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CELLS FOR TISSUE REGENERATION AND WOUND HEALING
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] The present
B§pswid# tlaims priority under 37 CFR 119(e) to United Statexsus2005/047437
Provisional Patent Application No. 60/641,034 filed December 30, 2004.
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compositions, including adipose; stem cells and adipose-derived
stem cell side population cells, for promoting tissue regeneration,
particularly skin regeneration. Additionally, the present invention provides
methods for ind@xpgsiRsEERENGE TOrREONTEN Arraisrdibealing.
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is esIRteRMIEEr AP Yesult, adipose tissue may represent a valuable source of stem cells.

Adipose tissue derives from the mesoderm and is composed of two different cell
populations, mature adipose cells and the stroma vascular fraction. This fraction contains
~ several cell types among which are pre-adipocytes. The stroma vascular fraction cells
appear to have multiple mesodermal lineage capabilities in vitro, differentiating toward
osterogenic, chondrogenic, and myogenic lineages in addition to adipogenic.

[0005] An increasing number of studies have isolated stem cells from adipose tissue
and have been successful in differentiating them into other cell types. .Collectively, these
studies provide evidence that adipose tissue contains an abundant, accessible, and
replenishable source of adult stem cells that can be readily isolated.

[0006] It is estimated that eight million people per year in the United States suffer from
wounds caused by mechanical trauma, vascular insufficiencies or diabetes and if these

wounds are left untreated, death due to infection can occur. Occasionally these wounds



wounds caused by mechanical trauma, vascular insufficiencies or

diabetes and if these wounds are left untreated, death due to infection
can occur. Occasionally these wounds never fully heal and the injury or
trauma site may remain open for periods ranging from months to years.
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[0009] Therefore there exists a medical need for methods and compositions to

promote wound healing by cellular regeneration therapy.

SUMMARY OF THE INVENTION

[0010] The present invention provides methods and compositions of adipose-
derived stem cells (ADSC) and ADSC side population (ADSC-SP) cells for tissue
regeneration, specifically wound healing, reduction of scar formation and skin

regeneration.



derived stern cells (ADSC) and ADSC side population (ADSC-SP) cells for
tissue regeneration, specifically wound healing, reduction of scar

formation and skin regeneration. [0010aJ In a first aspect, there is

provided a therapeutic composition for promoting tissue regeneration in a
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therapeutic composition further comprises a pharmaceutically acceptable
carrier. [0013] In another embodiment, the therapeutic composition
comprises a tissue regenerating effective amount of the ADSC and
wherein the tissue regenerating effective amount of the ADSC is
approximately 0.5 to approximately 5.0 x10" cells per treatment site per
day. [0014] In yet another embodiment of the therapeutic composition of
the present invention, the mammal is a human. [0014a] In a second
aspect, there is provided the use of a tissue regenerating effective
amount of ADSC in the manufacture of a medicament for the promotion of
tissue regeneration in a patient said ADSC comprise ADSC side
population (ADSC-SP) cells wherein said ADSC-SP cells comprises the
cell surface markers Lin-, Sca-1, CD90', CD34+nw CD13CD11T and
CD18™" . [0015] In one embodiment, the method provided is for promoting
tissue regeneration in a patient in need thereof comprising administering
a tissue regenerating effective amount of ADSCs to a treatment site.
[0016] In another embodiment of the methods disclosed herein, the ADSC
comprise ADSC side population (ADSC-SP) cells wherein the ADSC-SP
cells comprise cell surface markers including, but not limited to, Lin-,
Sca-1', CD90", CD34"", CD13"" CD117- and CD18-I"
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[0017] In yet another embodiment of the methods disclosed herein, the
method comprises administering ADSC with an optional pharmaceutically
acceptable carrier. [0018] In another embodiment of the methods
disclosed herein, the method comprises administering a tissue . .
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comprise ADSC side population (ADSC-SP) cells wherein the ADSC-SP cells comprise
cell surface markers including, but not limited to, Lin, Sca-1*, CD90", CD34""

CD13"* CD117 and CD18"".

[0017] In yet another embodiment of the methods disclosed herein, the method

comprises administering ADSC with an optional pharmaceutically acceptable carrier.

[0018] in another embodiment of the methods disclosed herein, the method
comprises administering a tissue regenerating effective amount of the ADSC and
wherein the tissue regenerating effective amount of the ADSC is approximately 0.5 to
approximately 5.0 x10° cells per treatment site per day.

[0019] In yet another embodiment of the methods disclosed herein, the ADSC are

aufologous or syngeneic.



method further comprises skin grafting. [0026a] In a third aspect, there is
provided an adipose derived stem cell side population (ADSC-SP)
comprising isolated mammalian ADSC-SP comprising the cell surface
~_markers Lin-, Sea-It CD90', CD34'10 CD13CD117- and CD18'n0OW [0027]
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drawing executed in color. Copies of this patent or patent application
inclydpficatol MrtABERsT Qr & W@&Wﬁ'ﬁée%%@faté%ﬁb?%w@‘dﬁ%@ (fstsiperation or
vasegaresbandrgiiyrment of the necessary fee. [0029] Figure 1 depicts the
flow cytometrlc identification of murine adipose-derived stem cell (ADSC)
1902 popllatfdrPISPYESBIRST AU sAly o 31RE 4G sEREEL 8 Lo fif dosue
regenthatiteacinnggesf sharmpre seatuovedtsie. (A) Forward and side scatter
light profile of total adipocytes after tissue digestion; (B) Hoechst blue vs.
Hoechst red emission of adipocytes gated from R1 (cells that expel
Hoechst dye become dimmer and form the side population); (C) Backgate
of R3 gated cells from Hoechst blue vs. Hoechst red to the original scatter
plot. [0030] Figure 2 depicts the flow cytometric analysis of
verapamil-treated murine ADSC-SP cells with inhibited Hoechst 33342
efflux according to the teachings of the present invention. [0031] Figure 3
depicts cell cycle analysis of murine ADSC-SP cells according to the
teachings of the present invention. 4 WO 20(16/074075
PCTIUS2005/047437 [0032] Figure 4 depicts cell surface marker
characterization of murine ADSC-SP cells according to the teachings of
the present invention. (0033] Figure 5 depicts the characteristics of murine
ADSC-SP cells after three days (A), 1.5 weeks (B) and three weeks (C) in
culture according to the teachings of the present invention. [0034] Figure
6 depicts morphogenic differentiation of murine ADSC-SP cells into
adipogenic cells, chondrogenic cells and osteogenic cells according to the
teachings of the
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present invention. [00351 Figure 7 depicts the morphological signs of

neurogenesis in murine ADSC-SP cells after two days in culture

according to the teachings of the present invention. [0036] Figure 8

depicts flow cytometric analysis of freshly isolated human adipose cells
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according to the teachln s of the present invention. [0038] Figure 10
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[0029] Figure 1 depicts the flow cytometric identification of murine adipose-derived
stem cell (ADSC) side population (SP) celis from freshly isolated adipose tissue
according to the teachings of the present invention. (A) Forward and side scatter light
profile of total adipocytes after tissue digestion; (B) Hoechst blue vs. Hoechst red
emission of adipocytes gated from R1 (cells that expel Hoechst dye become dimmer and
form the side population); (C) Backgate of R3 gated cells from Hoechst blue vs. Hoechst
red to the original scatter plot.

[0030] Figure 2 depicts the flow cytometric analysis of verapamil-treated murine
ADSC-SP cells with inhibited Hoechst 33342 efflux according to the teachings of the
present invention.

[0031] Figure 3 depicts cell cycle analysis of murine ADSC-SP cells according to
the teachings of the present invention.



of the stem cells and non-stem cells. More often than not, the non-stem
cell population is much more abundant. Procedures to isolate stem cells
are becoming much more prevalent and provide purified fractions of stem
weelwodosgtisolation procedures include use of antibodies, ratieazyes;437
or magnetic beads. [0045] A possible candidate for a vast supply of adult
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teachings of the present invention two wegks after injury. Normal dermis (A), control mouse

with no stem cells injected (B) and mouse implanted with human ADSC-SP cells into site of
injury (C).

DETAILED DESCRIPTION OF THE INVENTION
[0041] The present invention provides adipose-derived stem cells (ADSC) and ADSC

side population (ADSC-SP) cells from individuals for tissue regeneration, specifically wound
healing, reduction of scar formation and skin regeneration in a mammal.

[0042] The term "mammal” as used herein, encompasses any mammal. Preferably a
mammal is in need of such treatment or prevention. Examples of mammals include, but are
not limited to, cows, horses, sheep, pigs, cats, dogs, mice, rats, rabbits, guinea pigs,.
monkeys, etc., more preferably, a human.

