8 MAR 2006 ADI PCSE- DERI VED STEM CELLS AND LATTICES 5 Thi s patent
application is a continuation-in-part (CIP) of US. Serial No. not yet
known, filed Septenber 10, 2001, which corresponds to PCT application No.
PCT/ US00/ 06232, filed March 10, 2000, which clains the benfit of the
filing dates of U S Serial No. 60/123,711, filed March 18 MS0930nd U. S
Serial No. 60/162,462, filed October 29, 1999. The content's t all of the
foregoi ng application are incorporated by refernce in their entireties into
the 10 present patent application. Throughout this application, various
publications are referenced. The disclosures of these pub] [cations are
hereby incorporated by reference herein in their entireties. 15 BACKGROUND

OF THE INVENTION I n rece ] the id jfication of mesenchymal stem
cell's, cAMPOSE,RERIVED oM CELLS ANI lﬁﬁlfyﬁs—cl ed to advances in tissue

regrowt h and di eent iati n. Such cells are pluripotent cells found in
bone marrow and periosteum and they are capable of 20 differentiating into
vari obis s eacitypplicaden is o nensioitips-ie-pars ((dB) ofth$. Sexialn- eot yellewWnplad - mar r ow
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to agent Sepgﬁn& 7 aQ 8 azg@fﬁh%ﬁﬁ%g?%ﬁ% tan?ﬁgffea aoﬂ e Muscl e Ner Ve, 18(12),
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repair of_ tissues as .cartilage, n ne . S.
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have appl} gabt HasroteBhiRy dhbIRRRAL € in¥Bblatedayl ORcS @ theR . @tiretiesSinfOthe 625) .
VWiile the 1dentification of such cells has | ed to advances in tissue

r egr o0 h presamtl padérft heplisaticinat i on, t he use of such cells is hanpered by several
techni cal hurdles. One drawback to the use of such cells is that they are
very rare (representing as few as 1/2,000,000 cells), naking any process
f or obt ainicaghcanchis spliadtiongvarinenpubliédtionuint refordn@d. dbs displosupes @fghesse, bone

marrow harvest is universall i nful to the donor,. reover, such cells
are diff ipelijcatiqng a@ﬁﬁé{%}f @Cvﬁ’?‘ﬁﬁgf}y reteleher ﬁaelai“% gf Sﬁir?t{axgi on, unless
specifically 1 8 MAR 2006 screened sera |lots are used, adding further cost
and | abor to the use of such stemcells. U S. Patent No. 6,200,606 by

Pet el §on BACKGROYNBOF AFE INKENJAON j on of CD34+ bone or cartil age
precursor cells (of nesodermal origin) fromtissues, including adipose. 5
There remains a need for a nore readily avail able source for |arge nunbers
of stem In recent years, the identification of mesenchymal stem cells, chiefly obtained from

bone marrow, has led to advances in tissue regrowth and differentiation. Such cells are
pluripotent cells found in bone marrow and periosteum, and they are capable of
20  differentiating into various mesenchymal or connective tissues. For example, such
bone-marrow derived stem cells can be induced to develop into myocytes upon
exposure to agents such as 5-azacytidine (Wakitani et al., Muscle Nerve, 18(12), 1417-
26 (1995)). It has been suggested that such cells are useful for repair of tissues such as
cartilage, fat, and bone (see, e.g., U.S. Patents 5,908,784, 5,906,934, 5,827,740,
25 5.827.735), and that they also have applications through genetic modification (see, e.g.
5,591,625). While the identification of such cells has led to advances in tissue regrowth
and differentiation, the use of such cells is hampered by several technical hurdles. One
drawback to the ﬁse of such cells is that they are very rare (representing as few as
1/2,000,000 cells), making any process for obtaining and isolating them difficult and

30 costly. Of course, bone marrow harvest is universally painful to the donor. Moreover,

such cells are difficult to culture without inducing differentiation, unless specifically
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cells, particularly cells that can differentiate into nultiple |ineages of
different germ l|ayers, and that can be cultured w thout the requirenent
for costly prescreening of culture materials. 10 Gt her advances in tissue
engi neering have shown that cells can be grown in specially- defined
cultures to produce three-dimensional structures. Spacial ge#Amizppn
typically is achieved by using various acellular lattices or matrices to
support and guide cell gromh and differentiation. V\hl le this technique is
still i f I nstratedthat
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secreted matrix - "matrigel"). Th| s material contains type 1V collagen and
grom h factors, and provides an excellent substrate for cell growh (see,
e.g.,5 Vikreesmainses nged formpmoreshadilRawailable xohice for Btrgelml)e)rs offesaver, as
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| attice material suitable for use as a substrate in culturing and grow ng
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factors la{gdlbtem HphoeSivaien ttmmdisédrfmderdatuu |-t imtamgeﬁah afhrfsmatmabgmmmsrtgoet he grow h

and ex panséoﬂgge%fané) 1.grr(]}\ef‘v‘r[h fcag'\tlorls, and provides an excellent substrate for cell growth (see, e.g.,

Vukicevic et al., Exp. Cell Res, 202(1), 1-8 (1992)). However, as this material also
20  facilitates the malignant transformation of some cells (see, e.g., Fridman, et al., Int J
Cancer, 51(3), 740-44 (1992)), it is not suitable for clinical application. While other
artificial lattices have been developed, these can prove toxic either to cells or to patients
when used in vivo. Accordingly, there remains a need for a lattice material suitable for use
as a substrate in culturing and growing populations of cells.
25
SUMMARY OF THE INVENTION

The present invention provides adipose-derived stem cells, adipose-derived stem cell
fractions, lattices, and method for obtaining the cells, fractions, and lattices. In one aspect,

30  the present invention provides an adipose-derived stem cell fraction substantially free of

adipocytes and red blood cells and populations of connective tissue cells. The present




popul ations. In another aspect, the present invention provides a

adi pose-derived lattice substantially devoid of cells, which includes
extracellular matrix material from adi pose tissue. The lattice can be used
as a substrate to facilitate the growh and differentiation of 10 cells,
whether in vivo or in vitro, into anlagen or even mature. %lgaﬁeguﬁr
structures. Adipose tissue is plentiful and represent a rea ce of the
stemcells, fractions, and lattices. Mreover, the sten1ce||s can be
passaged. i n..cul fur e i.n_an un ffe t ateg t nde culture conditions
not requlan?nﬁan ﬁrsg EPads ey 8? agg% fhzfa‘?} etﬁ%éﬁemsceélér‘i‘moe 15
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30 Fﬂbuneﬂe»wﬁmmposn@pomwuﬁauhemawmpGSQQMmmmmedmssemmmemks (PLA) as

determ ned by indirect inmunofluorescence (IF). Adipose-derived stemcells
(PLA) and bone marrow 3 ,- 8 MAR 2006 stronal cells (BMS), were stained
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BRIEF DESCRIPTION OF THE FIGURES

20
Figure 1. Morphology, growth kinetics and senescence of adipose-derived stem cells

over long-term culture. Panel A: The morphology of adipose-derived stem cells (c.g., a
processed lipoaspirate or PLA) obtained from liposuctioned adipose tissue. Panel B:
adipose-derived stem cells (PLAs) obtained from 3 donors, were cultured for an extended
25  period and cumulative population doubling was measured and expressed as a function of
passage number. Panel C: Senescence in adipose-derived stem cells (PLA) cultures as
detected by staining for B-galactosidase expression at pH 6.0. Representative senescent

cells are shown (arrows).

30  Figure 2.  Composition of the adipose-derived stem cells (PLA) as determined by

indirect immunofluorescence (IF). Adipose-derived stem cells (PLA) and bone marrow




10 foll ow ng nonocl onal antibodies: anti-Factor VIII (FVIIl), anti-snpoth
muscle actin (SMA), ASO2 and a nonoclonal antibody to vinentin (MM, an
addi tional marker for <cells of nesenchymal origin. Panel C. Flow cytonetry
data from5 donors was collected and the mean nunber of i‘iﬁd \[éﬁ évents
for each cell-specific marker is expressed as a percentég@ Q

adi pose-derived stemcells (PLA) cell nunber. 15 Figure 4. Adipose-derived
stemcells (PLA) accunulate lipid-filled droplets upon treatnment with

Adi pogen] [ . [ i Pk .
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control. Figure 5. Adipose-derived stemcells (PLA) induced with Gsteogenic
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control (-ve Control) MAR 2006 Figure 6. Adipose-derived stemcells
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cartil aggrite Usefhl a8ipdsdP@pived emGend (PoJA) cEidhtiibage) while
undi fferentiated PLAs maintained in Control Mediumwere processed as a

nega_tﬁ ve control (-ve Control). In addition, the expression of
carti | a9esatee Aok hanel okt gl R0l aagatlipuemianaedpa PLA
i n Cont rodatividi with (Adlp}og@mmt Medipmnehd).st Adipest-deritved Aeoi agllsB(Rlét)ahdne
marrow-derived MSCs (MSC), and 3T3-L.1 pre-adipocyte cells (3T3-L1) were cultured
for two weeks in AM and stained with Oil Red O to identify lipid-filled intracellular
20 vacuoles. Undifferentiated PLA cells maintained in Control Medium (-ve Control) were

stained as a negative control.

Figure 5. Adipose-derived stem cells (PLA) induced with Osteogenic Medium (OM)
express Alkaline Phosphatase and are associated with a calcified extracellular matrix
25 (ECM). Adipose-derived stem cells (PLA), bone marrow-derived MSCs (MSC) and a
human osteoblast cell line (NHOst) were cultured in OM to induce osteogenesis. Cells
were stained at 2 weeks for Alkaline Phosphatase activity (AP; red). The presence of a
calcified extracellular matrix (black regions) was examined at 4 weeks (von Kossa).

Undifferentiated adipose-derived stem cells maintained in Control Medium were

30 examined for AP expression and matrix calcification as a negative control (-ve Control).




for collagen 11 expression as a negative control. Figure 7. Adipose-derived
stemcells (PLA) cultured in Myogenic Medium (MV) express the nyosin heavy
chain and MyoDl. Adi pose-derived stemcells (PLA) were 15 treated with MV
and stained with anti bodies specific to skeletal nuscle myosin heavy chain
(Myosin) or MyoDi (MyoDl). A human skel etal nuscle cell HB‘nMﬁ(RSE(Mﬁ was
exam ned as a positive control. In addition, the presence of multinucl eated
cells in adipose-derived stemcells cultures is shown (PLA, inset box).

osin D d-i f
g.%l poseaﬂgrl v()gdAij é)?né(géerﬁ%al % %o(%k‘ ?gglt@t%ggﬁgscg&rﬁie%bl vlg&@{c})]trrlllt P Fi gure
8. G owt &re kissvetatecsw ol aqﬂoqaogpeade'idhvmatristzam axpteks cqlRigéy) typEdheIAc%pos&dl pose-
derived

cells r h donor ded I t t
e 9oy S, s APLAT R WSS TMRES et Pl B SRS Cof bt o 24
hours (d@krdnas8ReEhBNRE Yo fhBuedcHRbFoBerRdRS et eRlls heredided! anl GRycessdd tily ough

11). Mean cell nunber for each donor was expressed with respect to culture
ti me.> Thi&e Graomas Qf@ldkf@tgd progreglycanspyiéts Adgian Blue wderccylic gordlishevniq@o years -

Open SQURLEs. p fie&etions S craﬁhgéee\arérg WsEFha pgﬁﬁlﬁé‘ﬁér{t}oﬂ%&ﬁgg p)a”d 58

years - Crosses s are expre as nea | ation
doubl i ngwh\t&SumlaﬂfemﬂltmmbPuA‘s ahintadied dn Qoﬁurmmedlemlv&ge plvasssedis edaphtigr owt h

e of BispbLEFENEE IEpddiiat o brPESi Sl GRERE-335%6 s MRhen 008 i gur e

9. Hi st olco@hganl INcRR dxammtddan pefs &gk Bﬁ’(ﬂﬁur}h&h Sila@SicRQERN Adighsbiderient i ation
by adi pose-derived stemcells (PLA). To confirm adi pogeneS| s, cells

wer el (st aiteradeld C@tUFQﬁe@@Ofﬁ@hM@n@uﬁw &QHWPH) hvee staipediweth Aleian dtlee @ ensi ve
adi pogen;, rg$iFé§ Q@n%ss? O R %tﬁ% glatr(}i | ow, Panel 2- high).

Adi pose- der§v S “cuftured 1n non-inductive control medium were
anal yzed as negative controls (Panel B: To quantify adi pogeni c

di fferent.iation, the nunber Si st al ne eII
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=0. 016) . eogeni‘c erentiation decreases w t h i ncr easi ng
donor ag@calrﬂaﬂehs A.pofmlve control. In addition, the presence of multinucleated celis in

adipose-derived stem cells cultures is shown (PLA, inset box). Myosin and MyoD1
expression was also assessed in undifferentiated adipose-derived stem cells (-ve Control)

20  as anegative control.

Figure 8. Growth kinetics of adipose-derived stem cells (PLA). Panel A: adipose-
derived stem cells, isolated from each donor, were seeded in triplicate at a density of
ix10° cells per well. Cell number was calculated after 24 hours (day 1) and every 48
25  hours subsequent to day 1 (days 3 through 11). Mean cell number for each donor was
expressed with respect to culture time. The growth curves from 4 representative donors
are shown (20 years — open squares, 39 years — open circles, 50 years — open triangles
and 58 years - crosses). Results are expressed as mean = SEM. Panel B: Population

doubling was calculated in all donors from the log phase of each growth curve (i.e. from

30 day 3 to day 9) and expressed according to age. The line of regression was calculated (n =

20;r=0.62)




confirm osteogenesi s, adi pose-derived stemcells (PLA) were stained at 2
weeks post 15 induction for al kaline phosphotase (AP) activity (Panels 1 to
3) and at 4 weeks post- induction for matrix calcification using von Kossa
staining (Panels 4 to 6). Osteogenic differentiation | eleéém@'ﬁ @émwn
(Panels 1/2 - |low, Panels 415 - high). Adipose-derived ‘st I P cultured
i n non-inductive control nedium were anal yzed as negative controls (Panels
3 and 6). Panel B: To quantify osteogenic differentiation, the nunber of AP
20 positive stained cells were counted within three defined regions. Two
sanpl es were analyzed from each donor. The nean nunber of AP-positive
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change wth age. Osteoprogenitor cell nunber wthin the fraction was
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donors were exam ne 0 = t ; Tat2d i1 HOYRFH %) 40- 58 5
years (n"*® %’Spf‘?ssii;‘f“ghoge%eecg%s eaggggr%?'ﬁ%?f{e Feg%ggéﬂfun?tng(]} of "AP ALl vi ty.

Col onies containing nore than 10 AP-positive cells (CFUTAP+) were counted

and averaged as an indicator. of the nunber.of asteogenic ursprs within
each agef@ruld): stegerut fjlf%rem‘%‘i‘@h%’?c??é‘?‘?c‘ﬁl re&@‘f‘%?ﬂ? rea(?e‘ug)iraﬁ% ‘%ﬁﬂfmpai r ed
student to 4@t o3 UHsRY adiPSQLURIVIBERANGES (PLR) Wefk daihe] at Yakesks pasie
expressed as nean CFU AP+ SEM 10 Figure 12. Human adi pose-derived stem

cel | $5 ( Plndpctjsinatoe dilkatingripbpsphetese AR asfistly sPanels huébandet i was6h@PByeni ¢
e AR A TSR o pE 0 . B or v
differentiation levels are shown (Panels 1/2 — low; Panels 4/5 — high). Adipose-derived
stem cells cultured in non-inductive control medium were analyzed as negative controls
(Panels 3 and 6). Panel B: To quantify osteogenic differentiation, the number of AP-

20 positive stained cells were counted within three defined regions. Two samples were
analyzed from each donor. The mean number of AP-positive cells was determined and
expressed as a percentage of total adipose-derived stem cells number as an indication of
the osteogenic differentiation. Differentiation was expressed with respect to age and the
line of regression calculated (n = 18; r = -0.70). Panel C: Based on the results of Panel B,

25 the donor pool was divided into two age groups [(20 to 36 years (n=7) and 37 to 58 years
(n=11)]. The average level of osteogenic differentiation was calculated for each group
and expressed as a percentage of total adipose-derived stem cells number. Statistical

significance was determined using an unpaired student ¢ test assuming unequal variances

(p<0.001). Differentiation is expressed as mean = SEM.

30




Al cian blue staining at pH 1 to detect the presence of sulfated

prot eogl ycans. Panel A: 15 cellul ar condensation; (Panel B) ridge
formation; (Panel C) formation of three- dinensional spheroids are shown
(magni fication 100X); (Panel D) negative control (control medium. Figure
13. Hematoxylin & Eosin, Goldner's trichrone, and Al cian hl&ud!AR 3006 ng of
20 nodul e paraffin sections from adi pose-derived stemcells (PLA).
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sul fHte. Sections were also stained with nonoclonal antibodies to collagen
type Il 5 (P oG OBADL S 1 [ N 5
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Il (CN 1), ti-/ﬁpe 1 (CN Tl), and tyé)e X (CN X) as well  as cartilﬁ%e-specific
pr ot gl sdlainr (Eopensagert etPancl( BE) fidggn proetiencalfandl Codermpiqiuet t
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Figure 13. Hematoxylin & Eosin, Goldner’s trichrome, and Alcian blue staining of
20 nodule paraffin sections from adipose-derived stem cells (PLA). Micromass cultures
adipose-derived stem cells were treated with chondrogenic medium to form nodules, the
nodules were embedded in paraffin and sectioned. Nodule sections were stained using
conventional hematoxylin and cosin (Panels A and B) and a Goldner’s trichrome stain to
detect collagens (green) (Panels C and D). Adipose-derived stem cells induced for 2 days
25  are shown at a magnification of 200X (Panels A and C) and 14 days are shown at 100X
(Panels B and D). In addition, sections were stained with Alcian blue staining at pH 1, to
detect highly sulfated proteoglycans. Day two nodules (Panel E) are shown at a
magnification of 200X and day fourteen nodules (Panel F) are shown at 100X.

30 Figure 14. Nodule differentiated from adipose-derived stem cells (PLA) express

chondroitin-4-sulfate and keratin sulfate as well as cartilage-specific collagen type 1L




in MM Expression of MyoDi in the nucleus of positive staining PLA cells is
shown (arrows, magnification 200x). Panels Dto F. PLA cells induced for 1
week (Panel D), 3 weeks (Panel E) and 6 weeks (Panel F) in non-inductive
control nmedium (CM were 20 processed as above as a negative control

(magni fication 200x). Figure 17. Adi pose-derived stem cel | g 8ndAR €808 n
Myogeni ¢ Medi um express skel etal nmuscle nyosin heavy chain. Panels Ato C
adi pose-derived stemcells (PLA) cells were stained with an antibody to

t he nyos eav osin ngel eks
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Adi pose-derived stemcells cultured in Myogenic diumformnulti-

nucl eat edPacgb Esind Pafredgniicappmd®@>ont r ast of adi pose derived stemcells
(PLA) at 3 weeks 8 - 8 MAR 2006 (1) and 6 weeks (2) post-induction with MM
(magni fication 400x). Miulti-nucleated cells are shown (arrows). Panel B:
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on adi po stem cefTs 1 nduced for 1, 3 and 6 weeks in PLA- MM
or i 0 CMi{yPLid\ciRMdrogesicrigediuii mad gonmdugmmcdvyoune@nm WQ@NYZW
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perfor meaewgs AgtiRgPEPOBTC ps@iboglican JBG Ragdrecan SAGH), annroeteamncm @txol . PCR
products were resol ved by agarose gel el ectrophoresis and equalized using
(3- actln | evel s. Figure 20. The proportion of MoDl-positive

adi pose Lived %td?&t?@érh%d's&% gaReHdideli Nn l\l}%ﬁbﬁgmédl@rﬂ dxpfBs MyoBtiogr am
show ng e nean n D 1-positive ose derived stemcells

( PLA)S af f’melsaAlto 8: adt;t0®-wee/kd|smu&@11mfl’h/’r? KaTE %aéﬁedt with|anpngibedy ts  SEM -
hat ched f hsenvafaid er
! . P ¥
i nduct i 0%8?9’6{8&%‘8@ et \L;ﬁ%%i fs‘g’r% %ﬁ%ﬁp&%fﬁ aﬂe? gjlégl%:si( garg and LFF cells
in MM (opemM. Expression of MyoD1 in the nucleus of positive staining PLA cells is shown

(arrows, magnification 200x). Panels D to F: PLA cells induced for 1 week (Panel D), 3

weeks (Panel E) and 6 weeks (Panel F) in non-inductive control medium (CM) were

20  processed as above as a negative control (magnification 200x).

Figure 17. Adipose-derived stem cells induced in Myogenic Medium express skeletal
muscle myosin heavy chain. Panels A to C: adipose-derived stem cells (PLA) cells were
stained with an antibody to the myosin heavy chain (myosin) following 1 week (Panel
25 A), 3 weeks (Panel B) and 6 weeks (Panel C) induction in MM. Myosin-positive staining
PLA cells are shown (arrows, magnification 200x). Panels D to F: adipose-derived stem
cells (PLA) cells induced for 1 week (Panel D), 3 weeks (Panel E) and 6 weeks (Panel F)

in non-inductive CM were processed as above as a negative control (magnification 200x).

30 Figure 18. Adipose-derived stem cells cultured in Myogenic Medium form multi-

nucleated cells. Panel A: Phase contrast of adipose-derived stem cells (PLA) at 3 weeks




bars) was al so neasured. The values for each experinent are shown in table
format 20 below. A statistical comparison of MyoDl values from1l to 6 weeks
using a one-way ANOVA was performed (asterisks; P < 0.001, F = 18.9).
Furthernore, an ANOVA was perfornmed conparing the experinental and control
val ues for each time point. The p- values are shown (p < O-@®]R 2008 Figure
21. A tinme-dependent increase in myosin expression is observed in induced
adi pose-derived stemcells. Hi stogram showi ng the nmean nunber of

myosi n-pgsi tiye adi,pose-deriyed. - TR 6. K
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was al SOeﬂ#@s%g%mJihaeaf@d HBIS afeQhoRACdrRper i ment are shown in table 9 ;- 8
MAR 2006 fornmaf bel ow. A statistical conparison of nyosin values from1l to

gSWE)efksFusi Eg a one- way ANOVA was perforned (asterisks; P < 0.0001, F =

. 5). iy [TRFEp @l £ ar. L i tal and
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Adi pose- derived stem cells, at passa a , qel nd 15
(panel CMMinsF é“ié%u@éd\'c&)ﬁdé‘ﬁmﬁi%%%ggg]I'E’gﬁa?ﬁiygﬁis a&ﬁd& g@?n%?)%l?h Al ci an
bl ue st 20 At n Rl QK Betig6blad NEIFFP tEREAGR e Tin I @irFdMPOVEDgbycans. 10
Fi gure 23. e adi pose-derived stemcells (PLA) express a unique set of CD
][rar k(la(?1 s. perRirded @b b repaliwBEsteely JMMIGHARCAHAR WEF P Wtdé‘sﬁ‘rgd"c%‘g‘?%rdse or IF
or the indjcated CD.antigens. Ce r -St.ai i t

vi sual i z® ntig!"® % b?‘hé?tegﬁg ‘ioﬁtéo?'f ({:J%r ﬁ%’ggﬁ? Owanrgggésgggg%‘%ﬂeagé&i% %] gure 24.
CD mar ket .prHhbheisafid agliaRosBssiar -t lsfem cel | s (PLA) and bone marrow MsCs
using flow cytonmetry. Panel A: "Adi pose-derived stemcells were anal yzed by

Flcz:SCusi ng forward and side scatter to assess cell size and granularity
( -H aeggu%%. HThe proportion of MyoD1-positive adipose-derived stem cells increases with

15  induction time. Histogram showing the mean number of MyoD1-positive, adipose-
derived stem cells (PLA) after a 1, 3 and 6 week induction in MM (% of total PLA cells +
SEM - hatched bars). The mean number of MyoDIl-positive cells observed after
induction of adipose-derived stem cells with CM (black bars) and HFF cells in MM (open
bars) was also measured. The values for each experiment are shown in table format
20  below. A statistical comparison of MyoD1 values from 1 to 6 weeks using a one-way
ANOVA was performed (asterisks; P < 0.001, F = 18.9). Furthermore, an ANOVA was
performed comparing the experimental and control values for each time point. The p-

values are shown (p < 0.0001).

25  Figure 21. A time-dependent increase in myosin expression is observed in induced
adipose-derived stem cells. Histogram showing the mean number of myosin-positive
adipose-derived stem cells (PLA) after a 1, 3 and 6 week induction in myosin medium
(MM) (% of total PLA cells = SEM - hatched bars). The mean number of myosin-
positive cells observed after induction of adipose-derived stem cells with control medium

30 (CM) (black bars), and human foreskin fibroblast cells (HFF) in myosin medium (MM)

(open bars) was also measured. The values for each experiment are shown in table




respectively). MSCs were anal yzed as a control. Panel B: PLA cells were
fixed and 20 incubated for the indicated CD nmarkers using

fl uorochrone-conjugated primary antibodies. Stained PLA cells were
subsequent|ly anal yzed by FC. MSCs and PLA cells stained with flu oro
chrome- conj ugat ed non-specific 1gG were exam ned as a post 8i M&RaHlb
negative control, respectively. Al results were corrected for senescence
and represent a total of 105 events. 25 Figure 25. Osteogenic

adi pose-gderived stem cel |l C . C i ISkl )
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sets of four plates per. djfferentiatio er | od. | dishes were_maintained
h Cont 1t PR CRbPTRaGhe EoRal B el Cdi bk HESPYBLCHEY. The
cel I's vege,adueathwi dhe 86@ggeni c 10 8 MAR 2006 nedi um (OM) and cel |

nunber was counted at the indicated days. Cell nunber was expressed as the

nunber of adi pose-derived stemcells (# cells (10)) and plotted versus
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for al kal ¥ne “"phos activity and one was stained using a
Von Kossgribdisem( 3, itpassageldt(patel adl T (panelgBo aphas épanPhblIwdy indecgur e 26.

Dexanet hasone and 1, 25-di hydroxyvitam n D3 differentially, affec LA
ost eogen@¥ics Migipmass,GoRditigR a‘i‘fg?%‘inffinwg?ﬂﬁ[ﬁﬂﬁﬁ’é”e Upee tagp ho'n% C}eﬁ?ctﬁ Iﬂiﬁ:’c ate
sanpl es B%Selgg@of@%ﬂegpr camyd NHOsts were induced for up to 6 weeks in

OM containing either 10-7 M 10 Dexanet hasone (OM Dex) or 10-8 M
1, 251di hydroxyvitanmin D3 (OM VD). Cells were assayed for AP activity,

total calcium.content. and, t. r Y. | Sider S&ers. @as nnol
b2t r opHEH2 oPhERpERctiOhE eI IEIPL A BorBYS i1 BEPDERRRES
ni t r ophepoh /g i NSCEaba humdnelwaleanaverve wexppessedl fs Itk didieateser

m crogram_ protein_(nmM Ca24l ug). Non:i d PLA,.cells (Cantsol re
anal yzedCRs agfigeagat Fe weig °8'(§%f’1"3| W‘t@aﬁggg%\B‘f‘%"‘a&eprn@glglegﬁg? f rﬁ(}e tMn%an SD.
Figure 2., &tR0napdUchbiRUA cells express several genes consistent with
osteogenic differentiation: RT-PCR and M croarray anal yses. Panel A= PLA
cell $5were cultured in either OM Dex, OM VD or non-inductive Control

medi um (Control) for the indicated 20 days. Total RNA was isol ated, cDNA
synt hesi Egdreattl GORnaripl plofiteadf edippserdeoy ek diefogells (PLA) and bone marrow

MSCs using flow cytometry. Panel A: Adipose-derived stem cells were analyzed by FC
using forward and side scatter to assess cell size and granularity (FSC-H and SSC-H,
respectively). MSCs were analyzed as a control. Panel B: PLA cells were fixed and

20  incubated for the indicated CD markers using fluorochrome-conjugated primary
antibodies. Stained PLA cells were subsequently analyzed by FC. MSCs and PLA cells
stained with fluorochrome-conjugated non-specific IgG were examined as a positive and
negative control, respectively. All results were corrected for senescence and represent a
total of 10° events.

25

Figure 25. Osteogenic adipose-derived stem cells (PLA) can be characterized by distinct
proliferative, synthetic and mineralization phases.  Adipose-derived stem cells were
harvested and plated into 35mm tissue culture dishes in two sets of four plates per
differentiation period.  All dishes were maintained in Control medium until

30  approximately 50% confluence was reached. The cells were induced with Osteogenic
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t he indicated genes. MSCs were induced in OM Dex or OM VD and NHGCsts were
i nduced for 2 and 3 weeks in OM Dex as controls. Duplicate reactions were
anplified wusing primers to P-actin as an internal control. Panel B: PLA
cells were induced for 3 weeks in OMDex or maintained in non-inductive
control medium Total RNA was 25 isolated and subject to rd §rpaRr 2006

anal ysis using a custom zed array containing the genes, OC, OP, ON, CBFAL,
CNI and BSP. Figure 28. Osteo-induced PLA cells express several proteins

consi st ent te iffer ent I u Western
anal yses (Bﬁlﬁe(:bhg\)s ﬁg\qgélflﬁngg na’ Rfé&e(@{f Wer"édil %&W&elﬂ%&
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wer e %ep@tme:dmluylréioe;dtatedﬂbmiﬁm s and anal yzed by V\éstern bl otting using
anti bodies to OP (aOP), ON (aON), Decorin (abDEC), Biglycan 5 ((xBG and CN
((XCNI'). The expression of the transferrin receptor (aTfR) was used as an
i nt er nal rFigaet 26| Dﬁiagid:ﬂﬁscﬂr& an‘éﬁil,aﬁgﬁ!hi}idﬁo@ivftérﬁlmem it érenmialily zeffﬁcpcma deri ved
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in Control iumuntil appr oxi mat ely 80% confl uence was reached. The
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at the indic ted unmber a LA cells
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assayed total protein DH | evel s 20 were expressed
as umt scdabH Pelieswet egprassedpastheimeaf &SDH ug) . Non-induced PLA cells were
anal yzed as a negative control (PLA - Control). Values were expressed as
mean SD.

Figure 27. Osteo-induced PLA cells express several genes consistent with osteogenic

differentiation: RT-PCR and Microarray analyses. Panel A: PLA cells were cultured in

either OM/Dex, OM/VD or non-inductive Control medium (Control) for the indicated
20  days. Total RNA was isolated, cDNA synthesized and PCR amplification performed for
the indicated genes. MSCs were induced in OM/Dex or OM/VD and NHOsts were
induced for 2 and 3 weeks in OM/Dex as controls. Duplicate reactions were amplified
using primers to B-actin as an internal control. Panel B; PLA cells were induced for 3
weeks in OM/Dex or maintained in non-inductive control medium. Total RNA was
25 isolated and subject to microarray analysis using a customized array containing the genes,

OC, OP, ON, CBFA1, CNI and BSP.

Figure 28. Osteo-induced PLA cells express several proteins consistent with osteogenic

differentiation: Immunofluorescent and Western analyses. Panel A: PLA cells and MSCs

30 were induced in OM/Dex or maintained in non-inductive Control medium (Control) for

21 days. Cells were processed for IF for the expression of OC, OP and ON. Cells were
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Figure 3 1. Adipose-derived stemcells express several genes consi stent
wi th adi pogenic 25 differentiation: RT-PCR Adipose-derived stemcells
were induced in AM (AM or maintained in non-inductive Control medium
(Control) for the indicated days. Cells were analyzed by RT-PCR for the
i ndi cated genes. M SCs and 3T3-L1 cells were induced in AMBaslsRopPENgO! S.
Duplicate reactions were anplified using prinmers to (3-actin as an
internal control. 30 12 r 8 MAR 2006 Figure 32. Adi pose-derived stem cell

i nduced touanhflqtLbg $PI9ELA9&RIi hﬁdi'&a(gﬁlef%ﬁct tl%sﬁﬁ)o%s%rﬁq Wl LG heq.
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to identify sulfated proteoglycans. Sections were also stainedfor the
expressi orBGaf agNCN} (kENt arhesupleatien (KSE tansferrmhocgtai (MR Mwasulskane (CS),
foll owed b Soynt er-staining using HGE. Panel B: Triplicate sanples of PLA
cells anﬁ”h—ﬁfﬂac? ¥¥ were i nduced for up to 3 weeks in CM (PLA 10 CM NHCK
- CM respectively). Proteoglycan levels (keratan sulfate and chondroitin
sul fate) were determ ned and expressed as m crogram proteogl ycan per

i crogr af&Et &% pAStrer#i¢ udffrentiglion Rynadiperscistvedaditgsosecllde fRlvied ist em
cells (PLA,; (Xo] r nal 1 (Y r I wer e
oxpr ossertgmeRRtd b9 o fre 8N BUKESAGR R JRORHLS Gek MM len IR C
sevet@l gemésmoonsius celfiire dishhs aoite deagé foud ipldter o tdi fitrergintiolRpeRER AIPLA
cells, under mcromass cul tur ondj.tion wer e. i ndu inCMfor 4, 7, 10
ond 14 GOSEE MR R GOl IRt DL 2B RE TS, RN Wty o
(Contr ol jeacfedl ITHe WellLwanRaihyzed vayh RimBedié alediuff (ANGiaGatel ngfBes wallHCK
cells were induced in a commercial pro-chondrogenic nmediumas a positive

cont r ol . cpgd; & dceindated days: (ol sumberevregxpEssadds ukg mansr iofBES qells 8- actin
as an 'nI:eEflrsr‘[%Dgf% ;'3[8{t?d !/:ér%rcﬁffgréntieﬂoﬁtﬁfé Pand" u%gtdeécﬂvfﬁ’ﬁegpér%% mfé)g.em?
| i neage express several genes consi sten Mogem c differentiation:
RT- PCR adiah yai stainP Aitb€)il Red@rte detad dipethccmmulbfib( @Pakel BYMM) for 1, 3 and 6
weeks. Cells were analyzed by RT-PCR for the 25 expression of MyoD (MD1),
nyosin (MYS), nyogenin (M5 and nyf5 (MYFS). Tot al

Figure 30. Adipogenic PLA cells express GPDH activity. Triplicate samples of PLA

cells and 3T3-L.1 cells were induced for up to 5 weeks in AM (PLA - AM, 3T3 — AM,
respectively). The cells were assayed for GPDH activity and total protein. GPDH levels
20 were expressed as units GPDH per microgram protein (GPDH/ug). Non-induced PLA

cells were analyzed as a negative control (PLA - Control). Values were expressed as

mean + SD.

Figure 31. Adipose-derived stem cells express several genes consistent with adipogenic
25 differentiation; RT-PCR.  Adipose-derived stem cells were induced in AM (AM) or
maintained in non-inductive Control medium (Control) for the indicated days. Cells were
analyzed by RT-PCR for the indicated genes. MSCs and 3T3-L1 cells were induced in
AM as controls.  Duplicate reactions were amplified using primers to (B-actin as an

internal control.

30
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RNA prepared from human skel etal nuscle (SKM was anal yzed as a positive

control. Duplicate reactions were anplified using priners to j3-actin as
an internal control. Figure 35. ADSCs express mnultiple markers consistent
with multi-lineage capacity. 30 ADSC Isolation: PLA cells were plated at

extrenely |l ow confluency in order to result in isolated Slngagﬁ’ﬂflzﬁ@
Cultures were maintained in Control mediumuntil proliferati 8 MAR
2008 single PLA cells resulted in the formati on of well-defined col oni es.
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Fi gure 389nfirtys GW“E?TI nadium (Coedyior J) daves Nodules M_em ﬁmﬂub@bcdﬂﬁé idoes not
alter th i n i heage

cl ones wers M SPAIERTRY BA8Cd \uChIGH TR ot el phdbo i

popul at i Sadionerecrpr dse stdedf or tHeeexmeqsmassf @NIQf kérbian i mﬂﬁateatlesl) @ﬁli mar ker s

using IF._ The tal with DAPlI to ual i u (bl ue)
and the FrogrulEE R Get BB o e sl Baadd & MliFie e
genes CORghSELHE PMA LdRIITHd NHAK eagew&BRARICEY for Y © ﬂ@eéksnﬁai% (@DﬁQ cl ones
were cultured in OM VD (ADSC - Bone), AM (ADSC -- Fat) and DSC -

Carti @agé)\/h VHCEddi €Yo respestivei. rRsptepaipian nheyehDEeratarce fateo ) clicmldrcome?j byI
RT- PCR t
apg il@eré Wchfified Bl GAHEL Wﬁ&g@%aﬂgﬁgg&%%ﬁ%?w&% At ofh | evels

wer e ana an i nternal "contr ppear to

exhi bit petnodeniP&icgpasot-inducedy iAdippse-Berivadd stem Leeldht (PLAO- @oarroly rvagpds of
non- |nduce(]‘1 PLA cells (PLA Q hrs) and PLA cells |nduced with NMfor 2 and
8 hrs (PER'Y*® ﬁ?%“eﬂgf}ﬁe Conérohr al“‘FSe‘%‘HEE%I?"%F%St PHET TBD-PLA cells were
maintained in NMor Control nmediumfor 5 hours (PLA - NM PLA - Control,
respectively) and analyzed by IH for expression of the follow ng

| i nehye- Eigsis ﬂ .c Glondeqgenic qe}lksnpreswwmaérmmls(enwnﬁm 9aml@fAP

(astrocy # S d;re assesse
(st ocybihngBfort B EBRS MIFRURC M NG e BBl PO RRPPSFERTENRS 3 1
and anal frz€mt by 4R7; PCBnd 04 dafiecor meintaieddn @eaesductive adstidlirpdiiudlféy cel s were
i nduced in

days (Control). Cells were analyzed by RT-PCR for the indicated genes. NHCK cells

were induced in a commercial pro-chondrogenic medium as a positive control. Duplicate

20 reactions were performed using primers to 3-actin as an internal control,

Figure 34. PLA cells induced toward the myogenic lineage express several genes
consistent with myogenic differentiation: RT-PCR analysis. PLA cells were induced in
MM (PLA — MM) for 1, 3 and 6 weeks. Cells were analyzed by RT-PCR for the
25 expression of MyoD1 (MD1), myosin (MYS), myogenin (MG) and myfS (MYF5). Total
RNA prepared from human skeletal muscle (SKM) was analyzed as a positive control.

Duplicate reactions were amplified using primers to B-actin as an internal control.
Figure 35. ADSCs express multiple markers consistent with muiti-lineage capacity.

30 ADSC Isolation: PLA cells were plated at extremely low confluency in order to result in

isolated single cells. Cultures were maintained in Control medium until proliferation of
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NM for 9 hrs and maintained in NPMWM for 1 week (NPMV). Non-induced PLA
cells (Control) were analyzed as a negative control. PC 12 cells were
exam ned as a positive control, together with total RNA prepared from
human brain (Brain). 14 8 MAR 2G0S Figure 39. Clones isolated from

adi pose-derived stemcell fractions exhibit neurogenic pet@nHiRl200§ ones
wer e exam ned using i nunnohi sto chem stry for adi pogenic (oil red O
stain), osteogenic (alkaline phosphotase), chondrogenic (Al cian blue

stain), %rh%le I'S’{?A'rcglgseﬂ%'sﬁte@qﬁlm ﬁ)ﬁ#ﬁl er%ﬂsd ?Héd gd M ?sr nfﬁe"’%t rféfe F{:,%&)ehgur e 40.

Gst eogenic differentiation o pose-deri ve does not
si gni fi calatived edlbeics Grevserioed fedepmses]@emd FeA Celld palpFadel ARSGRNaedySCs
(Panel i.nduce OM for PLA -._Bong C - Bone

eapect | VBIGYE GG afeRter R s aih USRi0 et oo B 1 She haeind GPOKS-
Control, mnnpl@%@tlh@lﬁmlgﬁdd&rﬁﬁf% PBQC%%ﬁbﬂanlﬁﬂfm)Lc%tié o FIIBMPAT €SSi on
of CD34, CD44, CD45 and co-stained with to visualize nuclei

(bl uey anéDhdrirlingeeedl clonayaere: diffsrantiated fh (ﬁMeAM anddi Moenineiti-

di fferent o] s n t S p Liv stem
cells (Plﬂé\?@e Qar%rgiﬁgr prIHoflﬁ?%g) t‘ﬂ’fﬁ@%é E;gnép%k)aaqd gfl\?é%g/ g%aén B) were
15 i nduc@tosphatadd foscoRneaakeil Red O Gadlﬁageniwﬁﬁ‘dmcﬁat Blureee&mdtdgvzﬁb)/) or

mai ntai ned in non- inductive Control nedium (PLA - Control, MSC - Control).
Cells were processed for IF for the expression of CD34, CD44, CD45 and
CDO0, co-stained with DAPI to visualize nuclei (blue) and the fluorescent

i mages coihined. II&atdeSb@JnhEﬁhl?éag@Qﬁ)}ﬂéseﬁoﬁlnﬁ/& Eb%gﬁlatl sat!ldys B9 Q?@ tﬁE n, L4 20

fluorescent inmages were conbined w th gra (rnset
filléfd cekprsssiaphiptadilerafol maﬂdﬁ[ﬁorl@l@éeml |tn’dg@agebbbmks a\rer&oms)lated rasét) and

fi brobl a%&&a GLd J}‘(ﬁﬁi sﬁé@]& }:lgL@r L ZThE)l #l# 2)%5 Diors ™8 e ICS%Sﬁg @){( k arr ows

- |nset) are | ndicate ur e ion a gSSI on of
speci fi ¢ eGRessimk ef &eamdﬁﬁte@m-maﬂbdrs wisidg SIFerﬂ"KeeADSC(SM COFSEMdCWItKWEt ry.
Panel A. P cell nt ai n d.for 2 25 weeks in Control medi um

(Cont r ol P o Viju Eﬁg'?‘ggb‘éh?‘@) the lugiRscendpatermemedcel | s were anal yzed

by FC using forward and side scatter to assess cell size and granularity
(FSC—H am b ' 1.Panel A G \i: i ntai ned
for %ks i n APee r?%%ﬁhér@'{’}ﬁg%ﬂ% o ﬁn"@bﬁ‘gﬁﬁk-ﬁwﬁoﬁm (PLA -
AV . 15 CelihsageetleSWicleet Wyrestiliunae dn DM/ VIEheA D@ i-d3irel] A0 (ARYKer Faisheg
t1uorochg WABgPZJ ugarth?age) in addition to control medium (ADSC - Control), followed by
RT-PCR analysis for the indicated lineage-specific genes. B-actin levels were analyzed as

an internal control.

Figure 38. PLA cells appear to exhibit neurogenic capacity in vitro. Panel A: Light
20 micrographs of non-induced PLA cells (PLA — 0 hrs) and PLA cells induced with NM for
2 and 8 hrs (PLA — 2hrs, PLA — 8 hrs, respectively). Panel B: PLA cells were maintained
in NM or Control medium for 5 hours (PLA ~ NM, PLA — Control, respectively) and
analyzed by TH for expression of the following lineage-specific markers: NSE, trk-A,
NeuN and MAP-2 (neural), GFAP (astrocytic). PC12 cells treated with NGF were also
25  assessed as a positive control. Panel C; PLA cells were induced in NM for 4.5 and 9 hrs
and analyzed by RT-PCR for the indicated genes. In addition, PLA cells were induced in
NM for 9 hrs and maintained in NPMM for | week (NPMM). Non-induced PLA cells
(Control) weré analyzed as a negative control. PC12 cells were examined as a positive

control, together with total RNA prepared from human brain (Brain).
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30 primary anti bodi es and anal yzed by FC. The adi pose-derived stem cells,
stained with 15 8 MAR 2006 fl uorochrone-conjugated non-specific 1gG were
exam ned as a negative control. Al results were corrected for senescence
and represent a total of 105 events. Figure 43. Differentiation of the

adi pose-derived stemcells (PLA) results in a change in 5 FIIXIEC osition.
PLA cells were induced for either 3 weeks in OM (PLA - Bone ks in AM
(PLA - Fat) or maintained in Control medium (PLA - Control). Cells were
processe F e 4 (CNI'V)
and type % LQ% X @5&&95@5\\%\%?2@0? (%sgld%gbdédaggﬁ Eﬁ\%l%mtlo Vi biﬁ’étl 'ile)z{‘g(’gﬁﬁ‘(‘:‘l ei

(bl ue) amgtenkid. fClonesesoentamined geisg Gontriohésthchéihisny dscaliiogkiiBges raene

conbi ned W t.h rap inset)., 1Q Lipid-tille PLAceIIs(vvhlte
arrows - Sﬁ"ﬁorée%cg ,}15" ﬁakagne bﬁ’moé hoéﬁ‘se)owého-“gforggrﬁf) (Aein gWGl glatrdg and

Ost eo- i nehamegem@(.:m(tﬂ@@xpremmg)dlffeaﬂia@@nj nduced MsCs (MSC -Fat) and

non- i Educed M5Cs (MSC - Control) were al so anal yzed. 16 - 8 MAR 2006

DETAI EED DESCRI PTI ON OF THE | NVENTI ON Definitions 5 As used herein, "stem
cell™ def n n | tsel f and a
further OFI:l fe?gnt@%g{;ﬂn]gpg‘%&%ﬁﬁﬁ {)%Egld@g éd%@?élsﬁ% ‘fﬂ]rsc@#‘gﬁg%ge of a

cel | def isneHficatidy der €8 inyrkef exphassion! PLAI cells (Panbli L) and@VB6s {HaneldByweert r om and

what cel |l ve, ri The i ge,of a cell places the cell
within alr?df %gaéyﬁ ¥ Ar ng‘%‘ﬁe(thOT 8%%‘3%@ e JRWeH eher @rpRatingA I As used
herein, hbgitdeiRe dbﬁtfcﬁrn%ﬁdn@tm arcdhitdof, avie0U @bRfbht). dedlisnBe pr&cglskd t hat
takes on a nore dlfferentlated(% osition within the lineage

of alel for Hpguiths @F@?ﬂSw&t@dCD%f@H% Chdzen 4t co-sipived svittoDAPI de s
commi t t eqd;pRsiti,On 15 As used herein, "a cell
t hat di ffgr entelnat ech? n?%ﬁaﬁ]?rgls%ﬂ er rrgﬁ1 gésr&ggoﬁﬁoéger or endoder rral )

| i neage" defines a cell that becones commtted to a speci fic mesodernal,

G 17 or ent 4% * P AT TR on Rl " Ut Sufea ‘o sopeteiaed

mesoder rraﬂcmc&lllb IPLAT IO eharlerpraflle POMA 28! (PRAI 90 41, MSEk |(Baddh @) v

adlpogenlc chondr ogeni c, cardi ogeni c, dermatogenic,
induced in AM for 2 weeks (PLA — Fat, MSC — Fat, respectively) or maintained in non-

inductive Control medium (PLA — Control, MSC -~ Control). Cells were processed for IF
for the expression of CD34, CD44, CD45 and CD90, co-stained with DAPI to visualize
nuclet (blue) and the fluorescent images combined. To visualize adipocytes and their
staining pattern, fluorescent images were combined with light micrographs (inset). Lipid-
20 filled cells (white arrows — fluorescent image; black arrows — inset) and fibroblasts (filled

white arrows — fluorescent image; filled black arrows — inset) are indicated.

Figure 42. Differentiation alters the expression of specific CD markers on adipose-
derived stem cells (PLA): Flow cytometry. Panel A: PLA cells were maintained for 2
25 weeks in Control medium (Control), or in OM (Osteogenic) or AM (Adipogenic). Cells
were analyzed by FC using forward and side scatter to assess cell size and granularity
(FSC-H and SSC-H, respectively). Panels B and C: PLA cells were maintained for 2
weeks in Control medium (PLA - CM), or in OM (PLA - OM) or AM (PLA - AM).

Cells were directly stained for the indicated CD markers using fluorochrome-conjugated

30 primary antibodies and analyzed by FC. The adipose-derived stem cells, stained with
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hemat opoeti c, hemangi ogeni c, nyogeni c, nephrogenic, urogenitogenic,
osteogenic, pericardiogenic, or stromal. Exanples of cells that
differentiate into ectodermal |ineage include, but are not limted to 25
epi dermal cells, neurogenic cells, and neurogliagenic cells. Exanples of
cells that differentiate into endodermal |ineage include, ~gitMar epgpt
limted to pleurigenic cells, and hepatogenic cells, cell that give rise
to the lining of the intestine, and cells that give rise to pancreogenic

and spl anghRYEAINT- , 1dec 0 sed, herein, " pluyripotent
cell" defines a@eggﬁdﬁ%eggggkﬁfg?gﬁ@gv%%t%gﬁ%egngg? \9§ga(rﬁivgé:mt%6°l' a}t\HI east
two di st irefeits pgeronygied &irlsgnearedtoandohprsmy pictalolf y)° dventsher di fferenti at ed
progeny cells. 5 A"multi-lineage stemcell™ or "nultipotent stemcell"”
refers to a stemcell that reproduces itself and at |east two further

di f f er entfiated3 pDofeetiatoh bs theradiposi-adrivag terdaYIS (PIDAERE s ihianaggsn The
i nea eﬁf%%g be fromthe sane gern1|a%§r (i.e. mesoderm ectoderm or
o~ qf

endodeér CORPETHIRH- f Plet stls yekernndusy cithar 2yvealsl i0 Q¥ P pBogeny cel | s
with di sticaed indevieiPRRMER L i tj at f

mul ti-li ngagemst\em ggl I i)gérarh%ﬂg@%ggane%@mégﬁdfﬁ@ta% add)?'%gg'e%?a%s CEF (both
are of mpswdwedddr Br igngantibeticgity eolldgse tyre 1 ¢CRTetentd (ANISYem).tyAndt her

exanpl e i ogeni ¢ oder.nmal._ ori gi. nd , adi pogeni c cell
Cor mesoden T CHRPASE - lhe Bh RO RiRsChi Lol i P BEREF  {Cse
or gan of ir#desaioynbiet albllotGcdnihMg i neere ébnfbimdﬁithlﬂic%@f bobRphAtinseg! | ow fat
or brown faqs._ The adi pose tissue has adi pocytes and stronma. Adipose tissue
i s folind MP-GlighdIthA Al buliie amrowsn —aflveraicentrisragex hlepk arroa — isatredre,

adi pose tj i I ! nme I S t Qus space
and sur rédﬁ%ﬁg@%ftlﬁﬁgggrﬂ&%g‘qig ugégéph%#}g?n ﬁg%%&gﬁsomﬁg%"fﬁngdefi nes
a medi umpmringutahMaCs 8L Cortml) ware alspapalyzatli on of cel | s have been
cultured in, and then renoved. Wiile the cells were cultured in said

medi um they secrete cellular factors that include, but are not limted to
hor nones, cytokines, extracellular matrix (ECM, proteins, vesicles,

anti bodies, and granules. The nedium plus the cellular factors is the
condi ti oned nmedium 25
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As used herein "isolated" defines a substance, for exanple an

adi pose-derived stemcell, that is separated fromcontam nants (i.e.
substances that differ fromthe stemcell). The present invention provides
adi pose-derived stemcells (ADSCs) and nethods for 30 obtaining themfrom
a nesodermal origin (e.g., adipose tissue) and using them- @qqﬂi t%Bngl Y,
the inventive ADSCs can differentiate into cells that give rise go nor e

t han one 18 8 MAR 2006 type of germlayer, e.g. nesoderm endoderm or

ect oder MyBNANAOH BN RAIVIONIBFHIE IRVENAIGN [ hus “multi 11 neage” of

"mul ti pofen . T . the ADSCs can differentiate
into two or nore distinct lineages from 5 different germlayers (such as
endoderni‘gand nmesodermal ), for exanple hepatocytes and ad ipocytes. The
ADSCs of 4HBM ention can differentiate into cells of two or nore

| i neages, for exanple adipogenic, chondrogenic, cardiogenic, dermnatogenic,
hemat opoet i ¢, henmangi ogeni c, 10 nmyogenic, nephrogenic, neurogenic,

neur af gi dgelif¢herginogaipmicslensfines ag pdbigendii iderentigiad; cel et 6gepodyce itself
peritonegg§gaﬁtephﬁgﬁﬁgg@?ﬁngg apnchogenic, and stromal devel oprment al
phenot ypes. ﬁ1e such celfs“dn retain two or nore of these different

| i nages (or devel opnental phenotypes), preferably, such ADSCs can

differentiate, into three or, npre ifferent |jineages. The nps referred
ADSCe. carsdiord bR I GRefie s BT B Es Sinso i rsfiagode cel e mRsbelliok °f he

i nvent i oRafiavent 4R iR asllstiy cdrOgith fiftoeThd Bic@gd St LcMBRARE (el ItWigSMES, Such
as mature adi pose tissue, bone, various tissues of the heart (e.g.,

per i ¢8r dihaisyitapisdwmgiod develapman, skdiiegniiatipocar di um  pericardi um val ve
tissue, etc.), dermal connective tissue, henangial tissues (e.g.,

cor puscl es, endocardium vascular epithelium etc.), hematopeotic 20
ti ssue, rssstdhardisshesm| i'diftradiateg os dikerhtdtedhdsiiiee 8 celt thatdfaleas omasudres, snoot h

nmuscl es, etc.), ,.uMogenital tissues (e..g., kidney,.prenephros, ta- and
Teso nepfinngifs < diOERlaa ppstic iy b eise 6 OV crBRERSPRED RS S

col | ecti Rgelt WRULRSs PPkt KBIGhsitifewiidrelceintRpoPLuMt i ve structures
(particularly the oviducts, uterus, and vagi na), nesodernmal gl andul ar
tissués (e.g., adrenal cortex tissues), and stromal tissues (e.g., bone
marr ow) . u Lo ld]a . i ] o devel op
Mo a mivurESaapfm.  AGth AR bl M e GRoiEhal RDRtBRAl & 0. O

pot ent i alendndeahdlf Bneapt’l ddfinegaicali thad bea@pps epmimattel foreegecifiomasedldrmée. 9., a

preadi po%gttogérm%] F()n[ %n o%%r‘\%zﬁ’lin%aé) r’ Er'\gslsate&%(e:ﬁ eEXEleITtlpqéS) of cells that differentiate

into a mesodermal lineage or give rise to specific mesodermal cells include, but are not

20  limited to, cells that are adipogenic, chondrogenic, cardiogenic, dermatogenic,
hematopoetic, hemangiogenic, myogenic, nephrogenic, urogenitogenic, osteogenic,

pericardiogenic, or stromal.

