m2.20 ïhe cells were cultured for 2A-24 hours at 37"C, under an atmosphere

with 5% COz. After 24 hours, the cu[ture was washed witlr PBS to remove the

cells and the remains of the tissue in suspension. The cells selected by

aclhesion to The pfastic container were cultured in DMEM + 10% fetal bovine

serum (FBS).

25 After isolation, tlre multipotent aduli celÌs isolated were characterized

from one of the donors, in function of the presence/absence of a series of

sufface marl<ers" To do this, the expression of tlre following suface markers

was monítored b1r flow cytontetry:

- lntegiln: CD11 b, CD18, CD29, CD49a, CD4gb, CD49c, CD49d, CD49e,

30 cD4gf , cD51, CD61, CD104..

- HemaiQp.ç{etic rngrkers: CD3, CDg, CD10, CD13, CD14, CD16, CD19,

CD28, CD34, CD3B, GD45, CDgt, CD133 and glycophorin.

- Growtli factor receptors: CD105, NGFR.
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- ExlraçeIglel-matrX-reA-ejlþ¡g: CD15, CD31 , CÐ44, CD50, CD54,

CD62E, CD62L, CD62P, CD102, CD106, CD166.

- Qtheis: CD36, CD55, CD56, CDsB, CD59, CD95, HLA-[, HLA-ll, P2-

microglobulíne.

The immunophenotype characterization of the celis was performed on

recently isolated cells and also on day 7, after 4 weeks and after 3 months of

culture, of the samples from the 3 healthy human donors. Taking into account

that the selection is performeci by adhesion to the plastic container of the cell

culture, cells from the cell fraction adhered after less lhan 24 hours in the

culture since isolation are cOnsidered as "recently isolated cells".

The cells fo be characterized were collected by means of gentle

digestion wíth trypsin, washed with PBS and íncubated for 30 nrinutes at 4oC

with fluorescein (FÍTC) or phycoerythrin (PE) labelled antibodies against each

one of lhe cell surface markers to be analyzed. The cell markel's were washed

and immedÍately analyzed using the Epics-XL cytometer (Coulte$. As controls,

celts stained with unspecif¡c, FITC or PE labelled, antibodies of the

corresponding isotypes were used.

Figures 1a-1d, 2a-2d and 3a-3d show the lristogratÌl$ grouped by donor

for a better visualization of the evolution of ttre markers studied during the

culturing, indicatíng ín each case what time in the culture period the analyzed

cells belong.

The analysis of suface nrarkers at different times allowed their presence

or absence to be deterrnined, as well as theír behaviour during the tulture

process. The results obtained show tlrat the cell populations isolated from the

different heatthy clonors show a homogeneous behaviour in their phenotype

charactedzation.

From tlie analysis of the expression profile of surface tnarkers (Figures

1a-1d, 2a-2d and 3a-3d), 3 criteria were used to determine which markets

define the cell population and allow it to tre identified and differentiated wíth

respect to other types of cell poputations. These criteria were;

1. Discard tlrose markers thal vary from one sample to the otlier or over

time during culturlng.

2, Verify that tliose that are positive are also positive ai time zero (recently

1û

15

2û

25

30



5

26

isolated cells).

3- Select them as a function of their biological relevance, discaniÍng

markers characteristic of specific ceff types (for example. cD3 is a
marker excfusive to lymphocyfes).

Applying these criteria, the multipotent aduft cells ísolated from non-
osteochondml mesenchymal tissue provÍded by the present invention is

characterized by Þeing positive for CDg<+>, CD10<+>, CDlg<+>, CD2g<+>,
CD44<+>, CD49A<+>, CD51<+>, CD54<+>, CD55<+>, CD5B<.¡>, CDSS<+>,

CDg0<+> and cD10o<+>; and for lacking expression of CD11b, cD14, CD1b,
CD16, CD31, CD34, CD4S, CD49f, CD102, CD104, CD106 and CD133.10

In vitro differentiafion of
Example 2

multinotetrt ¿rfir It cells from hu n non-

I5

2rJ

25
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osfecc raf me-qenr: vmal tissue bone ohenofv pe cells
ln tlre differentiation assay, characterized human multipotent adult cells

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

of analyzed lípoaspirates, each conesponding to a healthy donor (Example 1).

The muliiFotent adult celfs were isolatod and charactcrized as mentioned in

Ëxample 1. A sample of mesenchymal stem cefls (MSC) of human bone
marrow was used as positive control.

The isolated cells were seeded at a density of 1û,000 cells/cmz onto 6-

well plates (one plate per sanrple), and were incubated in standard culture

mediutn (DIVIEM, 10% FBS, L-Glutarnine 2 mM ancl antibiotic). After two days of
culturing, the culttlre medium of one of the wells (control) is replaced with fresh

rnediurn, and the remaining wells with osteogenesis inducing mediunr, which
contaíns the standard culture medium with the following added:

Dexamethasone 100 M

* Ascorbic acid 50 ¡"rM

- p-Glycerophosphate 1CI mM

The cells were cultured for 3 vtreel<s in nor¡¡aI conditions, changing the
ntediurn every 2-3 clays. After three weeks, the presence of mineralized

deposits of calciurn phosphate can be seen, whích indicates the presence of
osseus nodules. These nodules are detectecl by siairring with Alizarin red
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(Standford et af., 1995). Specifìcalty, the medium was elíminated, the cells were

. washed twice with PBS and fixed with 70% cold ethanol for 30 tnÌnutes at roonr

temperature, The fíxed weils were then washed with PBS and stained with

Afizarin red (4û mM, pH 4.1j for 10 tninutes at room temperaiure. The stained

5 cells were washed with abundant water, and the precipitates of calcium

phosphate, whÌclr appear strongly stained red, were examined under ihe

microscope.