[0043] With the moral and ethical considerations of developing cell lines from human

embryonic cells, the search for alternative sources of stem cells is underway. The



Hoechst dye exclusion phenomenon is due to ATP Binding Cassette

(ABC) transporters. Recent studies showed that the expression of one

ABC transporter, the breast cancer resistance protein | (Bcrpl) gene, is
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gonad tissue, mammary tissue, liver, prostate glands, and the retina.
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[0049] The term “adipose-derived stem cell” refers to a population of adipose cells

found in post-natal mammals that are pluripotent and have the potential to differentiate into a
variety of cell types. Adipose SP, adipose-derived SP and ADSC-SP cells all refer to the
same subpopulation of ADSC that in humans have the phenotype Lin,, Sca-1*, CD90*,
CD34"Y, CD13"", CD117" and CD18". Any embodiment which discloses the use of
ADSC can be performed with ADSC-SP and any embodiment which discloses using ADSC-
SP can be performed with ADSC.



overall phenotype for human adipose-derived SP cells is Lin-, Sca-1+,
CD90, CD34+11W CD13+11", CD117- and CD18+11m. 7 WO
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of the present invention, the adipdse-derived 'stem ¢ells afe autdlogous. Tn
and aglycophorm A.  Adipose stem cells can reconstitute peripheral blood in mice,

demonstrating the high plasticity of adipose stem cells. Since adipose-derived SP cells did
not stain for any lineage markers, adipose-derived SP cells exist in an undifferentiated state.

[0053] Additionally, other cell surface markers common to hematopoetic stem cells
(HSCs) were examined. Adipose SP cells were CD34 positive, but the expression was low.
. Over 80% of adipose SP cells expressed the phenotype Sca-1/Lin", which is associated with
hematopoietic progenitors. Adipose SP cells were found to be CD90*, CD13"™" and
CD117". Interestingly, CD117 was not expressed on adipose-derived SP cells. This marker
is common to HSC and the absence on adipose-derived SP cells may suggest some type of
developmental divergence during organogenesis. The overall phenotype for murine
adipose-derived SP cells is Lin, Sca-1*, CD90*, CD34"" CD13"™" and CD117. The
overall phenotype for human adipose-derived SP cells is Lin", Sca-1*, CD90*, CD34"",
CD13"%%, CD117" and CD18"".



non-limiting example, approximately 0.5 to approximately 5.0 x106
adipose-derived stem cells/10mm of treatment site per treatment site per
day, are intradermally Injected adjacent to the treatment site. The
adipoessdeniyed stem cells aid in wound healing by increasi®gr/us2005/047437
vascularization, increasing cell migration to the site of injury, decreasing
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tissye epganaEiion Qbsgﬁyaéﬁgggﬁg dhameunid, A wound occurs when the structure and/for

integrity of tissues are compromised, for example when skin breaks, muscles tear or die, a
bone is fractured or the tissue is burned. A wound may be caused by accidents, trauma or a
medical procedure, by an infectious disease or an underlying disease condition. Depending
on the location, extent and severity of a wound it can be classified as closed or open.

[0059] The present invention provides ADSC and ADSC-SP for tissue regeneration. In
an embodiment of the present invention, the adipose-derived stem cells are autologous. In a
non-limiting example, approximately 0.5 to approximately 5.0 x10° adipose-derived stem
cells/10mm of treatment site per treatment site per day, are intradermally injected adjacent
to the treatment site. The adipose-derived stem cells aid in wound healing by increasing
vascularization, increasing cell migration to the site of injury, decreasing the amount of
scarring and increasing tissue regeneration. Adipose-derived stem cells also decrease the
healing time of wounds, thereby decreasing the possibility of infection. There are cosmetic,

as well as medical, benefits such as reduced scarring resulting from open or closed wound
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or living agent that is biologically active or relevant. For example, a

bioactive agent can be a protein, a polypeptide, a polysaccharide (e.g.

heparin), an oligosaccharide, a mono- or disaccharide, an organic

worpoeungd7an organometallic compound, or an inorganic ceamposmas/ 87437

can include a living or senescent cell, bacterium, virus, or part thereof. It
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[o064] As used herein, the phrase, “bioactive agents” refers to any organic, inorganic,
or living agent that is biologically active or relevant. For example, a bioactive agent can be a
protein, a polypeptide, a polysaccharide (e.g. heparin), ah oligosaccharide, a mono- or
disaccharide, an organic compound, an organometallic compound, or an inorganic
compound. It can include a living or senescent cell, bacterium, virus, or part thereof. It can
include a biologically active molecule such as a hormone, a growth factor, a growth factor
producing virus, a growth factor inhibitor, a growth factor receptor, an anti-inflammatory
agent, an antimetabolite, an integrin blocker, or a complete or partial functional insense or
antisense gene. It can also include a man-made particle or material, which carries a
biologically relevant or active material. An example is a nanoparticle comprising a core with
a drug and a coating on the core.



include leukemia inhibitory factor (LIF), epidermal growth factor (EGF),
fibroblast growth factor (FGF), transforming growth factor-beta (TGF-$),
insulin-like growth factor (IGF), and vascular endothelial growth factor

WoEGE)7Imrman growth hormone, platelet-derived growth faetard(&00&b647437
interleukins, cytokines or combinations thereof. Francisco, these are
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(00691 In one embodiment of the present invention, the bioactive agent is an
immunosuppressive agent. An immunosuppressive agent is an agent is any agent which
prevents, delays the occurrence of or decreases the intensity of the desired immune
response, e.g., rejection of a transplanted cell, tissue, or organ.

[0070] As used herein, "immunosuppression” refers to prevention of the immune
response (for example by the administration of an "immunosuppresive agent”, as defined
herein) such that an "immune response”, as defined herein, is not detectable. As used

herein, "prevention” of an immune response means an immune response is not detectable.
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example, an immune response comprising rejection of transplanted
material at day 1, post- transplantation, is of a greater intensity than an
immune response comprising the rejection of transplanted material at day
\80,2pasi7aEnsplantation. The intensity of an immune responBeTaapadan7437
be measured by quantitating the amount of a particular antibody capable
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[0073§€ €MP&ERIRA Bategies and agents can be utilized for immunosuppression. For
example, the proliferation and activity of lymphocytes can be inhibited generally with agents
such as, for example, FK-506, or cyclosporin or other immunosuppressive agents. Another
possible strategy is to administer an antibody, such as an anti-GAD65 monoclonal antibody,
or another compound which masks a surface antigen on a transplanted cell and therefore
renders the cell practically invisible to the immune system of the host.

[0074] An "immunosuppressive agent” is any agent that prevents, delays the
occurrence of or reduces the intensity of an immune reaction against a foreign cell in a host,
particularly a transplanted cell. Preferred are immunosuppressive agents which suppress
cell-mediated immune responses against cells identified by the immune system as non-self.
Examples of immunosuppressive agents include, but are not limited to, cyclosporin,
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a support matrix. As used herein, the term "tissue" refers to an

aggregation of similarly specialized cells united in the performance of a
particular function. Tissue is intended to encompass all types of biological
weswesifeerding both hard and soft tissue. Soft tissue refersetortissuesothat?
connect, support, or surround other structures and organs of the body.

cycl%éﬁ%ﬂﬁd@dlid%ﬁamh&ﬁl@s teﬂgﬁﬁaﬁe@m of figethatcanrnect azathnoprme

sto r sues, fat bI essels erves, an
R e A e R e T s el de b b frgge o
antiedip® (é?@Pt@ra@a%ﬁ*ﬁsfga%iﬁ(ﬁé‘ﬁt@@@ﬁé?t@%@uétbﬁb@ﬁ@)%m haknowde one
skillsausendadror skeletal tissue. [0078] In another embodiment of the present
invention, the ADSC are administered with a pharmaceutically acceptable

(0078 rier 8t \@&ﬁ‘ﬁfé’ﬁ?é erhedimsnth ddba R hiREptitNcrdReRsTSRtyed stem cells
are descnmwmmmy&erMammgewémmps fadihsisedBnealrobcaronid heents;.
[007}\}6 well- known to are skilled in the art and are readily

ail

abld @5RG ﬁ%e %f@??é Y A ARRSEIRRIMR XeRp e are
admipipisebriixeipicsiete t@r@éivmm dealth@pnfsaly ancrvith tirsuheegpeeraton.
[Ooﬁ‘imposﬁg%s%néjeﬁ ne dv¥%§£ P%gg fr’léo entgl S E?ﬁle effeb Sk to 'Ck éld ‘mo the

der the conditions OICG Oor eXcCl or carrier will

recipjeng BeAsiree ﬁ?'b%ﬂ'ﬁffﬁ%f%aﬁl&ﬂﬁrdlﬁfﬁﬁﬂﬂéﬁtl@c&ﬁ%dﬁ%ﬁelﬁs%élI“ﬁ?z”es
therblyytpeopdinir thar phesicagivsiepttocacksinistesith eredoagasitivat Aese/dimgdyterm .