Examples of cells that differentiate into ectodermal lineage include, but are not limited to

25  epidermal cells, neurogenic cells, and neurogliagenic cells.

Examples of cells that differentiate into endodermal lineage include, but are not limited to
pleurigenic cells, and hepatogenic cells, cell that give rise to the lining of the intestine,
and cells that give rise to pancreogenic and splanchogenic cells.

30
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I n anot her enbodi nent, the ADSCs have the capacity to differentiate into
ectodermal 30 tissues, such as neurogenic tissue, and neurogliagenic
tissue. 19 , 8 MAR 2005 In another enbodi nent, the ADSCs have the capacity
to differentiate into endodermal tissues, such as pleurogenic tissue, and
spl anchnogeni c tissue, and hepatogenic tissue, and pancreogempR Apgsue. 5
I n yet another enbodi nent, ADSCs have the capacity to dedifferentiate into
devel opnental ly i mmature cell types. Exanples of ADSCs dedifferentiating

into an . re celdl .t i.nel ude enpr ic cells and fetal cells. In
anot her éi\rik’brnc‘)ggﬁE Er%r%n,’ gt i?é”rl}/ﬂg)gdélﬁf‘?\%e&é B@C%ngé%ﬁ?%{e{}ﬁat?é geéﬁ 3t GRE P e cel |

| i neages at ld@stfthondisiiiet (denompiealijestd/drapenstysivally) asthee drfeganiatedgebieny ( of
ectodermal origin) and rnyogenic cells (of mesodermal origin). The

i nvent i v&°/ADSCs are useful for tissue engineering, wound repair, in vivo
and ex vivo tissue regeneration, tissue transplantation, and other nethods
that require cells that can 15 differentiate into a variety of phenotypes
and génotlypesiti-tincagansterapgedl't orof'maltipoteht steypeslli mefessi too aostenncsl| tthay. One
aspect of the inventio ertains to,an i pose-.derived em.cell -enri ched
fracti onrep(r%ﬁgﬁf- I’:’tﬁ%taﬁlgtﬁc%ﬁs?atiw s¥u§t§‘fclbc§1§tgqr€flelra?e\9e%r Og?né’mci?:ﬁesl rof ASEEL)  of t he

i nvent i olevdtsh@talintaged OTRH EneARSGeakiPbel fors RS b pethnl Mydrr(@e mésodérher cel |
types (e.g., adipocytes, red blood cells, and other stromal cel leii’s etc.)

and ext r seleflérn eirendadarm, ardicsy filerentBerE Bres e AAISKYTPIE & BADBESER ¢
conpl et .e'\%%]f 41?&1(:986 H)%h‘lﬁﬁ%ﬂ? ﬁé%%? fr?l{'n)ﬁmelﬁﬁqoﬁr_lﬁ}r‘] 5 ntuTRh&LE dem ENGs ADSC- EF

i S obtaine om adi pose of a mammal . e preferred enmbodi ment
i ncl udes nangABRSCelERnd bt adipederfic oatl (budh pos ef mesmlganaforgithiyghewvepgiserat e

(e.g., a baboon.or ape). ,The nost .preferred. ADSC enri ched f ion is
obt ai ned 4! %?ﬁth%‘?ﬁagi)"‘%‘gre eﬁ”%@ﬁé,? 2, 8FHEET e c?igt(%fga%“’%%‘él & %ﬁ%‘&S ?\%pei n.

Met hods gﬁip@grﬁé &I NSt M delial ALInADSCs of the Invention The ADSCs of the
invention are isolated from adi pose tissue. The adi pose tissue can be 30

obtai ned froman animal by any suitable nmethod. A first step in any such
met hod 1 eqUiL8%cfne diRRk A54RP dofindsNediftidASsn b BIME hamdiRampedike ani mal .
The ani ngij’u'%:sgﬁ be’ azfdll?/og or uSead,m 20 8l MAR&%OOG_ Eo | gng as adin%ose st ronal
cel | 45w tnvida-uphef ahitarédt, pallew fatiol érovily fitcihd gdipprgnigniva liagpadipocytes and

stroma. Adipose tissue is found throughout the body of an animal. For example, in

mammals, adipose tissue is present in the omentum, bone marrow, subcutaneous space

and surrounding most organs.

20 As used herein “conditioned media” defines a medium in which a specific cell or
population of cells have been cultured in, and then removed. While the cells were
cultured in said medium, they secrete cellular factors that include, but are not limited to
hormones, cytokines, extracellular matrix (ECM), proteins, vesicles, antibodies, and
granules. The medium plus the cellular factors is the conditioned medium.

25
As used herein "isolated" defines a substance, for example an adipose-derived stem cell,

that is separated from contaminants (i.e. substances that differ from the stem cell).
The present invention provides adipose-derived stem cells (ADSCs) and methods for

30  obtaining them from a mesodermal origin (e.g., adipose tissue) and using them.

Surprisingly, the inventive ADSCs can differentiate into cells that give rise to more than one
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tissue is obtained froma living donor, using well-recognized protocols
such as surgical or suction |ipectony. The preferred nethod to obtain
human adi pose tissue is by excision or |iposuction procedures well known
inthe art. Preferably, the inventive ADSCs are isolated 5 froma

| i posuction aspirate. The ADSCs of the invention are presept igﬁgﬁgE
initially excised or extracted adi pose tissue, regardless ohlA t hod by
whi ch the adi pose tissue is obtained. Three deposits of Iipoaspirates each

froma di t ' n 03|ted on
Sept enber o5 o 208 P8L ER' mesoll ehdoBnG: Sy, and o EopR SR riRy

10801 Uniaseahissi "tryltBineade’) orlVandiporat” cMA. 20110 2209, under the prOV|S|ons of

t he Budapest Treaty, and have been accorded ATCC deposit nunbers , and
However obtai ned, the adi pose tissue is processed to separate the ADSCs of
the invem i@fer élﬁgﬂilﬁlaﬁ’ th& ABISE 84n &ffer&rﬂﬁteﬂ%@@@ Br thbie Siieinc Tn%,gé% EF that
contains the ADSCs i s obtained 15 by washi ng the ob talneé I'pose tissue
with & pHiETSr sgmclayery (eehpsatidpdesmelaind trespdernal); Homsxampledspitetyesbud f er
saline (BR ? Ihe washing step consists of rinsing the adipose tissue with
PBS, agitati %% the tissue, and allowing the tissue to settle. In addition
to washing, the adlpose tissue is dissociated. The dissociation can occur

by enzy d on and neutralization. ternatlvely, rin conjunctlon
ot s cRoRanT b Edionan SPBERERE BRGealy Bhmhed Retess S0 K0 wsed

such as a@phRRcCadhod@biedlcl OfhediSRAICC RARESYNicOT hdnIpBRc, eﬁk‘?ﬁaﬁ iogehili, €e | ayers
form after the washing, dissociation, and settllng steps e top | ayer is

a freé@ | Pppeenicay elephragaic, inguiogeniay ecuralgidganios tivgeriaganic e (&t@dg@@h pocyt e
o e i 6 LSRG LIE Tk ALt SR8 B0, SR SRR o 1L

enrlched ractlon er o ion 1is
filteredphamoypesceWhikt aichhelly @t iretginofwot be moRy ef ttheas differer tlmagesofor
filtrati

n [ nvol ves passing 25 the ni | ayeyf . through a | arge pore
filter. V@‘Oﬁﬁl@@?ﬁ BIenQpPEh Pa%@@blﬁoiu%ﬁ%sqsrﬁaﬁ rghigte pto] PiEse oF ARqTEides t he
i nvent i vs.meaem lirfeBecdNUh GG plaRied A@fsc@@amsafr%ﬁfate l;ﬁta %@gk ssﬁeqm@%res ved lattice

can be manual |y separated fromthe other cel not pass through
the t¥lter. The bottom | ayer contains the ADSC—EF and the inventive ADSCs.

he 1 f. th
The bottem ‘}?é% r ﬁ%u n%gm oHrhta 18k 8%,8815’%38 E tlatg%toaltngsod%rmél s 1s§§ers§t %gﬁlf tede

i nventi on. rac 10N into

a peI|etasﬁh@mﬁﬁﬁmw@u&medmn@emhmaugmhhefﬁenhan(ﬁg pﬁﬁﬁdmﬁn%pméﬂ@ﬁﬂlon 21 8
MAR 2006 The bottom | ayef is centrlfu ed and the pellet is retained. The
pel | et | EP'HEGAEIHAP-cByPdREliuR proisar ‘“Hbr"al)’édlsé‘{ee ficde Flsrm@h FOORECFHSENet | on

( ADSC- EFje M‘Aﬁgféh tibs&d ggescotﬂﬂ.sd@d ERRESiERT 'vé(s‘é‘ﬁimsépﬁﬂﬂklﬁﬂ 'etc ﬁﬂ%&@&@ué raction
( ADSC- EF) e ADSC may contain erythrocytes (
20 tissue, muscle tissues (including skeletal muscles, cardiac muscles smooth muscles ete.),
urogenital tissues (e.g., kidney, pronephros, meta- and meso-nephric ducts, metanephric
diverticutum, ureters, renal pelvis, collecting tubules, epithelium of the female reproductive
structures (particularly the oviducts, uterus, and vagina), mesodermal glandular tissues (e.g.,
adrenal cortex tissues), and stromal tissues (e.g., bone marrow). Of course, inasmuch as the
25  ADSC can retain potential to develop into a mature cell, it also can realize its developmental

phenotypic  potential by differentiating into an appropriate precursor cell (e.g., a

preadipocyte, a premyocyte, a preosigocyte, etc.).

In another embodiment, the ADSCs have the capacity to differentiate into ectodermal

30  tissues, such as neurogenic tissue, and neurogliagenic tissue.
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preferred nmethod the RBCs are |ysed and renoved. Methods for |lysis and
renmoved RBCs 5 are well known in the art (e.g., incubation in hypotonic
medium. If the RBCs are renoved, then the RBC-free fraction contains the
ADSC- EF fraction and the ADSCs. However, the RBCs are not required to be
removed fromthe ADSC-EF. The pellet is resuspended and ca$1 be washed (in
PBS), centrifuged, and resuspended 10 one or nore succedst JVéAR 2688 to
achieve greater purity of the ADSCs. The ADSC-EF of the invention maybe a

het er oge P, i ofi..C i.ch include the ADSCs, of the invention
and adi pgg;ﬁ%{g& %@d@gﬁt’s{h&@ éés SR Cﬁ?ﬂfﬂy g% &gﬁeéﬂlﬁ@li? B Feodgimal r eady
for pl atibygs, sbBh ThelADREsici tisstd) end eplasgiengdade PedieChnd AhaRRcRieRALAL ed from
ot her cel Ids of the. resuspended pellet by nethods that include, but are not
linited £, p%lgfef)g%?{‘?sﬁ‘@, size fractionation, granularity, density,

nmol ecul arly, norphol ogically, and i mmunohistologically. 20 In one
enbodémeg{t, the ADSCs are separated fromthe other cells on the basis of
cel | 3iz8 Yhd2yihskurapodiseninep BSAPSEyearthe soapacity atrd degifferantiate . into

Al t er nat yugl GalfPli e ;re[g& d epar ati the ADSCs from the other
cell's of thé%bngl et Hlﬁsg ?/Ergglsa i g'gEE‘ﬁﬁeplgﬁ %ﬁg@éég‘? d??lfﬁferte‘étll Her'8° &em cell s
tend to havaulecayope, tirehokembsonibasiisand feedl entlsi ated cell's. 25 I n anot her

enbodi ment, a biochem cal nmethod for separating the ADSCs fromthe other
cells of the pellet is used by assaying telonmerase activity. Tel onerase

acti vityiCaniReerBoditfnt IR MILARL AISPECH fvRIKR oneldh rtdik Lbbil ARGLBET
enbodi nent, the ADSCs are separated fromthe other cells ofC t he 5e let 30

i muHbhi ¥PHcPrenPE &19r¢ sefprlaysknsptheas myurpeamd vefls (i evtpdeagaietriginbeatls, or

af fini ty.,,chnmL98r - MAR 2006 Alternatively, the process of
i sol ating’ the ADéCg{e%Eglg% eé‘églf"?‘ ction with the ADSCs is with a suitable

devi ce, many of which are known in the art (see, e.g., U S Patent

5,786, 20 1,2 Such %%iées c%rrl :Pechani cal |y achieve the washi ng and

di ssoci al TORVEIHELDY-CHF P IHET srreneneEringaeund Fepaficin ADSGVERXYA be

cul It gr ediRhd regeherBt@, 1i8he ARSANRL IO and BIHRE Mmefds hak 2Rjulrk I¥hs 13t BSS€ss the
ield.

Y 15 differentiate into a variety of phenotypes and genotypes, or can support other cell types in

vivo Or in vitro.

One aspect of the invention pertains to an adipose—derived stem cell-enriched fraction
(ADSC-EF) that contains adipose-derived stem cells (ADSCs) of the invention. Preferably,
20 the ADSC-EF is substantially free of other cell types (e.g., adipocytes, red blood cells, and
other stromal cells, etc.) and extracellular matrix material. More preferably, the ADSC-EF is
completely free of such other cell types and matrix material. The ADSC-EF is obtained from
adipose tissue of a mammal. The preferred embodiment includes an ADSC-EF obtained from
adipose tissue of a higher primate (e.g., a baboon or ape). The most preferred ADSC enriched

25 fraction is obtained from human adipose tissue, using the methods described herein.

Methods of Obtainine ADSC-EF and ADSCs of the Invention

The ADSCs of the invention are isolated from adipose tissue. The adipose tissue can be
30 obtained from an animal by any suitable method. A first step in any such method requires

the isolation of the adipose tissue from the source animal. The animal can be alive or dead,

20




10 I n one enbodinent, the stemcells are cultured without differentiation
using standard cell culture nedia (e.g., DVEM typically supplenented with
5-15 % (e.g., 10 %9 serum (e.g., fetal bovine serum horse serum etc.).
Preferably, the stemcells are passaged at least five tines in such nmedium
wi thout differentiating, while still retaining their deveJBmeltzé}BBIS
phenotype, and nore preferably, the stemcells are passaged at least 10
times (e.g., at least 15 tines or even at |east 20 tines) while retaining
mul ti pot SCS i i i ntiation,
can be aggg% I%L%E’gsecwﬂh&utcag’p@?ﬁ %ﬁﬁy sc?lea\éénggglP SB%’?I,E} @%P%‘mm‘ﬁ‘; gcontrast,
mesenchy nedue 3¢ ebtaioal frsm (adiving, dcaier, uviegl wieH-otnoprond mna:cdn/\z)ucwam bwtgical or
differenti a,te1un ch thurl n condltlgcrs ﬁsc i bed above. Met hods
for neasdtiiig "geF ?}%b Eilf"ﬁf%ﬁ mothad & RN PRDHH ROt ARUS S BREFCERE Be

enpl oyed [ip&subtion frbieaaRs Rkl @n@uCinubé om)PrefdlBly ARSGVeiRe ATBSGepalaked by
phenotypic identification, to identify those cells that have two or nore

oL thé afiorenbpsieieasrieicelBpARSCar! ihe isaies, aweﬁﬁbwdbilwﬂt@bly PXCis¢dpar at e
the ADSGS.f 0@y Lfggoljst@@%g %rcﬁ%ﬁ?ﬁtﬁ% Jl;%th?% ﬁya\giu@ﬁ fd ad@ibodd tlgs?é ?a wplgnsity,

such as between a out 100, 000 ce n2 (such as
about 500 cells/cn2 to about 50,000 cells/cn2, or, nore partl cul arly,

bet t..1,00 000 A f d
Dot e R RR B PR B Ao R BB B e, b Rl e
cel I s/ cmd@josh@ baSepteinbdre7, td0e1,chitnaie AgRliadni Dﬁaeatultukeecmsasn (Emcharrpl e,

after afewdays 30 ADSCs Iated at such densities wll roIiferate
(expadfd) pm‘oU@.'V@P'B’nﬁ!Vdpéﬁ}ﬁséﬁ Y H112380% undes the pprisiopsod the BHIAREEECs can be
used to 'ﬂﬂ% gat into c¢lgnal populations, using
a sui tabl e fé)%ﬁ% ggqeﬁg?g%&)popmﬁmta?m —The cioning and expand| ng

met hods include cultures of cells, or small aggregates of cells,

phy5|call |ck|n n eding into a Pf atal wel | of

a nulti- gfag'}e% %Iet g’tpﬁ%et'i%\%ﬁif pr?cﬁ’ssesterﬁ%%lga Itggcg)rls((%%%ghegﬁﬁé gjrrlled ont o

a multi- \M’@H th@kﬁia&zd@ﬁ ofahéztdﬂidséﬁslsﬁﬁrflfeatﬂ)@ﬂ -EBtthaf emitdinsttad AD§Cplsabiangda si ngl e
cell into each well (e.g. fromabohjt .1 to 2iaIB’ut 1 eII/vveII r even

about!30. 8 waéhlawﬁotmansed&éivméq fespg wit siglogig Ceapﬁtéb FEIHON, 468 4ADSCs can

be cl One%hp%ha% %Eff&%aﬁ&%@? ﬁh@\%a@ﬁﬂgg&y cbRis: of rlnE‘in@thePﬂﬂo'se gdissbwan ot her
sui tabl e substrate) and isolating themfromother cells using devices such

as a cl orli’iBISgagmam@he MSuerandmlimmg/the tissoe o saitlei by additian itowashingr e adigose
monol ayey “4hd® TRESGH anansaneh aRGo PG dBedfity 5F) haph@afbe [ 110 °

t he nonolAyefativeler Sl rcMiJ wiceign evthlsutthenyymbdid treptrosut,i thay dssociation methods

20 can be used such as mechanical agitation, sonic energy, or thermal energy. Three layers form

after the washing, dissociation, and settling steps. The top layer is a free lipid layer. The

middle layer includes the lattice and adipocyte aggregates. The middle layer is referred to as

an “adipose-derived lattice enriched fraction.” The middle layer or the lattice-enriched fraction

is filtered to concentrate the lattice of the invention. A method of filtration involves passing

25  the middle layer through a large pore filter. The material which does not pass through the

filter includes the inventive lattice and aggregates of adipocytes. The adipose-derived lattice

can be manually separated from the other cells which did not pass through the filter.
The bottom layer contains the ADSC-EF and the inventive ADSCs. The bottom layer is

30 further processed to isolate the ADSCs of the invention. The cellular fraction of the bottom

Jayer is concentrated into a pellet. One method to concentrate the cells includes centrifugation.
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cl onal popul ation. Wile production of a clonal population can be expanded
in any suitable culture nedium a preferred culture condition for cloning
stemcells (such as the inventive stemcells or other stemcells) is about
2/ 3 F12 nmedium + 20 % serum (preferably fetal bovine 15 serun) and about
1/ 3 standard nedi um that haw been conditioned with stromal_caegtA Qﬁ{%
cells fromthe stromal vascular fraction of |iposuction aspir ii) e

rel ative proportions being determ ned volunetrically). In any event,

whet her ¢y t ific 20
duc ng e e AR B T a e Pt Bl A REE

mul ti pot eiﬁwed sRineceB8dsheg ifiactian; (A&SCeERetHich inéludee sleddipusd- dermwct gelecethl and

endoder inat i ereof . Thus r.e. ADSCs
deri vedn:‘%F1 %(hqeg rruf?n E‘Qﬁ (rjlt%% [)YT\t[))S—@ec%ﬁg@'eéFh e 08 Swmr??’gersem) N &to a
vari ety oqiefeedd mt:tyip@she RI5CY sire dyrvod hied reamsved IM@hdds ﬂ)ﬂ@mé\mUﬂwed gBICsured in
a defi_ned medii mfo ndum ng adleg enic differentiation. | es of

t

speci fc EUME “l Wd@ atn Ry PofoRiFe MEigRY ¢ oIfttB‘k gfe

adi pogenirgmphaneteynfe iREE ‘ﬂ‘é&fra@&ﬁn 86rRaif thel ADSLEF hiactfRdid G@MABSOL NG A
gl ucocorticoid (en‘%SC dexanet hasone, hydrocorti sone, cortisone, etc.),

i nsul i n, Hevearp8uerdBCair apt ienetetie se ramavad Somiha ADSSYEFs of cAVP (e. g

di butyryl CAMP, 8- CPT-cAMP (8 30 (4)chl orophenylthio)-adenosine 3', 5'
cyclic nmonophosphat e; 8-brono- CAMP; dioctanoyl- cAWMP, forskolin et c. ),

and/ or a Thenpetend reduspdndedhndicdrs bel egstedain BBSRfcenififized car@. res@paddcd MAR 2006

phosphodi est erase i nhibitor such, as isobuty xant hi ne , et hyl
P obly | EARCRRE SETBUGHYITEF RACHEE SRR bR biabHE MRS AP SR tke) — and

serum Thmesmverﬁ%a@wa@aqaéteidg@no%)%g@l&tﬁmwcwm@@métudle 1 }@DQC@QPH% 1.0 M
insulin in combination wth about 10-9 Mto about 10-6 Mto g) about 1

pM dexaritehtabaed edinoyirgucEeselislphibg avishedding resuensndegtiieber. aresmaﬁy rmedi um

al so can jhgl ude other agents, such as indonethacin (e.g., about 100 Mto
about 200 ,uM, if desired, and preferably the nedium is serumfree. In
anot her enbodi ment, ADSCs cultured in DVEM 10% FBS, IuM dexam hasone, | QuM

10 insuli uM i ndonet haci o.anti biotic/ant] 0.5 MM
10 acToUL e RO oSt achny LLieR0L) BLOL CLANt LILOShLO (AN g . O
ost eogenirguslichii@r eelldr ayi Btholls tHae ifYRRIES bunaleUale, litidd a;r &eNQbrtirgl Rizked to,
about 10.7 M and about 10.9 M dexanet hasone (e.g., about | 1tM in

conbi nat il@gtionation, granularity, density, molecularly, morphologically, and

immunochistologically.

20 In one embodiment, the ADSCs are separated from the other cells on the basis of cell size
and granularity where ADSCs are small and agranular. Alternatively, a molecular
method for separating the ADSCs from the other cells of the pellet is by assaying the

length of the telomere. Stem cells tend to have longer telomeres than differentiated cells.

25 In another embodiment, a biochemical method for separating the ADSCs from the other
cells of the pellet is used by assaying telomerase activity. Telomerase activity can serve

as a stem cell-specific marker.

In still another embodiment, the ADSCs are separated from the other cells of the pellet
30 immunohistochemically, for example, by panning, using magnetic beads, or affinity

chromatography.
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15 with about 10 Mto about 50 M ascorbate-2-phosphate and between about 10
nM and about 50 nM (3-gl ycerophosphate. The nedium al so can include serum
(e.g., bovine serum horse serum etc.). In another enbodi ment, ADSCs
cultured in DVEM 10%BS, 5% horse serum 50 pM 20 hydrocortisone, 10-7M
dexamet hosone, 50uMascor bat e- 2- phosphate, 1%ABAM take on an rg@{%@$nic
phenotype. Cul turing nmediumthat can induce nyogenic differentiati of the
ADSCs of the invention include, but is not limted to, exposing the cells
to between about 10 | uM and about 100 M 25 hydrocortisone, preferably in a
serumrich nmedium (e.g., containing between about 10% and about 20% serum
(ei t her BdtErméveliotheerogsss af ifolating dha ﬁé}sé?omr)checofﬂaeﬂorghmhokmr%ﬂ)&{m ids t hat
can be u r t e amet hasone. natlvely,
azacyt%\lﬁgl hg&%h%{ﬂ@ p{d%fsgl E’f%gtvéﬂacﬁnoﬁ ) g ucoc ng @?d ©H5 r’éOOG I'n
an ot her ensodnie ituch ADSGs coulitevlianitalln acEBJ‘iEMthel@%B@, and %sﬁd\dm{mﬁ@t@&.h osone,
50u|\/a§corbat e- 2- phosphat e, | Orivbet a- gl ycer ophosphate, 1%ABAM take on an
nyogehi ¢ phenotype. 5 Culturing mediumthat can induce chondrogenic
di ff er entCu@tdi@a$Cd he ADSCs of the invention, include but is not Iimted
to, exposing the cells to between about 1 Mto about 10 Minsulin and
bet ween about 1 1V1 to about 10 tMtransferrin, between about 1 ng/m and
10 ng/ m r 0 ( d t. 10 nM and
about 50 Tﬁﬁ/l%r[zﬁs(%oiﬁbﬂg? efﬂg osp g%eegu t&%g%%i i e§1%§h%strgl r%ﬁn@%& an&
differ enmaatllt)omaswsemeylaldl y the cells are 10 cultured in high density
(e.g.n, at about several mllion cells/m or using mcronass culture
techniques), and also in the presence of |ow ampbunts of serum (e.g., from
about 1%t oncadobidimd¥the ktomaseid e leuRFED Aitha WiffodABsonCist ok -Ridarti ke PVEM
50uMascor bat e- 2- phosphate, 15 6.25ug/ M transferrin, | g/m insulin
growt h f SWiEs mediegte gy DMEM typicatlersuplerented witlyhif b e c1¢ %brs%ma(gg growt h
ract or { Riffhoue adhufthotd QR WaRl DSAY TEnABIEREBALIREN fuy PRETOL Y PE.
In yet another e I ment are cuftured in a neurogen medr um such
as DVEM tim29 1m@ucé1em¢hmmnw:tﬁ>u1@hﬁhrm®am cdmt o6l anpingatheir alssalopgneantl
ovel S Bl PO AT o 1R LR An R SR e Pl RO 1 Bl S ST R8¢ 1o 2
times or even at least 20 times) while retaining multipotency. Thus, cuituring the ADSCs,

without inducing differentiation, can be accomplished without specially screened lots of
serum. In contrast, mesenchymal stem cells (e.g., derived from bone marrow) would
differentiate under the same culturing conditions described above. Methods for measuring

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

The ADSCs can be separated by phenotypic identification, to identify those cells that have
two or more of the aforementioned developmental lineages. To phenotypically separate the
ADSCs from the ADSC-EF, the cells are plated at a desired density, such as between about
25 100 cells/em® to about 100,000 cells/em® (such as about 500 cells’em® to about 50,000

cells/em?, or, more particularly, between about 1,000 cells/cm? to about 20,000 cells/cmz).

In a preferred embodiment the ADSC-EF is plated at a lower density (e.g., about 300
cells/em® to facilitate the clonal isolation of the ADSCs. For example, after a few days,

30 ADSCs plated at such densities will proliferate (expand) into a clonal population of ADSCs.
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phenotype (e.g., a fetal or enbryonic phenotype). Such an induction is
achi eved upon exposure of the ADSC to conditions that mmc those within
fetuses and enbryos. For 25 exanple, the inventive ADSCs, or popul ation of
ADSCs, can be co-cultured with cells isolated fromfetuses or enbryos, or
in the presence of fetal serum The ADSCs of the invention, gaﬂ Rezq'ﬂgduced
to differentiate into a nesodernmal, ectodermal, or an ec#ode ﬁa I neage
by co-culturing the ADSCs with nmature cells fromthe respective 30 germ

layer, org,p g@js@egrﬁbetd},ea E»Qflone%ﬁd o aﬁd gﬁ&@%ﬁﬁ ABs@iu& g ﬂpﬁﬁﬂ% ont,nduct i on

of the ADSCs Into specific cel turing wt Feventi at ed
mat ur e cebing alsmtabiﬁ:lmsﬂmdaﬁlr CIosmlgo;Bll hJD}mlétthS t Bhe diyro wmdoexﬂw‘fd’irgrmﬂhmht i on

et o e ATk PR il S v ) B U AR BBt neur ons

Or neur OR&lardd plaMr(siRh s tiRNkLI Mhlhﬁﬁblqulaté) tANerdREDs, thdétén aBlieadeder mal
i nea e M occur by co-cul turi ng mat ure or precursor pancreatl C

cells F‘éoﬁéﬁ&ﬂ%wggaﬁat9ﬁté‘i‘5r“°"i*]é§t§’ef€1t fagiBtatneplanings singlogalldataat i vel y,
the ADSC%a@I"lr\@eIHHl t 4bRGbbdt 03 5B § apgd smblpgﬂoamza ﬂa%&ﬁ‘é standibf erentiate

into a specific phenotype Condi ti oned medi umis nmedi um which was cul tured
Wi th a 16udhetsiriecetekll)l Wk AJPYwsicde de clehftdhyaﬂati’ng(thems lovp dertsey feeliinm such as

cyt oki ne e rac IIu ar
sl o P bol ASHARR p RIS 1 AR TR et S ks i e By 1 o
culture asld dlmﬂtgcmgéxDSQ&rﬁaﬁvdy fvilere mi ir@ﬁﬁtmrnts@lr@ inaogrblecclbhdieagde O her

exanpl es of  conditioned rredl i nduci ng speci Iflﬂé: differentiation include,
but dPe RBRined by peapiting, the welisfor argWi Wiaa iRl BHdNeN SHEdinByEBsure to

heart Va'n¥£ha%ﬁ%'t}§ tQ o'f’ééllé%ttﬁétl@'rﬁ&n%fa?&t ITRE IsQRividdt Q1 KA AW Gud hssue. In
addition, ADSCs are cultured in a nedium conditioned by neurons to induce

a neur onalonallmedg@n o¥hieameHuctionela dypahppualetigesands expendidid gaesiiablendoder mal
| | it S d d
| neage. llgur? %%ggl%cé'ﬁeglared upﬁ‘rgegr?dlt% Sl’o{: 918[1 %tgr[;"l c%hseﬁ% %Sth@plgerﬁ{]g esire

ot her celt er con I ons wo cel |
types ar gtemicellond dlgd stefﬁheﬂs)(ﬁtﬁ&bohé/s ﬁ@hﬁ@l\dﬁdﬂ- 20 66 seexaprtferablyyetsidedinag t he
cells_as a heterogeneous popul ﬁti ells nto a suitable (EI ture

subst! P at derumy eed ARAYT vettgndardiya g%‘ﬁ 1 &n ‘618““& Wikth st 67its Génce, whi ch
Wil seryve fsmans 's'théltneﬂ %&ufa? rfraEtlﬂﬁl SEERRELHEE S5FiRE), CRé kQathe REporttdnk ur ed

within the conditioned medium
being determined volumetrically).

In any event, whether clonal or not, the isolated ADSCs can be cultured in a specific
20 inducing medium to induce the ADSC to differentiate and express its multipotency. The
ADSCs give rise to cells of mesodermal, ectodermal and endodermal lineage, and
combinations thereof, Thus, one or more ADSCs derived from a multipotent ADSC can be

treated to differentiate into a variety of cell types.

25 In another embodiment, the ADSCs are cultured in a defined medium for inducing
adipogenic differentiation. Examples of specifc media that induce the ADSCs of the
invention to take on a adipogenic phenotype include, but are not limited to media containing
a glucocorticoid (e.g., dexamethasone, hydrocortisone, cortisone, etc.), insulin, a compound
which elevates intracellular levels of cAMP (e.g., dibutyryl-cAMP, 8-CPT-cAMP (8-

30  (4)chlorophenylthio)-adenosine 3', 5' cyclic monophosphate; 8-bromo-cAMP; dioctanoy!-
cAMP, forskolin etc.), and/or a compound which inhibits degradation of cAMP (e.g., a
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O her nethods of inducing differentiation are known in the art and can be
enpl oyed to induce the ADDSCs to give rise to cells having a nesodermal,
ectodernmal or endodermal |ineage. 27 $ MAR 2006 After culturing the stem
cells in the differentiating-inducing nediumfor a suitable tine (e.g.,
several days to a week or nore), the ADSCs can be assayed,,@%gzg@ ne

whet her, in fact, they have acquired the desired |ineagée* S
characterize differentiated cells that develop fromthe ADSCs of the

i nvent i ophodpRédicktiRase Dthi I o} st gi cal ,

bi ochem ?al pand i rmunohllﬁfgtgocroglglagmajgallgogg?lf olggéﬂylor)&h@?,ﬁg cemx?sur%ér‘ﬁ

nar ker s, '@PUTQ'@W@blﬁ@a‘thqphﬂﬂme e {Teina | inddnyethacin, byd ﬂt&elni{el) fapidngnihactlous secr et ed

by the di and the d ctl val j.ties of the
diyf fer ente{q{)aot(g ﬂrg%kﬂ%cgﬂsgg MR ag’?gu';r#a’r* ?’g aﬁﬂ‘gt ”éﬁ’:‘i”ér‘ri sembigatisier nal
cel | thatvidi fdoer et inate dbo@mather APRGS, arli tl '&Xﬁ%&lﬁ%ﬁ&éﬁﬁ %ﬂg&g but are

not lim ted to, MyoD, nyosin, alpha-actin, brachyury FoxFl ,
XNkx- 2. 5 adipggenis| Ej'zﬁfﬁfeﬁ%@Fog&@T at hilédlalhjoa'leo reemtinginded otherr kagenss, sacle apr ef er r ed.

15 Mol ecm t c t el | at differentiate
fromthe @&s "F?J%S h%’gﬁtnl\g)g AL | g)néb% Zq%d@\g) @dtf@ Slg??e rﬁ&reffrialﬂ?'lt@d“‘? "R CAM
GABA andisspnudﬁfrms specific keratin. Mammalian honol ogs of the above

menti oned markers are preferred. 20 Ml ecul ar narkers that characteri ze
endodermal cell that differentiate fromthe ADSCs i nclude, but are not

i L ed 1anotipeBedihAOADS Dyl GR BRa:NEIFhos FBY ANPUGanttbliste REAT. LFADP

al bumn, insulin. Manmalian 0gs the a are
pref é@r edhsule 200G ulsnindomiptiaticime Ho, anti btéxtankisicotity X BaMRr (.7 aiM EBMA takéien

di fferenti %;ede#g) s by neasurenent of tel onere |ength.

Undi fferent1a B%l1s have | onger teloneres than differentiated

cells; thus the ceIIs can be assayed for the | evel of telonerase activity.
or proteins can be extracted fromthe ADSCs and assayed

Al ternatively,
(via Nor FHEFHE nv%ﬁhﬁ.%mﬂ% osteagomr dif{ggatiation ob fhetATa¥ e ipalpde, bieeenpt f or t he
pr esence|iofie R dRLS10 M aRiE1P M d%gan?etlﬁgﬁl%l(éé?aﬂ%map&&/[)f% combination

15  with about 10 pM to about 50 uM ascorbate-2-phosphate and between about 10 nM and

about 50 nM B-glycerophosphate. The medium also can include serum (e.g., bovine serum,

horse serum, etc.).

In another embodiment, ADSCs cultured in DMEM, 10%FBS, 5% horse serum, 50 pM
20 hydrocortisone, 107M dexamethosone, S0uMascorbate-2-phosphate, 1%ABAM, take on an

osteogenic phenotype.

Culturing medium that can induce myogenic differentiation of the ADSCs of the invention
include, but is not limited to, exposing the cells to between about 10 uM and about 100 pM
25 hydrocortisone, preferably in a serum-rich medium (e.g., containing between about 10% and
about 20% serum (either bovine, horse, or a mixture thereof)). Other glucocorticoids that
can be used include, but are not limited to, dexamethasone. Alternatively, 5’-azacytidine can

be used instead of a glucocorticoid.
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28 8 MAR 2006 In an alternative enbodinent, differentiation is assessed by
assaying the cells immunohi stochemcally or histologically , using

ti ssue-specific antibodies or stains, respectively. For exanple, to assess
adi pogenic differentiation, the differentiated ADSCs are stained with
fat-specific stains (e.g., oil red 0, safarin red, sudan ®lfa¢iaR 230§ ) or
with | abeled 5 antibodies or nolecular markers that identify

adi pose-related factors (e.g., PPARy, adipsin, Iipoprotein |ipase, etc.).
I n anot hey 8HBQdEABRN S St |n| t he
differenti ated ADSCshnafthgﬂgﬁgﬁgﬁgﬁl J?@% éﬁﬁg%?g 9&}& ‘?QPFﬁ@mne

phosphat adeMasgerhakaspasphatec . )Owbvm{glyc¢raﬂﬁ@b;ﬂﬂtelo |EAEANMdI @Re 0Obn Makhecul ar

mar ker s %B’gaﬁéﬁﬁgﬁt bone-specific markers (e.g., osteocalcin,

ost eonecti’n eop ntln type | collagen, bone norphogenic proteins, cbf a,
etc.). Nyogensls can be assessed by identifying classical norphol ogic
changes syncitia formation, etc.), or assessed

nycl eat ed. ce
bi ocheni cg}t%ﬂgf Hﬂg&f‘%‘ ¢ }é%mc%Fglonf?gﬁ‘ﬂ% difgerensialions pE thea ADSCs Qfethg myo D,
nyosi n heaviidaatde Bk & ot | r sgn@% t ining the
cell s using (l:artl I aege spe(t:lnﬁ%?}gtég?ns héce(ﬂ?ﬂ) eg%ﬁ%%@@o%(ﬁ | abel ed
ant i bodl @d! ipsulimoind betvaen arenkienl! b hlsdut Il(OiﬂMtreihsfe@ﬁ[ bt @bSuR e GighiGnd Mol ecul es

(e.qg., é atgﬁ | ycosam n chans and proteogl ycans, keratin, chondroitin,
Type el PR Eminedre 1o RGP e PUbe bR D Wb EHbONIONDS can

enploy ngkg@gé h e deyel. &Mﬁﬂ e the art. For
exanpl e, the cgﬁ%gaggnqg g@rted y S|§@&§H§E§§%ﬁﬁi'3& bgM@ﬁce effs can be
used!@s Qﬁmﬁﬁwnﬁm@e#n&bﬂggn@tdmwtﬁwﬂubmdhmimﬁmhﬂbodum§nﬁﬁnhﬁsmummd

M| stein can.t hen be ed to d to,a give el type

Correl at ?egfhnm@.'e dsaésoﬁn gletp;l;es%cﬁ H‘f?@%ﬁgﬁifeﬂf‘ﬂ &g, anPé‘s LGite PRMENt i at ed
along a glyen devel opmental pathway. \Wile an ADSC can be isol at ed,
preferably it is within a population of cells. The invention prOV|des a
defined popul ation of ADSCs. In an enbodi nent, the population is

het er ogepeosmer enfR@hRAL, RMREJ] ea fed tiRleD 92;51%. 29 MAR
2006 In anothe? enbod ﬁnent a pop uatlén OPE%EBg@hﬁgﬁbgﬁg g%fs for
culthiln@2@%%ekﬂﬁeﬁﬁghlmﬁaﬁmexamp@EWWbékhx(KHhD &&mnbeGEmmpdgﬁaymby ADSC

I | | |
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phenotype.

In yet another embodiment, ADSCs are cultured in a neurogenic medium such as DMEM,

20 no serum and 5-10 mM B-mercaptoethanol and assume an ectodermal lineage.

The ADSCs also can be induced to dedifferentiate into a developmentally more immature
phenotype (e.g., a fetal or embryonic phenotype). Such an induction is achieved upon
exposure of the ADSC to conditions that mimic those within fetuses and embryos. For
25 example, the inventive ADSCs, or population of ADSCs, can be co-cultured with cells

isolated from fetuses or embryos, or in the presence of fetal serum.

The ADSCs of the invention can be induced to differentiate into a mesodermal, ectodermal,
ot an endodermal lineage by co-culturing the ADSCs with mature cells from the respective

30 germ layer, or precursors thereof.
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stemcells), enbryonic stemcells (ESC) and m xtures thereof). In other
enbodi nents, the 5 population is substantially honbgeneous, consisting
essentially of the inventive adi pose- derived stemcells. Uses of the

ADSC- EF, ADSCs and Met hods of the Invention 10 The ADSC-EF can be used as a
source of the ADSCs of the invention. The ADSC-EF can be § MAREMSEd into a
subj ect for tissue regeneration, wound repair or other applications
requiring a source of stemcells. In addition, the ADSC-EF can be treated

t o cause [4 hg emPBBGRnd ReKE if i i L Jype for
introduction into a subj eq({a.aft%ﬂgAﬂggggﬁtEF@Eﬁ%é gﬁglggﬁ%sggéﬁ?ﬂ?gﬁé !erlthvi troto
mai nt ai n dTesstipted mefurapdisdnclusies, dahistiet limitet @dmyogentSlifferadiaten fndudetier

di ff erent,.at ¢ op.into a desired ti.ssu DSCs (and
boput a1 oS SRR ADSCs (AR REEL I B SrodfRet Jaklitie ADS e abacs
can suppornt atnheraglireagehbyasvecubnirgsitlo Reuddns @ Reroe blecliry€ Sind Tabction\egnt i on

i ncl udes t}m hod of ﬁg{fdi tli.oni ngBa%ul ture nedj umusing the ADSCs in a

sui t abl e "I oA rredenpal Aprage. JBHACFI M Sa-HIBHING i thrIeriue eEPISSUtstich a

net hod. PRkl tls of MetuRREHidByteS ottB8FrelRctieypRfbrst he in vitro growt h of

t he ADSCs, which secrete hornones, cell nmatrix material, and other factors

into the medium After a suitable period (e.g., one or a few days), the

curture ARehiC aRtADSN. bl b EbRAd B hRAImSAR iR GR AifkGgul T Om L e

cells and store uture use. can be re-use gively to
condi t i omtemediperific abendgpe.r dibnditinnealt tnediudSs aymdluint athichnsas( @iltgred Vior a
er cel.l the cells can remain wthin

co-culturi the, ADSCs . w t h ot types),

the iéndmap”_g%‘é%‘ trt}%t_cﬁr%‘f’r‘flesfﬁ{]}g?r Hers i%%d’f‘%@ﬁ" S\ gekiges, A3t E6REN ti oned
medi um ohb@oned antSdxicel ihiaSmiEik N exaMhl S B nkiulhatta bR BL@Hstl b e fDSCs, or
be substantially free of the ADSCs, as desired. 30 The ADSC-conditi oned

medi um cBnCBEcLSaEed & suliypord infece ok BHEhtoadi Herendjatnivtoon mypgeadissiineage. cel |
types, a i t ] : i t . j F I particularly
o cel Loy S5 Gt BEE Wl PRTC NS TRIEE 2 BB | o

i nvol ves limeechtogicnlturigpg dn desédied comdifioned by kepostenditieirongde peBitorimduaeer

conditio for the cel]l to remain viahle. Th ell can be. maintai ned under
any é%u taﬁqe'é@né%wai 'f‘fooheaFoYa_]‘@uH?BSH‘?'i \r/{’@) a?ﬂ’é‘ﬂ‘i" éﬁé S g &‘ﬁ@rqg_nﬁ‘v\ﬂ“i‘_ Whe art.
Desi r abl yondith@ed8) howoRetoNintisee ARSI UReab® WA dSn@fiondll 1Rt HepatBicyies ton of the
cell to forman 5 expanded popul ati on. The exact conditions (e.qg.,

t enper at (dece apepdqdespat Eneaggyi t ati on, presence of antibiotics, etc.) will
depend on the other constituents of the nmediumand on the cell type.

For co-culture, it may be desirable for the ADSCs and the desired other cells to be co-
20 cultured under conditions in which the two cell types are in contact. This can be achieved,
for example, by seeding the cells as a heterogeneous population of cells onto a suitable
culture substrate. Alternatively, the ADSCs can first be grown to confluence, which will
serve as a substrate for the second desired cells to be cultured within the conditioned
medium.
25
Other methods of inducing differentiation are known in the art and can be employed to
induce the ADSCs to give rise to cells having a mesodermal, ectodermal or endodermal

lineage.
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However, optim zing these paraneters is within the ordinary skill in the
art. In another enbodi nent, the ADSCs can be genetically nodified, e.g., to
express exogenous 10 genes ("transgenes") or to repress the expression of
endogenous genes, and the invention provides a nethod of genetically

nmodi fyi ng such cells and popul ations. In accordance mnth-%tMAﬁ p#0ghod, the
ADSC i s exposed to a gene transfer vector conprising a nucleic acid

i ncluding a transgene, such that the nucleic acid is introduced into the
cel | undeyficemndiihg OB StemaRN RRKd cﬁﬁf&eﬁtﬁﬁné #ﬂ@u&éggjﬂéﬁﬁﬂ ?orta%ulpa%leecWe (%ssed Wi thin
the cell. The transgene generally is an ressi on cassett includlng a
pol ynuc! éeraddaysger awsely of mateddhe ADSCs gart bebaseaypd umilit@mme'liﬁethep@ﬂ\ yaaicl eot i de
can encoq% A R4 B the kakﬁhﬁ&% encode biologically active RNA (e.g.,

anti sense NA or a r| ozyne fus, for exanpl e, the pol ynucl eoti de can
encode a gene conferrlng re5|stance to a toxin a hornone (such as peptide
gromﬂg h sex hornones,

JRNES,, g% Si.n
adr endcort et rs phi a(g mﬁ%fzﬁoﬂ' renE?’F‘gk‘ieﬂ ?t dyelon; foay fhsr iARSCoEf the
i nt er | eukivastjor, yrﬂ‘.’fhhiél(bﬁle@k no€lifhited t& lﬁﬁbﬂo?ﬁtﬂr hRESTORMDE dibiHeRGa) L ar

si gnal i ng rn)lﬁﬁltl %% cel | adhesion nmofecll es, hor mone receptors, etc.),
a fact or THPBMHBYSL e@“@l viagthpdsneigaisiog cell ffuefeem trharkéran or ( gengticallyone
mor phogepioGcRkAY, ebrnbf Ef%?)t)fyﬁ%?fet% £ S nw{ée{%?fg&gﬂ@ed %g ire H)téﬁﬁeeenpl oy

gene transfer technology t el1Tver a grv will be
known. 2Bdvitivieiqualites of #prdfstaintasBiCi.e, the codi ng pol ynucl eotide is
operably linked to a suitable pronoter. Exanples of suitable pronoters

i ncl ude prokaryotic pronoters and viral pronoters (e.g., retroviral |TRs,

LTRs, i nueticalae nRdldry thvi Eltkachir RERB6derbhiERL theUs ' Ep
(e.qg., ICP4-1Ep and ICPOhIég)f cytone aIOV|rms (Cif§nm@%@9§%%,JB$F% vi ral

pronnter%fm§d@W“H@]R@ﬂ§m8§ﬂbﬁﬁ@DVﬂmd§ GﬁﬂwgdbﬂnmnnemhmaaHMIMMMmmmyLeukenla
Vi rus 304k M iHRE HRE €80 kx- 5 NS faniid r rRod 8. gukar yoti c
pronnteré such as enﬁancé?gk'%gig.}&?ﬁéﬁPg ggfaggé?w%mﬁngaiﬁgpﬁFy

el enent sjre pesdersadi t ut i vel y active pronoters (e.g., the 13 31 - 8 MAR 2006
actiﬂspronnter, etc.), signal specific pronoters (e.g., inducible pronoters
such’as a pronoter responsive to RU486, etc.), and tissue-specific

pr oot erslolekiilat manetsl thavi chiattetifeectddielrhal @&l HAE dfctentih® faRh BRIADSEY @Ot er
suitable faor driving gene expression in_a predefined cellular context. The

expr essi B RwsLeR.t BClugs buharcupet lipied fndnCANG GABAnanderigerndy epscifite, and it
can i ncldlgind Nk RS O(f'%eglbovelpr(ﬂtuﬁ?oqg&]waﬁ&tso&ﬁe ﬁ% Igﬁces sequences

encodi ng a nmenbrane-inserti'on signal or a secretion ri bosone entry
sequences, transcriptional regulatory el ements (e.g., enhancers,

sil %Cer}élbleggll(a\’r kn’ark%psdthat c%arac&:rl)zé el?dsoderma] cel(fI that differentiate from the ADSCs
include, but are not limited to, Xhbox8, Endol, Xhex, Xcad2, Edd, EFl-alpha, HNF3-

beta, LFABP, albumin, insulin. Mammalian homologs of the above mentioned markers

are preferred.