Figures 4a-4d show microphotographs of the osteo-induced cells stained

vvith Alizarin red. Although the formation of calcium phosphate is quicker in the

10 sample corresponding to MSC from l¡qne marrow whích acts as a positive

control (Figure 4a), in the 3 samples from the adipose tissue, the forrnation of

[arge quantitíes of bone nratrix can be discerned, a[tfrouglt with differing

intensity in each of the samples. Alt wells in r,vhiclr osteogenesis was induced

showed the same behaviour and in the control wells (not submitted to

15 osteogenic stimufi) the formation of bone matrix was not detected. No

refatÍonship was seen between the amount of bone matrix formed and the time

that each sample was being cultured after isolation frorn the tissue (between 3

and I weeks).

Exarnple.jã

ln vitro differenti afion of mu llioofenf *dr¡lt cells m lrnman non-

osteoc[ron esenchvmal tissue into muscle nhenotvpe cells

ln the differentiation assay, characterized human multipotent adult cells

of ttre present invention were used. The celis were isolated fronr tfie 3 samples

25 of analyzecl lipoaspirates, each coresponding to a healtlry donor (Example 1).

Tlre rnultipotent adult cells v,¡ere isolated and characterized as mentíoned in

Example 1. A sample of MSC of hunlan bone marrCIw was used as positive

control,

The isolated cells were seeded at a density of 10,000 cells/cm2 into

3û standard culture medium (DMEI\{, 10% FBS, L-Glutanrine 2 mM and antibiotic)^

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

replaced with fresh medium, and the remaining wells witlr Ìlryogenesis inducing

medium {Wakitani et al., 1gg5), which conta¡ns the standard culture mediurn

2A
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with the following added:

- Ascorbate-2-plrosplrate 0.1 niM

- Dexamethasone 0.01 pM

- ITS+1 (Sigma-Aldrich)

5-Azacytidine 3 ¡rM

Atter 24 hours, the medium was replaced by standard culture mediunt,

and the cells were cultured for 2-3 weeks, changing the medium every 2-3 days.

After tlris time, the ceils acquired an elongated phenotype, formed fit¡rillar

structures and $ome cell fusíons cân be seen. To detect the myoblast

phenotype, the cetls obtaínecl were fixed witlr paraformaldehyde (PFA) at 4o/"

and incubaied with an antibody against ihe heavy chain of myosin, which is the

specific antigen for rnuscle. The results confin¡ the.differentiatÍon of the human

multipotent adult cells of the invention into muscle phenotype cells.

10

l5 Example 4

In vìtro rJiffererrtiafÍon of mulflnote nl aclult cells fronl hrlntan nolr-

oste"oclrondral mesenchymaI tiqspe int-o neuronal phenoll/pe celIÞ

ln the differentiation assay, characterizod human rnultipoient adult ceffs

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

2A of analyzed lipoaspirates, each coresponding to a healthy donor (Example 1).

The rnultipotent adult cells were isolated and characterized as mentioned in

Example '1. A sample of MSC from human l¡one man-ow rryas used as positive

control.

The isolated cells were seeded at low densíty,3x103 cefls/ctn2, ¡nto

25 standard culture mediurin (DMFlVt, 10% FBS, L-Glutamine 2 mN4 and antibiotic),
' supplernented with 10 ng/ml bFGF and incubated for 24-36 hours to yield a

large nunrber of cells. The wells were then washed and neutron-inclucing

nledium was added {Black and Woodbury, 2001), conrprising:

- qMËM

30 - BHA 200 pM

^ Penicillin / streptornycin

- L-Glutamine 2 rnM

- Forskolin 10 pM
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- 2% DMSO

- Hydrocortisone f ¡rM

- lnsulin 5 pg/ml

- CIK 25 mM

- Valproic acid 2 mM

A few hours affer inductíon, a morphological change could be observed;

tl"re cells acquired a rounded shape and very refringent, with prolongations with

a similar appearance to axons and dendrites of nerue cells, After 3 days, the

cells obtained were fixed with PFA at 4o/o and incubated with antibodies against

neuron specífic antigens NF-200 and TuJ1. l-he results confirm the

differentiation of ihe human multipotent adult cells of the invention into muscle

phenotype cells.

10
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CLAIMS  
 
 
1.  A substantially homogeneous consecutively passaged isolated cell population 

comprising multipotent adult cells, which (a) are isolated from adipose tissue, (b) 

express CD9, CD10, CD13, CD29, CD44, CD49A, CD51, CD54, CD55, CD58, CD59, 

CD90 and CD105; and (c) lack expression of CD11b, CD14, CD15, CD16, CD31, 

CD34, CD45, CD49f, CD102, CD104, CD106 and CD133. 

 

2.  A multipotent adult cell population according to claim 1, which is isolated by a 

method that comprises: 

(a) collecting adipose tissue; 

(b) obtaining a cell suspension by enzymatic digestion; 

(c) sedimenting and resuspending the cells in a culture medium; and 

(d) culturing the cells on a solid surface, and eliminating cells that show no 

adhesion to said solid surface 

(e) expanding by consecutively passaging the cells. 

 

3.  A pharmaceutical composition that comprises a cell population according to 

claims 1 or 2, and a pharmaceutically acceptable carrier. 

 

4.  An isolated cell population according to claims 1 or 2, for use in therapy. 