rafbiERE6e & e H@Fé%%%é?é@%ﬂpiﬁs@mﬂ'é&%&fé%? c Cﬁ%}?&l%uéﬁ%dded in

sition of the present invention. The formulations des herein
a supRBTY %

PR e S SiSRthPSIRN B9 HSHE WiSHHR RS [0 80) R5rsgaten of similarly
speqitiizsidlerjiealjtert de Hhratnertamancs eincappricusr fihblidferddssodutsointended to
&P@Q@'Qﬁ t%@sh)z%iBi&G@@éﬁYt%G@%‘&@r@H&@{%mﬁ'%% St agsuRot &m&tﬁgsue
rtholyents dIS ersion media c§ %Itu%e media, agueous bf ers

refers R ?SSUé?ﬁos haPe C|t 8 ﬁ%r% 874567 %EEF oyBE 7 body.
SOfté'ﬁﬂ*@tﬁé%‘#gé‘i‘ﬁé%d&%@ﬁﬂ%ﬁ?@ﬁﬁ%ﬁﬁ@ﬁdﬂﬁj eTnimuRdesisnbones), fibrous

tlssum|%ﬁuﬂﬁm&@@&b(ﬂﬁ&@rﬁb@,mﬁ@@wmr%ﬁd@@%ﬁ@%@ﬁﬂﬁﬁmﬁ@teiﬂéﬁd tissue
nnclﬁéghcgﬁn%%wytgwg'g g@lg\%nfo %é@ﬂ%”r&gg%gg 5‘5‘ tis géo&hl%'%ﬂeas well as

polymers such as&go lyvinylpyrrolidone; amino aci ssuc

Otheél'ﬂ’rﬁﬁﬂ L oL ISP R8s rginine or lysine; monosaccharides,
[Ooﬁﬂsacchﬁrﬂi‘%é%%%mﬁ&ﬂr@@méd@&@Hﬂﬂ%ﬁ&glmﬁgﬁ%@%ﬂfﬁemd

dexirins: chelating a uch as EDTA: s Ico ols such.a
with 2 r;fnl ori‘g H;fgelcg%ﬁr% %)?mcﬁmeéoodn erlpo'ﬁs suc %rmﬁf’ﬁ”t'a?ﬁ&?cﬁcceptab'e

eXClﬁ@ﬁ%ﬁRS@W&chﬁfﬁ@st%wWEﬁmm, péweqhtymr@ryc@n (e, anel well-
knowtL toREUNEGEHC are skilled in the art and are readily available to the public. It is

preferred that the pharmaceutically acceptable carrier or excipient be one which is
chemically inert to the therapeutic composition and one which has no detrimental side
effects or toxicity under the conditions of use.

[0079] The choice of excipient or carrier will be determined in part by the particular
therapeutic composition, as well as by the particular method used to administer the
composition.  Accordingly, there are a wide variety of suitable formulations of the
pharmaceutical composition of the present invention. The formulations described herein are
merely exemplary and are in no way limiting. -

[0080] Often the physiologically acceptable carrier is an aqueous pH buffered solution.
Examples of physiologically acceptable carriers include, but are not limited to, saline,
solvents, dispersion media, cell culture media, aqueous buffers such as phosphate, citrate,
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[0081] The present invention further provides therapeutic compositions
useful in practicing the therapeutic methods of this invention. A subject
therapeutic composition includes, in admixture, a pharmaceutically
saeepwileexcipient (carrier) or media and the ADSC of theepiesenbs/47437
invention, including cells or tissues derived therefrom, alone or in

an@ AMBINGHRAIY BBIRN & HRIR D DB A8RBIBIAAL ALAS NI FTESENE (ess
thafora%dn}'n %traélon b va ious gmeans th #)atler';[ ex erlencmr% cellular or
fis&lie loss of dgecﬁjcﬁseyngo YOSOEOF T 1% SPruREY Shoeiiie AoN TR, gelatin, or

'm"ﬂﬁ‘égéﬁﬁﬂ‘@énﬁwﬁf%f]ﬂ\‘bvmiéﬁﬁ’érﬁb@uﬁ@ RIMYPYEHBRAkT el senlrenacidbdlch as
glywiichycompiisesepatgibasammpendhe/ARS chohidbacorangsd, imventitfides, and
othg}CBéQMngége #&%‘ﬂr{ﬁ;@g&ds@ 091% &%S 8I %%L(%‘ e&%‘iﬁ? r?én %Ig%s such as

opulations of cells ues derived therefrom, alon

ED ﬁa?H%&ﬁf&ﬂ'@%Eé?}c‘)‘t&lﬁ’l'@“E%'rﬂ%?%P‘tﬁ#e?ﬂ'éf%@@%éﬂ‘ﬂ@?ﬁ’pﬁﬁ%ﬁ@?@s sodium;
andherapgutiicosefostititns ammprsinGWicEkive pgstsyibas aglyes OfPEG), and
pLUMESI|atshe ADSC of the present invention and/or the cells or tissues

derived therefrom, along with a pharmaceutically acceptable carrier or
[008#d dia. [HDS3PprEERNprispentriwinesllRraridesisbembagid thamegsitions useful in
,,raﬁﬁﬂﬂ@o&iﬂotﬂ}%l"ép@(ﬁ% H@ﬂﬁ@oﬁd*%tmlﬂiwﬁuchﬁm%ﬂ%@éﬂw BSmposition

ulat rmaceutic acce media ce

e B B g\ Gl vt and ne

ADBERS oSRiesRhinyeRitaiy dnalsinte eﬁiérpaélsm\eémﬁmé Gesaftantactons) or in
coralsinaibbivevithgresl ienteis bicltiveosgstog il e &tfeﬁéftﬁ eEsvtr dhier apgiistration

by @95%@‘%%&%%%%%@&%&%%@%9&% 'éa!t 180 Hienc

pharmaceutically acceptable and Compatible wit e active mgr%dlent In
[008dhition tifsiesiid duttherconhodisian chitheamesenhiimentondontsoeitle therapeutic

con%bﬁlt@rﬂ/s @db§@ﬂ¢ﬁ&lﬁ5&h~ﬂﬁw&iﬁﬂﬁlé¥ SBHIERIRY RPRNER Mb“s@lﬁ%@gresent
mv%g mclu an fr@aance tg% ne]f %tlvgzn sooft e C'[I eelng?nement t!_@100 41 A A
l0active agent can be formulated | ﬁ% U R FOYRERd ations
of ?Pé'ﬁtﬂm%%*?fhaﬁ%éemﬁ&fmc@iemam@sum@rm@,cqnh@mmﬂmw carrier or
meauacequmhiermﬂslamIu@aﬁb@@ndoaﬁﬂime@mié&&ﬂm@ﬁbm&h%fé@ents that act
on BIABAHOUPOTABR ey REPIAERN ARtBRRY @{?&‘?&ﬁ L ALY GAES derived

formed with morganlc acids such as, for example rocnioric or

thersfigahrine 4iag WE’UEFPB?@%W@%B@%@ %ﬁf@ﬁﬁobﬁl‘i’@ tartaric,
[oomndelmrheaeeéyaee{ﬂsﬁ @%@J@W&%@%H&@Jéeﬁ&%m}fl EBRIPBSIfSHS is well
un da ?kai% &%d fromJn ngroanic 13{'34\1/9 200 07f40 |

BEPISB0051047 437" Baso SRR A n[SE"YBIRHnT b RRTRpeUtically
accgpiphinitgriccaldiaseliorayrke HWRM@@@ aﬁ@@dﬁi@d drgamidihasEkeayeparation
of tisnppepytatninsositions thithabiiaetva-afayiRnkneneib e e RIFENGroRiNsatss) as
acti@@%ﬂ?@df&?ts is well understood in the art. The active therapeutic ingredient is often
mixed with excipients or media which are pharmaceutically acceptable and compatible with
the active ingredient. In addition, if desired, the composition can contain minor amounts of
auxiliary substances such as wetting or emulsifying agents, pH buffering agents which
enhance the effectiveness of the active ingredient.