25 In an embodiment, molecular characterization of the differentiated ADSCs is by
measurement of telomere length. Undifferentiated stem cells have longer telomeres than
differentiated cells; thus the cells can be assayed for the level of telomerase activity.
Alternatively, RNA or proteins can be extracted from the ADSCs and assayed (via Northern
hybridization, RTPCR, Western blot analysis, etc.) for the presence of markers indicative of

30 aspecific phenotype.
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The expression cassette containing the transgene should be incorporated
into a genetic vector 10 suitable for delivering the transgene to the
cells. Depending on the desired end application, any such vector can be so
enpl oyed to genetically nodify the cells (e.g., plasmds, naked DNA
viruses such as adenovirus, adeno-associated virus, herpeg§vMARSENE

| entiviruses, papillomviruses, retroviruses, etc.). Any nethod of
constructing the desired expression cassette within such vectors can be
enpl oyed,in NBNYalRfnatft CdiRafneAE! bifeRAWRIohN id NRsRLh ﬁ)f Hssa ir]é:;' tﬂ%r g4t cloning,
honol ogous reconbi nation, etc.). O course, the chol cé of xect of Wil |

| argel y ig@vetviteremisallyror higsologiediyt o ushngr tslucepectie aeibbdies iont saine cel | s
(e.g., b I i -Gl UIT S te precipitatjo ene gun,

cl ect toper D Tenl Rt W sese kB PO QURRBI AR B iRl RBSc 8% ener a1y
known i nstatmed aith fai3fecitivestaper(ei, ohlkddyO ahfadin ed, AlISCElacabichr amplloyed as

bi oreactors for producin he product of the transgene. In other

enbods et ol eh el BREHT IS HEURRT e kb ognp oo BPAR Y, skaiver ¢ he
transgeng @ﬂgth§w£I&gth to an animal. For exanple, the ADSCs, once
geneticaIFy nodi fied, can be introduced into the animal under conditions
sufficient for the transgene to be expressed in vivo. 25 In addition to

serving t genet. dificatio A d

opul at1 and TR Koeh@heR, Sul@heRTATRE BT b SA s BRI RO%0F o s
(e.g., mithoutypdcific gaioswbef alkbiitesphospititase, WANKoRE, &b oEalitis lpakaral |y
secr $e such hornones upon initial |ﬁglat|on“ and other cells can be

gene caWﬁ&OWBHFYNB JEEKeEs dhat Jlentifie donesspegifie anpskesy (8. Retpesekin The ADSCs

that secp@tdelil HRBSNHARPOEMIRE, Bofle %O@F%e@lecﬁnggnﬁe%%ﬁ in vivo and in

vitro. For exanple, such gells can be e ioreactors to provide a
ready source of a 32 8 HER 2006 gi ven hornone, and the invention pertains

to a net . 0 (] I e romsuch. cells. In accordance with the
et hod. - CheeRsceht B R eny BiehiPme. il "B Rr bPo e HER ERem 1o
secret e polgnkekardoelsi sncitih fiematidrd, vicg, srefiessil bkch@hicalySul thaleerRebf od of
tinme,_and (ﬁreferaﬁ%%ﬁperiodi allgh t he diumis harvested and processed
to i 5l afWs{HEPersr FEofs HpRRanehaEngicat andard nethod (e.g., gel or
affinity chromatography, dialysis, |yophilization, etc.) can be used to
purify the hornone fromthe nmedium many of which are known in the art. In
ot her enbbelidmsanasis capBrdeteramepd Jopstaining ba syllsssng safilge-freco sainsdas. be

enpl oyedas,, blue) or with labeled antibodies or molecular markers that identify cartilage-specific
molecules (e.g., sulfated glycosaminoglycans and proteoglycans, keratin, chondroitin, Type

20 1l collagen, etc.) in the medium.

Alternative embodiments can employ methods of assessing developmental phenotype,
known in the art. For example, the cells can be sorted by size and granularity. The cells can
be used as an immunogen to generate monoclonal antibodies (Kohler and Milstein), which
25 canthen be used to bind to a given cell type. Correlation of antigenicity can confirm that the

ADSC has differentiated along a given developmental pathway.

While an ADSC can be isolated, preferably it is within a population of cells. The invention
provides a defined population of ADSCs. In an embodiment, the population is

30 heterogeneous. In another embodiment, the population is homogeneous.
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10 therapeutic agents. Cenerally, such nmethods involve transferring the
cells to desired tissue, either in vitro (e.g., as a graft prior to

i npl antation or engrafting) or in vivo, to animal tissue directly. The
cells can be transferred to the desired tissue by any nethod appropriate,
which generally will vary according to the tissue type. ~RoMARX30#§ e, ADSCs
can be transferred to a graft by bathing the graft (or infusing it) with
culture nmediumcontaining the cells. 15 Alternatively, the ADSCs can be
seeded omt endihe c888d; uI ation.
Cel l's can be transfeirrnr%e}l §P%®é%“€g?f?‘r?s\??\%ﬂ 3’3’? %lg\?f?%@@tugﬁ %tﬁ at het er s,
trocars, Focgmmgicaeslls shag mrsbe(srmvcmd (barﬁﬂﬂél mdlemsvmctlhﬂetdn]&rctﬁiei; 61) ster®t . For
t hese ap C r SC se ret yt oki pe Lowt h
hor none E%J!:Sha%}s]% Eﬁ%‘% S?Jn;?v\flﬁ 5 185 As¢e éﬁ%@ﬁ?ﬁ@%@{l erve

growt h f aeauells)j mlmymrme kteﬂqeelgf(@\‘ﬂcm aﬁcﬂﬁﬁ@lrés th&esm.P o &hérc'err%&meﬁ@ fhe gr oWt h 20
facto§ nenbers of the fibroblast growh factor fanmly, nenmbers of the

pl at ef et PHRIIHOBIS SYsBRiAY s homogenepuscpysistins susantiaily oh dheeindietive lailiapsee el |
growt h f aetved stemrerders of the TG-b famly (including bone norphogenic
factor), or enzymes specific for congenital disorders (e.g., dystrophic).
25 In one application, the invention provides a nmet hod of pronoting the

cl osure ofe.drWRWISK t I n accordance with the
met hod, — W@ B HoVLB0: of eI erred to the vicinity of a

wound under condrtrons sufficient for the cells to produce the hornone.
The t he, wound pronotes closure

of t e bl ST PR Gipree oo bEs Bf b vmion: cea DYGEG o sur f ace)
and 30 i B¢ @tidaliceWatdds subyiet Vf&stlsts&b Yé‘@é&ﬁtlﬁﬁew&ﬁﬁsﬁﬁ%r b{lgﬁ%l ép}jﬁ(ﬁc{ﬁ‘éhg]()d s

useful in promoting closure includ but ‘are not limte rasi ons,
avul si onSqUIENg Wi saurcoueliae, cellsir in adliviats the3BDSC-HF dARe2806d dortussithns,

gunshot N cchE) AR BNHe, ARG U ERSLOL IR AR e ;o

perforating wounds ure woun
wounds, ADBELEFameaiss be rnniumﬂbn vilo tb angedid i sdurcsf ADSCs IdreatTed ogkeaeed not

achi gve conplete h in r sure o the wound; it is sufficient for the
met hﬁsd t%rog]r%Bﬁ‘Bﬁ'g”ﬁﬁJgfe’&g’&%@%‘%%ﬁﬂb&ﬁ%W%adqs’rﬁedttﬁﬁ%e 5 respect, the
nmet hod can be enpl oyed al one or as an adjunct to other nethods for healing

wounded tissue. Where the ADSCs secrete an angi ogeni ¢ hornone (e.g.,
vascul ar Thr diRbhs faad pepulatipas eARSCalran be suptotied foak vemdty Oﬁplomshs f Bt or

etc.), tR@XCé & o Y}F[.l)clrt fig @W&%Qx@&%m@%%ﬁ%ﬂ%ﬁ ep e’me 1%\a"err]1t10 mCIOgesrg)l Oyed to

i nduce angi ogenesi's wthin tissu nve i'on pr met hod
of method of conditioning culture medium using the ADSCs in a suitable medium, and the

20 ADSC-conditioned medium produced by such a method. Typically, the medium is used to
support the in vitro growth of the ADSCs, which secrete hormones, cell matrix material, and
other factors into the medium. After a suitable period (e.g., one or a few days), the culture
medium containing the secreted factors can be separated from the cells and stored for future
use. The ADSCs can be re-used successively to condition medium, as desired. In other

25  applications (e.g., for co-culturing the ADSCs with other cell types), the cells can remain
within the conditioned medium. Thus, the invention provides an ADSC-conditioned
medium obtained using this method, which either can contain the ADSCs, or be substantially
free of the ADSCs, as desired.

30 The ADSC-conditioned medium can be used to support the growth and expansion of desired

cell types, and the invention provides a method of culturing cells (particularly stem cells)

30




pronoting or inhibiting neovascul arization within tissue using such ADSCs.
The presence of the hornone within the tissue pronbtes or inhibits
neovascul ari zation. In accordance with this method, the ADSC is introduced
the desired tissue under conditions sufficient for the cell to produce the
angi ogeni ¢ hornone. The presence of the hormone within ted tiAbd 06 15
pronot es neovascul arization within the tissue. Because the ADSCs have a
devel opnent al phenotype, they can be enployed in tissue engineering. In
this regaside thd&rdn) i I O : Cj nigmal nmatter
conpri sing %aintain?ﬁﬁi?ﬁguﬁbsxgggﬁgggq@%ﬂﬁ?ﬁ%@%gﬁg #&%%?%ﬁ?ﬂ?%?then1to
expand asendXongd fiediuen tundgr econditibror for tthe celbsi remshimatabler . Thheeliahit & can

i ncl ude e tissues, ar.even..whole organs, includi tissue types into
whi ch thg%?”ﬁ%}ﬁer?t (IR, s abIS fongiie ?re‘f‘i’tltf"é‘?gethf‘ﬁss‘@ 9 ke RN s 48

Typi cal | Yesisbbh teahdterd pinhlts aeoRsive Ruadl FaditoticGMidiod 808e PR form der Mal
connective tissue, blood tissue, nuscle, kidney, bone, pleural, splanchnic

ti ssuds, S¥Rade nepulatiqns Thexact caeditions (¢.g-«empqueiiie. ¢ Qpleraly, pgitatiom prasence er wi | |

conpri se oeamBioney, bRYNiPledeRESSthE bstSndRudYRE l%lTe(rhed‘?um altPSiEtht @@%e tissue

type). For exanple, the matter can conprise all or a portion n ani mal
or gan ( eHgweves, dptinmaing thesk patnmytersay wishih thetordimingskill i thesgt, a wi ng, an arm a
hand, a foot, etc.). O course, in as much as the cells can divide and
differentiate to produce such structures, they can al so form anl agen of
such st r ucinstesemibddireat tie AD8GS 8an SeuehetiRallagedifien b.g., keexprasoprogsiyed for
futurg generﬁtion of the desired mature sfructure or organ. 30 34 8 MAR
2096 %0 B @SN <A 110 ERITSE SNE PHRESSSAPISE CTdREnBnEANSY i2Bh 41l kenian nt ai ned

under copdiideORethdliof 8kfealiPn hyi he
desired gtructurgg. Pnggbné'gpgﬁ?gg%%%%gégqgﬁPgﬂ?gggﬁggﬁ%$?%%g%&%@

t r ansf er thingethhénthe ARSC anxpwbed( o, & genei iangfey actaryimpaiking sanuckeispght  at
whi ch the wmatter i s ired. Thus,,.for example, t i nventi.on can
Pher T gt T Slond, Syl i B .S Mg SRR S e B bl BARR; °P0

t endons, a@flbPR&ESOr B CadsgdictBibb cadtestdd Whthin thehell e Thd eaARSESedrallyi iph ant ed
into such tissues. In other enpodi nents, andﬁﬁgrticuLagly to Cﬁﬁate
anl agen, exmesiamsesetivaclyding A palyaerisofdgprerabheited o SHAPe RIOMET 1PD ti ssues

invitro

Vit olylidele%ﬁ'&& PR At PRfin, tdh&ir ARPEReRIE Sidibgibil esioh RSt sat es t hat
facilitafe formtion into three-dimensi onal structures conducive for
ti ssue demasbopidm or Thibezynfepr Towsa gyl csampliethd polpmBRetideagpnivacesdg|a g¢ped or

ot racel FUTER PRt &b « PR R SR oM bortBRes Hifone |
factors, ré&daGing Blefls, 8ex hormones, adrenocorticotrophic hormones, cytokines (e.g., interferins,
20 interleukins, lymphokines), etc.), a cell-surface-bound intracellular signaling moiety (e.g.,
cell adhesion molecules, hormone receptors, etc.), a factor promoting a given lineage of
differentiation, (c.g., bone morphogenic protein (BMP)) etc. Of course, where it is desired to

employ gene transfer technology to deliver a given transgene, its sequence will be known.

25  Within the expression cassette, the coding polynucleotide is operably linked to a suitable
promoter. Examples of suitable promoters include prokaryotic promoters and viral
promoters (e.g., retroviral 1TRs, LTRs, immediate early viral promoters (IEp), such as
herpesvirus IEp (e.g., [CP4-IEp and ICPO-IEp), cytomegalovirus (CMV) IEp, and other viral
promoters, such as Rous Sarcoma Virus (RSV) promoters, and Murine Leukemia Virus

30 (MLV) promoters). Other suitable promoters are eukaryotic promoters, such as enhancers

(e.g., the rabbit B-globin regulatory elements), constitutively active promoters (e.g., the -




| attice can be nolded into desired shapes for facilitating the devel opnent
of tissue types. Also, at least at an early stage during such cul turing,

t he nedi um and/ or substrate is supplenmented with factors (e.g., growh
factors, cytokines, extracellular matrix material, etc.) 15 that facilitate
t he devel opnent of appropriate tissue types and structupeg.mhpq@g?, in sone
enbodi nments, it is desired to co-culture the ADSCs with mature cells of the
respective tissue type, or precursors thereof, or to expose the cells to

the respeedi pemeeAdict) GRaOspRBHE Pidmofss (e ' L Qicnd?, 1o facilitate
the use of the ADSCst)and pgbpgﬁl ati ons f(g'%"g@g%%%ﬁgg}%stﬁéﬁmgﬁ?ﬁﬁo {ter and

ti ssues, "¥ASIVEVRREAA elor cani tissie apestisposndterent isnvedlluedithigtht: kiell ADEEsrt ( and
popul at i i i y.conpatible lattice. Typi.cally, the lattice
is for rregp" rleé%g 5?15%% %%hérirg#%rqr%fn,g ERAVRG ST b’b?é’reélg%{’g’drféhlﬂgro@“?ﬁbnge,

typi cal | Yhekxmessipacasetionat ineluds aiere tafh dae tyBRNp AL nd ABaa R @bout 300
pm Sguch struct U{e pri)vi des .sufficient area on which the cells can grow

25 and pf %F'i Pl s e Epdofypdgnylption spguenges, pegEenices gicediegyr meatrascdvetioni ne, so
that it wihdl dbe RbeasDRer, oSG MelRhePAELASd LelBUE) BRBen ST t 201 ©

polymeric lattices, thus, can be fofne rom nononers suclr as glycolic
aci d, | at&y-CnBIcers. sHenspy eid: huaskthe ke).@adesobdict one, hyal uronan, hyal uronic
acid, and the like. Oher lattices can include proteins, polysaccharides,
pol yhydroxy acids, polyorthoesters, polyanhydrides, polyphosphazenes, or
synt het i ¢h@&ppotigmenssi¢ panttinisgithatrhysgicotadd beiabdrporped jies seheticecopUr S€, @

sui tabl e r..for. formn such lattice can include nore than one
m)no%r ss"?tgl%)lé?(_?r d@[ﬂ%’inﬁ eltf?ﬂggeﬂff tottﬂfécq?]ﬁ‘d b@&‘?’éﬁg% the depiredznd epptisainger s) .

Al S0, t henyl @ich vedorcan balss Qn?ﬂﬁé&%eh&fcﬁi%ﬂﬁ%diﬁ?ﬁﬁ@ feel?ss(e%r g%ﬁhdé, s,

cyt oki nes and norphogens (e g., retindic acid, aracadonic acid, etc.),
desired BR¥ aWBIFsuFiEh #aedanvingp ladenatassocipted gyirusf hirpesvizesc,nlentivinisesi n,

col | agen : i al . iruyses,. .other .cell types,
etc.) as’ fﬁ)gg)ﬁa)érd@sg% r%%?égﬁﬁ%tﬁé 2‘5‘ réegrll(gil %fn%wgg%%&s&gfeg PREPBYUced into
t he | at t ¢éasetts withintshelt vettoesycap be erapibyged, madyooftwhchi ang welBltrotvinah theRAGES, t her ei n.
For pxa | e, the g?tr'x can b% soaked in_a solution or, suspension

cont i ni Wt Hes, ?f(’%?ustr??QV E’ﬁttlf’"b‘étc'i)'lnaﬁ%‘%‘&e ¢ phojes of ¥eptgr il largedy matrix. A

parti cul @drinireried ehed usarp aiotiihd Sechor MG EHRASHs fQr, M5 bedi¥p1St A8FhI Nki ng of
a suspension 10 including the polyner and al so having the I nventive cells

di sper sethl4HapBgsphatpreeipitation ggnegun, ¢lentmparition, ivécnon with viesl vestdrs etcd, be
di sper sed, L euahenl khéeh hatdd:ce. facilitating nore even

20 The genetically altered ADSCs can be employed as bioreactors for producing the product of
the transgene. In other embodiments, the genetically modified ADSCs are employed to
deliver the transgene and its product to an animal. For example, the ADSCs, once
genetically modified, can be introduced into the animal under conditions sufficient for the
transgene to be expressed in vivo.

25
In addition to serving as useful targets for genetic modification, many ADSCs and
populations of ADSCs secrete hormones (e.g., cytokines, peptide or other (e.g.,
monobutyrin) growth factors, etc.). Some of the cells naturally secrete such hormones upon
initial isolation, and other cells can be genetically modified to secrete hormones, as discussed

30 herein. The ADSCs that secrete hormones can be used in a variety of contexts iz vivo and in

vitro. For example, such cells can be employed as bioreactors to provide a ready source of a

32




permeation of the lattice with the cells. O course, the conposition also
can include mature cells of a desired phenotype or precursors thereof,
particularly to potentate the induction of the ADSCs to differentiate
appropriately within the lattice (e.g., as an effect of co-culturing 15
such cells wthin the lattice). The conposition can be engloxﬁogggg any
suitable manner to facilitate the growh and generation of the desired

ti ssue types, structures, or anlagen. For exanple, the conposition can be
const r uctzRen UsintGe! M i el del i ng .t echnj ques
Thus, Tof 20 exambl o, & FhoRun! @R 67 o FLAOALEHL RTINS el o

popul at e@llsy I eeprsansewiddhd mﬁthOdaﬁtee‘hi@%(Eﬂ are dilfufedls @mei ALAINO conrARBnafRPt her

| ayer or i | ion opulated with cells prined
f or rryogte}{r%?{c%asﬁ(g%tt& Qfolgl{é)%c {Fet's H‘EntA%eBgls‘t'iEj’}’ﬁd’eg%ﬂ ftirgd#ad ns i nt o
j uxt apos pthe@Hblw\pariodeaiQh thtatnlmmni Bliahvedte! 88 rht@ssB® ikl a{e%%&fee&o%?t hation
of compl ex scthructu es in d|n multiple tissue types (e.g., bone

surround g By s c 1 &Y §@E d&r Gutd & o affinity) chripatdgrapiot difigsisgr owt h and
di f f er entyopiiiligmonfetd r'Lﬁn detde ' n,be cul tured
ex vivo kar:plg bi or eac)t or or i ﬁg%tgﬁ g‘?%‘g’g"“ég‘%?‘oﬂﬁ‘??lg?% I%m% fcwa}]rmh are

embodi mef N ipHE a8 ructure is inplanted within the host animal directly at
the site in which it is desired to grow the tissue or structure. In still
anot her enbodi ment, the conposition can be engrafted on a host (typically
an ani maln @bmrenmsdmepisgADsebm popﬁlﬁudns) WoRfify hérmohdsl calbeWnPfbyads mat ure
unti | 69 us§S her eaf t ﬁﬁ‘%‘ﬁ ‘ﬁ)ﬁure structure (or anl agen) IS

exci sed ?nu oSSR H‘%’i'& YRS UREemiBg the calls wpsispisgiiiarce. 36 8
VAC 2006ikat InivRS(eliab At p‘n@f tol 1ﬁz‘f;laHéh&ﬂox‘ éﬂ%@ﬁfngf ‘R IRE S i 680 be
derived fromany suitable source 3 sone conmerci al
sour ces Q'E?Ft%uTheé’Sll%Calﬂé’Fﬂrﬁ@Sé%Teé%P@?d(ésere@tissusby alafbh@hadfappmphgtglwmﬂi i c acid

can be o f con ot he itable 5
ot ce can B AN RE TFnp HSle BBr. % Be b Ceo i skt lectie - i c.
adi pose grisfs dyebatking rthe etafiul@r infuaing i iy Wﬁht(ﬁttuﬁwlﬁédlﬁiﬂt¢0ﬂ{aﬁﬂ{ngjﬁ)é0béjlsor I cells, ]
and the |nventio i.des such pose-derived |attice ically, suc
adi pose- %léeir?a\%%ly,{]tg‘?tqﬁﬁgs Cache e ﬁP@ttE‘? frsired i Wildin the BisEo i) By@é

| ycopr giopiiasen. Ryalk @ik VA 1, type
Pt e v s o @E‘zfef&?“"%??"’f’% e AR R Kt é%o\é%@as

excel | erfEniiss e (—i"é"‘fhdﬁn @ pedadowify dravcells). AtbdiFor thesl dpylicasershpradiaptyse- der i ved
Lt} CosnEADSCELUNE . NG roB L ERAR ot &Y RO SR BB aCt o>

for facilitating t S see
adi pose-gierth\atbrymetvei growthnfache maﬂ:nharkegofwﬁfﬁémtaﬂj Ipe®poitiicsee cdl glbwv@r | y as

deSCf’O' quctors Mébers of the fibroblast growth factor family, members of the platelet-derived

growth factor family, vascular and endothelial cell growth factors, members of the TGFb

family (including bone morphogenic factor), or enzymes specific for congenital disorders

(e.g., dystrophic).

25 In one application, the invention provides a method of promoting the closure of a wound
within a patient using ADSCs. In accordance with the method, ADSCs secreting the
hormone are transferred to the vicinity of a wound under conditions sufficient for the cells to
produce the hormone. The presence of the hormone in the vicinity of the wound promotes
closure of the wound. The method promotes closure of both external (e.g,, surface) and

30 internal wounds. Wounds to which the present inventive method is useful in promoting

closure include, but are not limited to, abrasions, avulsions, blowing wounds, burn wounds,
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except that it will be present in the acellular fraction. For exanple,

adi pose tissue or 15 derivatives thereof (e.g; the lattice enriched
supemant fraction of the nethod described above) can be subjected to sonic
or thermal energy and/or enzymatic processed to recover the matrix
material. Also, desirably the cellular fraction of the adi BoMARt200§ue is

di srupted, for exanple by treating it with |ipases, detergents, proteases,
and/ or by nechanical or sonic disruption (e.g., using a honogeni zer or
soni cat odntusigwEMRshot Ok Sbisel { ified as a
viscous material, but it can beh‘g’ﬁg‘gseﬁff%%%"”h&s glltrég{ﬁ&%ulaéééeq%mé”g

dependi n§OBHlst REACHES |Wad%ﬁ@$0ms@un¢aarstaéx\amﬂe sutghal manndsatsubostan@iuer i al can
be treat vvlth rotea acids, etc.) to
pr oduce %gl(ecgl (%éﬁgg&}a%xﬁgag ?fg ltéj%tl%a(? Eeeq’ﬁm ach YF “1"5’? lFér“&ga?f Cld)oé“"ﬁrogpar ed in

a hyr at ethefvorumiliot isisuffcint foe thérmelibdan pronaphiany degfbe bNhvouml clsubstRmtE al |y
anhyd ou§esfe(2 mor tﬁ (i)o erﬂ_ﬁéhere fter, the powder can be rehydrated for
use 25 al BrChdiq MEpd & pYegalone op as é@(&ﬁ’iﬁ'l’cé ihtheti iaprberdsi faghealing n a

sui t abl ewoelded eiggub.ure medium In this regard, the adi pose-derived |attice
can be mxed with other suitable lattice materials, such as described
above. O course, the invention pertains to corrposi tions incI udi ng the

adi pose- dgie\\RdAbatL be%f%teadﬁ%élgéén& l%hn&%qg%a%s?ﬁ% ﬁ$ac ‘{Th"é'lﬁ &yﬂlécg of st em

i nventive ADSCs and ot her S as we bar

cel | s) G_@lothé’ilal cgll pRtl2 Geer.Agc. )ity (sswell abpMﬁlattbﬁwcoﬁaﬁﬁiﬁg thempué]ﬁbd ons,

Iatt | F€Sam SOI”%OSI'[I ons of wrtlﬁe lnventl,}_lon can be used in tissue

engi neerf n%o)éeﬁ FEHESHEBIETH'S MHREUssYee Ty dist TYsAIEPoRsse methgdh of

i mpl ant abeositg eiGhhibiging he(ﬁ'ascuﬁﬂzdttﬂﬁ)lvﬁtﬂfn)tls‘s&qg[n%%ﬁﬁlt ADYCANYhOfrel&S e

i nventi ve featur es. The exact nature of the inplant will vary according to

the use ¢fhsMNRANg Wlthlgthpgsqggpmptesm@h@m mmﬁvlar@zanomén @¢000;lan¢p‘rm§1e as
descri begl;s HRLH %etA]§§@qT m%ddr?gd ﬁ%r]:]ebl{% ltﬁg% dng%Hﬁl? g su mengﬁ)r rxfbelhg nt .

| attice. Thus, for exanple npl an

corrprl siqy ta prqﬂiuputfﬁtangmgemﬁc hdrrmanenv@hé pneeencebf met}ioahorar\enhimd&rtg;@mmg (or are
for ost eo n differ tJatlon optionally seeded within. a

Iatt ce P Slte%’Eﬁof’%ﬁVér'@f'%wﬁlﬂﬂ i'¥si on, as described above. Such an

i npl ant can be injected or engr afted within a host to encour age 10 the

generation or regeneration of mature bone tissue within the patient.

Sinilar Beepwsarthe ADWCs have s deyelopmentelopheagpe; ey gren viteheraployed giariéssuet i on of
sl by U 95O gl BB Ay RO S o
buds, dewelpaphggnaaitainiay she aDSCstunder, conditionsenufficért dok thamoaexpatd ant , wi | |
mat LHOe Icmfgrentiate to form the desired matter. The matter can include mature tissues, or even
whole organs, including tissue types into which the inventive cells can differentiate (as set
forth herein). Typically, such matter will comprise adipose, cartilage, heart, dermal
connective tissue, blood tissue, muscle, kidney, bone, pleural, splanchnic tissues, vascular
tissues, and the like. More typically, the matter will comprise combinations of these tissue
25 types (i.e., more than one tissue type). For example, the matter can comprise all or a portion
of an animal organ (e.g., a heart, a kidney) or a limb (e.g., a leg, a wing, an arm, a hand, a
foot, etc.). Of course, in as much as the cells can divide and differentiate to produce such
structures, they can also form anlagen of such structures. At early stages, such anlagen can
be cryopreserved for firture generation of the desired mature structure or organ.
30
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the appropriate structures. 15 The adi pose-derived lattice can conveniently
be enpl oyed as part of a cell culture kit. Accordingly, the invention
provides a kit including the inventive adi pose-derived lattice and one or
nore ot her conponents, such as hydrating agents (e.g., water,
physi ol ogi cal | y- conpatible saline solutions, prepared ceti8 MRt 28 nedia,
serum or derivatives thereof, etc.), 20 cell culture substrates (e.qg.
culture dishes, plates, vials, etc.), cell culture nmedia (whether in

li qui d offopeudies esthf Dibdives, aRs APISOL dhd he |ike.
VWi | e theO,E?t can incl ulgcsa any such ig}g?aggi%g%ta?,M%ﬁ%@%‘?gﬁe@@?@ﬁmﬁéI udes al l

i ngr edi eAt&blRdeebyn tqexpandadstivide torferm theldesited stamtireyr dnbdmeodpptiesioned cel |
types Up@Hk RILERKHHIGRIN LQn: urse. [f.desired, the kit also can

i ncl ude cé! I's (typp]igcal 'y ?%ﬁ"gﬁﬁe“&ﬁﬁ. ic%%én&%l e ’é’e"é‘é&’géwf%ﬁ%a&%ag*r%u ce as
descri bewhichghageei mattaphis |desiredny Tiasp et scamblet iR innsieioh i @R MEHt@itHet 0 tissue
growh a Lfferentiation the jnvention has other applications as well.
For eganp%%ggkatuﬁe Ogec?jsl%e&s(%g‘dl%?’\e’\}@ldfc|ea?aftiﬂ€g§’ Eadpnpeadingsseefe - within agepisrl nent al

reagent , whete bheaSD$0s Ae e @A IBtoIsTIN tRVRS. Tradiid: 68 BodehS r 30
tissue growh and differentiation. The adi pose- d(()ari ved%ﬁ%gﬁg{t@o can be

enpl oy ed¥p dNBENCEE APSGsgan by indpeed, to diffetintete wnd enpheintsisands, in eibaneous
depr essi pNsuch @hfFlicatits, HOrADS : tgtion. For such
appl i cati ong,‘ %@}ecfaér ably t he@SIS%1%1‘:3tci:égiémli g"?@%@%@“&%@%ﬁ%‘a‘ Qoq W?%ni t
dosage f@randiménsipesli steidtures tcondusivieefon tisdux eldveldpntent armhig risr ¢eangple, tho! vent s

h ' | coh funes, antibiotics, colorants, and
ot not s naPSEE T B Bl 7 7588 bl 3P ompisbor e Shebans ot Sahs 1 at e

al so canchaceinfal etk AuicahiogaktRtiy polnds, aRolghdsOSoatt facﬁ’:&g e, | ﬁucﬁ(?p used as,
or included within, ointnents or dressings for facilitating wound healing.

The ADSelice 53! by 89ldsd inje desirgd shapse far fesitatingr thedevstopmemanf tssuertpbes, t hey can
be enpl oxgd 49 ' r i f y.gvents in

i 1o ent pot o B CoBg BB ARAT SR BRRRHE L el Bl SR aBHEIEE <

medi um fwpplemehied wih Gclorr(e.geglomth factoms, yfokities, ketraeltilatmatmix maadhl tdien assayed

for differentij.al expressio f genes (e.g,, by randomprinmed PCR or 10
el ecﬁr optﬁ‘?)tr 8"sdllt'§lteotﬁe g?" ngnﬁrﬂoog aﬁ%ﬂ?“%? és.s)‘gtyﬂgs et e Indegehy in 91 i sol ating
the i nveditiodienehl3NCs debirddne c@elilResBe ABSTY Qth hidrd &8s of € respdefve fisRuent i on
provides a kit for isolating such reagents from adi pose tissues. The kit

can i nclWikfe °r Brepgistherspl, s B exppssghaerllp & the respentize tonditionedmediont ax( e. g. , a
cannul a, ;&,0e8rl8, an aspirator,

20 To facilitate the use of the ADSCs and populations for producing such animal matter and
tissues, the invention provides a composition including the ADSCs (and populations) and
biologically compatible lattice. Typically, the lattice is formed from polymeric material,
having fibers as a mesh or sponge, typically with spaces on the order of between about 100
um and about 300 um. Such a structure provides sufficient area on which the cells can grow

25  and proliferate. Desirably, the lattice is biodegradable over time, so that it will be absorbed
into the animal matter as it develops. Suitable polymeric lattices, thus, can be formed from
monomers such as glycolic acid, lactic acid, propyl fumarate, caprolactone, hyaluronan,
hyaluronic acid, and the like. Other lattices can include proteins, polysaccharides,
polyhydroxy acids, polyorthoesters, polyanhydrides, polyphosphazenes, or synthetic

30 polymers (particularly biodegradable polymers). Of course, a suitable polymer for forming

such lattice can include more than one monomers (e.g., combinations of the indicated
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15 etc.), as well as a neans for separating stromal cells (e.g., through
nmet hods described herein). The kit can be enployed, for exanple, as an

i edi at e source of ADSCs that can then be re-introduced fromthe sane

i ndi vidual as appropriate. Thus, the kit can facilitate the isolation of
adi pose-derived stemcells for inplantation in a patient .n@eﬁl]iAlggmggr owt h
of a desired tissue type, even in the sane procedure. In this respect, the
kit can also include a 20 nediumfor differentiating the cells, such as

those setndn@mbR). NS, the 1aiRe BRPAIPIEBIEhorhBSes CRER §sh%'8@fﬂ Bor Xcgf%ﬁﬁ]gs to the
f patient’ as

nmediumto prine themfor differentiation wthin t n needed. In
addi t i onand MROTRIOEeTS Al 2h ereiirnic] acid, aracadonienignttcdodesired otraRBSGE harixi n vitro

mani pul atj : ning .or diifferentiati.ng as .described herein). In
anot her 3%%%5?%&#%}“?@%8@#9§%5ﬁ’%%“g@nﬂ?@yz&“FgFMngF § Ng*““mﬁ%
adi pose- dder selldyfeatetd)ae dasedlescri bed herein. 25 While one of skill in the

af t ig fully able to practice the instant invention upon reading the
foregoi ng detail ed description, the follow ng exanples will help elucidate

some of  irhSormf BatsthSssitiohthO ADISCS ld}eaﬁtrocmbe%wnééqu%&é thc? tﬁapﬁle% g&gﬁ&éon of a

human adi pose-derived stemcell substantially free of matu I pocyt es,

t he i sol &9 8§ iBfrsttiad |spavey thersim | Bor icxampd, thambiris ehn be sdaked BQ: siitiontoy of such

cells to_di ent.L.ake | Vo i itro inte.all, cell,s with a
nesoderng¥$&%ﬁéﬁg%%g@§;gﬁd%g%ﬁﬁgﬂgbﬁgd% %%g?&8%3”%%?0@@?hﬁﬂnﬁﬂénd%ype, and
t he capapirtiyulafy pufehred ebhposdBn-is 8 WBRg20NEMEDbE YRBINking RE a0siOWnkioRt ot her
typez of_g en1cellﬁ. The ggaHpLes al so denonstrate the isolation of a

adi pofe- HeMdipgdhg palymerand alse paying te (nyentive sellsrdispgisedsthergiag This metisd ol e of

Serving agmionSprinAPlie SHPS baURpEAd RRlubhdub ifeUb@ice, Feif@HeSRoredSed hESE
exanples are presented for purely illusTrative purposes, they shoul d not

be used reomednstaf e lathies withhibe colfs. tfecoinss; dliet joomositonaal® dah micludd magingier , but
rat her shoul d be.seen a ' [ 1Pt of the
| nvent i onael s WSf et 5P BREUER LRRH pATel b o BB R TR PR O D ' S
surgery, tHéeiﬂ)S@thbtdiﬂF@enti@ﬂaZa)ﬁ?mpﬂiately diitgieshé RNice (b.6; B la0 @Sfect @ do-ouitueing| ar
anal ysis of proteins and pol ynucl eotides, are famliar to 10 those of
ordihérys%%ﬁﬂh‘WﬂmiﬁPgm&Ff. As such, and in the interest of brevity,
experinmental details are not recited in detail. EXAMPLE | 15 This exanple
denonstrates the isolation of a human adi pose-derived stem cel

subst ant ir'a¢ leympdsitee @h teatropleyeddinpoyysuisehle manner to facilitate the growth and

generation of the desired tissue types, structures, or anlagen. For example, the composition
can be constructed using three-dimensional or sterotactic modeling techniques. Thus, for
20 example, a layer or domain within the composition can be populated by cells primed for
osteogenic differentiation, and another layer or domain within the composition can be
populated with cells primed for myogenic and/or chondrogenic development. Bringing such
domains into juxtaposition with each other facilitates the molding and differentiation of
complex structures including multiple tissue types (e.g., bone surrounded by muscle, such as
25  found in a limb). To direct the growth and differentiation of the desired structure, the
composition can be cultured ex vivo in a bioreactor or incubator, as appropriate. In other
embodiments, the structure is implanted within the host animal directly at the site in which it
is desired to grow the tissue or structure. In still another embodiment, the composition can
be engrafted on a host (typically an animal such as a pig, baboon, etc.), where it will grow
30  and mature until ready for use. Thereafter, the mature structure (or anlagen) is excised from

the host and implanted into the host, as appropriate.
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Raw | i posuction aspirate was obtai ned from patients undergoing el ective
surgery. Prior to the |iposuction procedures, the patients were given

epi nephrine to mnimze contam nation 20 of the aspirate with bl ood. The
aspirate was strained to separate associ ated adi pose tissue pieces from
associated liquid waste. Isolated tissue was rinsed thor o,u_%ﬂry( Q""”‘B@S neut r al
phosphate buffered saline and then enzymatically dissoci at ed v& K% 075 %
w v col |l agenase at 37 C for about 20 minutes under intermttent agitation.
Fol I owi ng the digestion, the collagenase was neutralized, and the slurry
was centrifuged at about 260g for about 10 25 m nutes, which produced a
mul ti -1 ayettiedt wighde fratrahtsioarto theawhpudidon @elbk dtrived f@nsangeuitdiaddirce Was
renoved and r%naielﬁ;ed for further juse, at?)d ti%g pell et was resuyspended in an
eryt hr oc@?’%’-ml Ueriigs P TE | GRMEFR! i SREKEatE quiliPlenatires s A¢- ¢ortigble fhout 25 C
for aboupoliGlyealio weiscan Beadbta@wid Tebnk BéuR8tsiéNas ERRoMB) YMABEcNalGLER! | zed,
and the cells were again centrifuged at about 250g for about 10 m nutes.

Fol | oti ngili95eras ehsotdived fomi the geeliut pottive deldinosaiissye 30ies umlipasd dssue and
assessed L BfeWilfRhduit %{'ﬁﬁé}ss'ug@anttiﬁl?@p@é}gilal HLeRX Ghd T ?{Oept%ggjnb%rﬁf{ldés Qyrper. 40 8

MAR 2006 Thereafter, ey were plrated at a density O at about 1 x
106 cel | sdip@@-darivedi lattice. TRgpicallye seh cdippsirdetived 1aBite GhdlwleDipEhdins fiehak bovi ne

serum (abpgt ﬂlo % li n a?out 51% COZ.f. The naj Ohit ?f t he c;il S V\ﬁ{e

adher ent POSHREP TS @¥ORIE sy BYalyraping. fbingeting, cotiagets rpeoh dwedbiypsilh i ke cell's
cont ai ni B@e NV, Wipsiltgpe VRictt. ) aRPIhe ke ARHIcHBESe GPB¢MGD AllsHRes TdiQellB] OTi ty
of the cells stained negatively with oil-red 0 and von Kossa. The cells

) Ly . . .
ver e 181 sgoads ayderipsplly. esh edisiogsrdesived datiinee car nqludsi hgmanesoprserellal |y
cont ol s Hiaars Bokafete, SrbpRlfLRe B Rt Mt Ko BEHLSAES POTS were
used as negative controls. Teloneric products were resolved onto a 12.5% 10
pol yacryl.am de cells  and.the. si |.s. determ ned by. phosphor.i magi ng.
el omer | (P kit Sor By B LeAE of B eSS e ity s BOSHAERERN o ¢ ne
adi pose- daicpivegh BN ehlesenBi Wel deel@Bar RBoNOFof kxdn i Nidipales tiss ok adder s
were observed in the negative controls. Thus, these cells were not

i dent? fi dBiativs thyerlyieds hedgitise eyuiched senssipay Hagoaof the megodrdescribed 15

bl ood ce : t i - LV I'ls
xprese. 1ol Shan argubETH kiR TR b hele) Bha bt A IOl LY REoRE
st em cel the magurbpatpurl atlsondssiciblytthessduleefricsiomef the 4dymne Bssposs ddripedt foe

fol | ow n%(a%?f! gy Ergat%sgsl{e ?v?ththr]])gsi\eg, de eef\é/e%ls?gro eg;[;e%,l mi%/ho? %?/trxg:ﬁa:micza? or sonic
disruption (e.g., using a homogenizer or sonicator). However isolated, the material is

20 initially identified as a viscous material, but it can be subsequently treated, as desired,
depending on the desired end use. For example, the raw matrix material can be treated (e.g.,
dialyzed or treated with proteases or acids, etc.) to produce a desirable lattice material. Thus

the lattice can be prepared in a hyrated form or it can be dried or lyophilized into a
substantially anhydrous form or a powder. Thereafter, the powder can be rehydrated for use

25  asacell culture substrate, for example by suspending it in a suitable cell culture medium. In
this regard, the adipose-derived lattice can be mixed with other suitable lattice materials,

such as described above. Of course, the invention pertains to compositions including the
adipose-derived lattice and cells or populations of cells, such as the inventive ADSCs and

other cells as well (particularly other types of stem cells).
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Ad i o enesisOsteogenesi sM a enesi sChondr ogenesi s DM ENDVENMDVEMDVEM 10 %
FETAL10 % FETAL10 % FETAL1 % FETAL BOVI NE SERUVMBOVI NE SERUMBOVI NE
SERUMBOVI NE SERUM 0.5 nmM | SOBUTYL-5 % horse serunb % horse serunb. 25 tg/m
i nsul in METHYLXANTHI NEO. 1 Mb0 pMb5.25 pg/m 1 kM \

dexanet hasonedexanet hasonehydrocorti sonetransferrin 10 kM"i%sNﬁﬁ e pM
ascorbate-2-1 % ABAMLO ng/m TGF(31 200 pM i ndonet haci nphosphat e50 nM
ascorbate-2- | % ABAMLO mM ( 3- phosphat e gl ycerophosphat el % ABAM | %ABAM A

popul at i o divdGsseldbovs, et ADSHY, BhpultRiBRd, tattickd A&, Qﬁg{sﬁgﬁ{éiiﬁ/eﬁg | 4o T or

several weeks. Histological analysis of the tissue c re and Cﬁ‘ﬁr affin
sect i ons “qaehdh fiispuee BRRicetingHere regpneraticd. MARUR006 iaveniian pbitaies, td @h udene

bl ue, an ' lchr, i N 2. T,.,and 14 .days.

ot oy agans sreuky U o TapBhe iteit8ahe o i Rldngguimbiures. The

chondr oi £xast datge| dfabeinapight Wik vatyi avcading as ehcawd 16 YWhehl il isC9Jea@@N The

Qual igati}vq $ stigate of .mat r&x ﬁ?tgﬁ?l ni n% was also  performed. The results

i ndi cat ed™ T HACE AT 1 PRGN o BsISBIvES: SRauTh HRUP-<& hipp clyde ipatstispisoder of 5
peri chondeahtice! Mbusf @irmeRsn@s, GRItpe FSImPRnhOIN e ABERNindpliht icBinphi&i AL Ment .
Untreated control cells exhibited no evidence of chondr ogenFc

di f f er enPPRA{AlIgH of THesiaventivgicells Hhehrer pndergningt (e ase emimed efob)s odtevgenic

chondr oggipi I pe. | at.l . d until near
conf | ueng@te §2ﬂ§‘}5ﬁbﬁﬁ@§§§§ﬁ9§§%§ gd?tg%eggﬁ?cﬁhn%bgé.]6‘%@%‘1@4“%8?‘{520&/3? al weeks.
The poputiatiited ahae:. édmirianddplatt canvbe aettdicm rengvetsddswidfin @ hogltathdagrapy

col oi)' metric assessnent aof relatiye opacit) _f(ﬁl | ow ag%oi,l _refi-O st ai ni ng.
Adi p %eng@iggn%@“ OHEBECHAL O YU QONFFE s nin the palsnhedpdaring ' agi3ice advanced
at four weakd tr@kaligéan® Rtk Yr ‘Pé%ene'rat%ﬂ%fﬁn%cle,r 3 RerldelehdonsBaRE
marrow-deri ved stemcells were enpl oyed as a positive <control, and these

cel | s exhithintnatenty. i @fet typgseaf Implantp etpeamlagerp Guenas described hereinkee.gddimi t y of 0.7
o 12 Ao AR g SR LR B Bl e vence
popul at i tn apyasprexesnuctests.at two and four weeks after plating by
15
The adipose-derived lattice can conveniently be employed as part of a cell culture kit.
Accordingly, the invention provides a Kit including the inventive adipose-derived lattice and
one or more other components, such as hydrating agents (e.g., water, physiologically-
compatible saline solutions, prepared cell culture media, serum or derivatives thereof, etc.),
20 cell culture substrates (e.g., culture dishes, plates, vials, etc.), cell culture media (whether in
liquid or powdered form), antibiotic compounds, hormones, and the like. While the kit can
include any such ingredients, preferably it includes all ingredients necessary to support the
culture and growth of desired cell types upon proper combination. Of course, if desired, the
kit also can include cells (typically frozen), which can be seeded into the lattice as described

25 herein.

While many aspects of the invention pertain to tissue growth and differentiation, the
invention has other applications as well. For example, the adipose-derived lattice can be
used as an experimental reagent, such as in developing improved lattices and substrates for
30 tissue growth and differentiation. The adipose-derived lattice also can be employed

cosmetically, for example, to hide wrinkles, scars, cutaneous depressions, etc., or for tissue

38




colorinetric assessnent of relative opacity follow ng von Kossa stai ni ng.
Ost eogenesi s was 20 determ ned to be underway at two weeks and quite
advanced at four weeks (relative opacity of 1.1 and 7.3, respectively.
Bone marrowderived stemcells were enployed as a positive _control, and
these cells exhibited slightly | ess osteogenic potential (T ] ﬁtﬁRv@ﬂaensi ty
of 0.2 and 6.6, respectively). 25 A popul ation was cultured until near
confl uence and then exposed to the myogenic nmedium for several weeks. The

Popul at | aRi@RERAFbIGH, AR [RIER) ML RRAD ALEIGBLAR AR, Y

assessment™ 0 tinu expr essi esspecil
pr ot ei ns dpddge Brandf desired iitrcah daagmicbdivth cartlersgeng. f @hestk isichfdshieblimrsts and

skel et al obl.asts were used as, controls. Cells expressjn oD .and myosin
ver e 1 ouiULT P e BHIHES SIS w G oBer ERIEES COTBOT OGN ot am
in the stgm&ielplodd@RUITRE {uBRratcddlsd dahl Be RRMPRYES du@ilogdlisl$ UER felibSrafizng MAR 2006
increased at 3 and 6 weeks. Miltinucleated cells were observed at 6 weeks.

I n cot r dsan ugedes, of inshded withis, aimienis pedevipawion facilitting womnd heeling: (13ei cs at
any time ot QisddSR WepFinflRAP RALIRAL Gof BEand ROl A Ok gn
adi pose- der |d\}ec§n S-EE(rB?p(S)t ent ét em ceF}?é s s&tst arﬁé’)a}%ﬁ’f&?r eem%l?;gréat ure
adi pocyt éslp didover eMiReDOAGLIEXAVRIrE Sveiliviis diffaaplagordefonskammplesththat t he
adi pose-derived stemcells 5] not .differentiate j.n. respopse. to .
5- apacyt IUFHE SR S0 1o B Hedb AR Palishlts TR Obd CEFHINGR wi th
Exanpl e Lndetf Livba r§iddiBrebtte expre@iRnsgdbs &.@7 BE YardBinrimeld PCRIGEr ast wi th
bone marrowderived stemcells, exposure to this agent did not induce
nmyogéfi c clitdnbpiesic Parrplel of B8 ¥i&Ri t ani et supra). 10 EXAMPLE 3 This exanple
denonstrates the generation of a clonal population of human adi pose-derived
stemcells froman adi pose-derived stemcell enriched fraction. 15 Cells
i sol at ed Asmnpofihe eapcer isbiating theingentive dXSEs oe thefadippe-deriveddatiips, ¢helthaer e
pl ated at about 5,000.cells/. 100, mn di SE and. cul t ur ed . f ays as
i ndi cat edl“‘ieﬁt'%%@% a .‘t_cf%‘"?@?tmgé}‘%l req2stn gem 'pS%eItiSSLﬁF'v?ﬁseﬂétnc,%né%YrﬁggcI ones
were pi ckefe Wt igb1&in@ AHPGser ish@ Rl atpadétt (&g #dadnola@héellle, an aspirator,
15 etc.), as well as a means for separating stromal cells (e.g., through methods described
herein). The kit can be employed, for example, as an immediate source of ADSCs that can
then be re-introduced from the same individual as appropriate. Thus, the kit can facilitate the
isolation of adipose-derived stem cells for implantation in a patient needing regrowth of a
desired tissue type, even in the same procedure. In this respect, the kit can also include a
20  medium for differentiating the cells, such as those set forth herein. As appropriate, the cells
can be exposed to the medium to prime them for differentiation within the patient as needed.
[n addition, the kit can be used as a convenient source of ADSCs for in vifro manipulation
(e.g., cloning or differentiating as described herein). In another embodiment, the kit can be
employed for isolating a adipose-derived lattice as described herein.
25
While one of skill in the art is fully able to practice the instant invention upon reading the
foregoing detailed description, the following examples will help elucidate some of its
features. In particular, they demonstrate the isolation of a human adipose-derived stem cell
substantially free of mature adipocytes, the isolation of a clonal population of such cells, the

30  ability of such cells to differentiate in vive and in vitro into all cells with a mesodermal

phenotype, endodermal phenotype, and extodermal phenotype, and the capacity of such cells
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in a 48 well plate. These cells were cultured for several weeks, changing
the mediumtwi ce weekly, until they were about 80 %to about 90 %
confluent (at 37 Cin about 5% C02 in 2/3 20 F12 nedium + 20 % fetal bovine
serum and 1/ 3 standard nediumthat was first conditioned by the cells
isolated in Exanple 1, "cloning mediunt). Thereafter, eachg Cﬁlﬁ g was
transferred to a 35 mmdish and grown, and then retransferre to a 100 nm
di sh and grown until close to confluent. Foll ow ng this, one cell

popul at i @ sw¥psrt e z@Wih BNBthENEpEsCoitdh Qalsnomgez eOn 12
wel | pl at es%at 10%% cel s/we@F ° 25 The cells wg Fg%ure %tglé more t han

15 passadeBtipmota ehpasederivei iatica sebstaotillydree of eadls thadnsfcambwsamng s as
I ndl cat eguliaﬂlel':s?ﬁm eef011 celfrg\gtu}@dbi’f ?emilé ﬁ}egegﬁisa%ﬁkg al(")f eac l One ! eI’TB.I ned

true after successive rou ur’l 155 P55 PEWRCD A0 PHEETX | ones
t hen wer dluesdtablpugplosd, thay sl&mhbm&d)etwecadx qamgﬂml the s@heondirganinton ifTyogeni c,

and ost eogeni c _nmediu s di ssed in It was_ observed that at
| east §44?81’tﬁﬁ&ﬁa%5§’ u&ﬁ@'%&“"?‘ﬁ g’e &8 ﬁ%@‘ﬂﬂ%‘g ELIHOB ]fjle(f"‘@g‘f“f'%‘ileéﬂtﬂna? &fthét o bone,

fat, cariivk@@e.asaitoruscl e when exposed to the respective nedia, and nost
of the clones were able to differentiate into at | east three types of
ti ssues. The capacity of the cells to develop into nuscle and cartil age

further t ri ality. o se adl 0S€ deri.ved stem
cells. Tfllﬁ ‘%‘?Jé’%u %ﬁ)gb%rmns egep?h?rﬁés Is'%c{qe a%}]ré)g’g ceHerl ved e'%%gﬁ:‘%el | s can
be mai nt digestidn,i histalngy, amdlimbleenlarinalgtie df gb@ing ahdpolraleotides Sa@ Smilvrtthout t he
requ nt f eci.ally. pre-screened |qts of m The results al so
ormohbe r B 4REinn L i Ao (3 st pdrin Bsrurestaf by ﬁtew BrReBReR dekileh

ext ensi vgepassast Rodetdr Ovi ng t hat the cells are indeed stemcells and not

merely 10 conmtted progenitor cells. EXAMPLE 4 This exanpl e denonstrates
t he adi pose-derived stemcells froman adi pose-devired stemcell 15

enri ChedEHA?\ﬁ?% gn can support the culture of other types of stemcells.

Human ved stemcells were passaged onto 96 well plates at a
density of about 30, 000/ well, cuI tured for one week and then irradiated.