[0084] A bioactive agent can be formulated into the therapeutic composition as
neutralized pharmaceutically acceptable salt forms. Pharmaceutically acceptable salts
include the acid addition salts (formed with the free amino groups of the polypeptide or
antibody molecule) and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic,
and the like. Salts formed from the free carboxyl groups can also be derived from inorganic
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[0085] The therapeutic compositions of the present invention are
administered in a manner compatible with the dosage formulation, and in

a therapeutically effective amount. The quantity to be administered
wepwnels4fos instance, on the subject and debilitation to be tregtedoos/o47437
capacity of the subject's organ, cellular and immune system to

basBEGUBHNRI#E dREmiNErso@UNC S&ﬁ&ﬁﬁﬂ'%rﬁ&qdhﬁ A& Qgrtﬁﬁrﬁ%gfomdes

|ss%eothe%a etc. Precise amounts of the eutlrépcom OSItIOﬂ re U|re

Aisiared depeRe BYARL u bnr”‘r?eh IS, AR \'eh'snd'”e’
pro??é%ll%ﬁdcg‘éé!bﬁ individual. However, sunable dosages of the therapeutic
{oog%ampowmﬂyg&m%%myﬁammﬁy PR AROUL SRk in

adipose- derlve stem ce Is/10mm of eatments Ite per treatment site

mafﬂ?ﬁfd’avea Pt e dRsrosifapUtaday, ﬂ?éf&goi%w‘ﬂeam effpgivermgount.
Theaglipotiy-tieby edrsisstecad| sk @mis, 6fr instimentrsitecpeibiseaime beiSitR RSN to be

trea@ay & c}!wrotrr%r@@aga&e&%@%@ap éﬂ@rﬁmaﬁt@gaygn@PQQEQO%éo%a&e the

ose-derived s gm ce s/lOfn‘}]m of treatment site per treatment site

106
thersRe s, “ AR AN g AN iR 83HRSD Eﬁﬁfn%ﬁ'%?fb%tﬁﬁ“&%eeé?zepé?ﬁﬁ@ amounts
of tﬁ@f@ﬁﬁéﬁ*ﬁ spEgsitioh | ettt clo foe infiainisthradisteation andiellodgorent of the
pra@iiBHBis#EAlOBrarpealBiervasiaklen b%-%ndnclwmnéplt@!;@g@@&@u@nnf the
therfe%én@fg %Mtﬂgﬁﬁo%}eoq ose;egén nlre\v% 181 Oh 9[%%:%%%@ terv %@%Pt x 10°

subsequent injection or other a mlnls ration II i
adinpsgydeAGe) ﬂéf@rﬁ‘ﬁﬁ@%@@r@%ﬂﬁl@“&@ﬁ@&ﬁfa’f%'ﬁﬁ%al@f@?raday cells per
treapasitsiar pgaserdorapieatplary.dose. &k thadinbgs @frRbe dtdd RO Bm of

trea¥midi® &@'?aewaﬂ%gm@tweag%le %&Dﬂéﬁﬁw %@rggtrea and more

0.5 x 106 adipose- derived stem 10mm

e S PRaE 3 i T0° A pone i AA SIS ST AP ot BT Site per
treajuigrih sitte pesaiayeranditdefOO8 7drinizmothr efmizbuinstntiof thadpiesaide of the

treati¥atioe, A@ﬁiﬁbl@r%éﬂ@é"‘f&qmgI“é&ﬁr?m&%ﬁﬂeéﬂdsf@&g %ﬁ?ﬁ?ﬂﬁﬂ@h@ﬁon are
A r the appearan wh

alsq ¥ ené/re'%ger:ra ion 15 negﬁ rlgcllgleaa %?l(f)%n é%%ﬁ |EPRSIGH Gloses at one or

morﬁwa?apeqm{@ycmtﬁﬁ@ﬁmyrﬁ@ébwem trm@qﬁmgcmeﬁneofamrmemmner and

[ooéﬁf typeO%@do?lemrPMQeamgy(??%ﬁllwld@f 91@@%&3 %Eﬂré‘ rrltai%eagncentratlon of

individua rentlate cells of t resen Inventl

cellx i B&afaétﬁwﬁrs?afaﬁesy ARjEEORANY SIS DI it nge it B@ér%ﬂ/x 10°
celly/zpataeiivent siteviee dsychnes rotdieifiegeexacgtiee terprixiortenood ot atipose-
derﬂ;}é@ tét@ﬁl adgliionay @ﬂ@ﬁ%ﬁtr@@dﬁr%%{mr%‘a NERYIBWHIER BNy

q( S b? tmtrod tnt? L ect at a desired Iocatlon Specific,
injec AoN- n‘ha%%g eoxé)Fn"\f) e'go adm ﬁns% ﬁS cells to subjects may also include

[oogxgminiskiatinthby esiboaiRAEOLBE RSN i RFAIRNSODET WS edaihiftred to the
trea{m&ﬂygﬁ]@%émr%H%i gt %qm{&%t@{éQ%'é a?}éearance of a wound or an injury when

tissue regeneration is needed. Precise administration schedules for the therapeutic

composition depend on the judgment of the practitioner and the type and extent of the
wound or injury and are peculiar to each individual.

[0088] The ADSC or differentiated cells of the present invention can be administered by
injection into a target site of a subject, preferably via a delivery device, such as a tube, e.g.,
catheter. In one embodiment, the tube additionally contains a needle, e.g., a syringe,
through which the cells can be introduced into the subject at a desired location. Specific,
non-limiting examples of administering cells to subjects may also include administration by
subcutaneous injection, intramuscular injection, or intravenous injection. If administration is
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WO 2006/074075 PCT/GTS2005/047437 intravenous, an injectable liquid
suspension of cells can be prepared and administered by a continuous
drip or as a bolus. [0089] Cells may also be inserted into a delivery device,
W@ 2000078M7ge, in different forms. For example, the cells carrb®eus2005/047437
suspended in a solution contained in such a delivery device. As used

mtré\)%?ﬂiﬁh the iIEERIHO kI siRpbidem PO RaR D %&%@%%ﬁ.ﬁ%{&@d by a

9 nt |n WhIC he cells of the invention remain viable. The use of
condinu ofus
suc car ers and Uents is well known in the art. The solution is

[oogopferalgyisterile apd fivithieiize erteatdbidierpasyryiRgRbUtY/EXIESIN different
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storage and preserved against the contaminating action

de"ﬁﬁcrﬁ%n‘&ﬁﬂ|§ﬁﬁes'”sﬁtﬁwt%{§16'a€’ﬂétl?§"dﬁﬁl%ﬁfg? ﬂﬂ%’ﬂ@??ﬁ&caﬁbé%%ﬁb’e carrier or
diluentaimpibichaitebesits ofiltrabutantaln phemol, vabtorbithacidetbinsetbsehrdesd and

duuyﬁﬁs Imeﬁﬂhmnﬁ gidhe IYROUBREANLS LR EIRE PeoiRarating xtent that

ifferentiated cells as described herein, in a pharmaceuticall

eas%\c?:\ér %ﬁi afiiSior diftiRtath, 106 rSQMHY, Buskatlsyrdnfeh e Gonditions. of
marém»@a@tjsamge Al ovesedrvey ﬁﬂemst@rﬂuzmi@mn[@tj@@]am ot igamaygbaisms

swaadma@raegr@ﬁ%mm'éfm&@wwlau@mmuslrzsb%lo&%lhst(ﬁfnnl phenol,
ascggé? cu% d%?g Iyo'ér:rg Ca? ﬁ)l rdlal % CﬁCt undF ¥h%cpn9/%% l%ll’(l) rarrB% & eq_a(g?d by

nce, o Cahsn ader U ALY durlng sur

'“C%%ﬁtlﬂibtﬁ% ﬂﬂe‘%@l@'ﬁﬂﬁ&fﬁ@ecﬁ?ﬁaﬁslrﬁ‘ééﬁ'lﬂ?éq|cfEﬁéP§Us¥5eﬁsi@hﬁrmaceutlca"y
accmmnwauommnmmwmm patiblrireedithar Waielishinjeaimlaaisdighiddaomwed
by fﬂ@ps%%?ﬂsﬁ semi-solid at the site of damaged tissue. A conventional

intra- cardiac syringe or a controllable endoscopic delivery device can be
[009ed solfengeals theynbedidrhinierest spsteisicallgufficienxadipmattniergud®) or

!ocaﬂﬁ%ﬁ &d’alﬂgﬁgﬂ)rﬁlﬁ%m% ?&%&l'd?&%&%%@&%&%@%ﬁﬁf&xdanw or by
ells may be, administered i anner tha

d'reﬁw aﬁ? f(:aq'(r)aftu O%ﬁé’lS#] deaiol dsmnd Sorgenyy r%co%%‘ﬂtﬂ? SNy gﬁ nlj g Ry be

in amn&%h‘a”%éﬁ@wr@apwm}iwdm h»mmégﬂwmmﬁqwm@mmecnble

in ligao kennael pewmiedossmbeniiatihineliteder matrices W¥GH akEconventional intra-

cardWACQHRRLIBIE, 1SSIBIRALRONBLEIE AN A LlFEIAg BLOWRIR U as the

which are not armful to the reC|p| matrices prow e support
neefitiuBaB I OP RIS %&Wa‘?@%?&%&%l@uﬁ%{% qoletisy Nt FAranipses wil
not dgmidyetihdimiie geaptiddiveratiices are examples of such matrices. Natural
derived from a

1000 G oo ABIGLRS bl T e L S-S B sl to e
intepdagifshoRte BN tﬁ&ﬁggmaﬁ@awﬁgﬁmm&e ihesundionety Aebisitvicares.

roogZecluds migration.aad imunglacical syselications: Ang s or embedded
include matrices which are biocompatible, recipient-compatible and which degrade into
products which are not harmful to the recipient. These matrices provide support and

protection for ADSC and differentiated cells in vivo.

[0093] Natural and/or synthetic biodegradable matrices are examples of such matrices.
Natural biodegradable matrices include plasma clots, e.g., derived from a mammal, collagen,
fibronectin, and laminin matrices. Suitable synthetic material for a cell transplantation matrix
must be biocompatible to preclude migration and immunological complications, and should
be able to support extensive cell growth and differentiated cell function. It must also be
resorbable, allowing for a completely natural tissue replacement. The matrix should be
configurable into a variety of shapes and should have sufficient strength to prevent collapse
upon implantation. Recent studies indicate that the biodegradable polyester polymers made
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be able to support extensive cell growth and differentiated cell function. It
must also be resorbable, allowing for a completely natural tissue
replacement. The matrix should be configurable into a variety of shapes
wodm®howmdrhave sufficient strength to prevent collapse upopdmpsanigtionsy
Recent studies indicate that the biodegradable polyester polymers made

of pa@g}{y@;%%%ﬁ@@ Bﬁtﬁé@?%ﬁ@ﬁ@%@%c%é@' '%%%Q&%%ng'ﬁ'!g%%og fg.
Ierla, as, ripe acant, e
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[OOﬁTd 5,308, 4Me P34 tagRmE el PR rRISHRINEL UM ﬁg %Haé’ goatmg the

enhanced by coating the polymers with’‘compounds suc ment
POy e SV AR € CBIRRIEn o, BRETRER! GETAFEMGu AP RVEN BolRingoarose,
gelatypegunuambw atiagefibrdyeetin).lathinitl, dycesamiMogiipcams;tin,  laminin,
“:3,CB%§§WE“|@§ ;B&«@IIQH.%%%QW.?FM@{&?&%F'%V%Eb?%.&%%&ﬂﬁﬁﬂd@é@ﬁi%@ iRkne art
ulture. All polymers for .use in t & matrx myst meet the. mec anjcal
of o A P R el P b et s pohomica
Paramé’f%@l |§6\ﬁﬁﬁ$@ru5§@émé¢ﬂ gﬁéﬁnﬁtﬁﬁﬂpmmé theieellf00Y55aequthgrowth and
proliggisariages of a biodegradable polymeric matrix is that angiogenic and
other bioactive compounds can be incorporated directly into the support

10093 atrix S8tk RRARRIHSRHIGT @ igdeeradohie ReIppsHC MK ietirldyipgenic
and gither Apahtiveaibpphumds cetmue inecipuasadidiredy mi tHeessispotneatrix so that

theydéﬁr Q%ﬁyhn‘éﬁ%gé' %emscgltlémwiéﬁrﬁagﬁ?@eéﬁﬁq?%ﬁ ? ggachtﬁe'-rzrscelbpolymer
erent characteris agtors, in nutrients
Stmcgu(ﬁ%(':servsa ot i erén |z§tlon Sr - &?ffg Wf?§ﬁoﬁ?F%”"‘”&%%’iﬂ&ﬂﬁé‘?@%ﬁgf@&”ﬁate
according tép|deeir ch%@e&ftte Asdtacisfiditerediation, dndusbepinsidhataceisticsactors,
induseieh @S qurelietiation andjéuﬂn@r?m?lﬁéal (U@Ct@lklﬁéOQ%ﬁ"%;ﬂfa‘f&P@él%n to lose
!;g[g}]wg S, Jnhibito S, ammation S|on a
|oact|v<§n g}%gr%t'% HBH hgnc?ed(?r a oa\'/'\”/aﬁmarr%tm eﬁfrﬁ ﬁfﬂer?sﬂon and more

ge”‘ﬁ@'twﬁ’i’ﬁt'BP e?@ﬁffér@f HRAGHRRC W”&ﬁ@%@@swm@ﬁ@@ Igfolpfptamation,
regréheise Sudied,irbituetinet agehtomhigrciakiyraeaibaidowitih groRHC HP ReaSytphatic

neMHMrQ%H%S@%aﬁ&@ﬁ?&ﬂlX%@H‘%H@%mWQ%ﬁ(ﬁé@ﬁ % ﬂo?e skilled in the

o A S i e e i smoun
fro”‘*fééml'ﬁi'@ﬁ#haﬁ@l RefabpiaiveliRgsepiderriigrgrotiietacibidike wrowthr growth
factd@csae B Fasdulacenddthglial growth factor (VEGF), epidermal growth factor (EGF),
and heparin binding epidermal growth factor like growth factor (HB-EGF), could be
incorporated into the matrix or provided in conjunction with the matrix. Similarly, polymers
containing peptides such as the attachment peptide RGD (Arg-Gly-Asp) can be synthesized
for use in forming matrices (see e.g U.S. Pat. Nos. 4,988,621, 4,792,525, 5,965,997,

4,879,237 and 4,789,734).

[0096] In another example, the cells may be transplanted in a gel matrix (such as
Gelfoam from Upjohn Company) which polymerizes to form a substrate in which the
placental stem cells or differentiated cells can grow. A variety of encapsulation technologies
have been developed (e.g. Lacy et al., Science 254:1782-84 (1991); Sullivan et al., Science
252:718-712 (1991); WO 91/10470; WO 91/10425; U.S. Pat. No. 5,837,234; U.S. Pat. No.
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incorporated into the matrix or provided in conjunction with the matrix.
Similarly, polymers containing peptides such as the attachment peptide
RGD (Arg-Gly-Asp) can be synthesized for use in forming matrices (see
WQ2n80PEs Nos. 4,988,621, 4,792,525, 5,965,997, 4,879,PGV/E81605/047437
4,789,734). (0096] In another example, the cells may be transplanted in a

5,01987patyix ($6h RS, @@b‘@@@from;k&mobweﬁc@mgmy)p%@hmlymw trect
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prepafatidisSard 24JiRH10 0iioh 1/ 10k QMlib04Rbalddy. tRaisgmted at intervals

until%%%%i%ﬁ%&ageut%te%%t id 8 F:4006/074075 PCTI1JS2005/047437

Pat. No. 4,892,538). During open surgical procedures,
[0097olving direserphiysicahbaztesstia therdaentic eonizssitoard/oprsigaan alffefive
amdiif Qﬁﬁﬁfw%%r%sﬁted%dﬂ@%f%@éﬁ@mﬁedqb%lsétﬁép §sdissar As used herein,

differentiateq p cental stem cell Zlbﬁ%} re aratlons are av

"VaS8BlffBr9éseFﬁ85é %rﬁs Rth BERES At RO AR L OE X F% include
penmﬁrb@m%p@aq%séﬁmd@mwewﬂc [QOSTYRiMancesditptiggase, and venous

dise8RbodigBNE @sthat aRAINIE eOPIRRTE Yaompsisiothaneiiastive MEPNised in
metlimwod%q or cemgé{e?ﬁ? é%s%etoopﬁgﬁa%ﬁ kge%fayv{&&lev g %I(% ?e\?asscuéf%so%%ehal

erein, "vascular disease" reters iSease of the human vascula
Ce"%?@éﬂ’ﬁ%ﬁﬁfé@|??(H@!ﬂéa%5éi?ﬁﬁé%%‘tenal disease, abdominal aortic
aneurysm, carotid disease, and venous dlsease The ADSCs can be
used to produce vascular endotRSAMELRS that may be used in methods
for remodeling tissue or replacmg S5 @{lssue in a subject. Vascular
endothelial cells may also be us@%rff%'é‘palr vascular damage.
EXAMPLES &sagratienand Sulve af Adipesenberved e elS arived Stem

gooééf"s [Oiﬁ%g%\}r?sﬁ%e@g%%@e%%@s@gwd&%@&@tﬁbq&ﬁwrﬁ%@wdwmne
m cells e e e aescripe e Isojation

the JIHEE. SRR e LR TR bR A datire SRy el g ouse

tnssmntmtm bechespibiskitiria neésawqboc@m&@i iadheieftés uee thesattechniques to

isolAdinapesesiveedasiem eallsframvpiiendnmmmaaliredizsues. [0099] Briefly,
visceral fat encasing the stomach and intestines was removed and finely