Huma oetic m | sol a ed am unbi | i cord bl ood
e U TR Vs potC sy,
MWel oCul redErHMurBBEpRyteand cel | vi abl lity and proliferation were nonitored

Raw liposuction aspirate was obtained from patients undergoing elective surgery. Prior to
the liposuction procedures, the patients were given epinephrine to minimize contamination
20  of the aspirate with blood. The aspirate was strained to separate associated adipose tissue
pieces from associated liquid waste. Isolated tissue was rinsed thoroughly with neutral
phosphate buffered saline and then enzymatically dissociated with 0.075 % w/v collagenase
at 37 °C for about 20 minutes under intermittent agitation. Following the digestion, the
collagenase was neutralized, and the slurry was centrifuged at about 260g for about 10
25  minutes, which produced a multi-layered supernatant and a cellular pellet. The supernatant
was removed and retained for further use, and the pellet was resuspended in an erythrocyte-
lysing solution and incubated without agitation at about 25 °C for about 10 minutes.
Following incubation, the medium was neutralized, and the cells were again centrifuged at
about 250g for about 10 minutes. Following the second centrifugation, the cells were

30 suspended, and assessed for viability (using trypan blue exclusion) and cell number.
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subj ectively by m croscopic observation. After two weeks of co-culture, the
hemat opoetic stemcells were evaluated for CD34 expression by flow
cytonmetry. Over a two-week period of co-culture with stromal cells, the
hemat opoetic stemcells formed 25 |arge col onies of rounded cells. Flow
anal ysis reveal ed that 62% of the cells renai ned CD34+. BadeiARn2006

m croscopi ¢ observations, human adi po-derived stromal cells naintained the
survival and supported the growth of human henat opoetic stemcells derived
from unbithieater, tﬁégf\ger@tﬁfégat g’QenIilﬂ_ﬁéfeabBﬁsa%ﬁoﬁbFEqﬂméeﬁlgﬁé(?mf’r{@%lhsﬁ{eoma! cells
from human subcut aneous adi pose t’issue are able "t o Suppor e €x vivo

mai nt enamees culnredetd786dn BMHEM r-detal tavine serah (aiohel) %) iembael$C0O45 8 MAR 2006
46 - 8 MAR 2006 EXAMPLE 5 This exanpl e denonstrates that the

adi pose-derived stemcells froman adi pose-devired stem cell enriched
fracti on Teamafbiifyf efrtenidllaiverel adhatintOsmaH, MokbnuelRURELI(dy Rrariar F8radldy i ¢ mice

each %\erg i%I ant ed. subcutanequsly with hydroxyapatite/tricalcium
phosphat Skt SORYRPEnAVITD!a Bad dgpleang grerae Bthnogativen { i meagority of the

adi pose- dafsi yihdSie@sveR! Wigh bikadd O >t ' [ ¢ medium
as set fortshS in Iécgarrpll?e 1. Group%ﬁ%ﬁ%@%ﬁd%ﬁ%@gaﬁéjQgg?‘%)%g%-e%éri ved

st em cel F¥resgon gptelomsemse fisie d commemiaip genilable TRAPLAssaly liit), meing BELsceller oup D

cont ai ne - e ' a l s /thin rouyp,, Six mce
wer e sac??¢g(@é?%%%9% EE lésgm;\g%bg&'aE@H{Aﬁefgr%é(%ﬁ%rf)%ﬂmdeﬁgg@r}%ﬁegéﬁ“ at eight
weeks f okitomisngere njedan tnagdtion contiods. CTd@serivereduestweae tedlved inted, 120eeal ci fi ed,
and ectioned. Each sectjon was analyzed hy staining wth hematoxylin and
eosi |'1 (_eP‘@)?’%CW-@ZE ¢ Cgf@aﬁ"ld(}':‘?/ S'ﬁ%%_‘j@?%“_?‘?fi té’nﬂ"’ﬁ?h‘?ﬂ%&‘f‘&i ﬁFﬁ@eﬁlﬁﬁadé@? eocal ci n.
15 DI Sti Rffest Bl Uin@hse A8hAQ!fd bikrEd RPHE aBbALLAGA R B3 a0GRN G 1 and

Mal | ory bone staining was Observed in sections fromgroups A and B.

Subst ant thalpbsitivemostrels t Mo ladders were ebssasd oitbenagatdveicantrgs.oups A and B than in

t he other groups (p<0.05 ANOVA), but no significant difference in

ost eogenesi s was observed between groups A and B. Mdreover, a qualitative

i ncr easeThus, hesweceROwerk evt identidiablo @t eglodytes Rigac@éspitipadbeandofedatsyeen 3 and 8
weeks. These results denonstrate . .
15 blood cells. These results demonstrate that the adipose-derived cells express telomerase

activity similar to that previously reported for human stem cells.

Subpopulations of these cells were then exposed to the following media to assess their
developmental phenotype:

20

Adipogenesis Osteogenesis Myogenesis Chondrogenesis
DMEM DMEM DMEM DMEM

10 % FETAL 10 % FETAL 10 % FETAL 1 % FETAL
BOVINE SERUM BOVINE SERUM | BOVINE SERUM | BOVINE SERUM
0.5 mM ISOBUTYL- | 5 % horse serum 5 % horse serum 6.25 ug/ml insulin

METHYLXANTHINE | 0.1 uM 50 M 6.25 ng/ml
| uM dexamethasone | dexamethasone hydrocortisone transferrin
10 uM insulin 50 uM ascorbate-2- | 1 % ABAM 10 ng/ml TGF31
200 pM indomethacin phosphate 50 nM ascorbate-2-
1 % ABAM 10 mM f3- phosphate
glycerophosphate 1% ABAM
1% ABAM

A population was cultured at high density in the chondrogenic medium for several weeks.

Histological analysis of the tissue culture and paraffin sections was performed with H&E,
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that the adi pose-derived stemcells can differentiate in vivo. EXAMPLE 6 25
Thi s exanpl e denonstrates the isolation of an adi pose-derived |attice
substantially devoid of <cells. In one protocol, the lattice-enriched
fraction from Exanple 1 was subjected to enzymatic digestion for three
days in 0.05 % trypsin EDTAI 100 U m deoxyri bonucl ease toddMaRr 2595t he 30
cells. Every day the debris was rinsed in saline and fresh enzyne was
added. Thereafter the 47 8 MAR 2006 material was rinsed in saline and

r esuspendgd, rl‘)lt%; ?gyg/é’ngolgl{l@}gﬁﬁls%o?dﬁgr’@tfﬂ&{rorge %%ﬂiﬁ@%?@,t?, aRBIii @y di gest

the proteins an present. This incubation continued for two days. in
anot her protwelibtochtetmastini wish péribrmed esinataatipodies orgeiBstachehdroitinwlasylfatcanidat ed i n

EDTA to 5 elimmnate ,a ithelial~cells, T emai ni-na. cel | re |lysed
ising a darFer AR SionPiy Th bk, it el ARt Auilbe Sl s Lo,
mM EDTA, friddhddaQihe r&0ltibdlicatsd thibilcartilagitoBy sphadidatodbleasdth i ristibdt thords; ofand 10
g/m each of IeuEepti n, chynostatin, antipain, and pepstatin A

) nti pai. Finally,
the ti"ssu¥gheedekedndorner 9° Y48 irupa rvwwot{ﬂat%nbaﬁJ@Fﬁateé&PmEﬁ%g?l\slp After
bot h prepahdt@l Yo BYiBRE AF ShontRIFBLA UiMGrepiRRDh A NEBseRSuIRSHIRFH @Rche demt i fied
as a gelatinous mass. M croscopic analysis of this material reveal ed that

i t cont aiasBohaye chasdtogeniadryclopmenialphersiposed of hi gh amounts of col | agen
(likely type 1V) and a wide variety of growh factors. Preparations of
this material have supported the growh of cells, denonstrating it to be
an excel | #pbpdaios twaaeltral urttil ssw eordlubiceraed theb ekpddddRb Ehe/adifogedfioinkdwinng

description provides i pose-derived stemcells i ched fractionsg which
exhi b0 86 SMERhaF Sl (e POLEN [T SIS0 o g woRbdet o P i Bty sai d
st em cel |®loridR M ebERinda® o ANIAVE bPEKRS fAlldwikEBbi Fddab StaltBige AUpSdRAGRWdS oM
Sigma (St. Louis, unl ess otherw se stated. Al tissue culture reagents

MO
were pur clstegatped Mﬁ%ﬁ@r@aﬂ'@éﬁﬂéﬁ@@ia@%%iﬁéﬂﬂ%ﬂ@ foyyyvecksdrelative gpagithef Ser um
(FBS) and Horse g&ﬁ%&@s) B\‘}@{ )ﬁ/lagg@%?‘gfﬁ%df%l‘% g:gizfs"%tleoé?ﬁplé)leﬁ%% pbdldve and

Li fe Technol ogi'és, respectiv
control, and these cells exhibited slightly less adipogenic potential (relative density of 0.7 and

15 2.8, respectively).

A population was cultured until near confluence and then exposed to the osteogeneic medium
for several weeks. The population was examined at two and four weeks after plating by
colorimetric assessment of relative opacity following von Kossa staining. Osteogenesis was
20 determined to be underway at two weeks and quite advanced at four weeks (relative opacity of
1.1 and 7.3, respectively. Bone marrow-derived stem cells were employed as a positive
control, and these cells exhibited slightly less osteogenic potential (relative density of 0.2 and

6.6, respectively).

25 A population was cultured until near confluence and then exposed to the myogenic medium
for several weeks. The population was examined at one, three, and six weeks after plating by
assessment of multinucleated cells and expression of muscle-specific proteins (MyoD and
myosin heavy chain). Human foreskin fibroblasts and skeletal myoblasts were used as
controls. Cells expressing MyoD and myosin were found at all time points following

30 exposure to the myogenic medium in the stem cell population, and the proportion of such cells
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Nor mal Human Osteobl asts (NHOsts), human Skel etal Muscle (SkM cells and a
popul ati on of Mesenchynmal Stem Cells derived from bone nmarrow (MSCs) were
30 purchased from Cl onetics (Wal kersville, MD). The nurine 3T3-L1

pre-adi pocyte cell 48 "= 8 MAR 2006 |line (Geen H, and M tﬂa I\%__q9 1974,
Cel | 3: 127-133) was obtained from ATCC (Rockville, MD): Fu ﬁ ﬁeski n

Fi brobl asts (HFFs) were obtained from Cascade Biologics (Portland, OR).

| solation and Culture of Stem Cells: 5 Hunan adi pose tissue was ott})éai ned
fromelective |iROSUGLQRsP Sl &NEerd e@led Amestckedn aormestothdi ng t o
pati ent ébeﬁ%‘éer?ﬁt%r%‘??c‘% ,S'Hg%gﬁggga-%qs_m 1-02 (Univerisity of California
Los Angeltsblasisexlibitesi nonoefalise eharagterighics sbanB LIS PO Spped cannul a was
introduced into the subcutaneous space through small (- 1 cn) incisions.
The cannul a was attached to a gentle suction and noved through th? adi pose
conpar t Mefese ARGRAMRAkt e the sisalgtonny dl Burhdreadipascdprived epluriRolst §eMots! of
saline and the vasocagnstrictor, epinephrine, was infused into the adipose
conpart metibstangally et M8t YERPCYBSs and cont ani nation of the tissue by

peri pheral blood cells. The raw | i poaspirate (approxinmately 300 cc) was
processed according to established nethodologies in order to obtain a
stromal vascular fraction (SVF) (Hauner H., et al., 1987, J. din.
Endocrinol. Metabol. 64: 832-835; Katz, A J., et 15 al., 1999 din. Plast.
Surg. 26: 587-603, viii). To isolate the SVF, |lipoaspirates were washed
extensively with equal volunes of Phospho-Buffered Saline (PBS) and the
extracellular matrix (ECM was digested at 37C for 30 mnutes with 0.075%
col | agenase. Enzyne activity was neutralized with Dul becco's Mdified
Eagle's Medium (DMEM, containing 10% Fetal Bovine Serum (FBS) and
centrifuged at 1200xg 20 for 10 m nutes to obtain a high-density SVF
pellet. The pellet was resuspended in 160 nM NH4Cl and i ncubated at room
tenperature for 10 minutes to | yse contam nating red blood cells. The SVF
was collected by centrifugation, as detailed above, filtered through a 100
}.Lmnylon nmesh to renove cel lular debris and incubated overni ght at 37C/ 5%
C®2 in Control Medium (DVEM 10% FBS, 1% anti biotic/antimycotic solution).
Fol l owi ng 25 incubation, the plates were washed extensively with PBS to
renove residual non- adherent red blood cells. The resulting cell

popul ati on was terned an adi pose-derived stemcell enriched fraction (ADSC
enriched fraction), in order to distinguish it fromthe
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SVF obtai ned from exci sed adi pose tissue. The adi pose-derived stemcells
were maintained at 37C/ 5% CO2 in non-inductive Control Medium Cells did
not require 30 specific FBS sera |lots for expansion and differentiation .
For i mmunofl uorescent 49 - 8 MAR 2008 studies, a popul ati on of MSCs was

obt ai ned from human bone marrow aspirates according to tlre8pfAR2f8f of
Rickard et al. (Rickard D.J., et at., 1996, J. Bone Mn. Res. 11:. 312-324)
and mai ntained in Control medium To prevent spontaneous differentiation,

cells \/\B@@ﬁ@ned at subconfluent levels. 5 indirect |nmmunofl uorescence
of Stem mcells and MSCs obt ai ned from human bone narrow
aspirates were plated onto glass chamber slides and fixed for 15 m nutes

in 4% par af ormal dehyde in 10 sodi LiiBle ik REbofis®) - The
cel I's werl®sfEaneg %?%?“Sfﬁefiﬁ%?‘ntglﬂe%pose i%%k%rﬁ?éj@faﬁgﬁfdﬁﬁ&PBSmpB /gISyC| ne)
and bl ockg gl_agéggéudlnéwour i n I mmunof | uorescent Bl ocking Buffer (1BB; 5% BSA,
10% FBS, 1X PB 1% Triton X-100). The cells were subsequently i ncubated

for 15hour in IBB containing the follow ng cell-specific nonocl onal

anti bodi e i Hwé&il £ R6drifhck ANt ESMile Codat lcameed IirctheHor nby
Ont), to '?%posg)d?@%g%%vﬁghho nmuscl e cells cand pericytes €Skal | i et al.

1986, J. ;ﬁ;‘ﬂl&rhcefél-azacj[@@ﬂ@ 7@ ropryGwitlsbensriaaow-derivediterg cells, yggure N#‘J"’ Pat hol

L5 01 e GO g AR i 10 15714

'18: 5- 22)) 2)
anti-Factor VIII (anti-FVIIlI; Calbiochem San D ego, CA), to identify
endothelial cells (Jaffe, EA et al., 1973, J. din. Envest. 52:2757-2764,
Nagl el0 REEXAMEBLE3 1987 20 Lynphol ogy 20:20-24): and 3) ASO2 (di anova,
Hanburg, Germany), to identify fibroblasts and cells of mssenchyrral origin
(Saal bach, A, et al., 1996 J. Invest. Dernatol 106; 1314- &319 Saal bach
A, et alThis &z&gﬂalmmonatmﬂewh%geneﬁé@ﬂ obaglonaogefaion ofhymag pHRosCHey ‘ée shed

FI TG con; WAPHR TRECEHR S By A CABUEd spllons 200 ched with PB gl yei ne
and 25 nount ed with a solution containing DAPlI to VI sual i ze nucl ei
%ﬁgggh Idé‘ilﬂg\}%;ﬁ%{ g‘:ﬁc%ﬁar“ge ?gtﬁél%ele&g‘%gﬁfﬁ] quo%g}ﬁ Er!r sxa 1S cue%et Eul?tgg al 20 nt v o
Medi um f Of (00 cells/100 mm dish and cultured for a few days as indicated in Example 1. After some

rounds of cell division, some clones were picked with a cloning ring and transferred to wells

in a 48 well plate. These cells were cultured for several weeks, changing the medium twice

weekly, until they were about 80 % to about 90 % confluent (at 37 °C in about 5% CO, in %

20 Fy» medium + 20 % fetal bovine serum and % standard medium that was first conditioned by

the cells isolated in Example 1, “cloning medium”). Thereafter, each culture was transferred

to a 35 mm dish and grown, and then retransferred to a 100 mm dish and grown until close to

confluent. Following this, one cell population was frozen, and the remaining populations were

plated on 12 well plates, at 1000 cells/well.
25

The cells were cultured for more than 15 passages in cloning medium and monitored for
differentiation as indicated in Example 1. The undifferentiated state of each clone remained

true after successive rounds of culturing.

30 Populations of the clones then were established and exposed to adipogenic, chondrogenic,

myogenic, and osteogenic medium as discussed in Example 1. It was observed that at least
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72 hours prior to analysis. Flow cytonetry was perfornmed on a FACScan argon
| aser 50 8 MAR 2006 cytoneter (Becton Di ckson, San Jose, CA). Cells were
harvested in 0.25% trypsin/EDTA and fixed for 30 mnutes in ice-cold 2%

f or mal dehyde. Followi ng fixation, cells were washed in FL‘ca/v ong ry

Buf fer (FCB; 1XPBS, 2% FBS, 0.2% Tween-20). Cell aliquots (1 x 106 cells)
were incubated in FCB containing nonocl onal antibodies to 5 Factor VIII,
smoot h nmuscle actin or ASQ2. In addition, cells were also incubated with
FCB cont ai n| 3 hmMIMyvh Bl egesndsi s,

Br ent wood™® CIOP S‘% el F:at‘? dﬁ%e@@%gﬁnt%EOﬂé ﬁ?%ﬁﬂu Eéa?grl des, E. %g 2 Annu.
Rev. Bi oghem reﬁﬂ:ctﬁ/]:%ed?dé@nd Slmzta)f ths: ploe;ets vedre ablq_gg@ffg@ntlatq 1nt(@| IgastathEe
70:84-91). To assess abl li.ty c re qh t fixed
for 30 mithitst e HAMHr | ‘E?B?Cétyl otg%rcg o&mvgﬁﬁg@e%ﬂgﬁp@fi n%gﬂé&‘%%l ?gglervm th

0. 05% Nonj.Agharhls %%ldrf;b@ﬂébtﬂil@%ﬂﬂie&é\acﬁ;ﬁo@@ddmmtemdelu;e (Pl) at a
concentration of 259/ m . Debris and dead cells were excluded- by elimnating
Pl- pdsitive events. Al subsequent adi pose-derived stemcell sanples were
correcte he@ecqzeﬁﬁ@ AGhdnstrdie thd N Akipye-Raped akmOofel PR | beng@ainttiepdseander i ved
stemcells Cells were marntained in Control Mediumuntil 80% confluent.

Cel | s weredifirencsted datt foc omahy paseages a'ﬁhlo%élweaweawmd{%ﬁvwgy PHrCIFYed usi ng
the for Ian N1l f Rididsence
prior to 9@ 056? tgglgﬁlﬂtsl@s% n}lghsé&a%un%gtp Qg splg'@eogezlgﬁg l?de]r pdagsasagl ng.
Curmul at i vmp%méh@w @Rssaghu) provingy s ucbem}snamenﬂaedm stul cellsesndraptnmgictied unti |
passage 13 (appr oxi matel?/ 165 days). The nean cumul ative popul ati on

doubl thg ewHtmiltebRrogests 8lltonor s was expressed as a function of passage
nunber. 25 Cell Senescence Assa : Senescence was assessed using a f3-gal
staining assay, in which (3-gal actosidase activity is detected in
senescent EXKAMBLE# pH 6.0 but is absent in proliferating cells (Dinmri, GP,
et al. 1995 Proc. Natl. Acad. Sci. USA 92:9363-9367). Cells from each
culture passage 30 (passage 1 to passage 15) were fixed for 5 mnutes in 2%
f or mal dehygietgnpiadahaieRyeiahe atigbse-deriidseth aells frod 3n @dipoRedsrirecotieBaslt er (|

mg/mM X-Gl, 40 mMcitric acid/ sodi nt]1518 R20916
15  enriched fraction can support the culture of other types of stem

Human adipose-derived stem celis were passaged onto 96 well plates at a density of about
30,000/well, cultured for one week and then irradiated. Human CD34" hematopoetic stem
cells isolated from umbilical cord blood were then seeded into the wells. Co-cultures were
20 maintained in MyeloCult H5100 media, and cell viability and proliferation were monitored
subjectively by microscopic observation. After two weeks of co-culture, the hematopoetic

stem cells were evaluated for CD34 expression by flow cytometry.

Over a two-week period of co-culture with stromal cells, the hematopoetic stem cells formed
25  large colonies of rounded cells. Flow analysis revealed that 62% of the cells remained CD34".
Based on microscopic observations, human adipo-derived stromal cells maintained the
survival and supported the growth of human hematopoetic stem cells derived from umbilical

cord blood.

30 These results demonstrate that stromal cells from human subcutaneous adipose tissue are able

to support the ex vivo maintenance, growth and differentiation of other stem cells.
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phosphate buffer (pH 6.0), 5 mM each of potassiumferrocyani de and
potassium ferricyanide, 150 mM NaCl and 2 nM M gC 2). Senescent cells
(blue) were identified by |light mcroscopy. 5 Confirnmation of

Mul ti-lineage Differentiation of Adi ose-Derived Stemd|s:

Adi pose-derived stemcells at passage | were anal yzed fom § RAR 208fpacity to
differen\iate toward the adi pogenic, osteogenic, chondrogenic and myogenic
| i neages. \Jo induce differentiation, the stemcells were cultured with
specific induction nedia as detailed in 10 Table 1. Each nedia has been

previ ously described and shown to induce nmulti-lineage differentiation of
MSCs (Pittend M., et al., 1999 Science 284:143-147; Gigoradis, A, et
al ., 1988 J. Bi ol . 106:2139-2151; Cheng, S-L., et al., 1994 Endo

134: 277-286; Lyffler, G, et al., 1987 Kl in. Wchenschr. 65:812-817;
Hauner, H., et ak., 1987 J. din. Endocrinol. Metabol. 64:832-835)
Differentiation was confirmed using the histol ogical 15 and

i mmunohi st ol ogi cal \assays outlined in Table 2. A conmercial source of bone
mar r ow- deri ved MSCs \and | i neage-specific precursors were exam ned as
positive controls. 1e adi pose-derived stemcells were maintained in
Control Medium and HFFg were anal yzed as negative controls. 20 1. Adi o
enesi s: Adi pogenic diffgrentiation was induced by culturing the stemcells
for 2 weeks in Adi pogenkc Medi um (AM and assessed using an Gl Red O
stain as an indicator of \jntracellular |ipid accunulation (Preece, A 1972
A Manual for Histologic Tachnicians, Boston, MA: Little, Brown, and Co.).
Prior to staining, the cell 3y were fixed for 60 mnutes at roomtenperature
in 4% formal dehyde/ 1% cal ci ulg and washed with 25 70% et hanol. The cells
were incubated in 2% (wv) GINRed O reagent for 5 mnutes at room
tenperature. Excess stain was rgnoved by washing with 70% et hanol, foll owed
by several changes of distilledywater. The cells were counter-stained for
2 mnutes with hematoxylin. 30 2\ Osteo enesis: Osteogenic differentiation
was induced by culturing the stem®¥ells for a mninmmof 2 weeks in

OGst eogeni ¢ Medium (O and exam nedi\for Al kaline 52 8 MAR 2006 Phosphat ase
(AP) activity and ECM cal cification By von Kossa staining. To detect AP
activity, cells were incubated in OM ™nor 2 weeks, rinsed with PBS and
stained with a 1% AP solution (1% naptfhol ABSI phosphate, | ng/m Fast Red
TR) at 37C for 30 m nutes. \
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For von Kossa staining, the cells were incubated in OMfor 4 weeks and
fixed with 4% 5 parafornal dehyde for 60 m nutes at roomtenperature. The
cells were rinsed with distilled water and then overlaid with a 1% (w v)
silver nitrate solution in the absence of [light for 30 m. m @? cells
were washed several tines with distilled water and devel.ﬁ% 3 uwv
light for 60 mnutes. Finally, the cells were counter-stained wwith 0.1 %
eosin in ethanol. 10 3. Chondro enesis: Chondrogenic differentiation was

i nduced %m cromass culture technique (Ahrens, PB, et al., 1977
Devel op. - ~69-82; Reddi, AH 1982 Prog. din. Biol. Res. 110 (part
B) : 261- 268; Denker, AE., et al., 1995 Differentiation 59:25-34). Briefly,

10 | of a concentrated adi pose-derived . | RO A& SreX sté@b 15

cells/m )T‘U\h‘é"aﬁ’ipkt‘gwof’ﬁ’fa&sﬂf?zﬁ’féaﬁltpg‘?e %P §ée“2§§%1rﬁ\%éel4slﬁ%gﬁg allowed to attach at
37C for tyn endt@ud factiGhendifgeniae ireids.um (CV) was gently overlaid so as not
to detach the cell nodules and cultures were maintained in CMfor 2 weeks

prior o analysis. Chondrogenesis was confirnmed using the histologic stain

Al cian B ra%/ro i gA-@Jipbk 1BhemhysicemiGelehchn o empMRee fubsashevistyh wilh

par af or mal dehyde for 15 mnuteS at room 20 tenperature and shed wth
several changespatk/RBRiunsStpheipbae [fabes RN he dofgwang:s (PR :%C?ﬁta‘g f at ed
proteogl ycans, ,ore ' | ith GRSepeic MEAiIBUEEE foikh | and
bel ow (Leﬁpﬁ'dﬁwagg%sépﬁﬂ%@?{ &%g&ﬁrb?ﬁ%%tt%;%tem _ e tocherln 12: 309-312). In
light of Etdiipte |t @ogeBl @ntaitiké uhineted sdgpdsd-durivaD stamrmetie s GupHC toptgingd,)

Al cian Blue (Sigma A-3157) in Q.INHC (pH 1.0), and washed w 1IN HC

or | altri noifeesenigmedHover eReels Gioup ) conshi] rbirdMpao BONTL Pk el

stai ni ng, erfﬁé}?%@ﬁb, Qx rﬁib@w@:@rsﬁdri:ﬁ@egﬁdt QOIS ab®thb agRiinihy Pcelsherificabf or m
e

was al so ermned. The stemcells were fixed in 4% par af or mal dehyde for
15 i nut @seigtt wasbmialbmig melngatiogeThes cyhss avers exigieddrsd: decplogyed an

chondroitinase A d W%@ﬁg@hﬁﬁ%@‘@% LRy eacHRES, O

cC.for. 4 m’ n
col | agen ?Ff‘o“?ﬂ'e%@céq egtl?/\r}e‘g'e & ls‘]éed | genous per oxi dase

activity Muapfebeck din,iand npairosginfngforkBtendatvit. es i n 3% 30 hydrogen per oxi de
in methanol. Followi ng a wash in PBS, non-specific sites were blocked by
i ncubhti ng cells for 1 hour in Blocking Buffer (PBS, containing 10% Horse

53 8 MAR 2009 SelidHof odBifid-GiRd liSudBsiRing YRSRAUEIIA ¥nd Melidipbert dadind waour i n
Bl ocki ng Buffer containing a nonoclonal antibody specific to human

col | agen olspeed ih Se¢toRs Broreseipe 4/and & Stukstaytigy more osteoid tissue was observed in
groups A and B than in the other groups (p<0.05 ANOVA), but no significant difference in

osteogenesis was observed between groups A and B. Morcover, a qualitative increase in bone
20 growth was noted in both groups A and B between 3 and 8 weeks. These results demonstrate

that the adipose-derived stem cells can differentiate in vivo.

EXAMPLE 6

25  This example demonstrates the isolation of an adipose-derived lattice substantially devoid of

cells.
In one protocol, the lattice-enriched fraction from Example 1 was subjected to enzymatic

digestion for three days in 0.05 % trypsin EDTA/ 100 U/ml deoxyribonuclease to destroy the

30 cells. Every day the debris was rinsed in saline and fresh enzyme was added. Thereafler the
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CA). The cells were washed extensively in Blocking Buffer and col | agen type
11 wvisualized using a commercially available kit for the detection of
nonocl onal antibodies 5 according to the manufacturer (Vect aﬁ %&éﬁ Kit,
Vector Labs Inc., Burlingane, CA). 4. Myogenesis: Myogeni cvdf f ation
was i nduced by culturing the adi pose-derived stemcells in Myogenic Medium
(MM for 6 weeks and confirmed by i munohi stochem cal staining for the
nmuscl e-specific transcription factor, MyoDl and 10 the nyosin heavy chain.
Cells were rinsed.tw oL B PRSispdidde th 6.09 %201 Indestans abaut B.129/bipase to

par af or melM Y& 3&° Hht \%gga‘g\fg% Several times with PBS. The cells were

i ncubat edhawialih digddaiteyitaigemdgamostnie Thif inopigtipp poniiguedi IR AYL%YSy quench
endogenous peroxi dase enzyme activity and non-specific sites were bl ocked
by incubation in Blocking Buffer (PBS, 10% HS, 0.1% Triton X-100) for an
addi ti onaj, HQmal prtcRsl, tEheitield sipeveatentviensh Edargple ilmwes inebated i ERIdhtes each
in Blocking Buffer and incubated for. 1 hour in_ Bl ocki Efnin OB ai ni ng
a either eimproenosnibeliheslisodye Spetties el &eg%lgfegtugﬁg rarlu%glc e C'rryonsn'llg(rzl heavy
chain_ ( BUHP YA o/RARLAIasClicolaEA) 1 1 SIS SWIEHD(RakeMCadh, SoGahpeind8ili o, CAy
The cell s were”™ washed ext’ensively in Blocking Buffer and, the.nonocl onal
ant i bodi egHvipaal praeaseushibitprs, tahé 1VaemiSah Al JKBESPRP chymedatd) AgHRAY: 20

manuf acturer's specifications. The cell - QiU Blenslagbiied W th
henat oxy| PepsiElR A3 Fia %!Ssﬁﬁ%f%sﬁﬁhaﬁasﬁlgggg tllﬁssue was obt ai ned by
suction-assisted lipectony (i.e. liposuction) and 25 the |ipoaspirates
wer e processed based on adapted net hodol ogi es (Katz, AJ, e 999 din.
Pl ast 10 Suigier 2ethsBPPBESTY RPIPY!S: ?eﬁ‘alﬁ‘ﬂ’@e?“%gtﬁmi?b EY _ﬁ”agheg’r%lge@ggg‘f eﬂi%ogs pirate
or PLA _cellifoadishQs fdetdopRndl ik hideripapuarbivanit comthed mi wfs.ihe

put ati ve stemce fractioh. Processing of 300 cc of Ijposucti.oned tissue
routi nel y itywal coepost efhipbl amosainef eallagen gikely tpe,lV) aurha piide ariety SN ur es
were mai ntai ned, i n DVEM pl ' % Eetdlor BaNi fenopQraaag i ( FBS) .
Suppl errent“%?fqr%nPr\ﬁPﬂrﬂloﬁ%%fstﬁgén%éé%EB%%S’WO?%&%éégiErrporOt ant’ for htrma% and

ani mal  MSG. at basclumesaibs@ndfopriebd duduat i on in vitro (Haynesworth, SE, et al.,
1992 Bone 54 .B MAR 2008 Lennon, DP, et al., 1996 et at., 1995 Exp. Cell
Res. 2%9:211-222; 13:81-88 Lennon, DP, suggest that proliferation and |In
Vitro Cel LI?#?M‘PL% ol . 32:602-6y bHowever, on studies FBS suggsource and
quality, makrng —

The following description provides adipose-derived stem cells enriched fractions which

exhibit mesodermal multi-tissue potential, and methods for isolating said stem cells.

20  MATERIALS AND METHODS

All materials were purchased from Sigma (St. Louis, MO) unless otherwise stated. All
tissue culture reagents were purchased from Life Technologies (New York, NY). Fetal
Bovine Serum (FBS) and Horse Serum (HS) were purchased from Hyclone (Logan, uUT)
and Life Technologies, respectively.

25
Cell Lines:

Normal Human Osteoblasts (NHOsts), human Skeletal Muscle (SkM) cells and a
population of Mesenchymal Stem Cells derived from bone marrow (MSCs) were

30 purchased from Clonetics (Walkersville, MD). The murine 3T3-L1 pre-adipocyte cell
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differentiation of human M5Cs may be dependent up critical (L

al., 1995 Exp. Cell Res. 219:211-222; easil Lennolr[:, sera scﬁeggingg Tg1 s'?fam

cells expand easily 5 DP, et al., 1996 In Vitro Cell Dev.. B

32:602-611). consistent with that of MSCs obtained vi tro"gﬂg‘l"é&t@gﬁt ed a

fibroblast-Iike norphology, to frombone marrow and a commercial source

(Figure IA). The stemcells did not peaFBSr rots require specific sera

| ots for expansion and nulti-lineage differentiation. the stemcell from

three rranluf act ur e‘rﬁ Wﬁ(i ﬁ\étﬁﬁtge o b gptlzapgg)aWas‘L@)bramephﬁbmg@nTCC

proli ferameo@‘ieé‘% 'pla_ FHhditf erentiati ve capacity .in v ELQ: : oM h

Ki netics @&gk@gg’l i)t | Ouiain Ehesieh Aitmeblass (FEES- Weik| QP4 negh &R c(ejgcs

obt ai ned from 20 donors and cultured under standard 15 condi tions (i.e

10% FBS) , Bekdsitsi Pediapt Mer age popul ati on doubling time of 60 hours usi ng

Zeveral sera sources and lots. Following isolation, an initial lag time of
to 7 days .was opservefsich &ligm cell cultures. Cells then entered a

prolifera _ aching confluence within 48 hours. To exam ne

long-termgrowth kinetics of the stemcell ﬁ:,ultur.es we, Measiy q

cumul af,l Vi RRAUdIdsenistleubhs ngingl tfrom eiisE¥E ‘P%%%%‘%Eb%%“ﬁr%g egoo‘i’ag\

multi p’ e don(t)rs_. anSj Stu‘%m 'thcr(])n%etﬁ? P&é&)’ivﬁﬁ[’(ta@sloisrm1l=(}520ﬁJﬂimrtsitaI0f

culture, o @_ﬁ‘érﬁc @dingdo BRHEMERTa R average of three p(? ul ation ggubl i ngs

prior to thedhhilos AaSSIBOE In (N poeselutkBy hollew hlei-Hpredspni SvpopiPaTen

doubl i ngs was observed upon subseque ass | ' [
bet ween cumultet suwbsutgagRYs éPE}CSﬁhTBBﬁbW/‘ﬂE)(”a [ %Hg(gglgasé%*]éuénhﬁggla\r/ﬁs %})tggg?\r/llag

indicating a relat i £Q05¢ERtoupR Bl At fosdcatopsivinien rreghani el disrpam:
st udi ed. gﬁr“tbﬁ%trle U‘r&e{%yarll %r(l) agpr ecioggl e decﬁr eage, in cu?ru ative %gﬁftﬂrlgaggnrange
doubl iypgs hwas iehsersdutii dfzalire 3nddBatRsECqUBTISIOL WP}}%\ 3 "R cu%éflurﬂg)

suggesting that the stemcel |l _.cultug i i — e
potenti al ‘H%raﬂ\?@seeﬁ?‘@?ﬁigﬁe"gd? tur ghl%ﬁgrb Fo(?))grsﬁ% waﬁa(@j%l}t??gﬁnﬂegﬁﬁrﬁfvm

popul at i on, dopbhi Behod Wlial Smee)@avﬁlilpeakptr@tbi(agm"néig@méop (PO OYf§- PraEFSte

cel | cult&?eg using a 13-gal staini ' . , - rmstem
O o L 10 Sl o RS ARGl 4 el i cose
senescent &Rl tnAtnR Pl RR7SL IR 200G riRbITMdtabGP,64e8322835; Kpo9®.- o 6.

Nat|. Acad 9363-9367). Using.this e
15 al., 1999 Clin. Plast. Surg. 26: 587-)603, viii).g To isolatesthg PSIVIF, li%t)s?spirates were

washed extensively with equal volumes of Phospho-Buffered Saline (PBS) and the
extracellular matrix (ECM) was digested at 37°C for 30 minutes with 0.075%
collagenase. Enzyme activity was neutralized with Dulbecco’s Modified Eagle’s
Medium (DMEM), containing 10% Fetal Bovine Serum (FBS) and centrifuged at 1200xg
20 for 10 minutes to obtain a high-density SVF pellet. The pellet was resuspended in 160
mM NH4Cl and incubated at room temperature for 10 minutes to lyse contaminating red
blood cells. The SVF was collected by centrifugation, as detailed above, filtered through
a 100 um nylon mesh to remove cellular debris and incubated overnight at 37°C/5% CO:
in Control Medium (DMEM, 10% FBS, 1% antibiotic/antimycotic solution). Following
25 incubatioﬁ, the plates were washed extensively with PBS to remove residual non-
adherent red blood cells. The resulting cell population was termed an adipose-derived
stem cell enriched fraction (ADSC enriched fraction), in order to distinguish it from the
SVF obtained from excised adipose tissue. The adipose-derived stem cells were
maintained at 37°C/5% CO, in non-inductive Control Medium. Cells did not require

30  specific FBS sera lots for expansion and differentiation .  For immunofluorescent
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the stemcell cultures were exam ned for senescence at each passage. The
cultures at passage 1 exhibited no appreciable R-gal staining (Figure |IC,
P1) however the percentage of increase in (3-gal staining was observed at
| at er passages, d increased 5 senescent cells renai ned be%oMﬁER‘%?@%rough 10
passages an to 15% at passage 15. Taken together, the data indicates that
adi pose-derived stemcell sanples are relatively stable over long-term
culture, maintaining a consistent population doubling rate and exhibiting

llow level s of senescence. %bﬁ[rfé&eﬁr%dhﬁm@mbemmaedmadnslpnﬁ@ ti ssue
is a hetef %Snc?ué”p@%?ﬂ atllg[ﬁEPﬁvg udi n M%ic mast cells, 9%ﬁ:’u}oléhel Ife?l s,

per i cyt es, chidhfo0!tas ptaotlof Rickardet elofitickardd-br Fenil? ,

pre- adi poc tes (Pettersson, ¢ 5@@&6ffer2ﬂ1&t1447 453;
Hauner, HiT:382-3af) aﬂdmvtawedtﬂ?%“m’%nm&g‘é‘%’? ﬁg f\'}@ttg%%lan 64: 832-835). These

corrponent is%Ye ALSRiMa RE@eemMuent legdi.ner with the putative stem cell
fraction oebt alned from 15 |iposuctioned adi pose tissue. However, no

literagure regarding this has been published. To phenotypically

characterize t eﬁ}n%ﬁ‘u&r‘éice&eo?%%ﬂlﬁ@llé‘rom several donors were exam ned by
i ndi rect using anti bodi es specific to established cell-
surface markers. A bone marrow stronmal fraction obtained from human marrow

aspirates Seam gel\ﬁ,@pghf%?n‘}?g%‘g hﬁrﬂﬁﬁ ble mdifovi dpithict Wepnsl@kiiohioalassel | s,

t he stem a nonocl onal antlbod to F tor Vi
(Jaffe, Eby,&leralides &7 Bxelt forl lisnminutesviesido pazfmmﬁmfﬂezm ghid sqeiim et g

1987 Lyrrphoa[ ogy 20:20-24 Snoot h nuscl e i- g a
nonocllﬁnalphaswhatb(b@‘;fﬂt @Hs%rﬁbt Rbeerdls I"é""%&'ﬁ?hﬁg ?‘i’_ @ar i'd eS 192@(5 N %%cg\% r}ﬂ Rev.
Bi ochem ﬁ%‘"& §g(ime§%§@1b10§ked &k 18dour 1rﬂﬂﬂﬁurﬁlﬂnore§cen@ldckiﬁgcBuffe?(ﬁ@’zl 91).

This anti een shown to react W|th ;l_éans tional erl ¥lges
(i.e. per|5(%/t%q0110%51311555elXaPﬂaS,pﬂsl{%:l daisen 12t 0%s) ?lcfeh%éfveé%rﬂl 58?6%1

appar at us of pericytes co i ddcneabetibbéibl:s, A
and D. Dréﬁ‘éﬁk’ﬁtﬁﬂﬁoryb}éﬂ‘ j‘”@ ‘?“%%“{(“g tﬁeh‘?lolo At S&éﬁﬁerrﬁ?rar? I'M and PA

D Anore  19§3nd-sneBihl mBic act]il;QintASNB\Z)Cedhmmel Iev,e}ﬂ@nbﬁ OsRdist Hentifysmoedd) | s,

snmooth nuscle cells and per| G IgkhdE@Ct i on
(Fi gurlé  2pusclercells aprhpericsiss ( ‘étQ;n ?ﬁaﬁg %gsre& ecehsbefa}nal:‘5 ezrggﬁ\;\glzés:@os'c}slerrved in

processed pong granrggw ﬁ% st poBl 13eoR)1es. Nils,addiahd dh Donbidebor!99i) §. and
smoot h nuscre acti n, s were also incubated with a nEpgcigog% aﬁtl body
(ASOR) specélfficl. t b3: 1479&534@|Bamrram erals dA%h P ediptr sathol. L. Me )

anti-Factor VIIT (anti-FVIIT; Calbiochem, San Diego, CA), to identify endothelial cells
(Jaffe, EA, et al, 1973, J. Clin. Envest. 52:2757-2764; Nagle, RB, et al, 1987
20  Lymphology 20:20-24); and 3) ASO2 (dianova, Hamburg, Germany), to identify
fibroblasts and cells of mesenchymal origin (Saalbach, A., et al., 1996 J. Invest. Dermatol.
106:1314-1319; Saalbach, A., et al., 1997 Cell and Tiss. Res. 290:595-599). The cells

were washed extensively with PBS/glycine and incubated for 1 hour in IBB containing an

FITC-conjugated secondary antibody. The cells were washed with PBS/glycine and

25 mounted with a solution containing DAPI to visualize nuclei (VectaShield, Vector Labs,

Burlingame, CA).

Flow Cvtometry:

30  Adipose-derived stem cells samples from 5 donors were cultured in Control Medium for

72 hours prior to analysis, Flow cytometry was performed on a FACScan argon laser
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MAR 2006 et at., cells Saal bach, A, et at., 1996 J. Invest. Dermatol.

106: 1314-1319; Saal bach, A., crow 1997 Cell and Tiss. Res. 290:595-599).
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predoni nant ) )gn{ﬂ)tsg@' ho@éenwéﬁnﬁéimaﬂ 1D ECHIi confalrarzminiesionaantibdies fhyny,
Rev. Biochem 1 219-250; Suza, S., et al "199%1 EUL . also &g,_l,ﬂ =R AN

70: 84- 91) FadbraBlll, ismpotamuseies e wiedy AP A Ihpdfiien: ¢RlS BETLE N T sar:jpl es
were corrected for. viabili ModP L iteatin ki ¢ eBgesasd, Brentwood,

aut of | uor§§ eTROE MBS Orc%&rénalaé}?lgg(?)gsenlt at ilvc(a gati ent is_s ompﬁ(ll_:#'@gre 3B) .
Cyt onet ry NIt & WRRGOhbeathythal telbnilBzativhers 984 At REVDRICR 5081 T ve

events for each cell-specjfi PR BS T8 ths@ss Fidpargemiptigeeof the
t ot al ste@ﬁ@§e$ll'zan§rrtféra?= g:%%s&é‘??:‘lﬁ% Pt§\ﬁ§'t7he' ?ﬁwunofl uorescent data, a
fraction ggm@?g SLEMapRklcs, BXRT 46500 mmotesrwivh libe-¢kll 1% prorfp@sldsyes.cel s =
24.9 % 8. total stemcell nunper) and ot . L (YA

posi tilve qefrhebitized vath 095% Nf’mflﬁtf% a%SLNCBl%Eﬁ‘{’H) lﬁtﬁb@rﬁ?ﬁk& gél}{rle %C? ,

i ndi cating that the .stem geld.yfitaghifadcRNEaide wodasdelidimioatiigsPl-snoot h
nuscl e celﬂogceﬁﬁat,‘mbcggss%ltsﬁg)n,ﬁ' pldgpflcyt es. Furthernore, the majority of the

st em cel | §,.skiab NeenBOSiAlll vetlsyqueor adipeeadetisstaiesosill| PEIPISeIFE OE8Rgo, 12, 8
of total PLA cell nunber) and vimentin (VIMpositive cells = 25 63.2%1 5.6
of total oektrdimghber), indicative of cells of mesenchynal origin. Taken
together, the results suggest that the stemcell fraction is a relatively
honogenous popul ation of nmesodernmal or nesenchynmal cells with | ow

cont anisnat Cenulbyvestigatatioh Debblinge| | s, pericytes and smooth nuscle cells.
Adi pose-Derived Stem Cells Exhibit Milti-Linea e Potential:

Adipose-derived stem cells cells were maintained in Control Medium until 80%
confluent. Cells were harvested at confluence and population doubling calculated using
the formula log Ny/logN,, where N is the number of cells at confluence prior to
20  passaging and N is the number of cells seeded after passaging. Cumulative population
doubling was determined in cultures maintained until passage 13 (approximately 1635

days). The mean cumulative population doubling obtained from 3 donors was expressed

as a function of passage number.

25 Cell Senescence Assay:

Senescence was assessed using a B-gal staining assay, in which B-galactosidase activity is
detected in senescent cells at pH 6.0 but is absent in proliferating cells (Dimri, GP, et al.,
1995 Proc. Natl. Acad. Sci. USA 92:9363-9367). Cells from each culture passage
30 (passage 1 to passage 15) were fixed for 5 minutes in 2% formaldehyde/glutaraldehyde

and incubated in a B-Gal Reaction Buffer (1 mg/ml X-Gal, 40 mM citric acid/sodium
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eta
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agents (Adi pogeni ¢ Medi um and s ai.ned
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as early as t t@N & Bl.9wwe cA 281 grBfld f
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mor phol ogy wi t o

occupi ed bSﬁOfl%lebl ﬁr%pllg’éiwﬁegﬁ)& ntséﬁ bs: ﬁ?%%ﬂ%ﬁgﬁg{uﬁ%f erg'tﬂnﬁh@go °5%

Endocrinol. Metabo!. 64:832-833) . D1fferent1at10n was confirmed using the hlstovoglca]

15 and immunohistological assays outlined in Table 2. A commercial source of bone
marrow-derived MSCs and lineage-specific precursors werc examined as positive

controls. The adipose-derived stem cells were maintained in Control Medium and HFFs

were analyzed as negative controls.

20  |. Adipogenesis: Adipogenic differentiation was induced by culturing the stem cells for 2

weeks in Adipogenic Medium (AM) and assessed using an Oil Red O stain as an

‘ndicator of intracellular lipid accumulation (Preece, A. 1972 A Manual for Histologic

Technicians, Boston, MA: Little, Brown, and Co.). Prior to staining, the cells were fixed
for 60 minutes at room temperature in 4% formaldehyde/1% calcium and washed with
25 70% ethanol. The cells were incubated in 2% (w/v) Oil Red O reagent for 5 minutes at
room temperature. Excess stain was removed by washing with 70% ethanol, followed by

several changes of distilled water. The cells were counter-stained for 2 minutes with

hematoxylin.

30 2. Osteogenesis: Osteogenic differentiation was induced by culturing the stem cells for a

minimum of 2 weeks in Osteogenic Medium (OM) and examined for Alkaline
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Chondrogenesis was confirmed using the histologic stain Alcian Blue at acidic pH. The

stem cell nodules were fixed with 4% paraformaldehyde for 5 minutes at room
20 temperature and washed with several changes of PBS. Studies have shown specific
staining of sulfated proteoglycans, present in cartilagenous matrices, at pH levels of 1 and
below (Lev, R. and S. Spicer 1964 J. Histochem. Cytochem. 12:309-312). In light of
this, the cells were incubated for 30 minutes with 1% (w/v) Alcian Blue (Sigma A-3157)
in 0.IN HCI (pH 1.0) and washed with 0.IN HCI for 5 minutes to remove excess stain.
25 1n addition to Alcian Blue staining, expression of the cartilage-specific collagen type Il
isoform was also determined. The stem cells were fixed in 4% paraformaldehyde for 15
minutes at room temperature. Cells were incubated in 0.2 U/ml chondroitinase ABC for
40 min at 37°C to facilitate antibody access to collagen II. The cells were rinsed in PBS
and endogenous peroxidase activity quenched by incubating for 10 minutes in 3%
30  hydrogen peroxide in methanol. Following a wash in PBS, non-specific sites were

blocked by incubating cells for 1 hour in Blocking Buffer (PBS, containing 10% Horse
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Res. 200: 2 Enh
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TGFOL (| wasaki', et al 1993 ®os %
Mar r ows der doviedy MBEBOD-gsFHiGSHES Wrteﬁl %ﬁgégygicg%pg 1jt:tiﬁﬁmle(fré Qﬁ% cr o? EP;;SS 1%

condi tions,f o, f&loh X190 BSarpaRnal itimmmunes. Sharst s v gRATERd (BRI PY ch i n
15 5 minutes each in Blocking Buffer and incubated for 1 hour in Blocking Bufter
containing a either a monoclonal antibody specific to skeletal muscle myosin heavy chain
(Biomeda, Foster City, CA) or to MyoD1 (Dako Corp, Carpenteria, CA). The cells were
washed extensively in Blocking Buffer and the monoclonal antibodies visualized using

the VectaStain ABC kit according to manufacturer’s specifications. The cells were

20 counter-stained with hematoxylin for 3 minutes.

RESULTS

Human adipose tissue was obtained by suction-assisted lipectomy (i.e. liposuction) and
25 the lipoaspirates were processed based on adapted methodologies (Katz, AJ, et al., 1999
Clin. Plast. Surg. 26:587-603, viii), in order to obtain a Processed Lipoaspirate or PLA
cell (adipose-derived stem cells) population, containing the putative stem cell fraction.
Processing of 300 cc of liposuctioned tissue routinely yielded stem cell samples of 2 — 6x
10® cells. The cultures were maintained in DMEM supplemented with 10% Fetal Bovine
30  Serum (FBS). Supplementation with FBS has been shown to be important for human and

animal MSC attachment and proliferation in vitro (Haynesworth, SE, et al., 1992 Bone
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cultures, we measured cumulative population doublings with respect to passage number

20 in multiple donors. Consistent with the observed lag time upon initial culture, the stem
cells underwent an average of three population doublings prior to the first passage
(Figure 1B). An average of 1.5 population doublings was observed upon subsequent
passages. A linear relationship between cumulative population doubling and passage
number was observed, indicating a relatively constant population doubling rate over the

25  range studied. Furthermore, no appreciable decrease in cumulative population doublings
was observed at later passages (P13 = 165 days in culture), suggesting that the stem cell

cultures maintain their proliferative potential during extended culture periods.

In addition to cumulative population doubling, we also examined cell senescence in long-

30 term stem cell cultures using a B-gal staining protocol, in which B-galactosidase

expression is absent in proliferating cells but can be detected in senescent cells at a pH of
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To phenotypically characterize the stem cells, samples from several donors were
examined by indirect immunofluorescence using antibodies specific to established cell-
surface markers. A bone marrow stromal fraction obtained from human marrow aspirates
was also examined as a control. To identify endothelial cells, the stem cells were

20 incubated with a monoclonal antibody to Factor VIII (Jaffe, EA, et al., 1973 J. Clin.
Invest. 52:2757-2764; Nagle, RB, et al., 1987 Lymphology 20:20-24). Smooth muscle
cells were identified using a monoclonal antibody to smooth muscle actin (Lazarides, E.
1982 Annu. Rev. Biochem. 51:219-250; Suza, S., et al., 1996 Eur. J. Cell Biol. 70:84-91).
This antibody has also been shown to react with transitional pericytes (i.e. pericytes of
25 pre- and post-capillaries) and the contractile apparatus of pericytes committed to the
smooth muscle lincage (Nehls, A. and D. Drenckhahn 1991 J. Cell Biol. 113:147-154;
Herman, IM and PA D’Amore 1985 J. Cell Biol. 101:43-52). Low levels of endothelial
cells, smooth muscle cells and pericytes were observed in the stem cell fraction (Figure
2). In comparison, no staining for these markers was observed in processed bone marrow
30 stromal samples. In addition to Factor VIII and smooth muscle actin, cells were also

incubated with a monoclonal antibody (ASO2) specific to fibroblasts and mesenchymal
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mesenchymal origin (Lazarides, E. 1982 Annu. Rev. Biochem. 51:219-250; Suza, S., et
al.. 1996 Eur. J. Cell Biol. 70:84-91). Viability was assessed using propidium iodide and

15 samples were corrected for viability, non-specific fluorescence and autofluorescence.
Data from a representative patient is shown (Figure 3B). Cytomeiry data was collected
from 5 donors and the number of positive events for each cell-specific marker was
expressed as a percentage of the total stem cell number. Consistent with the
immunofluorescent data, a fraction of the stem cells expressed Factor VI (FVIII-

20 positive cells = 24.9 % £ 8.2 of total stem cell number) and smooth muscle actin (SMA-
positive cells = 29.2% + 2.1 of total PLA cell number) (Figure 3C), indicating that the
stem cell fraction contains endothelial cells, smooth muscle cells and, possibly, pericytes.
Furthermore, the majority of the stem cells stained positively for ASO2 (ASO2-positive
cells = 85.0% % 12.8 of total PLA cell number) and vimentin (VIM-positive cells =

25 63.2% =+ 5.6 of total cell number), indicative of cells of mesenchymal origin. Taken
together, the results suggest that the stem cell fraction is a relatively homogenous

population of mesodermal or mesenchymal cells with low contamination by endothelial

cells, pericytes and smooth muscle cells.