[009%n cedRiRfYsidpteratiakepeasinmivplantae ardvaisstiaes Was e s mnk inely
mingeidh withlc ktenilen agisasism-fide Didbected'sfath esgshderb uifested stdimdimes  with

calchRRALYRSsTMILE Dfdbecco's phosphate-buffered saline containing 1 mM EDTA
(DPBS(-)EDTA) and centrifuged at 500xg for 56 min after each wash step to remove floating

adipocytes. The adipose tissue was then incubated in DPBS(-)/EDTA for ten minutes at
room temperature and the adipose tissue was then mechanically disaggregated with surgical
scissors or with a BD Medimachine (BD Biosciences, San Jose, CA). The disaggregated
adipose tissue was then enzymatically digested with type | collagenase (0.075%, Sigma) for
15 min at 37°C. The adipose tissue was then further digested with trypsin/EDTA for 15 min
at 37°C. The digestion was stopped by addition of an equal volume of DMEM culture
medium containing 10% FBS. The digested adipose tissues was then washed with
DMEM/10% FBS by centrifuging at 350xg for 5 min for each wash. The pellet was then
resuspended in DMEM/10% FBS and filtered through a 70 pym nylon mesh, The adipose-
derived stem cells were then resuspended in DMEM/10% FBS/1X non-essential amino
acids/1X antibiotic/antimycotic (basal media).
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(DPBS(-)/EDTA) and centrifuged at 500xg for 5 min after each wash step

to remove floating adipocytes. The adipose tissue was then incubated in

DPBS(-)/EDTA for ten minutes at room temperature and the adipose
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tes e en 1IN, a,con tration cells
o o P e B e i o
[0108]gma)satrinfnsbsaentiatiotabi ghimlx Thie seleSe@entya). Hoechst-
staif@43IaR %}é‘?éyeégt%w&%%%%Y\%%W@W%&&%Bﬁ%%ge%cﬁ% s, Mountain

incubation, cells were pelleted by centrifugation a Pt on ice unt flow

Viewy el 70 HAEFHE! R Bt RS TRB e, @, 80T siiBigic mirror
andmmle@mipamt;(slgtﬁ@ﬁat anfin@f O¢Ehdentt atems G2t g géapledtivatyditiBludeescein

isothleeffHeks aniey F%Qfdt ortgg&gkﬁﬁg,&@r%té@%ﬁ@ %%Elﬁegg‘f(v:%é&%exaser
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PaSMBE@fﬁalfPSV%\NMGdYA) /éjmwg@@mrbwé’@hweédeémuwﬁmﬁwar@ﬁw laser

(Contlars) 2pArumisiii aigsrobesteandtacllspopm %M@@W&O and 670/40
band pass filters, respectively. Fluorescein isothiocyanate (FITC) and

1015} com A (Y HBHE. L HAFS SPHEBHR G0 APRRSEted 1 500 mL o

Hoechst staining buffer and kept on ice. Cells were stained with anti-mouse Sca-1-PE,
CD90-APC, CD117-APC, CD34-FITC, and antibodies for lineage determination (BD
Biosciences Pharmingen, San Diego, CA). The lineage kit contains anti-mouse CD3e,
CD11¢, CD45R/B220, Ly-76, Ly-6G and Ly-6C all conjugated to APC. Cells were stained
for 30 minutes, washed once in cold Hoechst staining buffer and kept on ice until flow

analysis.

[0104] The staining conditions used to identify side population cells in other tissues
were applied to a single cell suspension of enzymatically digested adipose tissue. The
conserved phenomenon of Hoechst 33342 efflux was also observed in adipose tissue. The
frequency of the adipose side population cells was 1.5% + 0.5% (mean * sd, n = 4). To
identify the side population cells, all scatter events were included in the first gate of the
scatter plot. Adipose-derived stem cell SP cells, identified by Hoechst staining, were
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(Coherent, Santa Clara, CA) and emission was collected with a 530/40

and 580/30 band pass filters, respectively. Allophycocyanin (APC) was
excited with a 638nm 25mW laser (Coherent) and emission was collected
WRRMEYBIA0 band pass filter. [0103] For antibody staining, RESHIE SAeN¢047437
spun down and concentrated into 500 mL of Hoechst staining buffer and
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e scatter plot. Digested adipose tissue shows three major populations of
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scatter (FSC ure 1). Adipose- derived stem cell SP cells have a low
wit %} §

B HATORRHg NG GRS e, FITE P g68 GBule, fgeg ves
defiméd @fpmw@rpe imtersily thbaves98% anisthe egativebrantdboud@ipirgtent as

inteHESIFRMAE IS HFARRe A0 ameRoHRispsdamd Yow R FetervEnsissher
ABC transporter activity creates the SP phenotype in ADSC-SP cells,

[01Q8rapaniiiiiesy arilg ynoirr Haht SesiRieRI6ANtEPh Aivdnabhcavasirg @fripg their
life gyotd. (Figshily 2)rtddadistdid sli@buptiiamdeldiménésstanh sbavitifibesmdiium iodide to

assgggefﬁgﬁtc@)f © %MW&H@& I%D c%@'ﬁ%ggtﬁstlgé@ég ;EBBL{?E%&; and the main

transporter. [0106] Adipose-derived stem cell SP cells were stained for

PopUlaHaR ST ALE S B A R B ST A e e Ahase. This
wasammmmmeeiammam attibtnidsE83diEtatwi drdtder iojrositeiigure 3).

orfoativa ool wete nstalpedhadigose celle, Posiie SANNONES ¢y ong
fined as orescencel enS|t a ove e ne a ve COﬂ .

are SEHiAlied At gem cells. However, not all ADSC SP cells express stem cell markers.

The ADSC-SP cell population contains cells that have not commitied to any lineage. This is
evidenced by the absence of any staining of lineage specific antibodies. Stem cell antigen-1
(Sca-1) is expressed on 81+/-5% of ADSC-SP cells. Similarly, CD90 was expressed on
80% of ADSC-SP cells. A multivariate plot shows that 75+/-7% of ADSC-SP cells have both
Sca-1 and CDS0 (Figure 4). Adipose-derived stem cell SP cells stained low for CD34 and
CD13. CD117, which is important for development of many stem cells, was not expressed
on ADSC-SP cells (Figure 4).

Example 3
Differentiation of ADSC-SP Cells

[0109] After sorting, cells were washed once with DMEM supplemented with 10% FBS
and cultured on a feeder layer of mouse embryonic fibroblast STO cells. The STO feeder
cells were plated on dishes coated with 0.1% (wt/vol) gelatin, freated with mitomycin C

19



intense, falling in a range of 30% - 80%, was considered low to mid level
staining. [0107] Adult stem cells, under tight regulatory control, are mainly
quiescent during their life cycle. Freshly sorted adipose side population
vl gvseraastained with propidium iodide to assess their cellmychesstaiesr437
The data indicates that both the side population and the main population
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f
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minutes. Plates were washed W|th dH?_O twice. Staining with 0|| red O showed cells with oil

droplets as a deep red color (Figure 6A). The control dish had no staining for oil red.

[0114] Chondrogenesis

[0115] Eighty thousand cells were grown in chondrogenic induction medium (Cambrex)
according to manufacturer's specifications. Briefly, cells were pelleted into a micromass in
100 pl of DMEM with 10% FBS and were allowed to attach tightly into a micromass plated in
the center of a 6¢m dish. Cells were cultured with chondrogenic induction medium that was
changed every two days. While in chondrogenic medium, morphological changes began as
early as 5 days. The cells enlarged and the micromass had become much more dense. At
days 7-8 the micromass condenced into a visible pellet and lifted off the culture dish.

[0116] At this point the cells were stained with alcian blue reagent to detect
proteoglycosylations. Cells were washed 2x in PBS and fixed in 4% paraformaldehyde
overnight at 4°C. Cells were incubated with 1% (w/v) alcian blue in 0.1N HCl. Plates were
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transferred into adipogenic induction medium for 3 days and changed to
adipogenic maintenance medium for 3 days. ADSC-SP cells were

cultured in adipogenic medium for three rounds days until fat vacuoles
weumipped) 73 he earliest time in which vacuoles were evidertovassaz k@37
days. Approximately 50-60% of the ADSC-SP cells developed fat
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e s
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Ce"ﬁ?éﬁ'ﬁé@@éf&fm}t?ﬂl*ﬁ/%seiﬁ/ IGHERRHlue in 0.1 N HCI, Plates were 20 WO

[0126]06/0 {0/ BfelidS2005/047437 incubated at room temperature for 1
hour. Plates were washed three times with 0.1N HCIl to remove excess

[0121]e. Thifbntiveupandarelissyemigredtinep\Nbilé witil 2080StB® snpitgneettsi with 1
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progﬁ@mﬁah%mrt@ §9#éﬁman6ﬁse Bali@nwa@ébmte w@w@waaraa@m oigrhhinlogy,
a sHapaEhbwithid:Q6urdsS. antballupddicatiashine elgaviie culthegdonibstin. Cells

wergﬁyg&%%r{%ég%g@and fixed in 4% paraformaldehyde ovemnight at 4°C. Plated were
blocked for 30 minutes with Fc block (BD Pharmingen) diluted in PBS blocking buffer (1x
PBS + 10% FBS). Cells were washed three times in PBS-T wash buffer (1x PBS + 0.1%
Triton X-100) and were further incubated in PBS-T for 30 minutes. Mouse anti-nestin (IgG1),
(Chemicon, Temecula, CA) was diluted in 1x PBS-T + 2% FBS to a final dilution of 1:200
and incubated for 1 hour with constant rotation. Plated were washed twice in PBS-T. Anti-
mouse immunoglobulin PE (BD Pharmingen) diluted 1:200 in PBS-T + 2% FBS was
incubated for 30 minutes for visualization. Approximately 70% of differentiated ADSC-SP
cells expressed nestin (Figure 7).

[0122] Cardiogenesis

[0123] Fifty thousand cells were grown in DMEM with 10% FBS supplemented with 5-
azacytidine (Sigma) a final concentration of 9mM. Cells were cultured for 3 days in
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medium that was changed every two days. Osteogenis morphological
changes began showing after 10-14 days in culture. Adipose SP cells had
become large and cuboidal while undergoing osteogenesis. [0119] After
WoQaysadalture, osteogenic cells were stained with von Kesgareemant437
to identify calcified deposits which signify early osteogenesis. Cells were
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vis i}ﬁ%?g&al morphology, a shape specific for neurons. After 3 days of

culture, the cells were stained for nestin. Cells were washed twice in PBS

and fixed in 4% paraformaldehydExaverkight at 4C. Plated were blocked

for 30 minutes with Fe |pipgleiBR-RARIMBReNLHikkded in PBS blocking

buffer (1x PBS + 10% FBS). Cells were washed three times in PBS-T
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a ftngaé&@&?&tgjxl%eg pg/mb. The cells were gently agitated every 20 min in a 37°C
water bath for a total of 90 min. After incubation, cells were pelleted by centrifugation and

kept on ice until flow sorting. To demonstrate Hoechst efflux inhibition, cells were incubated
with verapamil (Sigma) at a final concentration of 25 pg/mL in addition to Hoechst staining

for the same incubation period.

[0126] Sorting was done on a Cytopeia InFlux Cell Sorter (Seaftle, WA). Hoechst-
stained cells were excited with a 355nm 20mW UV laser (Lightwave Electronics, Mountain
View, CA) and Hoechst blue and red emission was separated with a 560nm dichroic mirror
and collected using a 460/50 and 670/40 band pass filters, respectively.

[0127] The conserved phenomenon of Hoechst 33342 efflux was observed in human
adipose tissue. The frequency of the human ADSC-SP cells was 2.5% + 0.5% (mean =+ sd,
n=3). The human adipose cell suspension was homogeneous; most events in the scatter

plot fell with the same area and the cells were gated to examine the Hoechst staining levels
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in 1x PBS with 10% FBS. Cells were washed twice in PBS-T wash buffer

(IXx PBS + 0.1% Triton X-100) and were further incubated in PBS-T for 30

minutes. Mouse anti-troponinl (IgG2a), (Chemicon) was diluted in 1x

PB3ATRBFBS with a final dilution of 1:200 and incubateatdoruboote47437

with constant rotation. Plates were washed twice in PBS-T. Anti-mouse Ig
(R1F. EA(B&Fémwiagaaaltﬁlﬂéutaﬁ i&@%ﬁ%&ﬂ&ﬁ d%&ﬁ_{&%ﬁéﬁﬂﬁ@%&@?@gnﬁmed in
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poguinisfereed) to. ABgnardisd itk dsteB b RI 0L MFERSbAafide ti@@t@@é{ﬁﬂﬁ(zs pg/mL

fmamwgggargggg Ig ﬁﬁg%&ﬂ%@@ﬁﬂﬂ&%ﬁ% éﬂ%qofmér% ML onsistent

our at low digestion, t

W'%BE‘?Y%éWE%s’W%é&WBM@WT@ the psigitios of m@@amn (Figure 9).

Stajpiny cif ewlEnugiictlinydibaigestadiadipsesaht S eaas retoved and the cell
let was suspended in 5mL of DM?EIIL\/Iglo The adipose cell suspension
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10)33342 (Slgma) at a final concentration of 5 gg/mL. The cells were gently
agitated every 20 min in a 37C water bath for a total of 90 min. After
incubation, cells were pelleted byE(;(g pifgation and kept on ice until flow

[l Werﬁ incubated
SHREARCaddition to
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[0130] Figure 12 depicts tissue sections from the injury site from both control mice and

mice treated with ADSC-SP cells. Figure 12A depicts normal dermis from a NOD/Scid
mouse without an injury. Tissue sections from control mice 14 days after injury (Figure 12B)
demonstrated wound-induced disruption of skin architecture and formation of scar tissue.
Tissue sections from mice implanted with ADSC-SP cells (Figure 12C) demonstrated wound
healing of restoration of normal skin architecture without evidence of scar tissue.

[0131] Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as molecular weight, reaction conditions, and so forth used in the
spegcification and claims are to be understood as being modified in all instances by the term
“about.” Accordingly, unless indicated to the contrary, the numerical parameters set forth in
the following specification and attached claims are approximations that may vary depending
upon the desired properties sought to be obtained by the present invention. At the very
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WO 2006/074075 PCT/US2005/047437 (R1). ADSC-SP cells, identified

by a decreased level of Hoechst staining, were identified in the Hoechst
blue vs. Hoechst red plot (Figure 8). The adipose cells are a relatively
WehaeigeXi¢lias population consisting of one main cell type wiRKSESUBRG4I437
a minor population, only 2.72% of the cells gated in RI, the SP population.

leaé(,&iﬁ’_@aﬁ‘ﬂ b2 gﬂ&hpfiﬁﬂlw’d&&aaﬁﬁmmﬂ rhthl Harthineshsd BfdlKtiao the scope
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necaﬁdaﬂill)%sm rfainpréksensondad AREAISP felis! (Figuheirl @sgecinepléesting
measligwuetan of Wound Healing with ADSC-SP Cells in Mice [0129]
Approximately 10 cm incisions were made on the back of NOD/Scid mice
[0183]of anthtalsper Growns 2 ans wheinand a4 splerenis spprtdnithatepptext of
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f mice. A sec p of mice received no transplantation (contr

confRBiIg Y 60D ke ROGRUP /g HES 66 S PRI IR TRIRY bl serve as
a shakiband neibddaté rdieringendividuaiyrid émdliseparadetissiue falyeneittiothe range.

Un:Eégtaiﬁéakl@@mmtﬁ@@ﬁér&\/aéaaxlm.aﬁnawaugyssﬁeo%&gfgaqm [ éﬁeeaﬂéanon

t h ADS
o [ B S e el Lr oo st e o 7 agggrmed
anV(@t)Iigh@s@réferdaiﬁﬁ m@eﬁm@é intitalnederin ADSBse cllealy andt@icted by

cont@3 0 el Qigecot 2rilegmiatsilissaapiestivnsdrami e Hyjusystedreicheldr) provided
her&ﬂqyﬂt%\'&?d% e\"“'t%e&%?gk@gl lllt&éa‘t[h)§ %v Kg:r? g%dlﬂgure %s%ezp lir:rtuﬁatlon on

normal dermis mouse without an |nJury sue sections
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conataiericbiniddicetihdi sryptioncifiskihedenizite etisemttan thftraticicobbtaritiasien.
sue sectionps from mice implanted with ADSC-SP ce |gure 12C)
101 o RN Shc RN EITEEE RIcHTSF AR < 1 okt isclosee
hergjitigeeinet/lddiececnsisued asdieitd®rel] Enslearomeaniberingicdeetiatted to and

claiftieN DRI IBNRIE SSiNg %nﬂﬂﬁﬁlﬁéﬂﬂgrﬂﬁﬂzrﬂﬁe@fﬁ&ﬂ&?f Sﬂﬁheaéroup or other
cpl r [ it and so forth use |nte

e!erg%%el%ffégﬁg\:\%%yi cIZ?r%s :;?rtécgt)%%"edou% e?gteog% as rgememrlﬁ%rg fO edifaf® MY be

inclydled, {p <& B?)%S’ f&avp, @ group for reasons of convenience and/or patentability. When

any such inclusion or deletion occurs, the specification is herein deemed to contain the

group as modified thus fulfilling the written description of all Markush groups used in the
appended claims.