Adipose-Derived Stem Cells Exhibit Multi-Lineage Potential;
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cel lular fraction s ths AdhRese- Beddy el @ta@mios7 Int. J. Obesity 11:19-27). To
determine if PLA cells undergo adipogenesis, cells were cultured in medium containing

these agents (Adipogenic Medium, AM) and stained with Qil Red-O. The stem cells

50 cultured in AM were reproducibly induced toward the adipogenic lineage as early as two
weeks post-induction (Figure 4). A significant fraction of the cells contained multiple,

intracellular Jipid-filted droplets that accumulated Oil Red-O. The Oil Red O-containing

stem cells exhibited an expanded morphology with the majority of the intracellular

volume (90-98%) occupied by lipid droplets, consistent with the phenotype of mature

25 adipocytes. The mean level of adipogenic differentiation measured in 6 donors under 35

vears of age was 42.4% £ 10.6 % (% Oil Red O-positive cells ftotal PLA cell number). -
Prolonged culture times (i.e. 4 weeks) resulted in the detachment of differentiating cells
from the culture plate and flotation to the surface. The observed morphology and lipid

accumulation of differentiated stem cells were similar to that observed upon treatment of

30 bone marrow-derived MSCs and the pre-adipocyte cell line, 3T3-L1, in AM. No lipid
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mean number of AP- positive staining cells measured in 6 donors was 50

50 total stem cell number. Expression of AP was also observed in both MSCs and NHOst

[n contrast, undifferentiated stem cells and HFF

While AP expression is

positive controls maintained in OM.

negative controls did not show evidence of AP expression.

dramatically upregulated in osteogenic tissues, its expression has been observed in

several non-osteogenic cell types and tissues such as cartilage, liver and kidney

25  (Henthorn, PS, et al., 1988 J. Biol. Chem. 263:12011; Weiss, MJ, et al., 1988 J. Biol.

Chem. 263:12002; Leboy, PS, et al., 1989 J. Biol. Chem. 264:17281). Therefore, AP

expression is frequently used, in conjunction with other osteogenic specific markers, as

an indicator of osteogenesis. ~ One such indicator is the formation of a calcified

Mature osteoblasts secrete a collagen [-rich ECM that
Scott, DM 1980 Arch.

extracellular matrix (ECM).
30  becomes calcified during the later stages of differentiation (

Biochem. Biophys. 201:384-391). Therefore, in order to confirm osteogenic
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micromass conditions, form cell nodules associated with a well-organized ECM rich in

20  collagen 11 and sulfated proteoglycans (Pittenger, MF, et al., 1999 Science 284:143-147,;

Mackay, AM, et al., 1998 Tissue Eng. 4:415-428). These sulfated proteoglycans can be

specifically detected using the stain Alcian Blue under acidic conditions (Lev, R and S.

Spicer 1964 1. Histochem. Cytochem. 12:309-312). To assess the chondrogenic capacity

of the stem cells, the cells were cultured via micromass in Chondrogenic Medium (CM),
25  containing dexamethasone and TGFBI. Micromass culture of the stem cells resulted in

the formation of dense nodules consistent with chondrogenic differentiation. The stem

cell nodules were associated with an Alcian Blue-positive ECM, indicative of the

presence of sulfated proteoglycans within the matrix (Figure 6). Cartilaginous nodules

were also observed upon micromass culture of MSC controls. To confirm the specificity

30 of Alcian Blue for cartilaginous matrices, human cartilage and bone sections were stained

with Alcian Blue under acidic conditions. As expected, human cartilage sections stained
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pericytes, known to possess nmulti-lineage potential both in vivo and in
vitro (Schor, AM et al., 1990 J. Cell Sci. 97:449-461, Doherty, M) 1998
J. Bone Mner. Res. 13:828-838; 15 Diefenderfer, DL and CT ht on 2000
Bi ochem Bi ophys. Res. Commun. 269:172- 178). Consistent rN ®i2808 our
i mmunof | uorescent and flow cytonetry data show that a snmall fraction of
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11: 312- 354" &5 ot al., 1997 J. Cell. Biochem 64:278-294). If
these cells do 30 exist in peri pheral blood, they are likely to be in even
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research has_denonstrated tive results bone w-der i ed VSCs.
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O thop. Scand. 61:431-434; Krebsbac PH et a 1997 Tr anspl ant ation

63: 1059- 186i&rst@nuder , etsai dp8a Cell 1408075-1080).t hdjsolifizagion 1811 5BYORSBIC and
prelim n%rl#erer?tla%o GRhE pE'elaﬁ\tsortsgﬂa %oﬁ@lnlalsro&-aderlp&l U868 %efi€can be induced

by dexamethasone and results in the expression of muscle-specific proteins (Grigoradis,
20 A, et al.,, 1988 J. Cell Biol. 106:2139-2151; Ball, EH and BD Sanwal 1980 J. Cell.
Physiol 102:27-36; Guerriero, V and JR Florini 1980 Endocrinology 106:1198-1202).
Furthermore, addition of hydrocortisone is known to stimulate human myoblast
protiferation, prior to their transition into differentiated myotubules (Zalin, RJ 1987 Exp.
Cell Res. 172:265-281). To examine if the stem cells undergo myogenesis, the cells were
25 cultured for 6 weeks in the presence of dexamethasone and hydrocortisone, and incubated
with antibodies specific to MyoD1 and myosin (heavy chain). Consistent with carly
myogenic differentiation, treatment of the stem cells with MM for 1 week induced the
expression of MyoD1 (Figure 7). The stem cells treated for longer time periods (6 weeks)
stained positively for myosin. In addition to myosin expression, the presence of discrete
30 ‘patches’ of large, elongated cells with multiple nuclei were also observed, suggesting

that the stem cells underwent myoblast fusion (PLA panel, inset). MyoD1 and myosin
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15 repair bony and cartil agenous defects (Wakitani, S., et al., 1995 Muscle
Nerve 18:1417- 1426; Krebsbach, PH, et at., 1997 Transpl antation

63: 1059-1069; Bruder, SP, et at., 1998 J. Othop. Res. 16:155-162; Bruder,
et al., 1998 Oin. Orthop. S247-56: Krebsbach, PH 1998 Tran8pMARt&iBon

66: 1272-1278; Johnstone and Yoo 1999 din. Othop. S 156-162). The stem
cells obtained fromliposuctioned adi pose tissue nmay represent another
source 20 of multi-lineage nesodernmal stemcells. Like the bone nmarrow
stroma, thase caihacxphdgee Side tanatde@ééteIaQ§%J'ﬁa%S§k%le@Mnl%‘8§t ;stﬂiv% dc%nﬁ”i ficant
fraction of cells with nmulti-lineage capacity. These adipose- Irved stem
cel I's may*He rldsiag Nyogenir | Medium; mypagnie d(fﬁ?aﬁmtlﬁtlmegvas wiot lebsiryeidninl Msm bi dity
and di sc o] t I\/PLE T oW ng
descri pt ?ﬁgg%oﬁegﬂ gdﬁgeokge(g#;le%dln\;%e@ h@'[e\rgnee%% ﬁd}fﬁ'r?eﬁ%r Zﬁﬁ gt into
ost eogeni lydracesisene amfbmn:etrfmuds aitcmaﬂes:ohdxtmmngtosladute&ﬁf&“éfbﬂ&lnbﬁ M}b\%mc

osteo ni stemcells vmththe age of the
do %em@\éfg‘gb%“’ i pOg Seh“e ¢ SS9 SRty a‘é?ﬁgégﬁg 3"“3‘@8“0 &HIonF MYREn BSHOT . 67 8

I\/AR 2006 mnawm&mmpmwm@ré_mm@agmddqh%n&@ﬂeieﬁﬁath@&eﬁ%l?ﬁ&%ﬁ%g#”
Human ad| ose tissu ﬁ obtained fromelective |iposuction procedures
under RGNS | & he PEsERengy Myltiyaicleatpd @diﬁsa@dtth@reapmsmﬂ BBB@h#98- 08
011- 02 (Lm VBT 9hd Yo . | | PO ate was
processed %y 0 obtai ny%glﬁghegﬁ Blfcl)agﬁe@h g%t?\%/}éag’lﬁs!fé@ ceq-gpge({p%%\{ﬂll% glﬁa;(% P, et
ai ., 200Kamicdy e uRiegaveredeniy diff@egiafias). Briefly, raw | i poaspirates were
washeg extensively with equal volumes of Phospho- Buffered Saline (PBS) and
the extracellular matrix (ECM was digested at 37C for 30 mnutes with
0.075% col | agenas e \ ,ct|V|ty was neutrallzed wi th Dul becco's 10
Modi fi ed -E e Ry SESentation nduead by mediasupplesgatatiomi ng 10% Fet al

Bovi ne Serum (FBS HyCI one) and centri fuged at 1200xg for 10 m nutes. The
stemcell pellet was resyspended in DVEM 10% FBS and_filtered through a
cel | st r|d¥ledumt o reri’tﬂvbaar)‘ﬁerumewal nbupglemesstien The cel s were i ncubat ed
overnight at 37C,_ 5% CX2 iin non-inductive control nmedium (DVEM 10% HBS,
1% ant i ticoinmr ant i MOOEM | 3044BBDN)nonkol [ oW ng 15 1 ncubation, the pratles

wer e washe exL enSi veet-y—yil t-h—PBS—tlo—Ferpveresi-dual—non-—adher ent_red |bl ood
cell's, wgﬂ” W cel VR & THY T [HoamiM issbety methiiaenthise (BNl 1 1M
dexamethasone, 10 uM insulin, 200 pM
indomethacin , 1% antibiotic/antimycotic
Osteogenic DMEM | 10% FBS | 0.1 uM dexamethasone, 50 uM ascorbate-2-

(OM) phosphate, 10 mM [-glycerophosphate, 1%
antibiotic/antimycotic

Chondrogenic | DMEM | 1% FBS 6.25 pg/ml insulin, 10 ng/m! TGFB1, 50 nM

(CM) ascorbate-2-phosphate, 1% antibiotic/antimycotic
Myogenic DMEM | 10% FBS, | 0.1 uM dexamethasone, 50 pM hydrocortisone, 1%
(MM) 5% HS antibiotic/antimycotic

Table 2; Differentiation markers and assays of lineage-specific differentiation

15

Lineage Lineage-specific determinant Histologic/immunohistochemical assay
Adipogenic Lipid accumulation 01l Red O stain
Osteogenic 1. Alkaline phosphatase activity | 1. Alkaline Phosphatase stain

2. Calcified matrix production 2. Von Kossa stain
Chondrogenic | 1. Sulfated proteoglycan-rich 1. Alcian Blue (pH 1.0) stain

matrix 2. Collagen ll-specific monocional
2. Collagen I synthesis antibody
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medi um (Table 3). To prevent spontaneous differentiation, cultures were

mai ntai ned at sub-confluent levels. 20 Table 3: Lineage-Specific
Differentiation Induced By Media Suppl enentation

Medi umvedi aSer unSuppl enent ati on Cont r ol DVEML0% FBSnone 689%%?%
MATERI ALS AND METHCDS Li poaspirate Collection and Processing

adi pose tissue was obtained fromelective |iposuction procedures under

| ocal anesthesia according to patient consent protocol HSPC #98-08 011-02

(Uni ver s| Myogénic Cal itf Mﬂl&i%de(é‘étieﬁf‘qégil}e{%g@t eg.anﬁH%e RS iiér?sicg yoo Wi
i

|
processefl to obt ai n| bhesiaRi4PasSele _ P%Sﬂns&ﬁ,%{%_ atiop (Zuk, P, et
ai., 200[L Tissue Engi negki - 209 Bri'e ra "lé) 88pt'fates were
washed eXtensivery wt %gglg[}guh/?y\?%?%ﬁéég%?n Ph"spﬁlo%bgﬂ?iﬁlg?téu%\@é! ine (PBS) and
the extracellular matrix (ECM was digested at 37C for 30 mnutes with
0. 075% co},| Enzyme activity was neutralized with Dul becco's 10
Modi fi ed %@mm um (DMEM Life Technol ogi es), containing 10% Fet al
Bovine Serum (FBS; HyC one) and centrifuged at 1200xg for 10 m nutes. The
stemcel | pellet was resuspended in DMEM 10% FBS and filtered through a
cel | st ra‘?ﬁ@?p%“)ﬁ ShEG aroaip ganerphitypcn gf stemseedls: Einbryoaicl Sremafelsi (RSQBAL ed

over ni ghtandt a8itgobd SR céllsNONAIRSUML tNDrercANS ;@b?dr@ghﬂ&aﬁw o FBS,

I bi ot |. ti. ti ti Fol | ow bation, the plates
wor o wns HON G Ry BR M il ST BS cE Rt Ldsesisapotinsnl pesdiisrenitcalled bl ood
cel | s. ThHegwttémm ang| dtisicaleorsidaativinai fre doratast3 7iEplog80sGin :céllsgajﬂftffem natyrgdi ;Jm_ 4

Table 3 i : Lf LAk On.. cul tures were naintaine

bt spb- b R BEYARL REAR) ARG L) ‘%ﬁ%@@g@ﬁ G iheiesiss Yo TR SPERET 8 on

| nduc'®d E§§} %BS%méth?ré‘ﬁ’éﬁF%ﬁ&ﬁumuﬁlﬁ%bﬁe Sebiginsid prohebangtadriconhave

Cont r ol DVEEMAO %6 BSinental 16 Bromisiflg. MAIBMAA Mane marrow is derived from the embryonic
mesoderm and is comprised of a population of Hematopoeitic Stem Cells (HSCs),

supported by a mesenchymal stroma (Friedenstein A.J., et al., 1968 Transplantation 6:
230-47; Friedenstein A.J., et al., 1974 Transplantation 17: 331-40; Werts E.D., et al.,
15 1980 Exp. Hematol. 8: 423; Dexter T.M. 1982 J. Cell Physiol. 1: 87-94; Paul S.R., et al.,
1991 Blood 77: 1723-33). While the proliferation and differentiation of HSCs has been
well documented, less is known about the stromal component. The bone marrow stroma,
in both animals and humans, is heterogenous in composition, containing several cell
populations, including a stem cell population termed Mesenchymal Stem Cells or MSCs
20 (Caplan Al 1991 J. Orthop. Res. 9:641-650). Studies on MSCs have demonstrated their
differentiation into adipocytes (Beresford J.N., et al., 1992 J. Cell Sci. 102; 341-351;
Pittenger M.F,, et al., 1999 Science 284: 143-147), chondrocytes (Caplan AL 1991 .
Orthop. Res. 9: 641-50; Pittenger MLF., et al., 1999 Science 284: 143-147; Berry L., et
al., 1992 J. Cell Sci. 101: 333-342; Johnstone B., et al., 1998 Exp. Cell Res. 238: 265-
25 272; Yoo J.U., et al,, 1998 J. Bone Joint Surg. Am. 80: 1745-1757), myoblasts (Wakitani
S., et al., 1995 Muscle Nerve 18: 1417-1426; Ferrari G., et al., 1998 Science 279: 1528-
[530) and osteoblasts (Caplan A.L 1991 J. Orthop. Res. 9: 641-50; Pittenger M.F., et al.,
1999 Science 284: 143-147; Grigoradis A., et al., 1988 J. Cell Biol. 106: 2139-2151;
Cheng S-L., et al., 1994 Endo 134: 277-286, 1994; Haynesworth S.E., et al., 1992 Bone
30 13: 81-8; Rickard D.J., et al., 1996 J. Bone Min. Res. 11: 312-324; Prockop D.J. 1997
Science 276: 71-74; Dennis J.E., et al., 1999 J. Bone Miner. Res. 14- 700-709). These
cells represent a promising option for future tissue engineering strategies. However,
traditional bone marrow procurement procedures may be painful, frequently requiring
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37Cin 0.05M Tris-HCl (pH 9) containing 1% (v/v) of a 50 ng/m solution of
napht hol AS-Bi phosphate (Sigma) dissolved in dinethyl sul foxide (DVBO and
]mg/mM Fast Red TR salt (Sigma). Follow ng incubation, cells were fixed
for 10 mnutes with an equal volune of 8% paraformal dehyde f ol d by a
rinse with distilled water. 5 Von Kossa Staining: Extracet BuMAR rix
calcification was detected at four weeks post- induction by von Kossa
staining. PLA cells were fixed with 4% paraf or rral dehyde at room

LT her o pEheld o ool fmedifsla? !Wj"p“ﬁ P ol Bitbers O ISh Upeherreetring wor e
washed se(ﬁQP'é’IX'rfl?tﬁlﬁsl WPI‘PW@J stqhpreatstigaag cellsd@itehgpeM Funndby 1999 dciegbd  f or 60
m nut es andll: b 7e Rickad, DIdetuls b @e&%ﬂpr%Qsl'erl'ZrBﬁt AREL spMRL AT 4997
PEHE T e g G A

di f f er¥ent NeseisHaiclaB e Vo icnpasaioh ststp m)ordmeuoe)bcmacﬁméaH@dlgu&]cJaﬁk e@ll n&ﬁib&%

AXi 0SCOPESZh §EPS @1%%?1!;&115:@% é#w@ a§@?gll(52ceﬁhglét§a%|() a %I”EE Or‘\“ é‘f‘?&ﬁ

obj ective

ation
AP- posi ti ¢ C@e%é‘”"%’&ﬂﬁ‘%éﬁ@n‘é@? SsWawd, gwredpigeesioth easysveobiainelryguli m
dupl i cat emsamnpl @sicfitrdistoRde yetARQEpMEF 6f yieingted nVMn'bEFs RubstnB8 &BH?H &t ent

regi O“Su%&fﬁte@%&&m exeén%io%éll‘: ﬁ}%{ggom tions 6 and 20 o' cl ock

t ot al er o OSI 1 ‘cel |l s was expressed as a percent age of
t ot aI LA cel l nunber counted within each region. Values fromthe three

regi ons VWE:ercﬁWﬁfaﬁQQ@ll&lQr ﬂhdﬁ%ntvbnﬁ] m%ﬁrbléiinucﬁi%ﬁﬁﬁl'lﬁa%g%nca Qeflﬁhes Gh Rach
donor. The nean |l evel of differentiation was expressed respect to

pati ent ajeccsydnrapdymandipeespiteies rTe@ eshylap fractirat isithe pdipokgederived stannher t han

i ndi vi du I t f. s _staini ure was
used to ?gngnﬁﬁoggéeso%tg%ﬁcqﬁMf ? e Lnf g‘%‘.aéen(ﬁgia%‘ﬁ%ﬂniggﬁ”%‘ﬁ%ﬁ‘%8‘“§gni c

Pr ecur soriBatvéanhbenelaAdSaeglie sy vhtﬁo ovittent the mesd Ifﬁlﬁﬁ;ﬁcﬂﬁhesefwmbr fHedia

ost eo]%enl recursors thin t EAr' gé{l)ul atl cells wth osteogenic

activity %ﬁgmg'btﬁwfned aSPR 8& f}"etﬂ‘tne Je linegs cgtpyit sate leﬂ} W8 age

groups WeipBre@mbI¥ fekcefdeOsiRr '@xten@éa &iuRD pHERE S 'ﬁfédstgiodéﬂ TlafiGn t
years. First 70 ,'" 8 MAR 2006 passage PLA cel ep seege onto

| 00nm di SKESOLEN AU Ble BAtEWAYIER thqem@@tlefog%meccelusubemgmemchbesairmbmgmbove and
stai ned fl@{]wéb\?Pr ac%hea ;ﬁa¥1 %n& Adi]af ’Eh%' LS ﬁ?& h&ﬂ:ﬂ? & 13%@@88? Ny oger

within ea PLA 'sanp et ertined y cou
identified. The stem cells also exhibited multi-lineage potential in vitro, differentiating

20 toward the adipogenic, osteogenic, chondrogenic and myogenic lineages when cultured in
the presence of established lineage-specific differentiation factors. The differentiation
results were consistent with those observed upon lineage-specific differentiation of bone

marrow-derived MSCs and lineage-committed precursors.

25 While the apparent multi-differentiative capacity of the stem cells suggests the presence
of a stem cell population within human liposuctioned adipose tissue, it is not conclusive.
Multi-lineage differentiation may also be due to the presence of: (1) multiple lincage-
committed progenitor cells; (2) multi-potent cells from other sources (e.g. pericytes,
marrow-derived MSCs from peripheral blood); or (3) a combination of the above.

30
The observed differentiation may be due to the presence of lineage-committed progenitor

cells, such as pre-osteoblasts, pre-myoblasts or pre-adipocytes within the stem cell

64




AP-positive colony formng units (CFU AP+). Based on a previous study, a
m n!omjm of 5 ten XP- positigve cells was used to identify a CFU AP+ (Long, M
et al., 1999 J. Gerontol. A Biol. Sci. Med. Soc. 54:B54-62). The average
nunber of CFU AP+ was determ ned and expressed with r_especb to ?ﬁ%e group.
The optimal nunber of PLA cells required for osteogenic &%fMARRDDGLI on
was determned enpirically (1x104, 5x104, 1x105 and 5x105 <cells plated per
dish). Wiile osteogenic differentiation | evels were greatest at 5x105 cells

10 per di fibctionoOélhu@meytib@y 6leS SNESMI R i?cﬁﬁ’c'ﬁc%eﬂ aﬁ@log’glt){ssg yrﬁtkn&\g Data vas
therefore obtained using a density of | x 105 IS
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ag?lglefy OPS%%%%I Isgsanﬁ)nztalgﬁlﬁﬁpf&mfg di's Eﬂ %%e{]ﬂ?l)ewﬁ%g}%g@gegg erm ned
from tri pltiltBessibicarpl s 02246“@5!1' mn%@&mlemﬁﬁdramangn a{/\czhe %ﬁllﬁgfr}%z%izg il
nunber i me
popul at i oyl S BUhE Breca RERE pobieethe oifenibitmbol Brulr pervael!

Anal ysi s: H«qurerfw«sdmhodba‘lﬂ‘e% hC®Shel the Cash. G 11038 8RIONGSHS s i Logenesi s
re determ ned by linear regression analysis (r

d
33?32?' " gﬁﬁﬁggﬁ%&fg@ﬁ@%i‘evq bsga|idenyfied|ps preradivories owalde Dﬁscﬁpmnmr age
r t At t
var .eaﬁgggf e T ot PRl M sk T 24 R wrep o

Growt h Ki d4btocrs nympetshvirds geciteny gelDﬁmjronAgeecdmpatrah@é toRhéscauidigmesungr e
wtht ority of cells (85 to

00% i B 11 g arert Byeoi SR PRV Shettbh g eb M Frelases nsesis
endot hel ikdwaoet,| she m:grse mRaarpe@enmgraﬁaaag@smam Redn a&iu?%)/%@ﬁ iffeqy d be
identified H(rl ess 1i O/f of the total Eopul ation). PLA cel reached

1

80- 90% c AT LRI Ahgydgial ofLA upalumambancend roky memdi Uinm Ghewt h

curves defffmes ftbggfgddt%; PasIS ALA cell cultures (P1) were
char act erlized |lanI each clior?gr by?%ﬁS initial lag phase (typically 48 hrs),

followed by a | og 5 phase (average = 7rgay:¥]032d ﬁ E: at egx pr[\llgsgl oni i cant
5?1?1[ g?gﬂz%lnlﬂ %@ t(ﬂ 'Ek%m” a{i*iﬂ%“‘#csclghéll%ﬁ%&?)‘%%l&tl(ffb)&&b Hﬁ@@gcq,@gogemc precursor
cells or satellite cells into the stem cell fraction, resulting in the observed myogenic
differentiation by these cells. Located between the sarcolemma and the external lamina of
the muscle fiber, myogenic precursor cells in their undifferentiated state are quiescent
and exhibit no distinguishing features, making their identification difficult. Several
20 groups have attempted to identify unique markers for these precursors with limited
success.  Currently, the expression of the myogenic regulatory factors, MyoDI] and
myogenin have been used to identify satellite cells during embryogenesis and in
regenerating adult muscle in rodents (Cusella-DeAngelis, M.C., et al., 1992 Cell Biol.
116:1243-1255; Grounds, M.D, et al., 1992 Cell Tiss. Res. 267:99-104; Sassoon, D.A.,
25 1993 Develop. Biol. 156:11; Maley, M.A.L., et al., 1994 Exp. Cell Res. 211:99-107;
Lawson-Smith, M.J. and McGeachie, J.K. 1998 J. Anat. 192:161-171). In addition,
MyoD1 expression has been identified in proliferating myoblasts prior to the onset of
differentiation (Weintraub, H, et al., Science 251:761-763). While these markers have
not been used to identify myogenic precursors in human subjects, MyoD1 is expressed
30 during early myogenic differentiation in normal skeletal muscle and has been used to

identify the skeletal muscle origin of rhabdosarcomas in humans 77-79 (Dias, P, et al.,
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observed in any donor. Simlarly, no significant differences in PLA growth
ki netics were observed in younger patients (20 years vs. 39 years).
However, a decrease in the log phase of PLA cells was observed in ol der
patients (eg. day 13; 58 years - 12.6 x 104 cells, 10 20 years - 26.9 x 104
cel Is). Based on the growth kinetics data, the average P=r8cMAR 20B®pul ation
doubling tine calculated from 15 donors was 52.67 8.67 hours. PLA cel

popul ati on doubling tinme ranged from38 to 77 hours (Fig. 88; 20 years vs.

53 year s) 1990RegI ¢SEitaN, m’vamsuswfl{&ﬁpql aét' @“1@1”
yi el ded apgom tjve correlation of r a '? P%u% 9}% 393% rend
n

toward i w8 Hy sh8huil0i Sacelogibbs: %9 @23)e Th]:absmlce eﬁMya@lmxpfdsilenﬂ ative
ecor d ﬁg"“f‘é"ef}ﬂ%ﬁ%i“a“ﬁ%” Bron i EE CERIMEI' Gediaid 361 Bisegisnie: - 0- 60
years), Orlrgefa‘?ﬁ unmpmmce@fﬁepenwtm islhok dwetto slitopesnsd gNinboddeantprelfdogs ence in
Cbni 11 can BT Bt TRk aS SRS Bigon aGensret adin %?sé;?ée'cgﬂmd"es "
ipid SQ?ET"J“’? sipeted 3?“?‘%%??“?2?‘??“3’2?? T B AL RRAGAAE R 370 1

the |ipi 0% (5Fi2Redy i) suriquading dlhBiuscle [apdy intevdaics tisfse poicpogeningo the

di fferentddq;dsgaom rdqenPLA cells were apparent as early as 5 days induction
in Adi pogenic Medium Differentiating cells assuned an expanded norphol ogy
consi stent wth adi pocytes and accunulated lipid-rich | ntracel | ul ar
vacuoles Fi 9A, Panel s and. 2). By 14 days
post E)Iloﬁduﬁ(l: i on% @‘5 P 13 g?ueen'tslvgfcu#élzﬁcgﬁ?% (aéé‘ﬁ‘fhalcﬂ%tﬂmi; apigatial @?te@@dva@w“ﬁom tive
lipid dropbretugsiot bdmarhinetigybyomuAsyoteddcEn £ sedht dsHetiORed ﬁl\ﬂ%z%rd(?'akr‘?@df rom
donor toe@;’)gdo ar wiith qsﬁver al donors exhibiting | ow | evels

adi pogen iHSHRAHNO thaibleadumprio ¢urmRétP0®10§98 mayvr@suiélnl degolntsiafi ng a
noder at e RABHAL k@$w§¥cﬁf)&sé/§ 'frﬁllt?gﬁéel ¢ gb él ho heg VQIE) agld in a'zt 68@@!?6%806 9A,

Panel 1). In addition, several |b| enhance
adi pogen@éﬁb 1998 1. @whil Shi. B3O H6E; Jaoimug;wm@su Batt Xieeshdsi veeZERIE and the

accunyl at St gl r ra .. 9A, Panel 2). Cells
cul tlTrﬂed [?gﬂﬂgeﬁfefn b n?‘v(grc%rféﬁt E@dgﬁ’c ’é'ﬁh H’ipk'éd(pﬁér Cemmya- 269 -phol ogy
and di d nag). anmsnmehﬁwah @hik, dae@n&un@mmresemt@ad tfm %»':yt&i?étﬁl &de& SRty Bfa e

i nductive ium co li?‘l tions (Figs. 9A, Panel measure changes in

adi pogeni*®'adi'FFee 8ﬁie%°%t‘%?ﬁmiﬁlseéxpfPﬁlkség%@éﬁreﬁscﬁnmﬁbmua@@actUMe nunber

of O ReHmponent of transitional pericytes and pericytes committed to the smooth muscle
lincage (Nehls, A. and D Drenckhahn 1991 J. Cell Biol. 113:147-154). The multi-lineage

20 ditferentiation observed in the stem cells may be, in part, due to the presence of pericytes,
Disruption of the blood supply may also introduce MSCs into the stem cell fraction.
However, the literature is conflicted as to the presence of these stem cells in the
peripheral blood Huss, R 2000 Stem Cells 18:1-9; Lazaras, HM, et al., 1997 J.
Hematother. 6:447-455). If the peripheral blood does indeed represent a source of MSCs,

25 our observed multi-lineage differentiation may be due to the contamination of adipose
tissue by these stem cells (MSCs). However, MSCs are a small constituent of the bone
marrow stroma in humans (approximately | MSC per 10° adherent stromal cells
(Pittenger, MF, et al., 1999 Science 284:143-147; Rickard, DJ 1996 J. Bone Min. Res.
11:312-324; Bruder, SP, et al., 1997 J. Cell. Biochem. 64:278-294). If these cells do

30 exist in peripheral blood, they are likely to be in even smaller quantities than in the bone
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O positive cells was directly counted within a defined regi on and expressed
as a percentage of the total nunber of PLA cells counted. Values from each
region were averaged to give the nmean | evel of adipogenic differentiation
and expressed with respect 10 to donor age (Fig. 9B). Adipogenic
differentiation levels ranged from4.51%to 57.78 % of wh@ MAR0PLA cells
(n= 20). An average differentiation potential of 26.55% 18.14% was

cal cul ated. However, a negligible regression val ue was obtai ned upon

anal ysi s (mrrow aid @&ﬁ}imlr&tiglg&%us Y tHehdipoBQd& @8 isfeht AN fr%ﬁ%géﬁthleﬁ Qi pogeni c
differentiat r wth increasing donor age. 15 Osteo

Different & %He%éw%ases with Donor Age To confirm osteogenesis, cells
were stained for Alkaline Phosphatase (AP) activity and ext racel | ul ar
matrix calcification using a silver nitrate/Von Kossa stain. PLA cells, 20
cul tured Ml exdhese geamments veayi pravide samwovicot the miesanet dfea @bRRg e Rteaebdp| ar

nor phod o a ductl changing from spi ndl e- shaped
to Eugjm g%()p%agﬁg?xglé%ﬁgrﬁ%#ug%% sptoé%[}}séléef e?‘EBWeI ‘é’\%@ﬁgmﬁ’ﬁ“ &‘ﬁvgﬁgé}lﬁém s
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posi tive aigshgbiit, Sldob&lid RS cMindhh %ﬁl:'d@e‘?édtﬁﬁ& i nter-nodul ar regions
containing no cells (Fig. 10A, Panel . I'naddition to AP activity,
regions of mneralization, as detect ed by von Kossa staining, were evident

after ¢ r substantiatin ost eogeni ¢

di ffelrogn}t&l?lgr'lt{ﬁ?l (t)ﬁésf %d]l] hgﬁgim&%g}ﬁ%ﬁsp Oill{lé’ﬁcfe%‘;ts R el ‘WW“E@?TF‘@CICMSCF}M
exhi bit MPCactn dnifegenmte ivad bstEogehid@na kharaltdg@hic (Fids /Py (BRGNS, B @[nd 6)
To measur.g %)é t 6} 53 t] i.n osteogenic dlfferentlatlon wi th dono
age, the fiean vgéei by S&?i g@geﬂi&g&s}m 1990PA g8 SPrthiope Serad| 6):43ad34;

det er mi nettebsbbely RH) et SRMROIETRAG hRasRl ] i | Lvel $o073 6 MAR
2009 In contrast F?—g adi p geneséb aatS| ggyh@gglno?jgdggg%gs% |e§\ég’sfggogggne5| S

was obserUEYP; Reb| 1geksS- 1&8 8¥ pretigtinuy dafk sugiichs sha ribésatck by canabg eskdfto om
11.6 t I LS . ssi on_anal ysi s of
dono??{()agcel)q%‘flr et taggéae[ﬂlgsgi%g&l%ldg%é aakgf“glglhé‘hg%!n 8%13@”&?‘% rgorsdt i on (r =

-0.70, n lﬁ2@9§reb$baggé’ﬁ eng., 1B ToniEagamnG3diosH 9060 Baddoop, 2 deciggses with
respect to was observed using von Kossa stai ni ng.

tren
| nt er est i nSﬁg"p éﬁ Qi l{nl%“i 62d§ﬂ‘ s€ 3ln 13% eHpedithor SR 4 Eh6nikichstaoh Rids
obser ved 1098 Gemoplentation 66:1272-1278; Johnstone and Yoo 1999 Clin. Orthop. S156-162).

The stem cells obtained from liposuctioned adipose tissue may represent another source
20 of multi-lincage mesodermal stem cells. Like the bone marrow stroma, these data
suggests that adipose tissue may contain a significant fraction of cells with multi-lineage
capacity. These adipose-derived stem cells may be readily available in large quantities

with minimal morbidity and discomfort associated with their harvest,

25  EXAMPLE 8

The following description provides adipose-derived stem cells which differentiate into
osteogenic tissue, and methods for isolating said stem cells. The osteogenic potential of the

stem cells decreases with the age of the donor. However, adipogenesis is not affected by age
30 ofthe donor.
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ol der than 36 years of age (Fig. 10B, dashed line). Consistent with this, a
significant difference in osteogenesis (p<0.001) was observed when the
subjects were divided into two age groups. Donors fromthe younger age
group (20 to 36 years; n = 7) exhibited a 10 nean osteogenic potential of
50.7 10% (total PLA cells) while a significantly |ower~8 @R 2006
osteogenesis (20.7 7.9%total PLA cells) was neasured in the ol der age
group (37 to 58 years; n = 11) (Fig. 10C). Based on this data, cells from
t he young8tATERIALLS £XDI MiETehss 2. 4-fol d i ncrease in osteogenic potenti al
formng 59% nore AP-positive cells. 15 Relative Proportion of Osteogenic
Precursor VVthln PLA: In order to determine if the decrease in PLA

0ost eogenes#s olicgtion andPrecgssing:n the nunber of PLA cells with

ost eogeni c potentlal the relatlve proportlon of osteogenic 20 precursor

cells wt C res ct to donor age. PLA cells
were i ndﬂggéﬁ F@l Ug\ﬁl '% © ‘ﬁg'é’m EleRnvg Sa?fhmt Precesiyraseyndef lqﬂabcursors

Wit hin th@leﬁh@sla (de(toeahﬂg m@(j)abéht(b@h.@‘dﬂ{ oI t}m)(ﬁ'#ﬂ?@ & Col ony

For m ng L{S'lts gor adi sg A et al., 19%86” oﬁ&ﬁ‘?éééé 8 ¢ | 6

106: 2139- 24BN Ebll‘f’f QHB»)@PS) ey Spoaspirge gvas urbeasess RBAbtaMBthE ARtipadai swal |

N., et alderivd®3ferd .cefelpb ﬁhﬁ)&h k, & 49 2ohunbe cursors

was cal cul at ed |r11 tc\?\o é’g‘é gr oups Gro% & %%i ggj% %igrmeerlﬁgjgg " Goup B
= 40- 58 yiagly, AW dipspigsssvere ewas wltehtenmeiyhmmneqmd/omﬁ@oaenh@s p&t enti al

observed ht i n CFU AP+ nunber was
obser ved %&H{&é‘g?ﬁéﬁg??ﬂgp %ﬁ% ex%ﬁ ‘f&g‘éﬂfg‘ rwaéfj geslefl Ab371hfoae3up A was
194 61 penubeSvELA076% écﬁf,agdﬂﬁbd e Bnbem& ey 9ks EFMaﬁE’e”a h%lﬂg&cg"s

ecr easi ng

decr seckélt(i)-l % 32 !ﬁe PLA cells 30 (Fi

tren in 08 38% 8 8?“”E‘e MEN; L ifp$eshpelagies hpentellamgebﬂé’/e Fetsh Bonoke
stati sti ey (BBSNIHE LA t t ecr e

ost eogeni ¢ 74(- H N& ¥ o?eggﬁtéﬁ%éfg a%gg&%ngfoggPIngﬁﬁtﬁ%/hﬁl& a]i?rpggectl y due

to a decr%§@SqSW"@PfelmDh*ﬁiM/ 18% B3t eodjbitteed tlprbeg}uai self ﬁralﬂrm\@\é@
Mesenchyngl,.isi, be i.sol d fro rrow. Mesenchymal stem
cells are & grﬂsone@ %aﬁ KRR a[ﬁgrc’?’%r\r/\‘}gg}i ngé (8 eru-indectivapaci t y
to di ffercemolamedmmt MOMEM, 10% FBS, 1% antibiotic/antimycotic solution). Following
15 incubation, the plates were washed extensively with PBS to remove residual non-
adherent red blood cells. The stem cells were maintained at 37°C, 5% CO; in control

medium (Table 3). To prevent spontaneous differentiation, cultures were maintained at

sub-confluent levels.

20 Table 3:

Lineage-Specific Differentiation Induced By Media Supplementation

Medium Media | Serum Suppiementation
Control DMEM | 10% FBS | none
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vari ous nesodernmal tissues including fat, bone and cartilage (Gigoradis,
A, et al., 1988 J. Cell Biol. 106:2139-2151; Caplan, A 1. 1991 J.
Orthop. Res. 9:641-650; Beresford, J. 10 N., et al., 1992 J. Cell Sci.
102: 341-351; Berry, L., et al., 1992 J. Cell Sci. 101:338-B4%R 20§ rari,
G, et al., 1998 Science 279:1528-1530; Johnstone, B., et at., 1998 Exp.
Cell Res. 238:265-272; Pittenger, M F., et al., 1999 Sci ence
284:143-147). This multi-lineage potential may be clinically useful for

the repaf ndpbgeae! EONIDSI [ [0%WBRL 1[0 AN SONGRT I xemiahect s ] | ndeed,
several |n vitro and i i i Iln

d in viyo studi S ested the i ni cal potenti al
15 for these stem cell %mjéé?l ¥ aon {)I P
S

. 2 nysi ol .
140: 1- 7; | ki t ani , #%Af@.‘i}l"}a RRpyEindemathacin,) 4267  kr ebsbach,
P. H, efgat. —t997 wHIIDOKIG/ANEYCOtSy yder . S [P., et al.,
1998 d i h EREHE. DAL uppt’y - P.158M dgxpmeshasors, SOBM and Yoo, J. U
1999 din. Othop. (367 Suppl): S1562g2¥hate-Dpkasphate,@meMnr r owf pr ocur enent
is painful, requires generjal ebcerophdplyiteliéls | ow nunberp of 20
mesenchypal stem ce|ls upan processamipigtiVdntiangeic M F., et pl., 1999
Sci ence 284 143-—14+—FRrekard—bBd;et—al--—1996.J. Bone M nerl Res.
11:312-324; Bruder, SP, et al., 1997 J. Cell. Biochem 64:278-294), thus
requi ri ngnaiktiex aMi KAaLXPBNDIfRAerfa@pn:Pr i OF to clinical use. In light of
these factors, an additional source of nulti-lineage stemcells my be
desirable. W have identified a population of stemcells in the

7 ot oy b Benle BRI B TP ARG R o Prosbeliar el are T
VRE AR b Y i sy b o ol Sl L M
over |ong- é%/%?(?:rgﬁfh ure; &J&l'ﬂ)%]ﬁa a‘i‘agg%gf Cliﬁf’rﬁ“f%ﬁ@naprld‘,\ pYsras cylired for 2neage
Chondr BS%‘?:?;%‘???%&’? e b0 By SRRy, WA | e

nor phol og &??Hi%i%\gﬁl'gﬁgﬁtthoﬂF@; and proliferate wth an average
popul ati on doubling tinme of 53 hours. Previous studies have shown that the

si ze and r O WeJo]eAVAR within adipose tissue increases with age
(ouner . GHT8T 0B Sl Vs SRPRRE) &' R ek pemommebenly

suggest i ngiang evibrail Reil 10r toeidsifl intRcaltlil R0geM 08¢ 1ds N Ctell§ vl RRSEHEEHr es With
advanci nghiag[e. In contrast to these studies, we do not observe a

si gni fi cAHPTEYAL FULiPeErwigB 1% Tammaldsbuded Boscalnjurmiand cedshed withgyst i ng

t hat t P\e cBdhFIOgRRiclPRERMdBhe®Tn Bod8iv)RUPRELD Sadefic 4AREL RF1 88 MMogdvanci ng
age. e )
for 5 minutes at room temperature. Excess stain was removed by washing with 70%

ethanol, followed by several changes of distilled water. The cells were counter-stained

15 for I minute with hematoxylin.

2. Osteogenic Dijfferentiation: PLA cells (passage 1) were seeded into six well plates at a

density of 1x10* cells per well and cultured for 72 hours in control medium. Based on

previous studies on bone marrow-derived Mesenchymal stem cells (Pittenger, MF 1999
Science 284:143-147), PLA cells were maintained for a minimum of two weeks in

200 Osteogenic Medium (Table 3) to induce osteogenesis. PLA cells were maintained in

control medium as a negative control.

Alkaline Phosphatase Staining: Alkaline phosphatase (AP} activity was examined at 14

days post-induction. PLA cells were rinsed with PBS and incubated for 30 minutes at
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devel opment of adi pose tissue requires the activity of several growh
factors and steroid hornones (Hauner, H et al., 1987 J. din. Endocrinol.
Met abol . 64:832-835). Therefore, 10 the adi pogenic potential of PLA cells
may be influenced by the genetic background and/or hOVWDBaMARQ%mBS Wi t hin
each donor. Proenza et al. has reported that adi pogenesis can be affected
by alterations in the expression of several genes, including |ipoprotein

| i pase, adrenoreceptor and uncoupling protein (Rickard, DJ, et al., 1996 J.
Bone M nes7°C iRes0SM Trid 11338 9)Go i 198 (vA99Pa S8/l solhiSodr (Suppl
1):S50-51). I n additian, lg Cﬁen et al. égs9sh%mnn%%atm%ﬁ%ﬁg¥kﬁé§§?gn of

speci {10 SbESTPRES (R eunllmelrelin direshddh podge ERI56) med imedhtastiel
O et ent PRI AL NE5 PRk bR, TBLE AYRARY L P8l el Xl 2L

t oget her wiltrhe ho3pamforaatdelydeyfollowyd by & fiase witlodstlesaoratér0 donor,
i nfl uencing the adi pogenic potential of PLA cells and resulting in varying

| evel s of adkpo esis, . 20 hérespepti e.of donor age. In contrast to
adi poéeneg?%—ésg%ﬂ@&s, 0 Extrapeibilar pa icatigp s dptghted A fove aakeposhy AP
acti vi ty)inlligctioR 8T V@OKWesh htdifias SASA NGIERAY H2GE with B 3:!3} fr rﬁﬁmehg&gé‘& | ve
correlation between osteogeneSis and donor age is fo hd y regression
anal ysi s fepm=empergigye fopgd houy, tfeldowedrby, 2 30 wiingitd Mnicelzation eNithf 5% r{eey)isilver

ost eogenesj.s.| . . n rs.are segregated.into t age .groups
(20 to 36 yr%grs glugﬁggg% %olyl\gge %})g%gg)o?l'%}tt Ehec%ei(ﬁls %"%fer ‘g?ﬁhf"fluéeve%ﬁﬁgfv lrgge gr oup
possessi nistidled wasert devefopbdl ugdee A1\e liglisfor 6¢ aithgePQideBuh Rl -staldsd SQGENESRI S 1S
defined by thre es. the.proliferation of osteogenic precursors, 30
mat uP@t i 6?‘/?5‘8#“ Fﬁ‘é@‘ﬂ-a‘gl@’éwgbﬁ‘gu%was ylentilinsh bysthe preswice apblaskeextmgelivdary i x
depositi Qprpo®d a m neralization phase. Each phase is essential and can
dramatically affect the 76 - 8 MAR 2006 devel opnent of nature bone. The
decrease i n osteogenesis observed in older donors may be due to three
possi bi liti.es;. . dgecr e .in PLA cell proliferation, 2) a decrease in

t he nun%%%ﬁg?ué%gfg t:lrf(r/r@gﬁ(glsteogenic precursors thenselves or 3) a
decrease in osteogenic differentiation capacity. As shown in Figure 8, PLA
popul.ation,.doubling tinme increases.5 slightly in ol der donqrs suggesting
bhat 'Che /BlBTEH 58 Sl SR ETEoRian lriY ot Adcbefonsr “areniPSHEs e R age.
However , Aehts sANiBRHEAS SnicFbsupr Uittt i vith Q@gbﬂ b Rekifal BBndrs afPh 20X Sjbsikcal |y

significant and is not likely to contribute to the age-dependent decrease

in ostedtagibcaionedPi>a) . The total number of Oil Red O- and AP-positive cells

(adipogenesis and osteogenesis, respectively) in duplicate samples from each donor were

(T

counted within three consistent regions from each well (e.g., at positions 3, 6 and 9
20 o’clock). The total number of positive-staining cells was expressed as a percentage of
total PLA cell number counted within each region. Values from the three regions were
averaged to give the mean differentiation level for each donor. The mean level of
differentiation was expressed with respect to patient age. Von Kossa identifies regions of
matrix production rather than individual differentiated cells, therefore this staining

25 procedure was used to confirm osteogenic differentiation.

Quantitation of Osteogenic Precursors within PLA Samples:

In order to estimate the number of osteogenic precursors within the PLA population, cells
with osteogenic activity were counted and related to patient age. Specifically, two age

groups were examined: Group A = 20 to 39 years and Group B = 40 to 60 years. First-
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O In order to determne if a decrease in the nunber of osteogenic
precursors within the PLA contributed to our results, the average nunber
of CFU AP} col onies was determ ned. Colonies with AP activity are
considered to be osteoprogenitors and have been previouslyg ﬁg(beﬁg)
determ ne the nunber of osteogenic precursors and/or stem ceI bone
marrow (Owen, TA, et al., 1990 J. Cell Physiol. 143:420-430). Wil e ani nal
studies indicate a 15 decrease in the nunber of osteoprogenitors in bone
Mar r ow Wiiaisagd Pancidng (PoSwerk M.ner. Res.

11: 568- 57ﬁ7 R bregtsé OB E&r dggr.%{,?w?é)gg% dgh?ﬁ@fﬁ%gﬁ%% a‘%ot Oitﬁ"gfﬂ
conflicti H“&%“e@ﬁllqe§°rlb&9eab@é@mﬂﬂe§$®1n@®60¢ &P hotirdty sarwplhféml dlﬂvrémlalnynG owacki

o5t copr ogen {6 TSmPEE YER PR A0S UaF ScCITHHT By BurBEipn g breeed
11: 312- 324P- me@ cnhaqkformﬂlg Lmagﬁcmlﬁm §. Ba¥édsen agfbtwou%ﬁ@yp@hnﬁ%u%& 51)).
In su Rpor ud| es, smal, | ut statistical

Iy
i nsi gni fll?:%g\'ff P lé(ﬁ('jgl § Wos fed %Wﬁ%tﬂf;&fc%ﬂﬁmﬁho%%mt ek, 198P t!hGemgetol. Thi s
suggest s A hRibl.tdie Mbsegoeds: B@@'Gd?pﬁﬂdﬁz&t deeRBASE CRUAT SREel &Ry ent i al
may not be due to a drop in the nunber o1g ost eogeni c precursors angl or stem
cel |'s wi tf FxPiessed ptk Te%“lﬂﬁ@g@létqu@as"ré!e|0mtlﬁalénmlteeogéhesueﬁs nayirb® fatue to
t he | oss [, I e t he
o5t cogeni s SaTuC ISR BaEA AL W RE L Rpin B 0D R pt e VoG s
cel | - mat rcehts plmeérpacdasim)névhllarmdteﬁge)nugahmtemuitmtl@\re:ﬁs and tdﬁDﬁteﬁg-IO%dnﬁcent
stud%by Q}e%lerhra tg grmnst‘}r\%ées a Si g i ficant decrease in the
ost eogeni’& Fedpshd uery ST'EEr Prsenilr ArRUFR PP °§‘f’e‘iﬂuE’é'I‘ﬂ Pty wsnihgeaierri zed
bone nat biried ukiak % dePEERITN &, 103 cellsQler @lsh, 1996 J.  Bone Mner. Res.
11:1703-1714), suggesting age-related alterations in MSGmatrix 77 - 8 MAR
2006 interactions. Simlarly, decreases in osteogenic potential in older
donor s h&vewhdeinetiesorrel ated to the degradation of the extracellular matrix
(Bailey, AJ, et at., 1999 Calcif. Tiss. Int. 65:203-210). The

m croenvig onnment. surroundi PLA c S, ma n I ncreasi ng age,
altering Trcoerf'?asg Iﬁ“‘gﬁgﬁgéqvﬂﬁ W‘F%@@WW‘%‘%’ d?r‘gﬁllng)("“vvhtr%@ttiodjr?@o‘t Agk could 5
i nhi bit osheageridn dhdf esRRYP Bt Wae s@édeE’La{\ acc%nk@y of 1£RY QkId ha% Imultiple
differentiation to another |inea podeni c). Furthernore, the

di mi AP shtisAes- 6!l guehsy aes deseniapd %rarn trm?lpm sargples 24 ﬂmyrs@étedp@tmg ag@nder
All dono'&ﬁer& D8tHALS Fhit Ay Tﬁ;ﬁgﬁcﬁﬁﬁlcﬁrw (%elf Sy lvs AQGHAEAL %s cgrlag ging in

the female is accomnpani ed 0SS O rogen coup e rease in
and population doubling was calculated from the log phase.

Statistical Analysis:

Significant differences in PLA cell osteogenesis and adipogenesis according to donor age
20 were determined by linear regression analysis (r value). In addition, the mean levels of
differentiation across donor age were compared using an unpaired student t-test

(assuming unequal variances) and a one way analysis of variance (ANOVA).