[0134] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Of course, variations on those
preferred embodiments will become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventor expects skilled artisans to employ such
variations as appropriate, and the inventors intend for the invention to be practiced otherwise
than specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permiited by
applicable law. Moreover, any combination of the above-described elements in all possible
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"about.” Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the following specification and attached claims are
approximations that may vary depending upon the desired properties
Oy apHess obtained by the present invention, At the very PGDW 005/047437
2006/074075 PC'T/US2005/047437 least, and not as an attempt to limit
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pubREHIR @BFH&QHSJ?&R%%%%? ?ﬁEﬁheéQ fﬁ'&?%aé?o@@%%'%@’ cﬁées”b%d printed

numerical values set fort € speciiic examples are reporte

p“bmﬁgﬁﬁf%geﬁﬁgéﬂﬂ%{‘dﬂﬁv H‘Lﬁﬂr@ﬁ@?@%?fﬁm&mﬁﬁ%ﬁfy contains
[o1szgrtam @rw§n@%%§aa&m@§ww {ﬁ@mrm@rﬁ%aﬁiﬁéﬁ@%ﬂﬂg%éﬂumd@cnosed

ts. [0132] The ter
rero A TP YA RS T SR EBl e ML RARRIBR may
be gamiwverhiayarmiinchrtesopt tictieliovanipaal Thus) teybeayopisenmsableo but not of

hmltﬁﬁM(ll?reblléFhéi% $@%6fa§6ﬁ%@ﬁtﬁ&;ﬁ§séﬁﬂm@$6ﬁrw@ﬁH@f@fﬂ&t&ﬂl iR&JQBrdance

r tradict ontext. Recitation of.ranges of valu inis.

i e PR AR R S

as W@ﬁﬁ@%@%&%dvalue falling W|th|n the range. Unless otherwise
indicated herein, each individual value is incorporated into the
specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of
any and all examples, or exemplary language (e.g. "such as") provided
herein is intended merely to better illuminate the invention and does not
pose a limitation on the scope of the invention otherwise claimed. No
language in the specification should be construed as indicating any
non-claimed element essential to the practice of the invention. [0133]
Groupings of alternative elements or embodiments of the invention
disclosed herein are not to be construed as limitations. Each group
member may be referred to and claimed individually or in any
combination with other members of the group or other elements found
herein. It is anticipated that one or more members of a group may be
included in, or deleted from, a group for reasons of convenience and/or
patentability. When any such inclusion or deletion occurs, the
specification is herein deemed to contain the group as modified thus
fulfilling the written description of all Markush groups used in the
appended claims.
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[0134] Preferred embodiments of this invention are described herein,
including the best mode known to the inventors for carrying out the
invention. Of course, variations on those preferred embodiments will
become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventor expects skilled artisans to employ
such variations as appropriate, and the inventors intend for the invention
wd®Be,practiced otherwise than specifically described herein. Accordingly,
this invention includes all modifications and equivalents of the subject
matter recifethénaieitacomspapiten decbhereto g sissermitechdratiapplieabéenmal

isi) f&ﬂ’é/t‘éﬁ?rﬁ] SRmBIRLARHE %ﬁ%@%%@ﬁ%?t@@?ﬁ@&eﬁynse
ossible 24 WO 006/074075 PCT/1162005/047437 variations thereof is

AD r?caﬂ?p%%%léat'sp hERvERSR! Frieewiineriir ashaiaes Mt & Sca-1',

CDétheise Cle 3y 165K traeiicted bvcb@ht@?f"“[()l%) Furthermore, numerous
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throtighout thls speeeﬁcatloon RO e ove cited PEIRTEINGSS and

phasriraesitisaliiieasents decaarsin |nd|V|duaIIy incorporated by reference in

theirentiregy, | g?’l%ggem,glg ' g%j ﬁjﬁfﬁé?&ﬂ gg@t%?ag?ur{c

embodlment e Invent dISC erein are illustrative
CorppPRIfifR S BT ﬂ‘féeﬁréé@ﬁ%“?rf\?@ﬁﬂﬁﬁt‘@ﬁéfﬁﬁ%@|ﬁ6}§1‘|’6‘ﬁ§ftﬁ%l? Mgy bhand
whersipleyiedisseswiihindhei sg efiectii ¢hariovendfaridTADS Dl iy ofiexemmes-5.0
gt 8f ipuiaton. alienatie confiaualiansotihe present invention
may be utilized in accordance with the teachlngs erein. Accordingly, the
present inveniitheriapeotiticntedomtidradiecisélyhaseghesich raacdeSsriadnan.
25 We claim: 1. A therapeutic composition for promoting tissue
regeneration in a mammal comprising isolated adipose-derived stem cells
(ADSC) wherein said ADSC comprise ADSC side population (ADSC-SP)
“cells comprising the cell surface markers Lin , Sca-1', CD90', CD34""
CD13™ CD117- and CD18+"Dw 2. The therapeutic composition of claim 1
further comprising a pharmaceutically acceptable carrier. 3. The
therapeutic composition of claim 1 wherein said therapeutic composition
comprises a tissue regenerating effective amount of said ADSC and
wherein said tissue regenerating effective amount of said ADSC is
approximately 0.5-5.0 x106 cells/10 mm of treatment site per treatment
site per day.
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4. The therapeutic composition of claim | wherein said mammal is a
human. 26 5. An adipose derived stem cell side population (ADSC-SP)
comprising isolated mammalian ADSC-SP comprising the cell surface
markers Lin , Sca-1', CD90', CD34"" CD13"", CD117- and CD18+11" 6.
The ADSC-SP of claim 5 wherein said mammal is a human. 7. The use of
a tissue regenerating effective amount of ADSC in the manufacture of a
medicament for the promotion of tissue regeneration in a patient said
ADSC comprise ADSC side population (ADSC-SP) cells wherein said
ADSC-SP éeliposaplisiesdistecetiedaificpamadiors(BDS G631 ;B DPOSHg

iso%ggén%%%g@@@—%ﬂ q&ﬂﬁ;ﬁg@ C"g %ll@uﬁé&%ﬁrﬁ%‘@iﬁ‘}’@%ﬁm ﬁ§§§b“,
) mpQsition compris SC and optionally a pharmaceutica
OO apblecarict 2 G wherein sai ’

écept carri €& of claim 7 wherein said tissue

regeeratingefesvsroosahos saigre BaRpEXéBaialy8.5 x 105
cells/10mm of treatment site per treatment site per day. 10. The use of

clairfr 7 whéPEIHSER 2iS8E Kracagigitgoriecive ameunsafsieimy the
mav_uhfeceiresﬂid m&;ﬁﬁ@@etgyn@*ermmn¢ﬂoﬁ hretimqég@ienaﬂmhemb’amidsaid
ADUSSHEFERENRFEIEN S SKkin ieasn e BN o) the Slie ok Waund X :SH sl

use of claim 7 wherein said tissue regeneration is cardiac muscle )

cormpgererationR! 24TaesMREkSS EiRint PuherélRSald s ue egéReration fis”

anchere8 tfsue regeneration. 15. The use of claim 7 wherein said tissue
regeneratiqn is vascular regeneration. 16, The use of claim 7 wherein
aPriosue RN PR I RGR SAA AR Hea B S err DG and

optisinelhira tham@edntisaity arsdidabienaiteto be administered by at least one
method selected from the group consisting of topical application,
intradermal injection, intravenous injection and subcutaneous injection.
18. The use of claim 7 further comprising differentiating said ADSC into
cells of the same tissue type as the tissue in need of regeneration.
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19. The use of claim 7 further comprising providing a biologically active
agent to be administered to the patient. 20. The use of claim 19 wherein
said bioactive agent comprises a growth factor. 21. The use of claim 19
wherein said bioactive agent comprises an immunosuppressive agent to
prevent graft rejection. 22. The use of claim 19 wherein said bioactive
agent is to be administered by a route comprising systemic administration
or local administration at the site of tissue regeneration. 23. The use of
clair- 7 further «ssrapelaify provieimepis)issHsdreangyejing ey amopat of said
ADgdministerachaethe patiehteld1Jhe usecafrmbaineité parthestarmpisipg akin
graf%g. 2%he use of claim 7 wherein said ADSC are autologous.
11. The use of claim 7 wherein said ADSC are syngeneic.

12. The use of claim 7 wherein said tissue regeneration is skin regeneration at

the site of a wound.

13. The use of claim 7 wherein said tissue regeneration is cardiac muscle
regeneration.
14. The use of claim 7 wherein said tissue regeneration is neural tissue

regeneration.

15. The use of claim 7 wherein said tissue regeneration is vascular

regeneration.

16. The use of claim 7 wherein said tissue regeneration minimizes scarring at a

wound site.

17. The use of claim 7 wherein said medicament is to be administered by at least
one method selected from the group consisting of topical application, intradermal injection,

intravenous injection and subcutaneous injection.

18. The use of claim 7 further comprising differentiating said ADSC into cells of

the same tissue type as the tissue in need of regeneration.

19. The use of claim 7 further comprising providing a biologically active agent to
be administered to the patient.

20. The use of claim 19 wherein said bioactive agent comprises a growth factor.

21. The use of claim 19 wherein said bioactive agent comprises an

immunosuppressive agent to prevent gréft rejection.

22. The use of claim 19 wherein said bioactive agent is to be administered by a
route comprising systemic administration or local administration at the site of tissue

regeneration.

23. The use of claim 7 further comprising providing hyperbaric oxygen therapy to
be administered to the patient.

24, The use of claim 7 further comprising skin grafting.
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