RESULTS

PLA Celi Growth Kinetics Vary with Respect to Donor Age

25

Initial PLA cultures were relatively homogenous in appearance, with the majority of cells

(85 to 90%) exhibiting a fibroblast-like morphology. A small fraction of endothelial cells,
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skel etal bone mass (Parfitt, AM 1990 in Bone, ed BK Hall, Vol. 1, 351-431,
New Jersey: 10 Caldwell; Hahn, TJ 1993 in Textbook of Rheumatol ogy, ed WN
Kel Iy, 1593-1627, New York: Saunders). Since osteocytes do not replicate,
bone renodeling and repair requires a continuous supply_oBE@g& @&asts,
the principal source of which is the bone marrow strorna. @ IS
known to regulate the differentiation of bone marrow derived stem cells
and decreases in circulating estrogen levels can be linked to a | oss of
stem cel ImdHo i ial ohl . t.al. 997 .Endocri nol ogy
138" 2919- 3057 Ankr am e?ﬂ%f?gg’%tésglc‘."?ﬁlgéggﬁﬁ{e’ggégﬁﬁﬁh%ﬂ%éﬂ Hg4400l j e
bone mar rRsRugtiem: EBNA eslls rénrsh¢do8® 90 cooBtengeviihin Capasi dfculireRkAcsRbI S 1N

ol der fe o] simply refl ect. the changes that are associ ated
o b st rignntl QRN RER Risel B il Pt dEdr ssbeimrmL A Bevesgent c
pot ent i alchamytetigeddinesatio domdratyi ancinjtias (gl ﬂha@hﬁﬂﬁ&?lyi% 1@y, f(;m;“%g ATl s
di scu%sed above 20 r%fgl ectiaglg a general phenonenon observed I'n ag'i ng
woren. A NWEFURYSBEF T Gavetid lptepliplives. Repressorabive gravith ginssc icviveyarecoupl ed
to an inghease iRy $ABKH QWnIRYAL YA IrtionG ' ta type 11 or
age-rel ated, ost iIegopor osi ig(Parf i ??gﬁ&gﬁﬂ%%g%jéafoﬁ] c@%ﬁa&éﬁﬁ&g q%ﬁf’%é,we\%l o1,
351- 431, RespvIeinssy doyl dimilardy, paignifitant b8 ences BEP e xtdvab kireficiRhemat ol o |

ed WN Kel 3: , .oaungers) . ile current research is

f ocusi ng Olg%er‘t/%g%r %(iuglg%fp tow3Y%§ 73 \S/\Fvﬁ‘egdlay S)N\éﬁ%‘ﬁ%"l‘?&rﬁfie%@é‘?ﬂ%&f’l log in

ost eopor ¢bis,of Phé @tje waebbseadd ivske0fationt e0eRi 03, 68RaESE LY 2% 10* cells,

adi pqﬁ]e-g. rived Eﬁé CE¢4| S ma% provi de researchers with an alternate nodel

system f or FHE stUdy &f ik Hassd gadhe sronvik fkisietiey data, rhaaveshgesPlwmyeel epr esent
anot her wophh®orc@ubtiRassr LRer ' Ladi the treaf ment of
osteopor\cl)és??g and ot ﬁe? met abolai?e?e%%d%gsg:ﬁ)gglg er Sﬂfﬂ%ﬁé%uﬁ)o@ﬂfﬁ use of
st em cel IPspyigiont daibling enyi rargedi fgm S8pbi WaliduenEFigredB; ke ytaanmt 58 akiry).

i nfluenc stem celd nunber, grow h kinetics and differentiation

pot ent i a%ggrég% 3 %) alxsf?e%tjep 0?3@?‘8’? Q?‘g"l‘i“ﬁ Wﬁﬁﬂnorﬁ&ﬁ Yifddeds g Restag goyrelatian age of

t he dononf rSeveral (nst ugd), SifdioatingoN GreAR k& WM GRS 6Bl Skem cel |'s
have gep rted alterati oyns in ] C nSnber, popul a?%o%dlﬁlﬁaﬁ@ﬁi ng Jé“%ﬁ}%

di f f &7 enfiF4E4SHS PHilssatival potentialr sétherge. tHpvaoaorstatigtcdl ranalysts afhidoedrs and
human nodgliSed 48 noClaal 94,BLood, Cel | s 20 376- 380;
Becerr a, gJ_ .u?e et al %%0&1)815%433 .(Mnge 3%%&%@%%) .ye%ﬁ’%f%ei‘rfig?%ég?adﬁan, R.
J., et absing a9g@aired Btase dM mng shovRe significamGBifdtence ifSpapilatidn. douBlinglp.> 1998 J.
Cell Bio - 0: 478-88: ef f R 0., et al., 1998 din. Sci Col ch.)
94: 549-5 g%\fn [i”% k] %’??P {:’i’,mglef%%f@? dogrgept pignifigantly degease pth ingreasing 5_1122:
donor age.
20

Adipogenic Differentiation Potential Does Not Change with PLA Age

Adipogenesis and lipid vacuole formation in PLA cells were confirmed by staining cells
with the lipid dye Oil Red O. In all donors, low levels of adipogenic differentiation in
25 PLA cells were apparent as early as 5 days induction in Adipogenic Medium.
Differentiating cells assumed an expanded morphology consistent with adipocytes and
accumulated lipid-rich intracellular vacuoles that stained with Qil Red O (Fig. 9A, Panels
I and 2). By 14 days post-induction, differentiating cells contained large, Oil Red O-
positive lipid droplets within the cytoplasm. Differentiation levels varied from donor to
30 donor with several donors exhibiting low levels of adipogenesis, in which individual Oil

Red O-positive celis containing a moderate amount of stain were easily identified (Fig.
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10 Long, M W, et al., 1999 J. Cerontol. A Biol. Sci. Med. Soc.

54: B54-62; Huibregtse, B. A, et al., 2000 J. Othop. Res. 18:18-24). W
have characterized several PLA popul ations by determ ni ng popul ati on
doubling, differentiation potential and average colony fgr WA'RQ mi t nunber
W th respect to donor age. 15 EXAMPLE 9 The fol |l ow ng descri pti%n provi des
adi pose-derived stemcells which differentiated into chondrogenic tissue,
and nmethod for isolating said stemcells. 20 79 - 8 MAR 2006 MATERI ALS AND
VETHODS: Jeauaalt 5. anthdditibh bRUe@BdondrSOtinlMy A6 E4REE 1evRR\IFE; s a;oum n
(BSA), N-ethylnmaleimde (NEM, 6- am _n_ocl:apr ol ¢ acl de,V pheny1p§g%rﬁgﬂf’?llls]ul fonyl
f1 uori de 'PHBEYth the qupbes ahdi Red Ongasitiveriets iank theeacsumblatipn o€ ttes giginf r om

Si gma (St Ui NP GO t ~hpdi to type 11 coll agen,(clone
I1-4C 11)1?01%%on Fa% }"Hl%ﬁjl@ﬁ é?%l,' elzzz‘dt%fe%réélﬁ glﬁdéﬁlnP 'i‘t”%cmf%Yeo%Oé‘trg- B vere
pur chasedxhibged heNhBigene diaphol¢gduamir did nohhaumulie DilpRes Pl eatfeniggessi ng:
Human .| 1 posugt.j o spirates re obt.ained. fr en healthy el ective

cosneti c Sgifﬂ]gcé!’yyor} tﬁ%ﬁ‘idgﬁfvse W%@’P r‘f@nf_glﬁmh“ lgls'r%g’: %915@- yeangasuggdiapgescessed
to obt ai nn bhigo@mac@seRMtidRnlpdiBRRERith 3tPed R Abnditlel, RORUMBLI ANGH RE!
procedures were agl%;oved by the Human Subj ect Protection Commttee (HSPC)
under pr ét-8edliven Gelise wapisirccip gopged Mitlop a2 dafined rqgtns pind axpesssedr & pr ocessed
based on d rined: i anl.e u . i y...ihe

i poaspi g{&ggtgg%pf;%&gﬁgdl iR Wl ga.lsn"‘%%e?pﬁ%@s% 6‘5 gééé‘d“’%‘é? i WeC( PBS)
and t hen averegeblab exiiveniht ime@n 0 sloLalipapgein aserérbiag om andStxpréseed with Mopeat 37C

for thirty 20 mnutes wth.gentle. agitation. The coll ag e 0

neut rAl | 3oy et ho i Adiare Jiftin e e B0eE GoREaR [hde I8’ Nedi um
(DVEM - Colrlygr @ial IPEANGAR (nV)). ARNRerab BTt atiiepdi&lilatibis. 543PENEI LR Vas
centrifuged at 260g for five mnutes. The resultant cell pellet was

r esuspended calvulidde Hpthvascy negligide segestibrvalue . wied dbtditkedGippntapalysis € the
cont am nat | reb hlood cells..Th el | suspension.was centrifuged, at 260g
For 11 ve gk fEfsnd 0 56 aduncHIE (BRkts PLEPRGRh AR RE0hIdebi R
r esuspendggedsihg@ondrapk. medi um
15

Osteogenic Differentiation Decreases with Donor Age

To confirm osteogenesis, cells were stained for Alkaline Phosphatase (AP) activity and
extracellular matrix calcification using a silver nitrate/Von Kossa stain. PLA cells,
20 cultured in Osteogenic Medium, underwent a dramatic change in cellular morphology as
early as 4 days post-induction, changing from spindle-shaped to cuboidal, characteristic
of osteoblasts. Low levels of osteogenesis were characterized in some donors by the
formation of a monolayer of AP-positive cells (Fig. 10A, Panel 1). Higher levels of
osteogenesis were characterized in some patients by the presence of multi-layered AP-
25 positive nodular structures with well-defined inter-nodular regions containing no cells
(Fig. t0A, Panel 2). In addition to AP activity, regions of mineralization, as detected by
von Kossa staining, were evident after 3 weeks of culture, further substantiating
osteogenic differentiation (Fig. 10A, Panels 4 and 5). Control PLA cells did not exhibit
AP activity or matrix mineralization (Fig. 10A, Panels 3 and 6). To measure potential
30  changes in osteogenic differentiation with donor age, the mean level of osteogenesis (i.e.

AP-positive cells) was determined using the same method to calculate adipogenié levels.
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(DMEM 10% FBS, and 1% anti bi otics-antinmycotics) and mai ntai ned at
subconfluent concentrations at 37C with 5% CO2. Human foreskin fibroblasts
(HFFs) were simlarly harvested through enzymatic digestion with

col | agenase and mai ntai ned at subconfluent Ievels in com.t_Boh g?bngm 30 80
8 MAR 2006 Chondrogenic Differentiation After culture exbanmé t hree
passages (P3), the PLA cells were trypsinized and resuspended in control
medi um at a concentration of 107 cells/m. Chondrogenic 5 differentiation
was i nduggdokksdsh 5 : C revi.ousl escri bed

W Th SO mon F aa B S SHEM GO GecRatt R MogoneRl e A5G Gitrao
Denker, Aenaro8steqyenicediBerentiationmarged HonB1).64% a0 64i68Y0 i thetotalmopscafs t he PLA

cel l ul ar S i ced. i;n the center of each Il of a 24-well
fissue cd ftﬁiﬁgg%l g&ﬁ%&ﬁ %F%Il)%ﬁa%g?no§ quﬁe@ﬁ OSHERSCRES]S) }é‘e%ﬁié pERESHt n an
i ncubat omegttiv@ 7@radatiobio @C2 H0M0, tive: MOUIrsagsadtind l &x@lobedi® AHNGRERLE. The
pel |l et.s \le%re ggnt.l y overlaid with control nmedi um and 1ncubated overnight.

The n&di P EEReAL IRyageh Antimdge rrd e PbsereBvEMEonhK asse FR®Iing.

suppl ementiestidy) al Bispedt decbGle in3 i e, L3 6. 25
igim insulin g‘%’@. gy . and. ?.%2{%1 gtz Cﬁfgifﬁartlfﬁﬂn%s%%ﬁffm Q8CTSel | et s
wer e i nd@&kH thayr 3& vsars @hyee (Figc h%d?aé@@nli@e)n@dn&imnmt/iﬂddys,si sigaifidant

t her eaf t gty -bj hd- t i. was added to the
chondr ogenaTeed: SreARSBIP LR RO g PR AIPIA' e M STE et B5d o

seven, aido hgaipgtoepn [afnbey fromithd pdungarcigetar@ip 0o 303LHS; $+= T RxRHAES at O

i dengbfy optimal culture, orI;gdi tions for the induction of chondrogenic

di f f el ent1e48 %8102 PEAPotERial 1 war et 4P %o(tptalbled rellp)t whitkex sigatlisartbnbWesi gna)

al one at ' Ll .conbination,w TG-- 31. HFF
cells m#%egﬁﬁé}g%ﬁsﬂg‘%gv&f%ﬁ&g{% Ir)nﬁgr%gh N i ulsh %WSIOE EAETEHR ti ons as
a negat i V¥ wofk yedrs; PEA 19gFlgs 10CH@ibet o4l tids darNedIRYRSm thdIlduhc@Sgrodh d not
formthree-di mensj |, .nodul es and were unavail abl e for par a?fi n enbeddi ng
and hi stSQBg'it%‘ ér#d‘?? ROFsE 118 wlfegenin apipatia, famiteep Pt mare SRtposibeasi ty
Plating: c&R In order to assess the relationship of chondrogenic induction
to PLA cell, mcromss cultures were plated in chondrogenic nediumat cell
concénptrations of 1 x 10s, 1 x 1086,

Relative Proportion of Osteogenic Precursors Within PLA:

in order to determine if the decrease in PLA osteogenesis is due to a decrease in the
number of PLA cells with osteogenic potential, the relative proportion of osteogenic
20 precursor cells within the PLA was calculated with respect to donor age. PLA cells were
induced for 2 weeks in Osteogenic Medium and the number of precursors within the PLA
determined by calculating the number of AP-positive Colony Forming Units (CFU/APY)
(Grigoradis, A, et al., 1988 J. Cell Biol. 106:2139-2151; Pittenger, MF, et al., 1999
Science 284:143-147; Jaiswal, N., et al., 1997 J. Cell Biochem. 64:295-312). The
25 number of precursors was calculated in two age groups (Group A = 20-39 years, n = 5
and Group B = 40-58 years, n = 6). Consistent with the diminished osteogenic potential
observed in older PLA samples, a slight decrease in CFU/AP" number was observed with
increasing age. The average number of CFU/AP" in Group A was 194 £ 61 per 10° PLA
cells, while the number of CFU/AP" in Group B decreased to 136 + 32 per 10° PLA cells
30 (Fig. 11). While a decreasing trend in osteoprogenitor cells was observed, this decrease

was not statistically significant (p=0.11), suggesting that the decrease in osteogenic
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2.5 x 106, 5 x 106, 1 x 107, 2 x 107, and 5 x 107 cells per mlliliter
(cells/mM). The mcromass cultures were then subjected to chondrogenic
culture conditions and the onset 30 of nodule formation noted. 81 - 8 MAR
2096 Alcian Blue Staining: In order to detect the presenc hi ghl'y
sul f at ed proteogJycans, characteristic of cartilagi nous” Eaﬂﬁﬁc@ﬁ i nduced
PLA pellets were stained using Alcian blue at acidic pH5 (Lev, Rand S
Spi cer 1964 J. Hi stochem Cytochem 12:309). Mcromass cultures were fixed

with 4% Q@Eeﬁfl@”@lﬁi@@&%ﬂﬂhﬁn&% diEtl je ild B8MNe eQéét ﬁﬁhe rﬁu%%e?wgg%tu(%l efichive

m nute incubation in 0.1 N HC to crease t ures were
st ai ned dVEVRCHht with 1% Al ci an blue 8GX (Si gma) in 0.1 NHC1(pH 1). The
cells were washed twice with 0.1 N HC to renbve nonspecific staining and
then air-dried. For paraffin sections, cellular 10 nodul es were harvested,
washed t RISEUSSIOBS and fi xed i n 4% par af or mal dehyde for one hour. The
nodul ss were enbedded in paraffin and cut into five-mcroneter sections.
Paraf fin sections of PLA nodul es were prepared as described and stained

wi th st andaesthyMaCitan cblldieinYeatdlieOfah Hokk hial‘rﬂworl\qt%'énéhgf deLEn TLE L he
spatial distribution of sulfated proteoglycans wth the

t hr ee- di FeiPSiPoAeNt oftthe borg magpwtstemacud| mossesithgi ttaphcﬂyntnqh&emmae IBoacqui r ed
wth a Zegis rl .zei ni ¢ ny),.and Spot
sof t war e. H(?us??fé s‘BﬁéYPr%l és“%’ﬁ@ﬁ%gﬁﬁcﬁ%% J’,»Dtdr tﬁ% (Efu@?@p@gf% egglallt?ﬁgi on of
PLA par afif Cell §aﬂtmﬁr&13wa?sspe@efmmr,rad Luiong. St'tﬁﬁ;ﬂéﬁe@ 9:BET1-650; Beydskdrd &. €0si n

( H&E) to ete ar, .guor ) and Gol d s_trichrome stalnto
det ec t #ej’ g)s(%)?ejcg#h 5t |1Qg§ﬁp‘eﬁ "&%%ryei’( F&E]ellgg? ar CethPeli K01:F5r34

| munohi %@@rheml ot BY, 198" Btlechdt SBE1I280S30LIdhnkbhS B dGPAT 3bb4 @ngeéem n xylene
and then hydrated in decreasing ethanol solutions (100%to 70

facilitalesZifiZhody2altittengsr,d. BEetapi 1WISsiensedt4: bids 4% r Bhipmadti- bwged for
one. nour ot GG, 10, RO H L0858 A LS, 0. 50, EMTELS (oo

BRL), pH 8.0, 30 m acet at e al nrn NEI\/l
The sect delestswrdeed, mewdtzedztrmarﬁpﬁrzHMZStﬁcbfs Havt tsﬁ@ﬁstﬁd thetdinical potepiRNCh

Co B oclorBme peet T (Bt Dril.s D birihoaos di8aaohnisns Rosbat ed | or
one hour agt 188 BiGSeINMNebvePT &:10r7Y1 48! Kbasdbas, POH N fiohbonmgisyRHaa, t ype 11
col | agen, chondr0|t|n 4-
63:1059-1069; Bruder, S. P., et al., 1998 Clin. Orthop. (355 Suppl):S247-56; Johnstone,
B., and Yoo, J. U. 1999 Clin. Orthop. (367 Suppl):S156-62). However, bone marrow
procurement is painful, requires general anesthesia and yields low numbers of
20 mesenchymal stem cells upon processing (Pittenger, M. F., et al., 1999 Science 284:143-
147; Rickard, DJ, et al., 1996 J. Bone Miner. Res. 11:312-324; Bruder, SP, et al., 1997 J.
Cell. Biochem. 64:278-294), thus requiring an ex vivo expansion step prior to clinical use.
In light of these factors, an additional source of multi-lineage stem cells may be desirable.
We have identified a population of stem cells in the stromal-vascular fraction of
25 liposuctioned human adipose tissue (Example 7, supra). This cell population is
designated a Processed Lipoaspirate (PLA), and appears to be similar to bone marrow-
derived mesenchymal stem cells in many aspects. Like mesenchymal stem cells, PLA
cells are stable over long-term culture, expand easily in vitro and possess multi-lineage

potential, differentiating into adipogenic, osteogenic, myogenic and chondrogenic cells.
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sul fate, and keratan sulfate at dilutions of 1:10, 1:50, and 1: 250,
respectively. Incubation 82 8 MAR 2006 in nornmal horse serumin |ieu of
nonocl onal anti bodi es was perfornmed to serve as a negative control.
Reactivity was detected with the Vectastain ABC kit (Vector Laboratories,
Burlinganme, CA) according to the manufacturer. 5 cDNA synBhEaR s gd RT- PCR:
Total RNA was isolated fromuntreated PLA cells, PLA nodul es, HFFs
Briefly, RNA was isolated using the follow ng nmethod (RNA— Easy, Q agen)

The RNA vRis\ uslesdposﬁ@s aOﬂiltrgElaﬂjl_rkErdl&EC I6ENR §aﬂat§a )é T YA Al S 2y T

( Pronega) ui val ent 10 amounts of e su
anplifi cé’f‘f'b HETa8g NP igeen driblisg élé@l(?érﬁédlours Prehlmllm.ﬂtutityepha\l'e smtvha@ﬁn al

chain (Chheldize M%Heyg adi ;llg]oc%‘fég k»ﬁtgﬁlnad%%sg ha ssugt %S%L\%l{fb ng@alilfir ‘“éggr ecan

col l agen al chain | 'arge "‘aggreg
(AGQ and huh®# d>sfJémcandncnnuglometabﬁhesqosazms) BaggestintS &dl ovebl iggtakngd from

blisgh Kk and are as follows: 15 Table 4:
%gne:a?:cggs |p§§&§§FaP“n%1F %g%%]‘?cﬁ%ﬁe Efﬁ%@d@é agg-dy Gentrast oethesq studigsonedess' - CAT
CTC CCC5'noCokseMeG Algh {6k aEEGeﬁE-dl— C-EIH_ Gy e%g gzﬁﬁls%?%&&%{&%%e@%

| | Publ i SEP*"?S G CTC GIC5' - AAG GGT
ATC 3' | | the3 9 ‘Bag%ﬁp@emtlaéfof opdex, g\ Wmm&h@%'bymm@g £48CG3he GTC CTC

CAA CTC AbAL nCT%s@QESM él&gé%]tlrpgqtgﬁ%f 5& 1740E§actors angb\terou?GB el

AAT TGC AGG
hormones (Hauner, H. et al., 1987 J. Clin. Endocrinol. Metabol 64 832-835). Therefore,

10 the adipogenic potential of PLA cells may be influenced by the genetic background
and/or hormonal levels within each donor. Proenza et al. has reported that adipogenesis
can be affected by alterations in the expression of several genes, including lipoprotein
lipase, adrenoreceptor and uncoupling protein (Rickard, DJ, et al., 1996 J. Bone Miner.
Res. 11:312-324; Glowacki J. 1995 Calcif. Tiss. Int. 56 (Suppl 1):850-51). In addition,

[5  Chen et al. has shown that the expression of specific obesity-related genes in pre-
adipocytes is related to the differentiation of these cells into mature adipocytes (Chen, X.,
et al., 1997 Biochim. Biophys. 1359:136-142). Therefore, gene expression levels,
together with hormonal activity, may differ from donor to donor, influencing the
adipogenic potential of PLA cells and resulting in varying levels of adipogenesis,

20 irrespective of donor age.

In contrast to adipogenesis, a decrease in PLA osteogenic potential (as measured by AP
activity) is observed with increasing donor age. A significant negative correlation
between osteogenesis and donor age is found by regression analysis (r = -0.70).
25 Furthermore, a significant difference in osteogenesis is observed when donors are
scgregated into two age groups (20 to 36 years and 37 to 58 years), with cells from the

younger age group possessing over a two-fold greater osteogenic potential.

Osteogenesis is defined by three phases: the proliferation of osteogenic precursors,
30 maturation of these precursors into osteoblasts (accompanied by matrix deposition) and a

mineralization phase. Each phase is essential and can dramatically affect the
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OCX041435' - GCCT CTA GAAS' - GCG ATA TCC TAG TGG CCC TCAACC GGG CCG TAG 3' 310
bp CAC TGC-3' *Col lagen type Il A splice - prechondrocytes and nesenchynal
chondrocytic precursors; 20 type IIB - nmature chondrocytes (148). 83 ,- 8
MAR 2006 Priner pairs for type Il collagen, type X collagen and aggrecan
were confirmed against articular cartilage sanples as a BoMARi 988§control .
Cal cul ated optimal annealing tenperatures (OLIGO Prinmer Analysis Software,
Nat i onal Bi osciences inc., Plynmouth, 5 MN) were used for each primer Ipai r.OI
Tenpl at eslevaogmaiipt nfah26 b, 132 BYE - dycts, were anal yze
usi ng conve tl?gnal agar ose gel el eclf‘s?g%ﬁ%?oeggﬁgfs @%&é](%i%éfg SRS IR The
Chondr og i‘@‘e By e pesiboticm 1A aciacresseld PloA exthpiokiferativg, Y § dedredsé inmbet i p: e
cell pas ' he.; ' otential of hyna PLA cells, nonol ayer
cul tuF os. oo OB o R B e GThar st of F L frestise meerosiei | ne
first, thifiderindon cifeient As phosmyeigurss PLal pogilateh d8RsingalS RLaged in

m cro SY; (%Fl tu&@sl, grown i n chondrogeni ¢ _nmedi um and chondr ogeni c

di ffefentiatioll M8’ a0 suepestiig et flienpigfi freative Aapaaity. of elde BL&I aublal

| sol ati oirih&8&d Ywiths ab@t edoRbArCelit SnBLe Ryt a densi.ty of 100
cells per 100 nmm2 tissue cul tll:ll‘.e 1di gh, St_ol pr% nmot %Ht %ég&b#@g?rtg ?d?\ b
col oni es SEHYIRRLY signidicaet| angd is @t dikielz o wenteibulextp ahelegk-dependnt dedreayedi um unt i |
t he appearahesi &iistinct colonies. Colonies derived fromsingle PLA
cells wer e@(?%oicgioédhgléi ng sterile cloning rings, then harvested with 20
0.25% trypsin digestion. The dissociated cells were seeded into 24-well
pl at and .expanded. PLA.cl ones re indyced toward the chondrogenic
| i nezge %sorggrs@rdl% galngﬂtr\’/gecre:i‘ﬁ%‘“éﬁgwﬂ?%é’ PRCRECRIF SFEHESPEYIHD e nfirned
by Al ci agorutibi@ed i@iohi Rguidd)dhd ¥RQade! nurﬁ&lrlc@m/%mﬂmk%tﬁééhf%r%ﬁ%& 25
RESULTS: Human |ipoaspirates were processed to obtain the P cel
popul at | GRIONER Vit AP aeityity srexoasidenad & b efteogengsiitors aidchravrhes puvibuies
suppl emeptad, W TGh- ( ' | . ferri and _ascorbic acid to
i nduce chgnd?\(%%ﬁ?%%ef erbghp ?ggttéfdgﬁr.“cé&%ﬁ%?%gagﬁ@g thm\/%gs gybone marrow

{Owen, TA, et al., 1990 J. Cell Physiol. 143:420-430). While animal studies indicate a

I5  decrease in the number of osteoprogenitors in bone marrow with advancing age
(Bergman RJ, et al., 1996 J. Bone Miner. Res. 11:568-577; Huibregtse, BA, et al., 2000 J.
Orthop. Res. 18:18-24)), conflicting results have been reported for human samples.
Work by Glowacki and Rickard et al. indicate no age-related changes in bone marrow
osteoprogenitor cells (Rickard, DJ, et al., 1996 J. Bone Miner. Res. 11:312-324;

20 Glowacky, J. 1995 Calcif. Tiss. Int. 56(Suppl 1):850-51)). In support of these studies, we
find a small, but statistically insignificant, change in the number of CFU/AP" colonies
with age. This suggests that the observed age-dependent decrease in osteogenic potential
may not be due to a drop in the number of osteogenic precursors and/or stem cells within
the PLA.

25
The decrease in PLA osteogenesis may be due to the loss of osteogenic capacity. Several
factors may influence the osteogenic capacity of stem cells, including: 1.) cell-cell and
cell-matrix interactions; and 2.) growth factors and hormones. A recent study by Becerra
et al. demonstrates a significant decrease in the osteogenic response of older

30 Mesenchymal stem cells to demineralized bone matrix in rats (Becerra, J., et al., 1996 J.

Bone Miner. Res. 11:1703-1714), suggesting age-related alterations in MSC-matrix
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- 8 MAR 2006 assessed histologically at two, seven, and fourteen days using
standard histologic assays. In addition, inmunohistochem stry was
performed with antibodies to type Il collagen, chondroitin-4-sulfate, and
keratan sulfate. Finally, RT-PC.R analysis was perforned to confirmthe
expression of type I, type 11, and type X collagen as weti§ B3R 2008

cartil age-specific 5 proteoglycan and aggrecan. Al TG-f31l-treated

m cromass cultures forned three-di nmensional spheroids within 48 hours of

i nduct i orintehationst imesky afdctdads! uggestive of

cartil agi nous nodul e f}gr mat i é'cl)éﬁ iy‘ M\gt&% @Lgéogé%lglm?%to% 1S fvg besa

pr esence “Gielplphdo the degradatiemof the eextr@cmdiutar 1mam;4(Bdﬂlb§ aAR et andigeer@tigp sul fate

t hr oughoutisst e I r 0 nodul es. Finally, RI-PCR
anal ysi s conf i [ rﬁ%%(ﬁ}ta%gj e?&? enélg?o oﬁw(r)(fnnlzegi flfrf"élﬁ ing P14 gslis rﬂ%b’p‘éiange wighl | agen,

aggr ecan NGPRingaRaci Iaﬁg@% pelt-idll anqbroetle@@dw)énalar ik GiRblaStidiRr MuCRoNgr 0geni ¢
cells and multi-lineage stemcells can

Nodul ¢
be :Jnducqe.“g1 (E)\(;jvglt(ré(?fgefl ite gg‘%’f?BHﬂP&g%fyngﬁAlqu%&@éavﬁé |ﬁif?gf differegHatitenti notire cr omass

cul ture tiecdzni(gyadipogddigweadrhy dé‘q ndr actors
( Ahr ens, ?[Etmet gaI P gélé(? Dev. Bi 6 h@&hﬁﬁh% ei%glc p&%'q’%g mal;LA 1995

Di f fer onf Bhbeduerty_gender @ﬂh@qr@rﬁem tBls setdyadfere; feh DB 115 prellGRIchm@tedRes -

238: 265- udi es uman Processed Li poaspirate
( PLA) c%ﬁ?ggm%ﬁ??sr&e ﬁurll%\ée&gﬁﬁpgm&el@ﬁ{heq?/gsrﬂfg%}mgﬁgsCOEBlﬁg ii? # gpgeaadn i nduced

with choﬁi@ﬁ%@jmncmame(dl’iatfm,AMrlQm i Behel e@BKI QAN 19ROWUD| FraGt dLshet a |
(TG 631) Caldd; g H Z[gq ééan ferrin condensed i nto three-'di nensi onal
spher0| ds“as ea I%’ £ %@M&t&_@@&% WY Kety, 1588-1627, Newi me

period, Whe: Bb,qua@(ﬁulse@ewe&wds%moeretzoﬂcétbeooﬂ@@ﬁ’oa%)‘gg aﬁoégg round 25

structures measuring approxi mat el nm’in di anete i reqfug?%ed in
100% of 2 GYRHNUSED Syitda Pk @staptlasthuke pandipal rsesrce Sifaiticts phiae diotls rfmiowed i n

untreat eg f I Lonal | y. and may b an effect of

the cul t o Conarrrond b lng B BEe R Rl 0 ik onsare bundefgadiem,

TGF- f 31- talleamnd dicorcasentin eatedtiny- Astpao laRrcas Wet Mikes -to aPlaé’s pPdihes.pecane

| ar g&r in size wth, time and small er .adj acent nodul es could 30 be
[

ture .
vi sual i ZEEFO8HYE PO qg#%‘eﬁ’ﬁ‘e&%ﬁté‘} &%@d@ﬁwl?% IB812009@92T; \rkeore. cases,
adj acent MAPleAanomizesiosiR, %9?517871?94&6‘ Llﬁé 96e mafbl U ARIHRIBLLS Wi th
increased culture tinme and 8
osteogenic capacity by PLA cells in older female donors may simply refiect the changes
that are associated with estrogen loss. A possibility is that the decrease in PLA osteogenic
potential may be due to relatively small changes in all three factors discussed above,

20 reflecting a general phenomenon observed in aging women.

A reduction in osteoblast number and bone-forming activity, coupled to an increase in
marrow cavity adipogenesis, contributes to type II or age-related, osteoporosis (Parfitt,
AM 1990 in Bone, ed BK Hall, Vol. I, 351-431, New Jersey: Caldwell; Hahn, TJ 1993 in
25  Textbook of Rheumatology, ed WN Kelly, 1593-1627, New York: Saunders). While

current research is focusing on the role of bone marrow-derived Mesenchymal stem cells
in osteoporosis, the age-related loss of osteogenic capacity by adipose-derived PLA celis
may provide researchers with an alternate model system for the study of this disease.
Furthermore, PLA cells may represent another viable cell-based therapeutic paradigm for

30 the treatment of osteoporosis and other metabolic bone disorders.
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[ e
is consistent with the proposed cellular interactions and recruitnment that

are essential to chondrogenesis (Ahrens, PB, et at., 1977 Dev. Biol.

60:69-82). In order to assess the effect of cell nunber on PLA nodul e
formation, differential plating 5 studies were perfornmed. No evidence of
spheroid formation was seen in cultures plated at a densjt P&f | ess than

5X106 cells/m . PLA cells plated at increasing densities (&y R difve 1 x

10" cell S”/@hm) underwent nodul e formation nore rapidly and, in sone cases,

were nor Bhd ikelf gtemocdlRder gRus js tion in the absence of TGF-J31.

The addi tjon, of. | dexanet hason_eagggﬁéghg é[rg%{gzgtﬁ(?né Wg?ﬁﬁfﬁméwtﬂaimﬂwmaie:-pl,
has been Shown ‘F'b Y R5Y: grgwitokingticsfaod ditferamiatn pabHRN. Eﬁ"fhtd; ﬁ%ggﬁzﬁ

aggr egat s :drdgh@ﬁb@ﬁ'@ecte%.bytggagg oPthd 998 . Cell Res. 2 g =212) .

Consi stegrt] Wit h tﬂ%s, tﬂebsl dition of HE ehifadipeor bane medv-dedhagger
spher oi d$"sAAEHYRBhpanadlls baveadpdrad dierBRs W URCTEE- Q1 Stimul atign. Cul tures
treated W Hnﬁ’&?ﬁ%ﬂ?& hosotn? alhone di d not fomcn%'uq%ésﬁopg@g%g?ﬂ@gt hat
TGF- (31 jé s crucia oP RO M TEPRER tP daneryagplimbetbl aninal Rid Alinyn n@elgVi dence
of nodul é.4nederpt PoM.,waal.oDBArNBE | RyeroBsSS and nonol ayer HFF cul tures
treated gjﬁth Ego drogenic medi um U@%%??'?yrf%gmﬁ%"% ecﬁtf"fci % bBoger
chondr ogefil'd” E6hdi'th/HAd 71 fillersmani Rl @ont.al 99640 Boxé hMagg! kil an.dats,i x Rich

I n Sul f atagt A oteqq! S o TANN _ ices contain very high
quantities of pol ygnli}gggpbcglng%h% ‘ @?%ggsﬁﬁ%gﬁy%rﬁé al.GXE8)Clisieh as
chondr oi tGHch): 943d9-655uDflapaiot,atd @re, Ghoy acBehd R8fler Mkt 243.1 Al || gy to
st ai mpoE&;d’ Iy \QLtlh lékgi %bl uie at_low pH (R Lev and S pi cer 7964 J.
1-1i st ochery %t ach&m J. pntol. i. Bigje Peit Med oFrfci p4rBSh&2cHuibirde®@] BOUS

nature oh.theabl2000gdWieRp. Mest 959924) anjlyRig YRS, Rerformed on
whol e- mount  PLA nodul es, plated on gg%haan%eﬁévsel :é\%é%‘%?ergﬁ fourrak Pila

sect i onsPOPLRIPRS Py tdeteamining perfulabloa dowbting, e finvchittios 1A08RY GvdIRgi um
resul ted.q : . tion within 24 hours (Fig. 12, Pane A) .
Condensfhr?'é&gﬁ%lnb:]g%; F}én g@ﬁ?‘%f%@ag e%{)eft\(l)}’\l‘)\/df”é‘?fé’lge'of Al ci an Bl ue staining,
suggesting the initial formation of a sulfated extracellular matrix. PLA
cond]%nsmfol | owed by ridge formation and increased staining by

Al ci an —t+fre-cating an increase in matrix 30 secretion (Panel B).

I ntense Al cian Blue staining and spheroid formati on was observed 86 .8 MAR
2005 after 48 hours post-induction (Panel C). In contrast, untreated PLA
cel I' s i nThsi ©Hewas sdesesiption meeyides cdipose-dednived ary & WRish QhFdAQSihtki oA Ci an

oL ue. St ABAEATIIGL ) meli BRI Uoldiff sl Poudt G moUNt PLA sanples, “paraffin

20
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.
5 prepared in order to assess the three-di nmensional architecture of the
nodul e. The norphol ogy of the paraffin-enbedded sections, as anal yzed by
hemat oxyl in and eosin staining, showed a flat, peripheral |ayer of
fibroblast-like cells that resenbled perichondral cells, surrounding an

i nner core of rounder cells at two days post-induction (Fig. 13, Panel A).
After fourteen days of treatnent, nodul es becane nore hy‘pcﬁcgﬂNRuQﬂﬂﬁ 10 with
i ncreasi ng deposits of extracellular matrix into the core (Panel B).

Col dner ' sMATERIN SveNBIMEDHO®HS: Whi ch i ndi cates the presence of coll agenous
matrix (green color), confirnmed the H&E pattern (Panels C and D). Faint
background | evels of collagenous nmatrix were observed in the nodul e

secti ons Réagkw®aglpxgrkfdanel C), conpared with higher |evels of collagen
seen in the nodule core at fourteen days post-induction (Panel D). 15

Al cian blue staining of the paraffin sections was simlar to the

whol esmoupty: Rt egggta%i ns confirmng the formation of cartilagi nous matrix
rich in sulfated prot e8yInycaFimy alapminyg(BSday sNiatdialeiomidé Pavel) )6

| ncr easedirst@iapioitg  heitleNphdnylndhif] tral .core,region was obServed at
fourteen d@lys pogt-i nduc?iég)'rﬁ (Pa}lrllgﬁfia:?? ﬁaﬂé%ti?%gg% ider saemidser et i on
of sul f &P TFBPE %H@!@yﬂélmd@sedtmn@@ma(lsmdmﬁsemywwnaﬁoﬁmgg?&ﬁé@ttgﬁ
pat hway. tga 1$4 ] i i.c aining results confirmthe
formati on}lpgf c%ﬁ(%@l ]?llzieE lﬂi%r){lé@‘ﬂf“é%:S“ﬁIa@sm Keraen wilfate GlonexdtDael | ul ar
mat ri x riFe puichsstd agei€NBidmsdibdlanembrR 00! ycans. PLA Nodul es Ex Press
Cartijhage- Specific Proteins: 25 | nmmunohistochenical analysis was used to
detect the presence of type Il collagen, an extracellular matrix conmponent
hi ghl y speobigiatd ®begdhd:i | agi nous tissue, and chondroitin- 4-sulfate and
keratan sulfate, two of the main nononeric conponents of cartilage

prot eogl ycans. After two days induction, areas of strong inmunoreactivity

to chongi et 454l f.at: keratan sul f at re seen along the outer

per i pherg:/t glfi b tlﬁgélézgwé6%%%6%&@&5#3%{%90%%6?& ﬁ?%i\@y eV sosmesicsupgsey ti ve of

our Al ci paticBisusngingi ini age rfeel 20855 (Edrg. add préd@ieh S oRad @g @oﬁ%s@%ﬂ ficant
ul'fate

incr%ase”i n chaﬁnﬂ; oi tia-4-su|_fate and keratan 87 8 MAR 200
expr essi OPWR RS [ Heel sapw atiang, All pepsedisesswiere wpprovéikbyctha FBemanfSubjsot weeks

(Panel s plBteansh Romhhtes OMigpast it I |l [ nQreactivity
was not evident int he @Lﬁoﬁ%‘?g?@t&@aw@% %‘Iggﬁeﬁs%ﬁg'oh?gﬁ‘e %ol | agen
type 11 d30arisudsonergpprogesect dtsedagn thenemthquo déschibellict iExampWi th sefhong
expr essi gn.APREAN:] Ah.day fourteen (Panel. F ole 5 m!))unt’ culftures of
ef : > . : )
Te 3. PelaPRAR b RlieC R ST B TIE gn hismba tuBredeligp &5
and then incubated with 0.075% collagenase (Sigma, St. Louis, MO) at 37°C for thirty

20 minutes with gentle agitation. The collagenase was neutralized by adding an equal
volume of Dulbecco’s Modified Eagle Medium (DMEM, Cellgro, Herndon, VA), and
FBS, and the celiular suspension was centrifuged at 260g for five minutes. The resultant
cell pellet was resuspended in 1% erythrocyte lysis buffer (0.16 M NH4C}) to lyse the
contaminating reb blood cells. The cell suspension was centrifuged at 260g for five
25  minutes to isolate the PLA fraction. The PLA pellet was resuspended in control medium
(DMEM, 10% FBS, and 1% antibiotics-antimycotics) and maintained al subconfluent
concentrations at 37°C with 5% CO,. Human foreskin fibroblasts (HFFs) were similarly

harvested through enzymatic digestion with collagenase and maintained at subconfluent
levels in control medium.

30
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col l agen reactivity while untreated m cromass PLA cul tures showed no
staining . In addition, no staining was observed in paraffin sections
incubated in nornal horse serum instead of primary nonoclonal antibodies,
supporting the specificity of the type Il collagen, chondr h B ﬂgﬁulfate,
and keratan sulfate anti bodi es. Taken together, the 10 i mruio A t em cal
results support the histological staining data and suggest the presence of
a cartilaginous matrix in PLA nodules. Chondro epic Differentiation O

Si ngl e- CalHonfepéniediffremakioffopul ati ons: 15 The apparent chondrogenic
differentiation by PLA cells may result fromcontam nation of the

| i poaspirate by pre-chondrogenic cells rather fromthe presence of a

mul ti pot ref o) r to
differ en?f%‘tr?dggugséﬁptapﬁg‘?etﬁ{e?aﬁagspg 3? PE P]T“A% (%éilcs) Vg(?gc#@ ng :’:l!#%lﬁl‘ med t he
mul ti i néesyepspdecerie i eantrof naddfugh eatcel donckmtiated BLEY célbsirels . CIRinArc@emnal

popul at i nesoder m

denongtrgpgﬁ&hﬁﬂonge?ﬁg§g %h%n &r'oS eHShd W&ﬁ%ﬁ"%O%ﬁF?BFEHPB?E&%H%FH
addi ti on with wstegngtficationafithradi PBgenl.c1U7iDear Biili 6t6%080; DRinkers AeNabs
popul at i i nduced d t.he qst eni c pogeni ¢ |ineages

exhi bi tegpﬁfrggréqt@“ ?gtgg@ %’bi‘?‘?reﬂ??éf‘lﬂso(& fggﬁiﬁipﬂg}l@ {UaPgasIoN ngere
phosphat aeedfi th¥ ickiteOs Q610 RRR Bif ;240041 fRRM: QUALE PRI ﬁhl&%ﬁﬂb&%ﬁ&em s)
(unpublished data). Like the heterogeneous PLA cultures, PLA clonal

popul at i dhs call wemmi@%\ﬂelntanzmcwrmmbﬁd“’@ at ot COon foui tvm hotfroitd yHevghtl hours
of |n uc n e nedi um iti PLA odu es ,secreted
? Elh]? c,e CTII'lg ?él%% We gﬁnttl)g/ ovel:JLTd Cgﬂﬁ ohr{ae Wp g?ﬂcc ug%ll #ied o

an ex racel I X r|c
pr ot eogl yman@ht Fl?lhs rﬂedﬁﬂhlxsasRep]aceal @dﬂﬁhﬂﬂgelﬁib endd@ine TOMVEHM Afitie 1 vExB©nded
Cul ture: |ture time and passage nunber can affect the

di ffer ents?%t[‘?‘wt‘?flaﬁ%l lt%n%ffn] rW\FyBE:éRI&D Sygesas, NMgingappkis sMNe 6€5f pg/i! of

assagin Is wer e
Bassagedgﬁﬁpﬁggﬁr% jer épgﬁﬂgﬁgQgéﬁgghp&héﬁyrhﬁiéﬁh?ﬁ&gééﬁTygg%uIi%?e days)
and cul devseth ciinsheroghiighmetitng iy dagrii tah@Nseréddiet, NS GEGhICHRABIOGaASsi S. PLA

ceIIs retained 5 their chaondr ogeni ¢ differentiation potential throughout
thi s 'éxt eheebate dPiemee viearde toalbe chondiagraisdmpgivmhaiurapPLAtngllets vase m

three. di RROSUANA! 4aSPRES QbR Ald RurkAEL i) thddliof REOALOAEN G drd UM
Finally, both early and Tate passage PLA no es secre extracel | ul ar
mat ri x ridshtifyropibinghfyltuseitdnditiods ferdbeingdhstvand chandengeolieniciateisiativhePIposi ti ve
cells were also induced with dexamethasone (Sigma) alone at a concentration of 0.1 uM
and in combination with TGF-B1. HFF cells were cultured as above under micromass
20 and monolayer conditions as a negative control. PLA cells, incubated as monolayer

cultures, did not form three-dimensional nodules and were unavailable for paraffin

embedding and histologic and immunohistologic analysis.

Differential Cell Density Plating:

25
In order to assess the relationship of chondrogenic induction to PLA cell, micromass
cultures were plated in chondrogenic medium at cell concentrations of 1 x 10°, 1 x 10°,
2.5 x 10% 5 x 10° 1 x 107, 2 x 107, and 5 x 107 cells per milliliter (cells/ml). The
micromass cultures were then subjected to chondrogenic culture conditions and the onset

30  of nodule formation noted.
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staining with Alcian blue (Figure 22). Cellular nodules fromall culture
passages (i.e. PL 1 O to P 15) had a very simlar appearance: a flat,

peri pheral |ayer of fibroblast-like cells resenbling the perichondrium
surroundi ng an inner core of rounder cells. RT-PCR Analysis Confirns The
Expression O Cartilage-Specific Collagens: 15 RT-PCR anel§${4R ofiagPLA

nodul es was perforned using priners specific to the genes for human type |
col l agen, type Il collagen, and type X collagen, as well as aggrecan and
ost eocal ciitian UM ®aihgg: HFF and human PLA cells cul tured under m cronass
conditions were analyzed as negative controls. RT-PCR anal ysis of PLA
nodul es confirmed the expression of type Il collagenal (CNIl) at day 7

and day 14 @by id el fhel Plesert® MPHEAYE' I ' £S5 On was
observed bet vveren 7ear_1d 1_4%%?/5 indug@?’%r?].ﬂfggcgtpﬁgtggqli/%g%ﬁagﬁ%%ﬂ%f&m I
(11 A and catiginouy peatrige, duded MLAs halets) woverserisdasingetiician blieodthcidiapH poi nt s.

In coRtr t n ourt ee aodul e ._expressi on was not
obser\@/edq?%lv’é{) a%ggﬁic\éﬁé%%{gs@%@% |?ﬁﬁ)ﬁ e’%u’??%ﬂ%‘ﬁo aé%ﬁ@m%‘r’efaat a. As
expect ed,fix@Nwith 4aparatornabiehydecid PBS FrHiftdes mOMmMSS oMW BSa fivkavigver . smal |
anount s of gl\l.ll. mﬁre ﬁ(present in the untreated PLA cells.

Chondr og&Miueaiinsip &r el i it drerense theuH toeh The srlitweeeresipined avemighgwithdul es
for the express Be 86X BEM2506 | AOATEAH I NTLRLAILOGL %ad tRfce VRSO ECaN.
Aggrecan has been shown to be specific to cartilage and accunulates at the
30 onset NoHGvererepisnpnerfsHEsitaning gad dlien sadriest Faf paraff@g@ctionsCedilulai ol .

102: 3351+ j r. t t nd 7 days
nduct onang ver MR ER hRRY R3S B BRI B e BB B R et
expr essi dnumdhespelolek i veere @ntbeddridein Rrdffinoddl @8 , in@Siviomicexpétes séctibngvas not ed
in contrgl PLA cells in HEF cultures. Further characterization of PLA
nodul es %ﬁ‘?fﬂbﬁcﬁ?%ﬁp@y‘&é’é’g‘é@%?"ﬁﬁ RrRered, iy desertesd "6‘?‘ St%'ffidh‘élﬂé Slandax@i ns of
type | andciby pRieXi@fingageh 1Galdragen depRide @XRpARS @RSk Wik Pe
Li p-regul ated in osseous tissues and is down-regul ated during chondrogenic
di f f er enProagqebisaguihiathe tree-dimengional stoggurg of thejnodpley | Digityg imagsdverg 56
Shukygam,eqred vRih a Zhiss AL i : Murkith, %H;!. ' ith
this, CN ?quexpr ess: on was %%E@\F/}re”(ﬁgg%dﬁ e?_@ ggyZ% ggr;’e%itu é%])l’P(E nggﬁnggé %’m y.
Simlar soft@Nell, lowlevels of CN |1 were observed in 10 untreated PLA
cells, suggesting that undifferentiated PLA cells are associated with a
col l agenous matrix that is dramatically renodeled as differentiation

pr oceeds Hi&tNoXy And Immunohistochemistry:

20 Histologic evaluation of PLA paraffin sections was performed using standard
hematoxylin & eosin (H&E) to determine cellular morphology and Goldner’s trichrome
stain to detect the presence of collagen in the extracellular matrix. For
immunohistochemistry, paraffin sections were first deparaffinized in xylene and then
hydrated in decreasing ethanol solutions (100% to 70%). To facilitate antibody access to

25 epitopes, sections were predigested for one hour at 37°C in 0.5 ml chondroitinase ABC
(Sigma) in 50 mM Tris (Gibco BRL), pH 8.0, 30 mM sodium acetate containing 0.5
mg/ml BSA, 10 mM NEM. The sections were incubated in 3% H;0; for fifieen minutes
to quench endogenous peroxidase activity, followed by incubation in 10% horse serum to
block nonspecific binding. The sections were subsequently incubated for one hour at

30 37°C with primary antibodies to the following: human type II collagen, chondroitin-4-

sulfate, and keratan sulfate at dilutions of 1:10, 1:50, and 1:250, respectively. Incubation
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expressi on was not observed in PLA nodules at two and seven days

post -i nduction but appeared at the 14-day tinme point. No CN X was observed
inuntreated PLA cells or in HFF controls. Collagen type X is specific to
hypertrophi ¢ chondrocytes and may signal 15 the progression tB] ﬁ%ﬁhondr al
ossification and bone formation (Linsenmayer, TF, et al., r§9 8 ol .

| mmunopat hol. Res. 7:14). To confirmthe absence of ossification and bone
formation within the PLA nodul es, RT- PCR anal ysis was perforned using

primers tip MEhaoRC idtumain IRSSRBRIAGE SRTRAE W &SHIBmA P8RvOapnect .
Ti ssue Res. 21:51-57). As expected, osteocal cin expression was absent in

al | treat"SERIERd CQIHtN e Hcael vy Avaangtested Telkberthe oestdsiain ABE &itpf\ésssiron of
cartil agg-,,sReGHE I cans col | agen, together with
t he decr eélse efﬁréieg@ig‘%ﬁﬁb?m?é}g%ﬁ?é%gﬁ %é%lﬁgcgﬂ%%ports t he chondrogenic
differentiation by PLA cells. 25 DI SCUSSI ON The repair of cartil agi nous

def ec%s I I Qstaessi ni t[| t clinical challenge. Damaged articular

carti ageﬁr&%—\%ﬁg‘gﬁgﬁmi al for repair and | arge defects do not heal
spont aneousl y. When the damage extends into the subchondral bone, the
repair proc«?ss is 30 sporadic and the original articular cartilage is

repl aced WA NP o¥asr Splplg dromamiesisd Pl-Aseslls, Phyhyinodulss, eandtliliies: uBefilys

i nferior Ko the idYAld enBths MiRGh fabdy! { 90 - 8
MAR 2006 Con\_/entli onal trggtgt ment rf%dgtlhig{ii(ggﬁﬁsy’gl%%%ﬁ'agge g?fqe{év%ggsl%ﬁcl ude
mar row stfpmolige dbmrimed oy Ay gpsthgsés geing YBIhYRIT ghzyard (Rromega).alghijdemt

t hrapl asty (1 H Bei , 990..J.. Foot Surqg. 29:595-601:
& 1 bl Aty ol B Fer g Pog aBlgarion B St i SRERFL: 1007
O t hopedihomar Qyped 083N oY dHains@N 1), mPnLYBSITLolIBRAR: 1 It (CBUITY hufvdh 5

80:1795-1812). Mre recently, newer strategi es have been devel oped, such as
the use &¥P¢ Ystodararondichain (G& Xehpmeanalarceaaegragatingoproteaklysdn oyregtecsn

( Bouwnee 19 I . . 313- : rra - Bencano,
b et ol e gubtuih ofbogichORIC) The petlel BIR st wil e R IREHeT " 65
J. Bone J@neBarBuseguenBrs. (Tdde 2pARIOA3pllbleam nga, G\, et al., 1990 J. Bone
Joi ntSSurg. Br. 72:1003-1007). Unfortunately, these options do not result

in 10 conpl ete regeneration of the original hyaline architecture. Mre

i mport antjlhyle 4t he joint is not capable of normal weight-bearing and

physi cal activity over prolonged periods of time. Cell-based tissue

engi neering strategies represent a promsing alternative to conventi onal

Gene | accession # Primer #1 Primer #2 Expected
Product
Size
CNT | NM 000088 | 5'-CAT CTC CCC 3-CTG TGG AGG AGG
TTCGTT TTT GA- | GTT TCA GA-3’ 598 bp
3
CN I | Published 5’-CTG CTC GTC 5-AAG GGT CCC AGG
(148) GCC GCT GTC TTC TCC ATC-3’ IA™: 432 bp
CTT-3’ I1IB": 225 bp
NX | NM_000493 | 5°-TGG AGT GGG | 5’-GTC CTC CAA CTC
AAA AAG AGG CAG GAT CA-3° 601 bp
TG-3’
AG X17406 5’-GCA GAG ACG | 5°-GGT AAT TGC AGG
CAT CTA GAA GAA CAT CAT T-3’ 504 bp
ATT G-3°
ocC X04143 5’-GCT CTA GAA 5’-GCG ATA TCC TAG
TGG CCCTCA ACC GGG CCG TAG-3” 310 bp
CACTC-3’

*Collagen type I]A splice - prechondrocytes and mesenchymal chondrocytic precursors;
20 type lIB - mature chondrocytes (148).
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15 techniques. First-generation tissue engineering strategies are currently
enpl oyed clinically using autol ogous chondrocyte inplantation (Brittberg,
M, et al., 1994 New Engl. J. Med. 331:889-95; Chen, FS, et al., 1997 Am
J. Othop. 26:396-406; Glbert JE 1998 Am J. Knee Surg. 11:42-46;

Ri chardson JB, et al., 1999 J. Bone Joint Surg. Br. 81:1068-HAR3NI6
However, |imted availability of donor sites for chondrocyte harvest, the
20 requirenment for lengthy in vitro culture expansion, and donor site
norbidity limt the practicality of this technique. It is inportant to
identify other sources of chondrocytic precursors. Several cell types have
been showni{p p'dﬁéj%r%)pé I} c\éllﬁé] @@QJ{ Boi}4 ¥1§a§$9¥$50@19%ﬂ$§ 'cénﬁrm%g) a' nCl udi ng
rat cal varial clonal "cell prr oni c
CBHIOTl/Zﬂéékvscmﬁhﬁepgﬁmﬂgieunﬁdepmveﬁ qmdoboﬁeknh&ﬁommdmaiwadmﬂmgcursors

from se i rabbi ses g Denker,
AE, et a;{&ﬁ&l{gg@g Qgh?gdgﬁgrﬁl s a‘{nﬁgﬁé’ﬁs‘%g ‘%‘%ﬁrﬁ rg—"dlﬁr Bigsciehoss Tag- 41 mo”g}ggs Am J.
Vet . Res MEDwtiB2sed 187 pachCismgﬂrpmd ITEEmpEitesadvere ah Qi Dithf 85 @f&lésaéddoﬂﬂe
60:299'3%§$_ h&grladlsél 1988 J. Cell. Biol. 30 106:2139-2151;

| wasaki , YEE 45 yﬁgr’r‘ém\g&f”r’r‘fen@?ﬁ% agakpse eplelepAropharasis. Johnst one, et

al ., 1998 Exp. CeII Res. 238:265-272; Nakahara, et al., 1990 Bone
11:181-188; 91 a 8 NAR 2006 Shukunanl et al., 1996 J. Cell. Biol.

133: 457- kdiggt OfRagea 2= V2 ULENGY sntiz}Qfd snti al reservoir of

ost eochondr ogeni ¢ precursors fromother tissue types that have yet to be
studi ed. The interconversion ability of various nesodernal cell types has
beenl0r eﬁorebiemjiriertheraﬁﬁt;ct sf nmdltime ceﬂigﬁssia’gin(ga}lnl thie clhmtii‘bgamt poeniial MuREh POCyt es
and adi pacytes, 5 is | at ed, from b w exhibit th otential to

i 1 or end LAt & PSP BING CHUIRRAEE Papqed. fitcgy imes guh gel Bapjonsggken at

99( Pt 1) : 181+ids39thildasidd, fifiberdh passh@89 TBONRI2AadibAs FRA pldcBd afddhktd?rmass
osteoblasts transdifferentiate into chondrocytes and nuscle cells are

capable 6?“”@bﬁﬁ¥ﬁhﬁwﬁ0?@“6%@°6§ﬂﬂﬂlQﬁbdeﬁﬁﬁgécéﬁﬁﬁ@E@ﬂmlé@s aysessed 992 Eur .
- Cell Bl QliciarHiud §3inafyl: MNathanson, MA 1985 din. Orthop. 200:142-158;

Sanpath et at., 1984 Proc. Natl. Acad. 10 Sci. USA 81:3419-3423). The

presence of nesenchynal stem cel |l s capabl e of osteochondrogenic

di f f &5 enPLAtClomlilsvlatiobuman bone marrow has been wel | - docunent ed ( Mackay, et

al ., 1998 Tissue Eng. 4:414- 428; Pittinger, et al., 1999 Science

284:143-147;. Yoo, ., 1998 J. B J 15 Am 45- 1757
Sone of %ﬁéh'éd%ﬂ?‘ggég Gfls a\@r%@arrééﬂ%hayﬁasﬂwéﬁ%@llwerA@@r,rai?tlssue .

culture dish, to promote the formation of colonies from single cells. Cultures were

h"

expanded in control medium until the appearance of distinct colonies. Colonies derived
from single PLA cells were isolated using sterile cloning rings, then harvested with
20 0.25% trypsin digestion. The dissociated cells were seeded into 24-well plates and
expanded. PLA clones were induced toward the chondrogenic lineage as described above
and chondrogenic differentiation was confirmed by Alcian blue staining and type II

collagen immunohistochemistry.

25 RESULTS:

Human lipoaspirates were processed to obtain the PLA cell population. The PLA was
placed into high-density micromass cultures supplemented with TGF-B1, insulin,

transferrin, and ascorbic acid to induce chondrogenic differentiation. Chondrogenesis was
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their ability to proliferate rapidly in culture, their ability to
differentiate into chondrogenic cells even after nultiple passages, their
regenerative capacity, and a broad range of resultant chondrogenic cell
types (i.e. prechondroctyes, mature chondrocytes, and hypertrophic
chondrocytes). Researchers have anticipated that the diffeBeMAR 22088 20
chondrogenic tissue derived fromstemcells will nore closely resenbl e that
seen in devel oping enbryonic |inb buds. Mreover, chondrocytes proliferate
poorly i mseutddutigologiiity &itivb] Savbii, dn@ foMiceh Ahd ustRSeslRdiaf i i when
expanded i n HD.I’]O| ayer cultures (von der Mari_, et’ aEP’. , 1%%1% ctagéa s
267: 531- 83Alditippempapnalistogheristy oves rerormedMith antibpdiec® ghbe Thaohwest,ed
chondr ocyhesdrbifint4-S34€, @RYIKRREMH NYRY:iRA L figaghous al ternative in
the 25 future for treatment of car ?ilyiiabe %2‘%@2{0@{. E{?rws(l)sr Fiﬁﬁgfg?‘%e%ttﬂe
limted &9BiMapieIsxpiesEen dotpe I, tyietlbsndmpetheoltigac antell s antlagaigeci@essoci at ed
Wi th Ron oy gggnt remain a concern. The presence of a
mul ti pot gjrrl(%@ &cg@ﬁ@%%rﬁu ation within adi pose tissue, capable of 30
differentiation into several nmesenchymal tissues may be an inportant
findi ng. Lpose tissue is available in |arge quantities and relatively
easy to (%AEEQE% ]I\ﬂ?aé?ftgl*?mm?ﬁo%‘{h@quofﬁf@@ thregpime006 ab splsecids edthiad® i ni mal
donor  si tguRyhickiyn A %éd it . ¢ ayse of these ractical
advant ages as a cel | sourSce,. %E%ﬁ%ﬁ‘?@ (%I%I%I% Eﬁ% ﬁ”@g?sgw?’l? C&%‘I}?g@}o”?i ke bone
mar row aAdelpdpintiveuimaendhigechemiserychupfietheds tienpeadnks of igRs BS@Mageh, cel |
populati .10t he abi |t ou rgo chondrogenic differentiation. 5 W
have @on? ?(Fnr‘rié\%a ﬁesu;ﬁﬁtghﬁ?%d%mttaél 5@?33%3?1‘8}‘%_ t ﬁlﬂﬂ erricRiulge mtrbam! phecessed
| i poaspi nadwes Pink)ly CRTIPER ihaliais Bhfirrc@l the ekprefidord@RRhdeYs gziﬁl’: VRSP
cul tures tlreated wth TG-J31 resulted in the formation 8
t hr ee- di FERSFGAgEeca pafl cartilagraspeaiéic ratepelisant i | agi nous characteristics. The
chondrogenic nature of the differentiated cells was 10 supported by several
findings: 1) whole-nmount PLA nodul es and histol ogic sections stained
posi ti vePiAiall Farm Chandibganjc MYdUHSE nor phol ogy reveal i ng a peri chondral
bordee of cells surrounding a hypocellular chondrogenic core, 3) a
col l agen-rich extracellular matrix as shown by Goldner's trichrome
st ai ni ngPreddartéxgr mesinciyned céljspend thultdineag@edtem cSMOBANR hiRedtswidate, and
keratan sul fdat e 23S confi r.med g,y i mynohj stochem stry, and 5) 15 expression
of col | afSIEEpRIc) lincage ysing agRizh-grasity Jyieramass jouiture Aigehnaqugn fallovelioln by RT-
induction with pro-chondrogenic factors (Ahrens, PB, et al., 1977 Dev. Biol. 60:69-82;
Denker, AE, et al., 1995 Differentiation 59:25-34; Johnstone, B, et al., 1998 Exp. Cell
20 Res. 238:265-272). Consistent with these studies, human Processed Lipoaspirate (PLA)
cells, cultured under high-density micromass conditions and induced with chondrogenic
medium, containing transforming growth factor-beta 1 (TGF-B1), insulin, and transferrin,
condensed into three-dimensional spheroids as early as twenty-four hours post-induction.
At this time period, the PLA nodules were visible to the naked eye as white, round
25 structures measuring approximately 1-2 mm in diameter. Nodules formed in 100% of
over 500 treated micromass cultures. Small spheroids formed in untreated micromass
cuitures occasionally (10%) and may be an effect of the culture conditions themselves.
No PLA nodules were observed in TGF-fB1-treated or untreated PLLA monolayer cultures.
PLA nodules became larger in size with culture time and smaller adjacent nodules could
30 be visualized under a microscope after seven days in culture. In some cases, adjacent

PLA nodules coalesced into a larger, cellular aggregates with increased culture time and
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PCR. One of the earliest features of cartil age devel opnent in vivo is the
formation of cellular condensations that represent skeletal prinordia.
Cartilage initially differentiates in the 20 center of these condensations
and is followed by a period in which the cells secrete a&d aerg @g”ounded
by a characteristic extracellular matrix. Simlar to tht $MAR4D
chondrogenic differentiation in vitro is characterized by the formation of
multi-layered cellular aggregates, called spheroids or nodules. Prinmary
nodul e f o5 nwsisoamt wsthftae baipestd Q)b §9QadRRTBAd RRruikRE ﬁﬁ?h&%s?&qhﬁ’ﬂ of

matri x ang Cﬂe recr trren}t% of adj acent cells, 25 resulting in the expansion
of the orTgiNEEIRERHMEeARBes S 77;9‘% Biph 69:G382). Bi ol . 60 69- 82: Denker,
et al., 1995 .Differentiation 59:25-34; Stott, et al., 1999 J. Cel |
Physi ol . 180: 314-324; Tacchetti, et al., 1992 Exp. Cell Res. 200: 26-33;
Tavel | a, Teprdsr to as§@94h®@f‘f¢ct ol nuRdst 02 PEA3BdulBGaymatiGa, diiffeieaid] phitihg t hese

st udi es, nsin within twenty-four hours |nduct|on
with SI'GF Sﬁgi%s g%lrrl% g?rﬁ?%g@cﬁhongc?%lﬁe n?%?hﬁlé)bcr t?ﬁl?’éth‘ﬂ‘ ‘@% et ettt platrgkatned

t hree-di mgwt}mﬂlesphmrﬁ(dﬁ chls/fb Ry edIghllatbdat ifcrBBfle dddHed {i@Nabovd Ne
appear ange, qg Br ngd ace %%}g %HI es in addition to the original

cartil age nhodul % WaHeR Gpre,ranidly anfs iy sanevesses.twerat ed f or
ext ended npet iiRels tb mnﬁél@@@ﬁl%&ﬁliﬁnﬁﬁ%qmthe 3bd ESb¢ P@r ﬁ]emé%ag wﬁ ?
further chondr ogeni ¢ i nduction through possi b e parac h % act or

signalin eweﬁhﬂémﬁatpmhpmgomm inkdiginnoamainiag TIGF-B PlhAs Béﬁﬁuslhewh% M@ali®n was
evi dept hOTRsSS ul.tures cell density higher than 5 x
106 001 | gr%#rm%m?éﬁsﬁr%%ﬁ?‘ LEREY Br‘%?éé)%a&&z?@ﬂﬂa?f‘e? Fealori988 Egp1 Gl Resgh cel |
density eenpésemmnt Chmisiert haBARGGARERIAIERF AL Meiholt resulf 38 8L D ffef
Dev. 28:179-187; Tsonis and Goetinck 1990 Exp. Cel 2 53

Cartil agépheé‘”%h’b?q @@HP%W @ mﬁdséiearf@rmﬂ with T@ﬁdﬁ ﬂlnhﬂmt[osx @ntlures ataed| ycans
that give; hgeexar%g gsloggu Og EOSI I e SlLen th and internal swelling
pressure. g5 ngnof’e Py ERMotoce st T4 gﬁé‘ng dhat GG s expsel 1q |

Al t houghn@dulesfomhduaggnpm o0t Fﬁ@nﬁInBlecldteﬂceQ%baﬁlé%ﬁaﬂoﬁ @b&g}vkéd in
characteristic of this tissue, as colla(?en type IS pro uced by a limted
nunber  ofIHRasS AR aengaET HE E#ltuqegxﬁége PO thvté”osftnan miedigmu spufgmangol dner
Trichro ns in general, confirmed these

pr ot ei ngﬁlfm%ﬁ)ﬁ]ﬂ;blgyﬁg%l%{_%ogg g%nécg tet?cgl oth 2 and 14 15 days induction with
chondrogeni ¢ nedium Specifically, PLA nodules treated with TG~ (3l for 48

hours V\eﬁFA%o%B%s %toﬁgm\/\i\t Exf’:1 aceﬁulalr ﬁ’l%g' I-l(lilcﬁuin grl?lgartfi:cf(Prgt%Qél%arr]ll ng low levels of

20 Cartilagenous matrices contain very high quantities of polyanionic sulfated
glycoasminoglycans (GAGs), such as chondroitin 4- and 6-sulfate, and are characterized
by the ability to stain positively with Alcian blue at low pH (R Lev and S Spicer 1964 J.
Histochem. Cytochem. 12:309). In order to confirm the cartilaginous nature of the PLA
nodules, histologic analysis was performed on whole-mount PLA nodules, plated on
25 chamber slides, and paraffin sections. Initial treatment of PLA cultures with
chondrogenic medium resulted in cellular condensation within 24 hours (Fig. 12, Panel
A). Condensing PLA cells exhibited a low level of Alcian Blue staining, suggesting the
initial formation of a sulfated extracellular matrix. PLA condensation was followed by
ridge formation and increased staining by Alcian Blue, indicating an increase in matrix

30 secretion (Panel B). Intense Alcian Blue staining and spheroid formation was observed
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col l agen type 11, suggesting that PLA cells have undergone prelimnary
chondrogenic differentiation. Collagen type Il |levels appeared to increase
with induction tine. In addition to collagen type Il, cartil agenous
matrices also contain high levels of sulfated 20 GAGs, such as
chondroitin-4- and -6-sul fate that are typically associ arell MAR 12008

pr ot eogl ycans such as aggrecan. Consistent with this, histological staining
with Alcian Blue confirned the presence of sulfated proteoglycans as early

as 24 houtisr HBidioaisi j@Rt-inducthE@ERI )2 EoRBL AnfhQskd BLRGS wgrgmgs%fi ned
Increased Alcian Blue staining was also observed as far as

(i.e. 2 da E') e )

14 days icHﬁ ¢t fligot phomaanysegigns @f nopitive dédhidrebleostainigdP@f! Bur r oundi ng
i ndividual cells. Simlar results were al so observed when nodul es were
stained with antibodies specific to keratan- and chondroitin-sul fate.

conf i r med? aiditionnieu mbklesmowtt el A adamplasdipem o Bédtione it PreA PiRIBRICRRf t hese

conpoRen ur r oipts.the.presence qf chondrogenic cells within

the PLA ?ﬁ%ﬂﬁg f‘%éf“f}ﬁ tgu%%gsgt hs  thesi-difnensionsh: acshiiestiie ok the @odules ThRT- PCR

anal ysi s nooptidlogyed! theeparafipreadsddet softidah éslaﬂaﬂ}fgg&'ﬁﬁﬂ%g%{o%ﬁﬁ @Hﬂ%ﬁﬂnf or 7
VA

and 14 days,. with a |lower level of this 94 , - ; 6 gene bel ng
obser ved S%i”“&ay showedng Bt | Periphgiab slayen ohaBbreblasrliked celfst ¢hat 48skobies

i nduct i opendHohdi@hendr a8RNhEinFar it ¢ Q%f?&)}%g%s%ﬂlggt Rlo %ﬁ%é%‘%ﬂ%@ Ay nodul es

is supportive of the chondrogenic pheno I mrun Ral
resul ts SHewel Fanelshgifier deunteen duysl ofafeatotnby, roidokes bedahienmo@gpocellular

ker atgn- sty f i.flecal 1.0 ced PLA 5 nodul e [t i s known that
chonttlj?oi 'ﬁﬁl - %Fpegnggg{ef) %Slqjt?f%t?ee}h{a}lrc !éln'ﬁ%emﬁmxn l%ﬁgﬁé’ﬂecfpaeﬁlnﬁ&ngﬁfdé’e’iﬁ t he
cgrt iglgagéﬂoshptmd flamingy, ofﬁéém ii)nd&ggﬁﬁthal’prc(sbiﬁ?del of ajﬁagi&&l,s hetti @ ¢ edn célgr),
13:599-614).. _Aggre n wn e cartilage-specific an
accumul a% %r?shrgf &]? lﬁeegﬁﬁ%ggt?er%ﬁﬁ %\?Er(t? aEﬂéﬁd?%‘&bE@’é‘E@,un@é?Vﬁ@i efettdlaggnons cel | ul ar
condensatnaix e sbesivedsh i noduk2B&iond at H&J Jlaxgi(lﬁinel éﬁ%orﬁé&l&d ARG hef}'0 Ve

y as e

confi rms% t he chondrogenic nature of the PLA nodul € b sessing t
expr essi Grclafof wlfagascsan imdhes pedide icorert fanrseendays Ipostergirctss i(Bmepal)t er n of

bt Dol oRarHBERET dehe MR o s BB ohe hBo B! RBURE MRSt 1o o
11, aggrevdinmirgshe GirmatisenemttilaginBhsAnaeisl tlchsn istltieR fkofedtlydshs bietaws .

Aggr ecand&il S .adcgrti Faf?eﬁ_ p?ci fic gr potein that consists ofv a nmul ti domain
protein &7 dMUEERP AP gabif??ﬁ?aﬁ‘éi i fréimsnlin Ak gensiabeatsglogivanyas

(Har di ngdtasived @t fdueteen dB8%oRriABuctich i(Panel F), suggesting an increased secretion of

sulfated proteoglycans as the cells mature down the chondrocytic pathway. In summary,

20 our histological staining results confirm the formation of cartilage-like PLA nodules,

associated with an extracellular matrix rich in collagens and sulfated proteoglycans.

PLA Nodules Express Cartilage-Specific Proteins:

25 Immunohistochemical analysis was used to detect the presence of type Il collagen, an
extracellular matrix component highly specific for cartilaginous tissue, and chondroitin-
4-sulfate and keratan sulfate, two of the main monomeric components of cartilage
protcoglycans. After two days induction, areas of strong immunoreactivity to
chondroitin-4-sulfate and keratan sulfate were seen along the outer periphery of the

30 spheroids and throughout the core and is supportive of our Alcian Blue staining results

(Fig. 14, Panels A and C). A significant increase in chondroitin-4-sulfate and keratan
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Biol. Res. 151:17-29). The primers used to detect aggrecan in this study
were designed to the GCterm nus, which contains the G3 gl obular domain, a
site that undergoes alternative splicing and is proteolytically cleaved in
mature cartilage (Fulop, et al., 1993 20 J. Biol Chem 268'5%7@ 383).
The absence of aggrecan in day 14 PLA nodul es may theref"op pg ent an
alternatively spliced formof aggrecan that |acks the Cterm nus. However,
no aggrecan at dayl4 was observed when RT-PCR was performed using priners
desi gned wfatekspikdier withiushe n@uBGRSE WAONdEAEveR AR BGAP of Bvd'Redi@ Qg%re S

expr essed[? ag% r. two weeks. jnduction wi th chondrogenic nmedium I n
addition 106 gg‘rIé'ccé’ﬂtrﬁﬁji’dp%mwfﬂpelﬂllﬂoyﬂﬁéﬁI"@gluéwpaféls'ﬁedvabmbhe\tiym it tlRnd t ype
X col | agam abduléssiti da§ trwhi (PR P . | es. were characteri zed
by the expression ofg bot(h 8%@? r%aﬁ}clierg%?“f%fb@s\geg%miswncaBH?arr%fE?t %

aggr ecan SSHd RO-nductionewah srergsexpressipaapmaringft @) fourtias (Pinghly Wiesd-r i ct ed

and disd Gt t ay. tine int. 30 Interestingly, |ow

Tovel s of bt RRaRe PEXEPA PR A B elorFe Bt ocsos prasedies B

cel |'s. Conigstensctinity whihi sntrdanthmicydash TN chipes Showdd L@g&%ﬁw}ahgve |
asa

been foun 06 many devel opi ng enbryoni c tissues®an

0 98 s B AR 20 | ing
level s of (P HELOBHP UG RS PRty Ragilip sectigay isulbated in mrmalclaorsd $cage
nmesenchy nleapr &C BFSORS mdhbQb [Weao] i.at i Li senneyer,
et al., 1973 v B lg/ls 35: 2%%?&523@%%%22@&&% “g‘{ .%I,Se%%%f 4 the PSol. Exp.
Mor phol . “8Hagsn.- ehendeyibatt;subfatealand kegdan Belfak opmibndicd 1Tal@45t026@er, Kkasher and

Soluq§h§1:|1%§%- @l D58~ . Pollard, et.a]., 1995 J. Cell Biol.
130: 1461- 14723 " ?*'ﬁgﬁﬁs‘?ai’,fe&?’%ﬁﬁ%%'?ggé&lﬁ?wo qlita‘&wﬁr ddaiapd suseeshyihe our t een
nodul es puaistrek déa catitaginbhemapdaranandukf. CN X, a col |l agen indicative of
hypertrophi c chondrocytes (Kirsch, et al., 1992 Bone Mner. 18:107-117,

Li nsennmayer, et al., 1988 Pathol. |munopathol. Res. 7:14-19). 10 The
appear ancaoffrogald BORRMNRS O Gl YRS hj type may precede
possi bl e nodul e ossification an : one oratdl&]gl_) Ii)"Rl%ﬁé)‘r, PLA nodul es did
not express osteocal cin, a bone-specific gene expressed in cells

di f f e¢ entrjatj ng.t Q ' i heage (Price, et al., . 1983

Bi ochem B off)%ys. E@gﬁo%g%%l%ﬁ%ﬁgbggM)c.%%[ﬁé%ir%s}éﬁtfwg' CUYHPERY DN of

col | agenof §ipipXaspirate byerérgipexitagopiaicellcladied frogythe prevérich of Bedultighaiiact eri stic
15 Iacungef wer e Onog)‘?gen.i anLA nu%gul es. Hower,, .a siml]ar result has been
descri bed lby B ke dekgmifie 1f Qs ﬁfecfikfthd Fiigtion ok ppispatsatia duAs wer e

pl aced i &Il 6&ABESSd and confirmed the multilineage potential of single-cell derived PLA

clones. PLA clonal populations (i.e. adipo-derived mesodermal stem cells or ADSCs)
20 demonstrated the ability to undergo chondrogenic differentiation in addition to osteogenic
and adipogenic differentiation. PLA clonal populations induced toward the osteogenic
and adipogenic lineages exhibited classic lineage-specific histological markers (alkaline
phosphatase activity-osteogenesis; Oil-Red-O accumulation-adipogenesis) (unpublished
data). Like the heterogencous PLA cultures, PLA clonal populations also underwent
25 spheroid formation within forty-eight hours of induction in chondrogenic mediunt. In
addition, the PLA nodules secreted an extracellular matrix rich in type II collagen and

highly sulfated proteoglycans.

PL.A Cells Retain Chondrogenic Potential After Extended Culture:

30
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cultures and treated with TG-- (31 (Denker, et al., 1995 Differentiation
59: 25-34). Hypertrophic chondrocytes were only observed in place of

nodul es when cultures were treated with BMP-2 (139). It therefore may be
necessary to induce PLA mcromass 20 cultures with BI\/P—2__t€ I‘f‘lklbf!ﬁﬁ é\nduce
hypertrophy and induce the formation of mature chondrocytes Q

toget her, our histologic, immunohistochem cal, and RT-PCR data support the
differentiation of PLA cells toward the chondrogenic |ineage. However, the
processed @i mpm:aami pﬁ'&zﬁgelrﬁmﬂ)ehQﬁ@%ﬁg&r{ﬁQl{ﬁff&&RHk% b Fells apd may
contain ever cel | various mesodermal 17 h age pec\,’l(fe cal ly,
there ma e%?l aisﬁ%grﬂi? %@ ngi)ﬁs%% apthe chendregeaic pop@mabmﬁlatmcélhaPLAre
capabl e atlispentRRAEMSIN tion

nul ti pot enti al c%l I géu(sl %Mogy%rgsdthgﬁsggmaﬂf yﬁhéenﬁl qsa@ Jﬁ)‘ﬁ‘?@ ;‘Q FJ(PFlones
derived fHBwed dindey ighdaosits|dondigines tohmduoedwhbndfmg’@agg LA eiRNeladfchion

(chondro .and 3 0 JS) orts the presence of
mul ti got gﬁét?l?g}?(ﬁ]drc%% cecﬁﬁ&%%a o> EF@E%&'EGD ﬂ%‘é’ 'éreﬁ‘éqn e PEgYd, Wist hi n

t hi s het @W@g@?éobbs tlu)'zell lablﬂlqpui dbrin® Mhre@8infenMoRal 2 6rdidy, Qﬁé}efnd&&oﬁp&h){

cel | -bas%ﬁlO GISSUE en %rmgg é ’c]hnl gques to the clinical ting, a nunber
of criteria n%%eplcb'é’e 91 YLAngt lpenpageage BisA tllhéulcsehetqnetted awehicl e
shoul d bextraiﬁumdﬁﬂiatrﬁd”lﬂcle%yu ug culture, able
to maintain its.5 different] aéth?vgmg@}irblnt)lsa‘@a&gﬁgh%ddp?éedIS[% t%Ssl:’sgl e§, and
exhi bit prEE ‘E"itﬁé\l‘éa'mi’lﬂél(ﬁwwet?@)tfﬁ@lulaﬁatodwles framgiéltcwuusfspaasag&'hﬁ cheal i ng of
artigul ag, pa t ryvest om._pone marrow
has been sucf:)tel;%?gﬁ/e %@g{??tagﬁf a?‘%c%aa(ra?%ﬁ egﬁ & |la o‘gd @br?&ﬁﬁéﬁ‘@ cellf  al .,
1999 Ti s&semping the p&adosdriym Butquading afciietéare M rousder@blls, 1996 A in. Ot hop.
330: 234- 43; Wakitani, et al., 1994 J. Bone Joint Surg. Am 76:579-592).
However, the bone 10 marrow harvest is painful and yields | ow nunber of
stem cel RI-FQR Avhlysis Cah itSETha Bk OreGHiIdd e i\ difae8X PANSI ON. Adi pose
tissue is plentiful and easy to obtain wth Telratrvety —mnimal disconfort.
PLA cells can be harvested froma relatively small anmount of adi pose

tiss i atl 001 Ti ssue neerin

7. 200 220 e AT by ovrary e e BB bR PUmER Yo Or FLIPE PR ons.

Whi | e el bwnanyepedsolagen, tpe slhc@éigyn i and tthyee Xoﬁﬂiag@nWHDWeﬂcugrgfggre@;in and

l'i poaspi rat es fICI adi.pos ssue co | d al so be obtained through a
smal | - bor eeoéglﬁlﬁlul trF%tF‘?ﬁfﬁ QWET %F‘@lgr tﬁﬁ‘ldl WHES MiGEess| Gegditions

reconst r weite alyzeckis mggdtive cohREBNRULFRAVIAALV AP LE PLA RodMidecotdirned Yheof

patients. In this
expression of type II collagenal (CN II) at day 7 and day 14 only (Figure 15).

20 Moreover, decrease in CN II expression was observed between 7 and 14 days induction.
Both splice variants of CN II (IIA and IIB - type IIB variant shown) were observed at

both time points,

In contrast to day seven and fourteen nodules, CN II expression was not observed in 2-
25 day nodules, confirming our immunohistochemical data. As expected, CN II was not
observed in HFF micromass cultures . However, small amounts of CN [T mRNA were
present in the untreated PLA cells. Chondrogenic differentiation was further confirmed
by examining nodules for the expression of the large aggregating proteoglycan, or
aggrecan. Aggrecan has been shown to be specific to cartilage and accumulates at the
30 onset of over chondrogenesis (Kosher, RA, et al., 1986 J. Cell Biol. 102:1151-1 156).

Aggrecan expression was observed at both 2 and 7 days induction and was absent in 14
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T ———————————.S
exanpl e, the chondrogenic capacity of nultipotential adipose-derived stem
cells is denpnstrated and shows that the stemcells retain their ability
to differentiate even after 20 long-termculture. Finally, adipose-derived
stem cell nodul es exhibit many properties consistent wt hanlﬁék\;@ éar_tl | age
ti ssue. The fulfillment of these properties, together w {h¥t Q nti al
abundance of PLA cells, nake these nultipotential cells an ideal system
for tissue engineering strategies. In 25 addition, these cells may be
appr opr i atag Rlox molielest udigratn ehprReviqiy 8RS Spifid) td Abited @,_qu 5{){9}]8 cylture
studies and in vivo animal nodels. The identification of cC o_ndgf ogeni c
precur sors’ FaL! Wﬂﬁ:)'@)?t?‘iiﬂtcom‘iﬂlpﬁc"affi”éﬁé"\‘HFF teHairgsepai r of articular
cartilage defects. The abundance and easy accessibility of adipose tissue
makes it a feasible alternative for cartilage reconstruction (Asahina, et
al ., 1996 UERy. chegicleriggtion pDPLAG0ATles makipens“mmgddiy ﬂbes?g%g&-{ex})res?gngl | S
H ochem ; =339; il - Mong oy, and Diiaz de Leon )9 Int. J. v. Biol.
43: 59;g67;t@65D%ﬁ%§?1?§§{ tyE[;' 1 %ﬂé‘@’ﬁ%“@%ﬁ’%ﬁ?@ﬁfh%@&:eeprssseqn Kll@PrYnl‘{IQllbegg , E)e(t
al ., 1998pFesdaed OTh - 08eOAR 206 ERd. 4 IIAnIbl Ity B, € 1 p.
Cell Res.. 5%?681— 8. Quarto, et al., 1997 nd%t%@i Eg{P"&gyET.%ﬂg’gﬁﬁga- 4976
ShukunanidifTeggritighon 8?@*@8‘3 Bxp et &kl 198Rds Ceb Biol1102t) 15 1axAﬁp$Jmkmﬁ>alml5i, 'U'f.‘;eet
fol | owi ngj.d rE R | i1die lLsolating stemcells from
adi pose tg i ’sgﬁgs]%}@ \/\Cﬁre?rpfee:lé'1?2/h4e1('jls:[{3 Qmﬁgﬁ%n{dﬁt?é@gn@ﬁ Ategprlemqy W%%Fﬁv& tissue.
METHODS 1102k freqiechPi - Atnodwlesendy. Simdacto @N 1luloey Reds 8NCH [RyE 66RFiSONE,

h ch d f Si St. Louis,
VD Pior S bR N0y AR AR i SRR BT v chifopsgriescital it + o and,
15 NY). PRhibgpiosBudtfiertea SalrimeicaRBRImod2|ed5% cﬁifﬂé&ﬁiiﬂ(o%l\%%é@EA CN X
(trypsi n/ EDTA Dul l%e%co' s, Modi fied Eagle's Medium ( M and
ant i bi ot F’é‘?"%sﬁgoi“r%%'ﬂ OPEBY I AP dules iy easd ser erodaysaiobtandudtive bution,  VA) .
Fetal Bowpmercder uid (F&S)tine@poRt NDENCY ds YbsertVL ARG PRA: oI 5,20 98

HFF controls. Collagen type X is specific to hypertrophic chondrocytes and may signal

I5  the progression to endochondral ossification and bone formation (Linsenmayer, TF, et al.,

1988 Pathol. Immunopathol. Res. 7:14).

To confirm the absence of ossification and bone formation within the PLA nodules, RT-
PCR analysis was performed using primers to osteocalcin, a bone-specific gene (Price PA
20 1989 Connect. Tissue Res. 21:51-57). As expected, osteocalcin expression was absent in
all treated and untreated PLA samples. Taken together, the expression of cartilage-
specific aggrecan, both type I and X collagen, together with the decreased expression of

type 1 collagen supports the chondrogenic differentiation by PLA cells.

25  DISCUSSION

The repair of cartilaginous defects remains a significant clinical challenge. Damaged
articular cartilage has a limited potential for repair and large defects do not heal
spontancously. When the damage extends into the subchondral bone, the repair process is
30 sporadic and the original articular cartilage is replaced by fibrocartilage and scar tissue,

which are structurally inferior to the hyaline architecture of normal articular cartilage.
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R 2006 PLA Preparation And Culture Human adi pose tissue, obtained from
2igﬁt patients (negn age = 39.3 years, range 25-58 years) undergoing
el ective Suction-Assisted Lipectony (SAL), according to patient 5 consent
protocol HSPC #98-08 011-02 (University of California Los ﬁﬂg@kg%@gmxs
processed as described, according to the method descri bed | afpi’e 7,
supra, to obtain the Processed Lipoaspirate (PLA) cell population. )
Briefly, the raw |iposuctioned aspirates were washed extensively wt

[ VEHioal dleatrent emmiabtidsl 6@dcE6labS g [ | ocal . anest heti cs.
:sl_thgr IeLte r :Eghfqtd c a%h 8&%%5&%gg?p§%%on‘%s%m%at§’?c for 30

. gested vi - -
mnutes to rel é%@éé?? 'é]%héré%tsﬂr gﬂ"%‘ rséa‘gﬂqlgimrﬁfth&ﬂlasaqéﬁ&ésem&l OFK@EI' maped with
: oA 0 s infr t ant . was
e gmt%f‘W’ﬁ?“‘iﬁ" o8 . R oed Sfre, BB Nne oL cen
pel | et . %eregellgget @%’g’eqlﬁ%agﬁ%ﬁéé& @H)riSDNE(I\)ASWO%%EB mtnﬁ Jlmqstgg%%%g%y; :ti "
i NN sto
6rythr oyt er. Fol Tou g au o B PENTIbEE AR 1ol APT Sipedt uph 24 entne oPLA cel |
pel | et \Aé%teﬁ’c@%l‘fg'éleﬁﬁréfdlondraDMEWb&MdéBsI@mﬂsthag,egs%rll%)réphlg i 59Y§,, cul ture

[ 3! £ cell's per plate. PLA cells wére mai ht ai ned
?"nsméin? Pgiﬂ oﬁ/eezglsiln%y %%mcja“)éﬁé%e“fﬁ% |’—“t3p§,t ahod Tt FHFiSt Tisvusnint. mpcniany; at 37C
and 5% ©mzavirMeT culat it 97 Boua vRSSiHRABOSY. [bvk 56 LR E [){i-ngM' %{gﬂtfpk% -
cul tures PR x} tSeI 80%5. onfl uence) were passég_e. at t _0 13
trypsin/ IE%%J? Eg? Og% c':‘f)%tBl’o 'EQ%&Ole- Wnfcinsately.dhess Iopmorfsl\c/:b;r@b%egﬁlt uﬁﬁlrrlan

i 0 HRFo § i j nassas, and a_

A i g o i LS e e
mai nt ai &Y 3pably O@B%Wight-b@ni@mchpmmmgbwmy N bRINGHRES ﬁ@ﬁgdsugp ( SKM -
Cl oneti gg)e respectively. 25 Myogenic Differentiation: To induce optinmal

i i s onto 35 mm
ogenesis, PLA cells were plated at a density of | x 104 cel
ngue culture dishes and incubated overnight in CMto all ow adherence.

i . i s was obtained by incubating PLA cells in I\/y_o'geni c Medi um
(qolv}v: maICl\% eq%‘ﬁ%%?ﬁ%ﬂﬁ?’é@“%“ﬁ’ﬁ SEYSSIET SEresuY @riremdingGltgmativedioamaréritisadle t o

i f eMEMead: ic differentiation) (196).
PLA cel |5 mere | nduced o pa -penselfl MREA" 300 cuEHIDG RalRED Nedi i

was charf§BatNieiae weokagpus shondracyts mxperitiventBritdsrel &.menal ethod New
Engl. J. Med. 331:889-95; Chen, FS, et al., 1997 Am. J. Orthop. 26:396-406; Gilbert JE

1998 Am. J. Knee Surg. 11:42-46; Richardson JB, et al., 1999 J. Bone Joint Surg. Br.

81:1064-1068). However, limited availability of donor sites for chondrocyte harvest, the
20 requirement for lengthy in vitro culture expansion, and donor site morbidity limit the

practicality of this technique. It is important to identify other sources of chondrocytic

precursors.

Several cell types have been shown to undergo in vitro and in vivo chondrogenesis,
25 including rat calvarial clonal cell lines and primary cells, the murine embryonic
C3HIOT1/2 cells, and periosteum-derived and bone marrow-derived precursors from
several animals including rabbits, rats, horses, and goats (Denker, AE, et al., 1995
Ditferentiation 59:25-34; Fortier, LA, et al., 1998 Am J. Vet. Res. 59:1182-1187;
Grigoriadis, et al., 1996 Differentiation 60:299-307; Grigoriadis, et al., 1988 J. Cell. Biol.
30 106:2139-2151; Iwasaki, et al., 1995 J. Bone Joint Surg. Am. 77:543-554; Johnstone, et
al., 1998 Exp. Cell Res. 238:265-272; Nakahara, et al., 1990 Bone 11:181-188;
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SKM and HFF cells were induced for 1, 3 and 6 weeks in MM as positive and
negative controls, respectively. 5 I munohi stochem stry. To assess .
nyogeni ¢ differentiation, PLA cells were seeded onto 8-well chanber slides

at a density of 5 x 103 cells per well and allowed to adh r
over ni ght . O)élls were induced in MMfor 1, 3 and 6 weekis m*w{)

i nduction, the cells were rinsed tw ce 10 vmth PBS and fixed with 4% ;

parafornal dehyde for 20 minutes at 4C. The cells were incubated with 3%
hydr ogen Pekéimiect dr. 199inGedsBiod. measiua@ndagapqus RerLoxi dase activity.
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ﬁ/:/l s\lerpg %{Eﬁ% ’if%g‘\q %!ﬁéél:ltfi {ethepR0PdHe- 1 SRTSaRGReBAlY 1084 PR%. Nal ol csRNA Was
|soIHIed&ir@ﬂaBuA4¢@Bh§3treated wth MMfor 1, 3 and 6 weeks. RNA was
i sol ated according to the nmet hod described in Exanple 9 above. Five _
mcrograms (5 ug) of total RNA was used for oligo dT-primed cDNA synthesis

T t MVLV- RT;
il g Mg looeyiarg s s D B e, O T
anal ysi Swgsihigne niamew lraalbéen wWesignattnied (RAchyman M Tlgsf) SJ, 8
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heavy chiiih:2bgity RGREANPGRCAMATIZT GCTdH e, ( fofrwabiditdrth MaiferdifidteD into
chondrogenic cells even after multiple passages, their regenerative capacity, and a broad
range of resultant chondrogenic cell types (i.e. prechondroctyes, mature chondrocytes,
and hypertrophic chondrocytes). Researchers have anticipated that the differentiated
20 chondrogenic tissue derived from stem cells will more closely resemble that seen in
developing embryonic limb buds. Moreover, chondrocytes proliferate poorly in culture,
are difficult to maintain, and dedifferentiate when expanded in monolayer cultures (von
der Mark, et al., 1977 Nature 267:531-532). The use of autologous stem cells in place of
harvested chondrocytes in tissue engineering may be a more efficacious alternative in the
25 future for treatment of cartilage defects. Unfortunately, the limited availability of donor
sites and the discomfort and pain associated with bone marrow procurement remain a

coneern.

The presence of a multipotential cell population within adipose tissue, capable of
30 differentiation into several mesenchymal tissues may be an important finding. Adipose

tissue is available in large quantities and relatively easy to obtain. Moreover, liposuction
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GCTGGGTATCCTTGA- 3' (reverse primer); 750 bp. MyoDl and myosin were 5
zci;:-rSIGiAfied usi ng Taq pol §/merase (Promega) for 35 cycles in a total reaction
volume of 100 ul. Duplicate reactions were performed using primers
desi gned to the housekeeping gene, 3-actin, as an interRd WFU@ PCR
products were resol ved by agarose gel electrophoresis. PCR anplitication
of cDNA obtained fromPLA cells cultured in CM and HFF cells induced in MM
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i ndi cation of the degree of myogenic differentiation. Al studies were
performed on eight patients and the nmean nunber of MyoDi and
nyosi n- pd%i theve afimed dhe whatdrdgeniogetdiasl 30 Mililinde AkARIY A aLor of
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PCR.

One of the earliest features of cartilage development in vive is the formation of cellular
condensations that represent skeletal primordia. Cartilage initially differentiates in the
20 center of these condensations and is followed by a period in which the cells secrete and
are surrounded by a characteristic extracellular matrix. Similar to this situation,
chondrogenic differentiation in vitro is characterized by the formation of multi-layered
cellular aggregates, called spheroids or nodules. Primary nodule formation is followed
by ridge formation, the accumulation of matrix and the recruitment of adjacent cells,
25 resulting in the expansion of the original nodule (Ahrens, et al., 1977 Dev. Biol. 60:69-
82; Denker, et al., 1995 Differentiation 59:25-34; Stott, et al., 1999 J. Cell Physiol.
180:314-324; Tacchetti, et al., 1992 Exp. Cell Res. 200:26-33; Tavella, et al., 1994 Exp.
Cell Res. 215:354-362). Consistent with these studies, PLA cells began condensing
within twenty-four hours induction with TGF-B1-containing chondrogenic medium and
30 formed well-defined three-dimensional spheroids by forty-eight hours post-induction.

The appearance of smaller adjacent nodules in addition to the original cartilage nodule
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To confirm PLA nyogenic potential, the expression of established

nmuscl e-specific markers was determ ned by i munohi stochem stry.
Differentiation of myogenic precursors and stemcells into rryogeni c
precursor cells can be confirnmed by the 10 expression Of m ly
transcription factors, that include MyoDl, Mf-5 nyogerin W gqsructural

proteins such as nyosin heavy chain (Butler-Browe, et al., 1990 Anat.
Enbryol . (Berl) 181:513-522; Thornell, et al., 1984 J. Neurol. Sci.
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I ncreased Myo expr observed in SKM cells by 6 weeks induction
. In contrast to induced PLA cells, MyoD expression was not observed in

PLA celbgtl r eat ed er 1, 3 and 6 vveeks with CM (Figure 16, Panels Dto F).
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addition to collagen type I, cartilagenous matrices also contain high levels of sulfated
20 GAGs, such as chondroitin-4- and -6-sulfate that are typically associated with
proteoglycans such as aggrecan. Consistent with this, histological staining with Alcian
Blue confirmed the presence of sulfated proteoglycans as early as 24 hours induction,
increasing as the PLA nodule became more defined (i.e. 2 days). Increased Alcian Blue
staining was also observed as far as 14 days induction, localizing to the nodule core and
25 surrounding individual cells. Similar results were also observed when nodules were
stained with antibodies specific to keratan- and chondroitin-sulfate.confirmed and
immunohistochemical studies confirmed the presence of these components and further

supports the presence of chondrogenic cells within the PLA nodule.

30 In support of our immunohistochemical resuits, RT-PCR analysis confirmed the

expression of CN 1 in PLA nodules induced for 7 and 14 days, with a lower level of this
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or in HFF cells induced with MM . Extensive nyosin

gig(rala:s?o;ovxg)s also observed in SKM positive controls induced for 3 and 6
weeks with MM Taken together, the expression of both MyoDl and nyosin ||n

i nduced PLA cells suggests that these cells 10 possess nygg_ enlﬁ E?tentl al .
Term nal differentiation of nyogenic precursors is acc_on’b i he

fusion of the differentiated nyoblast into |ong, multi-nucleated myotubes.
Therefore, we exami ned induced PLA cultures for the formation of putative
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Anal ysi s"a(pﬁ Iné‘P['J,O Tydlgehifd differentiation was confirned using RT-PCR
(Figuwe 19). Consistent 30 with our immunohistochem stry data, RT-PCR
anal ysis _confirmed the expression of MoD 1 in PLA cells induced fog ﬁth
bacrved o LA eBl | ot tor sy Cps PLA A3 AR08 U STt umn Low

d.J cells .cultur in nor i _
|02\S}2|r \sfeo‘%gg%f?giéhs %QHPé%E (S5 %%’eﬂ“é’ FpEEvioemticrn ofrggreth GteAapeid sittathad weeks,
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support Bi%h%egy%q?ﬁ—f%p Ofthg r}‘)&fmaelrs L?SGd to detgct aggrecan in this study were designed

to the C-terminus, which contains the G3 globular domain, a site that undergoes

alternative splicing and is proteolytically cleaved in mature cartilage (Fulop, et al., 1993
20 J. Biol Chem. 268:17377-17383). The absence of aggrecan in day 14 PLA nodules may
thercfore represent an aliernatively spliced form of aggrecan that lacks the C-terminus.
However, no aggrecan at dayl4 was observed when RT-PCR was performed using
primers designed to the N-terminus , suggesting that aggrecan is no longer expressed
after two weeks induction with chondrogenic medium.
25
In addition to aggrecan and CN !, PLA nodules expressed both type I and type X
collagen at distinct time points. Day 2 PLA nodules were characterized by the expression
of both CN I and CN II. However, in contrast to aggrecan and CN I, the expression
pattern of CN I was highly restricted and did not appear beyond the two day time point.
30 Interestingly, low levels of both CN T and CN I were observed in untreated PLA control
cells. Consistent with this, both type I and type II collagen mRNA have been found in
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Hypertrophic chondrocytes were only observed in place of nodules when cultures were

treated with BMP-2 (139). It therefore may be necessary to induce PLA micromass

20 cultures with BMP-2 to fully induce hypertrophy and induce the formation of mature
chondrocytes.

Taken together, our histologic, immunohistochemical, and RT-PCR data support the

differentiation of PLA cells toward the chondrogenic lineage. However, the processed
25 lipoaspirate is a heterogeneous population of cells and may contain several cell types of
various mesodermal lineages. Specifically, there may exist chondrogenic precursors in
the lipoaspirate that are capable of spontaneous differentiation, as well as a subpopulation
of multipotential cells (i.e. PLA stem cells). The isolation of PLA clones detived from
single PLA cells and their multilineage differentiation (chondrogenesis, osteogeneis, and
30 adipogenesis) supports the presence of multipotential stem cells (adipo-derived

mesodermal stem cells) within this heterogeneous cell population.
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devel opremps, ithe tchendrogenic capacity of multipotential adipose-derived stem cells is

demonstrated and shows that the stem cells retain their ability to differentiate even after

20 long-term culture. Finally, adipose-derived stem cell nodules exhibit many properties

consistent with native cartilage tissue.

The fulfillment of these properties, together with the potential abundance of PLA cells,

make these multipotential cells an idea] system for tissue engineering strategies. In

25 addition, these cells may be appropriate for the study of chondrogenesis in both in vifro
culture studies and in vivo animal models. The identification of chondrogenic precursors
has important implications for the repair of articular cartilage defects. The abundance and
casy accessibility of adipose tissue makes it a feasible alternative for carti lage
reconstruction (Asahina, et al., 1996 Exp. Cell Res. 222:38- -47; Atkinson, et al., 1997 J.

30

Cell Biochem. 65:325-339; Chimal-Monroy and Diaz de Leon 1999 Int. J. Dev. Biol.

3:59-67; Denker, et al., 1999 Differentiation 64.67-76; Klein-Nulend, et al., 1998 Tissue
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field of tissue engineering may all ow eventual replacenent or repair of
both focal and generalized nuscle tissue loss. 15 Two cell types are
general ly considered candidate cells for nuscle tissue engineering:
enbryonic stemcells and post-natally derived progenitor cells or stem
cells. Unfortunately, ethical issues and potential probl-e8sMaRtIpge! |
regul ation have limted the use of enbryonic stemcells (Baker, et al.,
1996 Curr. Top. Dev. Biol. 33:263-279; Dinsnore, et al., 1996 Cell

Tr anspl an@“gs:"i%ﬂ]ﬁ&l\darémoétrai., oo @Q0 Sgj ﬁgcgéfﬁ: 1425 20 1427; Rohwedel,
et al., 1@%01%0%;3;3@_4 %63: 87-101: Young, “FE2806-688i Qnareo, 2871, 1405%) .
Post-natal skel etdl “niseré”ioekinamist ok, 1998 elkhi ¢ ]Q%I b‘?]gg e been
ystro)

i ntroduced for the treatnent of Duchenne's nuscul ar by Myobl ast
Tr ansf er MD (Karpati, et al., 1989 AmJ. Pathol. 135:27-32;
Law, et = scle Nerve 11:525- 533; Rando, et al., 1995 Exp. Cell
Res. 220:383-389; Partridge, et al., Nature 273:306 25 308). Although

pot ent i a)L}‘Léﬂﬁene,fi cial, the practical use of satellite cells is linmted
primaril ]W&@ﬂspflmmiﬂra\bﬂésirﬁéth&d%%pisgﬁ!iéS qust be harvested from

vi abl e danee RSG) 8| S};é'ﬁsuet)’ as wel | as decred¥Bgelielom edipesatisspst ent i al
with increasing age t and6itiass ingy myogen@aibsuk, Cel | Biol . 125:1275-1287;
Sat oh, et al., 1993 J. Hi stochem Cytochem 41:1579- 1582; Schultz and

Li pton 1983 . Ageing Dev. 20:377-383). In addition to satellite 30
cells, me | stemcells derived frombone marrow (MSCs) have al so
been 0106 - 8 MAR 2005 reported to have myogenic capability under special

culture caonditions (Ferrari, et al., 1998 Science 279:1528-1530; Wkitani,
et al., 49880 e CLeuAKRedodA26) . In this study, we show that hunman
Processed Li poaspirate (PLA) cells obtained from 5 Suctioned-Assisted

Li pect O%g( SAL) have nyogenic potential in vitro. | nmunohistochem cal and

RT- PCR fogseisomee velhednhat - induced with MM express both MyoDl

and nyogin. hﬁ@éy hai ng, mar ker?a%ﬁé#ggF@déxWr@s@éé’ﬁsw dioel Sigha (Buiscl e

precursors u r&%fsﬁgge&imf(ﬂlsbmis @Ufmmea%HMfér’pgchw%%jw@hnfﬁr ession in
i nduct t off,

ALAIS ceNIys. 1 Bhdu ré.ng t first 3 weeks of g st ent
with i tsIYZar | hd%? %(%lgﬁff%‘g%ﬁaﬁr‘ﬁ%égﬁﬁk R dpeAn lamMrEDPA t (uypsislepandent

i ncr easBUibAcansOModitied Eaplsts Mbsieh\ Bl v . hj_ghest nunper of

myosi né@ggﬂaééd/&ceé I Iz}go?ﬁer ved d\lfl‘i ng %\rgi %ngﬁoélr(z}ag{}ﬁﬁ%‘c&f’ uligR #MeEr ent i at i on
(i.e. 3to & wedRdPELe Hemden. o) FetguBovianSérnor(@BS pwaBYukRIsk& Gt Ne

mat ur athlproref(LBbah, tehl s into nyobl asts. Consistent with term nal
differentiation and

20
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nyobl ast fusion, long, nmulti-nucl eated nmyotubes, expressing nyosin, are
first observed at 15 three weeks post-induction, wth the nunber and the
size of these nulti-nucleated cells increasing over time. Finally,
i mmunohi st ochem cal quantification showed that approximtely 15% of PLA
celI's undergo myogenesis. In post-natal life, mature skelethiMARIZBIG fibers
cannot regenerate if damaged. In 20 response to muscle injury or in
i ndi vi duaké g th chronic degenerative nyopathies, satellite cells, |ocated
bet ween t t d uthe basal |am na of the nuscle fiber, activate
to beconme nyogenic precursor cells. These precursors divide and fuse to
repair t]Qe damaged nuscle (Canpion, DR 1984 Int. Rev. Cytol. 87:225-251).
However, '#ean slipdzerisafe, sehkd itog Sl s W .thin mature nmuscle is only 1-5 %
of the tf}fe?s) cel,l number and 25 tfﬂanhtgglrt pzitelﬂtsl o8P “pth brmaralrange@sesgses Wit h
age (Schultz aﬁlgerg?lﬁgo‘ﬂeciQBZS%ehrAs;ﬁgleﬂnlgpedamfy BAL3 7 {ec3Ritng 4 aTRddi ne, - et
al ., $98%oMusc peorhiey VHS[?]@:#@@O-SS%I) Fﬂr .focal musclé (foss,g VAHFYEr i zed
nuscl e transpl antation has been h&Pt dChivgrsing ef Caldfore dtos dan@less v
mor bi di t YTIES B0 endeserbast awrdiygmnﬁeméﬂﬁaia@MbeidéPt‘ ng. Furthermore, for
i & AMPIS PiHER: ritisain
system cthelmg(%le%eghﬁ@gassesé a@%ogous skel etal tissu ‘5‘# on
cannot be used because BH¢ 1 e eppulitioad riaflye thé rhiveliglsagfsgy Pr ocess.
Ther ef or aspitehaverc ehdheb age kit i rgaches are required. 107 - 8
MAR 2006 &such $m,3r gi ng tréerg?‘ﬁtg%%&%etclr)%ggrg?f%?%mWBBY%@?OCT edl§sfadine Ther apy
or MT. R@c} calsgnestetigss f Bie a¥tecelyari mateik wes diga%ke@%itm.d@%ug&lfé“é‘bers of
heal tiy gy@bﬁoagg%m]igg%r?ﬁgshqﬁ% V\fiuf first performed in 1978 and Kas been
shown to bebaqiprom st ng T raxthert U fragtion, hallagenase was muattamtedysits gphy
pat i ent seqURay@ane pf BMEM .conthD& A9 PRS :27-32:.. Law, et al., 1988
Miscl e Neryg Ll 525-533; Ra,nd?% et al .S,pf“fﬁgéa'ﬁi%?wew HygeT 5960303 380,
Partridge, et 4res I\@hEing bigh-dowity 398y celbpaleouhe phieome irssakperabenef i ci al

for nuscD®EMAISRUERS @Rl a6 t}0 [ success has been
limted (Rando, et al., 19_9? Je&{e(‘g*%g@%. tol%d &) 98y addngk i, 100t al .,
1993 J. MEESLNbIE caytemihing erthrdd®d:- 158@Ying b aﬁgitiaﬁlal%leﬁtﬁmg?{i&ﬁ/ ?zﬁg

or ‘ure

mul tiispotigntol al .5t have beco rom sing candi dat es
cel | - based the?ez] eultef?aé ?Sgﬁpgaﬁieéis’“sﬁ&]@gwﬂo@yﬂi ang afstedl i Kooin fissuat e i n

cul t ur e cahuarerdistas mt tahdensigbot i1ty 1H0 c8isf f&r [ i.nt o several .mesoder mal
lan 1991 J. Orthop. CReSsﬂ.; ‘8%'4?%L‘é%ﬁfmsp‘("?‘iee‘%@a}“%gt“"al ., 1999

cell types ,
Sci ence%ﬁgmﬂlﬂ? {CMsDMERG Hits FBSp dYe antibavtie/adempasicy at 80Ct hat sogesoder mal
stem celde, Caﬂlebgulhﬁé)llﬁéa%gnf&/Qsmcpé)l}ggd twice weekly. Confluent PLA cul

(approximately 80% confluence) were passaged at a ratio of 1:3 in trypsin/EDTA. For

tures

20 control studies, a human foreskin fibroblast cell line, HFF (American Type Culture
Collection, Manassas, VA) and a human skeletal muscle cell line, SKM (Clonetics,
Walkersville, MD) were maintained at 37 °C/5% CO; in CM and a myogenic

maintenance medium (SKM — Clonetics), respectively.

25 Myogenic Differentiation:

To induce optimal myogenesis, PLA celis were plated at a density of 1 x 10* cells onto 35
mm tissue culture dishes and incubated overnight in CM to allow adherence. Optimal
myogenesis was obtained by incubating PLA cells in Myogenic Medium (MM = CM
supplemented with 5% Horse Serum and 50 um hydrocortisone to promote proliferation,

30 akey event in myogenic differentiation) (196). PLA cells were induced in MM for 1,3
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prenatal and post-natal organisns (Ferrari, et al., 1998 Sci ence
279:1528-1530; Caplan 1991 .J. Othop. Res. 9:641-650; Elner, et al., 1981
Teratol ogy 24: 215-223; Swalla, et al., 1986 Dev. Biol. 116 31- 38;
Hauschka, et al., 1974 Dev. Biol. 37: 345-68; Sol ursh, a@aRﬁﬁl Dev.
Biol. 83: 9-19; Nakahara, et al., 1991 Exp. Cell Res. 195 4

Goshima, et al., 1991 din. Othop. 274-283; CGoshima, et al., 1991 C||n
Ot hop. 2%% gl 1k 9B@nayahu et al., 1989 J. Cell Physiol 140: 1-7;

Bennet t, Weeks1 Jdiedidim Ol $haledd. twd& w lcutt, et al., 1993
din. Res SKBikin d51§ll-6FAc llfucas et S%i : 199%@%\”@3 b ’@F‘P’%Was teipippted 2 g:
1544 Lucas, “Pg¥3° Jnduged for B dene i wekiEin MAZYs pMiiliVd @Engl@) - has
shown thaxonpofsnesmtta\be[}eel | s isolated fromskel etal nuscle ti ssue possess
adi pogeni c, 25 osteogenic, chondrogenic and myogenic potential (WIIians,
et al., 1999 Am Surg. 65:22-26). Mreover, several groups have

denon trat ed the differentiation of Mesenchymal Stem Cells (MSCs) obtained
from bot ist | bone marrow into adi pogenic, osteogenic and
chondrogenic lineage cells (Pittenger, et al., 1999 Science 284:143- 147,

Gigoriadis, et al., 1988 J. Cell Biol. 106: 2139 2151; Beresford, et 30

al ., 1994 OﬁSSG®My0§¢Jnc diffeRn84kn3PiLA C@h&e{;\lfgl’e Sge e Oﬂto &9 @g docr i nol ogy
es.

134: 277- 28 e, et al., 1998 Bersiidos ajoo, et
al ., 199 “%“S”é ?(}hef{] i%ﬂt?e'me@weiloa@d anewmm adie6e ANCMBOvckAdR: 178l werd hese

findi ngsigluggestMivhal, bang, skel e cle may be a prom sing
source of stemcells. ' Fbmeg;?%%eﬁgﬂgr ggdlpélﬁ%'ﬁe’k ¢ cglly wereussedfwibone
mar r 8 atdh G endafixediwish dYaparafuinaldehyat fﬂymﬁr{"ﬂnﬁescﬁu"@ NGRSOV

WCre .

procure and |eI s a | ow nunber of MSCs, ten requiring ex
Vi vo exgglgél?%%i ‘6’??03/ h!%drgge& APds Ws%mIM\%Se@vfwencfomdpgaldueweﬁkmaeI s can

be obt ai meiditf.r NohSkifi ahitd$ Glefe Asbunctional |.0ss patients. In
this exanple we de#n%nstréﬂgtdewt he eQEMrCIéé;gP% 3¢L§n WE Jpribation ﬁ‘}/(ﬁ%ﬂ‘i“&g mar ker s

by adi p%%fée‘”d@ﬁ:vgasasﬂ%rrf@elq K% (Wjtoll X-109)0SiThe d8llk tierBUsBateli OR) 4°C

confirm itati n thejr genic potential. Since adipose
tissue |(2% pl&nt’ & énlmi’ 8]§’ tanhOdyg% N¥oly Dake Garportkya, <) i t h

m ni kal qramoemlomhl mnhi)d)fr to haphaR gt diviaRH sl R V g]ﬁm e n. provi de
mul ti-1ineage %e%dl,lﬁ?sgéez i ﬂ1%”%“‘%

an an acoi(%J ti on ce
obt ai ned f % yaﬁjd‘)s Kellayiap ineybatios, thﬁaalliweawasl@drmrs}cBBar

di d I ic markers in stemcells was
shown, the “i“i“;’%“?“ Sff%’f"ﬁ‘% RERCEA" R 09 afia et ubmSie g

possi bl esecandaiygitibedyi m%ateﬂhatblmux Tlessdctisdagy entibo@y was visualized using
the VectaStain ABC kit (Vector Labs; Burlingame, CA) according to manufacturer’s

20 specifications. The cells were counterstained with hematoxylin for 3 minutes. SKM
cells induced in MM were processed as above as a positive control. PLA cells cultured in

CM and HFF cells induced in MM were analyzed as negative controls.

RT-PCR Analvysis:

25 Total RNA was isolated from PLA cells treated with MM for 1, 3 and 6 weeks. RNA
was isolated according to the method described in Example 9 above. Five micrograms (5
ug) of total RNA was used for oligo dT-primed cDNA synthesis using Murine Maloney
Leukemia Virus Reverse Transcriptase (MMLV-RT; Promega; Madison, WI). The
resulting cDNA was used as a template for PCR analysis using primer pairs designed to

30 human MyeDI (Accession; NM_002478) and human skeletal muscle myosin heavy
chain (Accession; X03740). The primer pairs used and the expected PCR product sizes
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to the contam nation of the adi pose conpartnment with satellite cells or
myogeni ¢ precursors from a non-adi pose tissue source. One possibility is
the contam nation of the adipose conpartment with nmyogenic precursor cells
from skel etal muscle. However, it is 20 very unlikely fromiaMpiRcPifgcal
standpoint that the investing fascia of the skeletal nmuscle could be
entered with the blunt-tip |iposuction cannula. Another possibility is the
contam nation of the adi pose conmpartnent by MSCs fromthe peripheral bl ood.

Conf | i ct i were raefolidss: Mye) hel2m Aceset e BSTTOA e e in
peri pherafI, 1997 J. Hemat p{)g ffgm%’gl d:-luss

IﬁngaIr et at.

2000 Stem (ﬁ‘#‘?eg‘gﬁ- ), T?/ﬂ%ﬁﬁ %SYWS%Etlmen)em(Hm niyoeinl eys| ch(afn Eﬁyogenea S
observed TGTOMA TEICTWA KT GTRROPBE St ent the | ow 6\gﬁercent age of MSCs t hat
ght be C_IO(S?EII‘I but ed by peri pheral bl od |naI | IOGHI | e nd'd cl eaf -mar ker

eX| sts fdr tHAG(IHPFTAEEGTIR o8 (atist Iprlmr)g:e'lsd) Sp ARG QUE Hhfoshf §ENT SOT'S,

MyoD k i §,,0in¢0f rkers essed .during differentiation and
has been h@g © us{npgreﬁ OTJX/“? 55"'3@5‘%”&3%} STCLSS (i RtaF seationsyolame, 0f1991

Sci ence 29@_ ur6 DupbGite Badiond sverd3pbrfimad usmglﬁﬁn%e&‘%ie&g]ﬂ thdBSus %7 99 104
Sassoon, 93. Devel op. Biol. 156:11 shown™1n Figure ]%ﬂ
expr essi §n Gy Sb¥bifErdal fOTHEh- | cl@édIRILSA“@cﬁ trespbysd b]yOSgarose:Sgd\MR 2005

suggest i B@cir r N eng
ag GolrhyHor QW t["@%%h{pﬁﬁ@aﬁﬁ)nrtg{cm 1nep "D"iln%ée Is ca]n;% g

precursor cells in PLA, but are At at i on of
a nul ti - PihEEGEclstiadvcedin MM ves parirmed ask@h&tf@dontmscl e tissue engineering
is thg treatnment of intrinsic skeletal nuscle 5 diseases and the |oss of
skeletal muscle followi ng trauma or ischem a. Present nedical and surgical

t herapies_for .these disorders are either ineffective or inpractical. The
use of m@m sing. Human PLA cells are
plentiful, easily obtainable with mnimal norbidity and di sconfort and
exhi bi t qyogemc potential. As such, these cells may have inportant

appl i cat | Br&aRtERte Fwngarase. giteelief Svghneired RbAacedls i cagaintuctdhitlge t he
degree o f i at PLA.cells is relatively Iowcorrpared
to obseé(\)}g%%ge gtgdll;y &;Té]ﬁ %gg%n%@ga‘ﬁ%gnbﬁag%é’ﬁ’ing Wi 1o P@‘ﬁ’Plza iyartgdzuk, P.,

et ald, mOOIsCTHs ECa] zamgumamnngvobdZW)&aa)the appbicét MOBDYfan@XRGRAPUS
factors 1 ]hveas [paée? ve %6 Qahctlve 15 pechani cal forces (Periasany, et al.
1989 Bi o@% S5 By evArARH b dfYokHd andkanosirposaBe ells Caby

Physi ol . cxb&es&% 2 pdcenvaRdg TRy 5@@%31131 % @951' pif 1{')@1552'%% gﬁaﬁie@é”s &L

Vandenburg et al., 1988 In Vitro Cel
ication of the degree of myogenic differentlatlon All studles were performed on eight

patients and the mean number of MyoD1 and myosin-positive cells calculated, together
20 with the standard error of the mean (= SEM). Myogenic differentiation in both the
experimental and control groups described above was analyzed for statistical significance

using a one-way analysis of variance (ANOVA). A p value of less than 0.05 was

considered significant.

RESULTS

25 Induced Stem Cells Express Myod ! and Myosin Heavy Chain:

Consistent with the previous examples, no qualitative changes in PLA growth kinetics
and morphology between the 8 patients used in this study, suggesting that the isolated
PLA populations are relatively consistent between all patients. PLA cells were isolated

from raw lipoaspirates and induced using MM, containing hydrocortisone. Myogenesis
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Vandenburgh 1989 In Vitro Cell Dev. Biol. 25 607-616) and refinement of
culture conditions may augnent nyogenic differentiation, naking these

cells clinically useful. 20 EXAVPLE 11 The fol | ow ng desgyéﬁ%@g& &{0V|des
adi pose-derived stemcells which differentiate into 25 0s 0 A
chondr ogeni c, adi pogeni ¢, myogenic, and neurogenic tissues. The description
al so provides nethods for isolating and inducing differentiation of said
stem cells. MATERI ALS AND METHODS 30 All materials were purchased from

Si gma (Sthy Pbdi s¢llsMBps spdRei¢ SanthDl m9SeenfeAbofithns Fisher, $6i entific
(:D?ttsf:)urcglk% PA) . um@gs ot her wi se stategd. Al tn!ss%%h; _Igu&gsursé’dxeﬁﬁé’r‘?ts 110 8
MAR 2006 Wer & ‘%JIPBH‘é?éé%“ff?z?ﬂﬁ“mménqt@@mewml owdiuNewr YorediaNiuctiFeta! Bovi ne

Ser um ( FB8prnagnehekifepRal SEReHFES HPL. lwgtéggfpfégfﬁ@fﬁa?g%oééﬁ& {_Iyalﬁ.;r%gl%érl\%ggl%n’ )

and Life Technol ogies, respective _ _
pur chased*FPEHBPORBIPOSIA fHtmmbiatvze wian gotcBAN. PISA Gelld iduB&S forNgY fRk human
ost eobl as{gk{ st s), nornmal human chondrocytes fromthe knee (NHCK) and a
popul ati on of MSCs from human bone marrow were purchased from 10 C onetics
(Wal kersville, MD). The murine 3T3-L1 preadipocyte cell line (Geen and
Meuth 1974 Celd. 3p127-133) .was obtained from ATCC (Rockville, M). The
hunan neur 6en %’Cﬂ% e TEBRING PRIENtIPChe exprassianhel gstnblished muscte-pbciBx. Har vey

monoc onal  antt body to hupmn anrgosa et o PRERHRT o Fiearic shi 2o
Co. (Jaﬁ?ﬁﬂlﬁsowh@%éqeylcPdhaint@nnymdbemecmsmumm @Bt BOpoffiinted( 6XRe. -
LF123). e8h8QRAclf Rveral transcription factors, that include MyoD1, Myf-5, myogenin and
structural proteins such as myosin heavy chain (Butler-Browne, et al,, 1990 Anat,
Embryol. (Berl) 181:513-522; Thornell, et al., 1984 J. Neurol. Sci. 66:107-115; Megeney,
et al., 1996 Genes Dev. 10:1173-1183; Seale and Rudnicki 2000 Dev. Biol. 218:115-124;
Tapscott, et al., 1988 Science 242:405-411: Weintraub, et al., 1991 Science 251:761-766;
15 Molkentin and Olson 1996 Curr. Opin. Genet. Dev. 6:445-453). Commitment to the
myogenic lineage was identified by staining cells with a monoclonal antibody specific to
MyoD]1. Nuclear expression of MyoDI in PLA cells was observed at 1, 3 and 6 weeks
induction with MM, suggesting initiation of the myogenic differentiation pathway in
these cells (Figure 16, Panels A to C). Similar to the PLA results, nuclear expression of
20 MyoD1 was observed in positive control SKM cells as early as 1 week post-induction
with MM and increased MyoD1 expression was observed in SKM cells by 6 weeks
induction . In contrast to induced PLA cells, MyoD1 expression was not observed in PLA
cells treated for 1, 3 and 6 weeks with CM (Figure 16, Panels D to F). Similarly, no
MyoD1 expression was observed in HFF cells treated with MM . The expression of
25  MyoDI1 in induced PLA celis suggests that these cells have initiated a program of

myogenic differentiation.

To further confirm myogenesis, cells were stained with a monoclonal antibody specific to
skeletal muscle myosin heavy chain (myosin), in order to identify terminally
30 differentiated myoblasts (Butler-Browne, et al., 1990 Anat. Embryol. (Berl) 181:513-522;
Thornell, et al., 1984 J. Neurol. Sci. 66:107-115). Consistent with the nuclear expression
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5 (aON - LF37), biglycan, ((xBG - LF51), decorin (aDEC - LF136) and

al kal i ne phosphatase (aAP) were obtained fromDr. Larry Fisher (NI H).
Monocl onal antibodies to MAP2 ((xMAP), neurofilanment 70 (aNF70) and t-tau
((xtau) were purchased from Leinco Technol ogies (St. Lodi E,MA/R))Z{]OB

Monocl onal antibodies to trk-a (aTRK) and NeuN (aNeu) were purchased from
Santa Cruz Biotech (Santa Cruz, CA) and Chem con 10 (Tenecul a, CA),
respectively. Polyclonal antibodies to glial fibrillary acidic protein

(aGFAP) aridvived s Hiur ctiasiadlickd omhDak a6 gxSbdes #9800 (Mefikor/

O
respecti vel Yo Secondary anti bodi es conj ugat ed I ne’gs %eif)ﬁatloase wer e
obt ai ned T om 2y fed! Ot © Meldhdarosingrprassdi ees cshjotgiabdatet Ddiithe Wer e

pur chasedinfe @i B D SIS GRck (&%Jjad ki Cel I vest,. Culture and
Differentj ?ti o& Conditi o%ss: di ggglg@gﬁ%@ééé?rgﬁl%ﬁtg's(‘F"E’%f I BRfuge, wer e
obt ai ned #iPofHEHMAGs0 aoblasts e BusleBrawiet uttesl., as90be Gai, DEABIBI AV OUS

studys(Zuk;-: THgshe i ing . 7(2). 209-226) . 20 Adi pose-derived stem
cells and é‘ls'%.?_%%z’cgl I's l\i\eg?gl"g%%’?ﬁtja[ﬂﬁ%régisﬁ"r?%r}-%i%hldal:t pirlacim pyroMyoRbdi um

(Tabl e _SI‘?SUKHGBI mﬂ!@@e_amdSSMKMasfabi@;svedix?_ePeriC@g@E@gg%d th @p@@%}gezp}gl I
comer Ci t neql oneti cs I pose-deril ve_ stemcells c S were
i nduced @'%%C\A%B).PC}B? lr’18*" ‘cﬁ'gi&r éeﬁ%@gwﬁwwwi%w RYOSELRNPrassidn was Tabl e 5.

MSCs wer ebiendidde 8 KM podigyCmirels Ghdlce® R Brak ¢ Weo! enent ed with the
grow h factors outl{,ﬁr;ed in 25 Table 5. 3T3-LlI ceyﬂtﬁv\ere‘ﬁgg ugg)gatw?r(’)ward

usi ng Adr SSGRIFFEOMBUPUMMyQR!. andprmesin igriedudeiCRL 8 skells suggeses ihadhiedellsi Ng
comeg Ci pﬂﬁsyssaly}@igglﬂpb@teﬁtw_ucti on nedia (Cl onetics). Histology,
| mmunohi st ochem stry and | ndirect |nmmunofl uorescence: 112 - 8 MAR 2006

I ndirect | munofluorescence (IF): PLA cells and MSCs were processed for IF
monoct onsl iy PSP o pSesenicc et RepecoraBE ) e Jubblivgy  and
i1 oront 12t od ool | ver e or aceeend So et anopRae; Weuphe W Ephiftd 301
Ti ssue EHSF%E&?%QU“W%@GJEQ dormagipm g phigtiroyowbey Théamedtorfi Rlak calbsays:
Bl Uo. (chont oaeal o aRL g aREr SRt prsul tn FEdormal B R BRRE B oflferd ©' ™"
chondr og&# cfiguredgd) wdhe pntdeswddsiy of Hhéser muhbnet@ieis s610n gafiually
increased with induction time with multi-nucleated cells observed in all PLA cultures at 6
weeks induction.  No fusion was observed at 1-week post-induction with MM .
Furthermore, multi-nucleation was not observed in PLA cells cultured for similar time
20 periods in CM or in HFF cells treated with MM . To confirm the myogenic origin of
these putative myotubes, the expression of myosin was examined in PLA cultures at 6
weeks post-induction. As shown in Figure 18B, multi-nucleated PLA cells at 6 weeks
also expressed the myosin heavy chain. The formation of multi-nucleated cells
cxpressing myosin upon induction with MM suggests that PLA cells underwent fusion to

25 form myotubes and further confirms their myogenic potential in vitro.

RT-PCR Analysis:

Finally, myogenic differentiation was confirmed using RT-PCR (Figure 19). Consistent
30 with our immunohistochemistry data, RT-PCR analysis confirmed the expression of

MyoD1 in PLA cells induced for 1, 3 and 6 weeks in MM. In contrast, MyoDI
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10 coll agen type 2, keratan sulfate (KS) and chondroitin-4-sulfate (CS), as
previously described in Zuk, P. et al., 2001 Tissue Engineering 7:209-226.
Spectrophotonetric Assays: 15 Al kaline Phosphatase (AP): Triplicate sanples
of PLA cells were differentiated in Osteogenic Medium (©9 MARr 2805 to 6
weeks. Cells were washed wth PBS and harvested into PBS/0.1% Triton X-100
(PBSI TX100). AP enzyne activity was assayed using a conmmercial AP enzyne
kit (Sigma) and neasured at an absorbance of 405nm Total protein in each
sanpl e wersPietisunes nijasheetveint Piea BedfudubdTR N Sof B aef onf 19786, 20, Anal .

Bi ochem (2 248- 254) using a BCA Protein Assay Kit (Pierce, SekPSPa, 1L .

, o e dudy

AP activity Wwas ex O XRHFS 10 WS obspivedh o1 indnaed R etd tetisnBeddegs,pr ot ei n.
(?ol.uti Qns.

The assaywhilesncreabd bx@tachnUsithg i henal.
Di f f er ent,i at ed rI\/BC anlgr NH&t tcelnﬁwﬁsgeﬁsés}a@%%%ém%& Y92 WENMEI s whi | e
non- i nduced S PLA R diegisddn daosapelts aftsr 4 workgdtindieticoBid Ghs sVRbHRS AT €

expr esseahasnh RS st 2 a cium (Ca2+):. Triplicate sanples of PLA
cell's were differentiat 1esd&i ﬁ% g}slg%g%rg%sr'?nbgg”ﬁ%ﬂ@e‘?’as’cﬁlef’@cv@@r‘é@/@&éhed With

PBS (no Ehd+cellngs Mgt empreasidn varsestied in roftrdINLAIGEs Sehn! SydBiiGeQXHEACt ed for
a mni mum,ef TﬂeWﬁéRart uiC and centrifuged at 1000xg for” 5 mnutes. Total
cal ciumin fhe supernataht SYRNM QPG isechayisty sl did: fuptbe7suapatt 30
measur ed thetmyAfg@hin poteditid ofiPBAcel@sS cal i brated using cal ci um st andard
solutions. Total protein was determ ned and the sanples were expressed as

mM Ca/ug protein. 113 8 MAR 2005 Differentiated MSC and NHGOst cells were

assayed a@saRR&idn ¢ Qb iSterethid iguced PLA cells were assayed as

a negative control. Values are ﬁ‘p‘r‘e@g%ias—lghe mean+SD. 5

G ycerol - 3- Phosphat e Dehydr ogenase (GPDH): Triplicate sanples of PLA cells

were diff %?n&i 1N, AM f or to 5 ks.. The cells were harvested in

25 nM Tr .ins(-ﬁr , 1&R%ﬁ}ll ﬁ\d(e P ??@Pgﬁlﬁ%%ﬂﬁ%%@ptr@@mm cghd tsoni cat ed

for 5 semmundhdfociémistry | Jate wathquastiaRANIic0 o WaS tg@@hﬁ%gpgp%gé[)%g%gwg and
I ' at

GPDH in the.suger.nat nt assayed by neasuring fhe_ oxi dation
A340nm  FECOFATHYYS S s Rt s ap A \wdicaterrnf Mmoeenic emarkanegpresi@v ®vel One uni t

of CGPDH wRisxfekicaed adsrcbM8eldf (8@l PR Off L R NAREL o Rer mnute. Sanpl es
were nornalized wit h%?esEe%t to prot ec}@nS %O#gggfﬁﬁéeggne&rda%r?ﬂrﬂftt%e mean
(%0 total PLA = SEM). The number of MyoD1-positive PLA cells upon MM induction is

shown in Figure 20. Low levels of MyoD1-positive PLA cells were observed after 1
week induction in MM (4.11 £0.51% total PLA cells). By 3 weeks post-induction, 10.11
+ 3.85% of the total PLA cells were MyoD1 positive while 15.37 + 4.33% of the total

20 PLA cells were MyoD1 positive at 6 week post-induction. Based on the cell count, a 2.4-
fold increase in the number of MyoD1-positive cells was observed within the first 3
weeks of induction. In contrast to the first 3 weeks, MyoD1 expression levels only
increased 1.5-fold in the last 3 weeks of myogenic induction. The greater number of
MyoD1-positive cells in the first 3 weeks of induction relative to the last 3 weeks may

25 reflect the early role this regulatory factor plays in myogenic differentiation (Megeney, et
al., 1996 Genes Dev. 10:1173-1183; Seale and Rudnicki 2000 Dev. Biol. 218:1 15-124;
Tapscott, et al., 1988 Science 242:405-411; Weintraub, et al., 1991 Science 251:761-
766).

30 In contrast to myo-induced PLA cells, no appreciable myogenic differentiation was

observed at any time point upon treatment of PLA cells with CM or in HFF cells with
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GPDH ug. Differentiated MSC and 3T3-L1 cells were assayed as positive
controls while non-induced PLA cells were assayed as a negative control.
Val ues are expressed as the nean+SD. 15 D net hyl di net hyl ene Bl ue (DW\B):
Triplicate sanples of PLA cells were differentiated in i%r g i c Medi um
(CM for up to 3 weeks using established m cromass protoco I({() ens, et
al., 1977 Develop. Biol. 60:69-82; Denker, et al., 1995 Differentiation
59:25- 34; Reddi, et al., 1982 Prog. din. Biol. Res. 110(Part

13) : 261- 268) coflimatlubasingy of 40 indlyes tamid. #asaxeath 19 hiaaul at ed

gl ycosam nog)l ycans keratan sulfate (KS) and chondroitin sulfate (E:S)

accor di ng™°8 1t FPTESIWol SLAFSelRdaYe téme avas( siamifiars, stetistizhl andl@R6 was

Bi ochi m garf&ineBi QpYS ok t : = 1770) . e S was. cal i brated by the
use of gt andard K aﬁda&é?s%ﬁgﬁg‘dgo%%glr%} 8@91&1??0'2%?%%“}%’661% Y55 r espect
to prot ePhlyafiein legreekediddedsti@tion sigsifieencegP prmo®i; m.= Nogy, Ingicesh, PLA

cel l s;we a gative control. Values are expressed as the

meansh, Eﬁal%%fig%ﬁ%l@é ek éﬁ%@e@@s VEPe AN paprtEsd triethapaiinmed & signifitanheages

out | i neddiffercRable=5.0001). detdduedl [idTef si3RiFRSIck O3S debRbiAbd Ff[%vleéH 2 was
rentiated cells using a commercially availabl e kit

isolated fromthe diffe

(Q aEasy " ei'afen) 08{5{%& Wesisy Bkedy gercflectipncef Bedredusedgrobm MybD1- playdikR 2005

ol i go- dTmafur B rmpdHhsMVEMIaSV BeS sGrpt: & Madi s.on ) for
60 m nutes ”gtg 1C PR _aar_rg’l i%ei @gligléﬁﬁ e&g};@%@?}fb gr%()gﬂg%? ?%eee)ﬁ’c?ﬂﬂept&w of Taq
buf fer  EPHBYRFEY conrob wikhingeh2liffaremidtidNTiRe: eridd 5Qs foual tobe tlgstRRIPY Opr i at e

primes sgby; : A ' S _i ted for 1 minute at 94C and 2.5
uni ts of %rélgg%g%lﬁ%rzgg%lgﬁﬁ%%g%fd\;\@s&?gdded. PCR was perfornmed for 40
cycles (1 mnute - 94C, |mnute - 57C, 1 mnute - 72C. final extension - 5

m nut es /gt .72%. %II Pri mer .sre;tguences were determ ned using established
GenBank ‘SelUEHERY S MCHAsPAR s NUFHRSE oA niny estRPOSitdvee PLONSeNs tas prlsarer s

desi gnedoliservt@aphp HRIBKRRPH IR Dﬂ@rt?ig(n?b' ?‘St i%égfbfe @Uyé %)I’ %AHggSiltl %;q?ri%%ioncy(:l €S as

an internal control. The sequence of each pr oduc s confirmed using
10 aut ondfecPhseyedat il nueeknenst-induetivad cousistane Mith ewgressior arfithBdpragimimegat i ve

For Ine BarLRE ARSI AE S meck TS TIF o3l 1P S MbA RS ' °
skel et al covn®d|vecrapositiveafon niYNAin expression, while 8.42 + 0.71% were myosin positive
at 6 weeks, a 2.2-fold increase in the number of myosin-positive cells in the last 3 weeks
of induction. The increased number of myosin expressing cells from 3 to 6 weeks post-
induction was greater than that measured for MyoD1 and is consistent with a shift from
20 differentiating to maturing myogenic cells (Butler-Browne, et al., 1990 Anat. Embryol.
(Berl) 181:513-522; Thomnell, et al., 1984 J. Neurol. Sci. 66:107-115). No myosin
expression was observed in PLA cells cultured with CM or in HFF cells induced with
MM, confirming the specificity of the induction conditions. Analysis of the increase in
myosin expression levels from 1 to 6 weeks confirmed statistical significance (one-way
25 ANOVA - P < 0.0001; F = 75.5). Statistical significance was also observed using an
unpaired t-test to compare 3 and 6 week myosin expression levels only (p < 0.0001). As
in the MyoD1 studies, statistical analysis of both PLA and control cultures confirmed
statistical ~ significance (one-way ANOVA - P < 0.0001). Finally, myogenic
differentiation levels, as measured using both MyoD1 and myosin expression levels, were

30 found to be consistent from patient to patient. Furthermore, regression analysis did not
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were reverse-transcribed and anplified by PCR as a positive control for the
myogeni ¢ and neurogeni c |ineages, respectively. 15 Western Blotting: PLA
cells were differentiated and harvested in 1% SDS. Lysates were honpbgeni zed
and total protein assayed. Equivalent anpunts of protein & MAR egigh | i neage
were denatured 20 for 5 mnutes at 100C in SDS Load Buffer (0.5M Tris-C
(pH 6.8), 1%6DS, 1 nM DTT, 50% d ycerol, 1% Bronophenol Blue). Lysates
were resol ved by pol yacryl am de gel el ectrophoresis (10% separating gel,

5% st ackidagogeda)e, aasigfitidhndcdrfel&ioAN SR REAE OBk ntiatRnO &N €
transferred overni %Et to nitrocell ul os[ﬁeiydr%enbr anesnéané)rnt h@ﬂlngeﬁtgér%gna S

bl ocked f¥¥oR ! forekiia 510-Bomyprntw@aclHoveh® n Bl ocki ng Buffer (WBB: 5%
non-fat 25 m |k, 1XPBS, 0.1% Tween-20). Menbranes were incubated for a

m ni mum gfis0ggput es in VWBB, supplenented with the follow ng antibodies:
ost eogenesis: aCOP, aON, aCN, aDEC and aBG and adi pogenesis: a4 and aLEP.
Menbranes were also incubated with antibodies to the transferrin receptor

and the 3Sblsubl leshdat tshonkapvadealan indult>@BoEestdiofl HoleeRLER! frusdyenbr anes

wer e gvasged a mnimmof 3 times with 30 PBS10.1 9% Tween-20 and t hen

i ncubat ed“F5F 8O A W@garﬁxsﬁomegﬁﬁﬁt%ﬁéﬁﬁ%@aw ¢linical psobipp rwigr ifext e

secondar yolaidnshodsorC ethH GAtRR tlé%s,alvgé%lulaﬁli%ecph‘gt?sgﬁattﬁﬁ%'lany?ﬁnwﬁ%!’h%&%s 115 8
nd t he onda nt i

MAR 2005 were washed, as described above, a se ry a odi es
vi sual i zB¥TeiseAgby inewrbant cloaer Kifa modsfiny iRebellz-chometiam]ly EmdpluxctidBel§ or d, MA)

accordi ng,.t f act n:.i ndyced PLA cell.s were al so al yzed as
a negati 8%1%@1@?1[53856@@% f?g ¢I§O%@erﬁmh%c50%f6gﬁféiﬂ?r8 BhiTlise £ PEY it igﬁP?rgﬁP.‘
| mrunohi stmsleedi ®t by :fatslbondetsu annltidg An GebEisssiver Musdld tieksedidpRraBmeiiaduct i on
Medi EDI\{EM 20% FBS, 1 HM fi -%er%agt,oet hanol ) for 24 hours. Fol | ow ng
prei E@uc s o deyfpaction Apd el puieratigh: et HaRiReulis: apoRHgR e Medi um
NV andaasse siseshybiaverproven @EstEssti® iR S N Lt 46y MG ke | I neages
ETZ{)I e Sgag%T F‘C%:y PI_.AlTL(;eI s were pré@?rﬁj?gg@}:eg?&gﬂ{tﬁgﬁrls |ér€1&§?et§enducti on
Medi um @mctf\,wé;wogngmeermg may allow eventual replacement or repair of both focal and

generalized muscle tissue loss.

15 Two cell types are generally considered candidate cells for muscle tissue engineering:
embryonic stem cells and post-natally derived progenitor cells or stem cells.
Unfortunately, ethical issues and potential problems with cell regulation have limited the
use of embryonic stem cells (Baker, et al., 1996 Curr. Top. Dev. Biol. 33:263-279;
Dinsmore, et al., 1996 Cell Transplant 5:131-143; Lenoir, N, 2000 Science 287:1425-

20 1427; Rohwedel, et al., 1994 Dev. Biol. 164:87-101; Young, FE 2000 Science 287:1424),
Post-natal skeletal muscle progenitors or satellite cells have been introduced for the
treatment of Duchenne’s muscular dystrophy by Myoblast Transfer Therapy (MTT)
(Karpati, et al., 1989 Am J. Pathol. 135:27-32; Law, et al., 1988 Muscle Nerve 11:525-
533; Rando, et al., 1995 Exp. Cell Res. 220:383-389; Partridge, et al., Nature 273:306-

25  308). Although potentially beneficial, the practical use of satellite cells is limited
primarily due to cell availability (such cells must be harvested from viable donor muscle
tissue), as well as decreased self-renewal potential with increasing age (Rando, et al.,
1994 ). Cell Biol. 125:1275-1287; Satoh, et al., 1993 J. Histochem. Cytochem. 41:1579-
1582; Schultz and Lipton 1982 Mech. Ageing Dev. 20:377-383). In addition to satellite

30 cells, mesenchymal stem cells derived from bone marrow (MSCs) have also been
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induction in NMfor up to 9 hours. PLA sanples were harvested, RNA isol ated
(Q aEasy, 10 Q agen) and anal yzed by RT-PCR for the expression of specific
neur ogeni ¢ genes (Table 7) as detailed above. Isolation and Anal ysis of
PLA Cones: 15 Cone Isolation: PLA cells were plated at.gxpnengloy | ow
confluency in order to result in isolated single cells. ﬁures wer e

mai ntai ned in Control nmediumuntil proliferation of single PLA cells
resulted in the formati on of well-defined colonies. The single PLA-cell

deri ved calouni e fier enoarnie shatiis W ShRE! GuRROULMIGISANT,0025% |

trypsin/ I%g%@% % harvest ed cl ones werée anp

FBS, 1% HENBi2dY il et A0myeabttn, gul. F1192/5u>mme(1\1eme))8 1415’nf42|6§rat| on of

Mil ti-lineage capacity: Expanded clones were analyzed for multi- |ineage
potential as described earlier (see Hi stology and | nmunofl uorescence). 25
Mol ecul at" BHasady.ewk shewchat [GnomeRrovess@l hipahsprred (PYARTGeRCBbEmed thgn

expr essi ifi enes as .described above. RESULTS

30 Stzm ggﬁtfb%e%ﬁg%/lgé@bn b g&gllgyar%&é &? DRegeniq 1 7potergial \Rn2088 9 n or der

to char abnmundrestbthnﬂaAapabM-BCRoahafy@ést ROEal (BRI brsa Wene 1@%@&8 n&fl E@M ”9
ommer ci,al popul ati on of human

i ndi rect to a

have beeh" pg?.gg\%)ﬂ] @Xyngﬁp?‘&?yaﬂﬁ eare Chadt, markers|thatsare feam@safrdrlke?ksleﬁahat can
be used masdebrcideRtuinfdred gf&rr(gmag&{g d [ T ) der, et
al ., 1998 J. Orthop. Res- 1% 155-162: &e‘ﬂg@%'t% W‘ﬂgﬁg’g&z{gﬁa&‘&ﬁ é?&‘

134: 277-98; is Jlaghﬁssaqlurm@tthalﬁrst 3199¢kSJ0f iBdiidtioBj owtsismant 64th2i9§56&8ﬂy21;01d:’iri t enger,
et ajgp, 999 SkF 4. MSCs., PLA ¢ ressed several
of thesem%rg%?el nsf&@?%n%ﬁ Al‘%g? %Iége)ndedr 'Fc iToR "Hgy‘%?ﬁjaltsélgsf’ é’ﬁfef‘é ’Hﬁﬁélfe t hese
cel | s ashighesm eehbes. oApmms(m mame\vey cel]l@O%ﬂfveﬂ heufflA BadIdEC gapet UpLS Were
p05|t|ved[1; en{/ e e pr ﬁn of CD29, (CD44 CD90 and CD105/ SHZ wi th high
expressi on “IBVEY H5r e cR WECks sk induetiany.s Suedi Ay ingeasp sey aeflech thsot h cel |
popul at i @AGratiBatdT MEA lcepP Mt AlyioBMSts ! GehsBIRF @\ﬁﬁel‘élmtuﬂgl (ﬁ%é@ﬂ% i_(& fhda  Whi ch,
together with SH2, is considered a specific marker ynesvvorth
et al., MYQUsst fsin, mg%U@mUCIGﬁWdélwilthe%rﬁplteﬁeﬂmaywn,tase fokt Mservedhl s and
I\/ISCstvertg I I L QT 1SR deae L £AT T NG
that a1 e Tons BN ipdEoL it B shbaP bl el SRR mubrigeab RN Necs
di d not exprmss davhe thaenat Bpmallﬁt lmmhndim@ﬁemlcal quantification showed that

approximately 15% of PLA cells undergo myogenesis.

In post-natal life, mature skeletal muscle fibers cannot regenerate if damaged. In
20 response to muscle injury or in individuals with chronic degenerative myopathies,
satellite cells, located between the sarcolemma and the basal lamina of the muscle fiber,
activate to become myogenic precursor cells. These precursors divide and fuse to repair
the damaged muscle (Campion, DR 1984 Int. Rev. Cytol. 87:225-251). However, the
number of satellite cells within mature muscle is only 1-5 % of the total cell number and
25 their self-renewal potential decreases with age (Schultz and Lipton 1982 Mech. Ageing
Dev. 20:377-383; Alameddine, et al., 1989 Muscle Nerve 12:544-555). For focal muscle
toss, vascularized muscle transplantation has been performed, but incumbent donor site
morbidity is both cosmetically and functionally limiting. Furthermore, for systemic
muscle diseases, autologous skeletal tissue transplantation cannot be used because of the
30 generalized nature of the disease process. Therefore, other cell-based therapeutic

approaches are required.
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15 markers, CD31 and CD34. A small nunber of PLA sanples did show
negligible staining for CD45, although the nunber of CD45-positive cells
did not exceed 5% of the total PLA cell nunber. Unlike MSCs, no staining
for the adhesion nol ecule CD58 was observed in PLA cells ﬁ%@ g tonetric
anal ysis for CD marker expression confirnmed the |F resul@ w@ e 24).
Taken together, the immunofluorescent and flow results 20 denonstrate
several simlarities in CD expression profiles between PLA popul ati ons and
bone marrow derived MSCs. PLA Cells Undergo Distinct Chan" Upon Osteogenic
I nduction: 25 In this Exanple, we denonstrate that PLA cells undergo

di sti nct Ope obahf emesging drcatgyent seategy is MypbhisnBransfiry Bhdrany s Es Mysdiast

ost eogen ri ogeni city of
pea oot AepbIE R AL e ey GRP BARRES b Rolif cu B ERe 3B nRES

measur edwandirgopar&irmtddnt W7APandlchasvbtéep stosvnced bk wrpnimsm@at@tmm nfatl on

(Figure . Panel A). PLA gell nu r incre i, t

st SobenPRUIEIPY SrEHY; ORI Gt by [SHNBVEPAMbJFPaTRe AP and
Von Kosspaw!diahi NMREsRONERY ad:505 1598 RandB, et aPan®s Hig) Cef Rek Negr3ghncr ease
in PLA cel | nunber was observed fromday 3 to day 9 and 118 - 8 MAR 2006

m ni mal A8 Sedriagamgt %§@5§8?@é@6ﬁ%)un"elﬂ‘loU%ﬂieﬁmlcﬂib’mep?féﬂlﬁllff@r avsedh rates
| evel ed pff. r(gﬁa\c@ifnleé(t freatu\éﬁt‘éﬂtaﬁ@r{ |1%3§u@&g g%ybéﬁ ’l1nﬁte8rlﬁ99&59 REM L lg)@ﬁ jhas

observed in several ons ncreaseé 1 n activity
was seeanéthﬂerhzﬁaMﬂEZSandaidh,yet]e@ aaes J tﬂietofchafthﬁpqﬂ&ar andeé7ef158al ci um
phos

sits re.observed b ks i nducti.on nced rate
D Bl pRorT PURE T TP T IS 626 orms MOmiARE Cradidhlts FRORRES ded i t h
a time- dependentheta ;ﬁgﬁtﬁﬁs‘i@tegi&s biatdh&P candpdls ;ﬁbﬂfefﬁt@ﬁh cultredfidirdthi@nhe t he
formation of nmultilayered nodul ar structures and increased matrix synthesis

were al s@blhwgmfeamtn!ﬁ iy severad maspdermal ¢edlgtypespCaplas| 199 hdnPehopidtsseased
fron1day 89@@ﬂ%ﬁ%@ﬂetﬂﬂ§ ggg@g@g4py4¢he devel opnment of internodul ar
I's, 1

regions |ng a rént ce fogether 'with increased matrix
ninerallzatlon Together these results suggest that PLA cells nay under go

di st PIprollferat Sg asegtas oSt eo enlﬁtmfﬁ tlatlon
or acbbasMonka I PRE G ERErTERBr e ByPRAR R 8RR difie b el
Matri x Maeial érﬂaﬁdsﬂﬂatall&gﬁﬁﬂﬂs (Féhﬁﬂt £t0d)., 1199% B¥iendeS2 B: LRBPISEH; @ﬁlﬂﬁess
|nvoIV|n? nor phogens, hor nones_and
991 J. Orthop. Res. 9:641-650; E]mer et al., 1981 Teratology 24: 215-223; Swalla, et
al., 1986 Dev. Biol. 116: 31-38; Hauschka, et al., 1974 Dev. Biol. 37: 345-68; Solursh,
et al., 1981 Dev. Biol. 83: 9-19; Nakahara, et al., 1991 Exp. Cell Res. 195: 492-503;
20 Goshima, et al., 1991 Clin. Orthop. 274-283; Goshima, et al., 1991 Clin. Orthop. 298-
311; Benayahu, et al., 1989 I. Cell Physiol. 140: 1-7; Bennett, et al., 1991 J. Cell Sci. 99:
131-139; Calcutt, et al., 1993 Clin. Res. 41;: 536A; Lucas, et al., 1992 In Vitro Cell Dev.

Biol. 28: 154A; Lucas, et al.,, 1993 J, Cell Biochem. 17E: 122). Williams et al. has

shown that post-natal cells isolated from skeletal muscle tissue possess adipogenic,
25  osleogenic, chondrogenic and myogenic potential (Williams, et al., 1999 Am Surg.
65:22-26).  Moreover, several groups have demonstrated the differentiation of
Mesenchymal Stem Cells (MSCs) obtained from both human and animal bone marrow
into adipogenic, osteogenic and chondrogenic lineage cells (Pittenger, et al., 1999
Science 284:143-147; Grigoriadis, et al., 1988 J. Cell Biol. 106:2139-2151; Beresford, et
30 al, 1992 J. Cell Sci. 102:341-351; Cheng, et al., 1994 Endocrinology 134:277-286;
Johnstone, et al., 1998 Exp. Cell Res. 238:265-272; Yoo, et al., 1998 J. Bone Joint Surg.
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grom h factors. Recent work has questioned the efficacy of synthetic

gl ucocorticoids, |ike dexanethasone (Dex), in nediating osteogenesis.

G ucocorticoids appear to inhibit the action of several osteogenic genes
i ncl udi ng osteocal cin, CBFA-1 and CNI (as 20 revi ewed i—”BCHQ?eZ et al.,
1999 J. Endocrinol. 163:159-164). It is well established th Uiggne tissue
and osteoprogenitor cells are targets of vitamn D action (Chen, et al.,
1983 J. Biol. Chem 258:4350; Chen, et al., 1979 J. Biol. Chem 254:7491,

Nar bai t z Anetgoal745-13983 Tifesd ﬁh(ﬁingsg.\lulﬁﬁest ki borROmartd aﬁﬂ‘gkélahlsmﬁﬂ@{?ﬁw te

stinmulates both AP activity and synt hesi s by human bone cel
popul at i 8hé NBBisEES erEse adtstes cellsg Jd@veige dherg greidrpwbacksg sy thepgse T dwat or e, PLA

Ul . . . . i : g
ci thor " doEabBiHESS- ) Al QRkGRRP Bl ROLAS IR o fOBER 172,
10-8 M . péPful aod iywldsya dowd nGatber af MiGs, aficroncqueing aeese egghneve rprior ne usi ng
i al -Kit | ] ith t, t i / tine.
Fnduced PUACH e MarRFin e Y lsie “HERET: bt pBPoadad AROrE, musde

st age- spedthbita fuhdiidugltlbgno batikatss presented in Table 9. AP activity in PLA
cells, resulting fromeither Dex 119 - 3 MAR 2006 or VD-induction, first
appeared at 3 weeks and undifferentiated PLA cells exhibited negligible AP

level s afy alil ckhiiBlePQt Remohdtl IR SfresSRNEl AlablifiRdamld iy mbfiRM Byt o 6
weeks was bi-phasic upon both Dex and VD stinulation of" PLA cells,”with

peak actdippserdsgived sleys cells ayodd, amgosinge rrewlsimglentéang) scoafirrdiag 38d VD
peak s ; "o hi vt 3 4 and 5
woek ) ailieBhe 68 hSode RN, shed' Ahe BNEE T oREHM A IPeZeh e Tho

i nduct i oprocedidést arorslatitel P sateakith midmanpaticAPdisenrefos, humhe adipbecdegidedt 3
weeks in VD i Pduced PLA cel | 3 ,,V\,h«.?r eas ng _shgﬁi fi cant§ maxi num was detected
upon DexSEMestnEHt ProxigF @b waaddippnal sayiee obmylinhingace eellselogether VB H9SSi ve to

VD sti mub@hin@d idin bdnbaRkSwint Ik ataBRIRRC & tei¥if] mcuBPaXRedsnduct i on bei ng
10 neasured in these cells conpared to Dex treatment (17.2-fold

i nduction/Dex vs. 71.3-fold induction/VD). Like PLA cells, negligible AP

activyity i - 1. . I 2 cong. t to PLA
col 1 53 DUE ERRESEn' O oSedt SRUEH iRl b SRS e MCRIR B 30 5
4 and 5 wesks:lls Theoobe cahfirned: teisposdibib/BEowdR wandikely) that obseswliechre dneler Dex

and VD induction was .simJlar to VD induced PLA cell i.e. bi-phasic). 15
However , tOdtlijl‘ir é‘é@?'ﬁ{j’af“ér&/éﬂfst%ﬁeqdép%éjé’H}pgﬁmS?t REs ?éelﬁtﬁ( If&%@sorr Igpﬁg?‘m‘lf hZin day

35.  Mbr pRY@kors TRk AMOh-MipyRisaed dovtdel @nel pbsHBGSy WeREcHRigghesh tttha@ | at er
differ en;éigé;eggmpanment with myogenic precursor cells from skeletal muscle. However, it is
20 very unlikely from a technical standpoint that the investing fascia of the skeletal muscle
could be entered with the blunt-tip liposuction cannula. Another possibility is the
contamination of the adipose compartment by MSCs from the peripheral blood.
Conflicting reports have been presented as to the presence of MSCs in peripheral blood
(Lazarus, et al., 1997 J. Hematother.'6:447—455; Huss 2000 Stem Cell 18:1-9), although
25 we believe that the level of myogenesis observed in our study is inconsistent with the low
percentage of MSCs that might be contributed by peripheral blood. Finally, while no
clear marker exists for the identification of satellite cells and myogenic precursors,
MyoD 1 is one of the earliest markers expressed during differentiation and has been used
to identify myogenic precursors (Weintraub, et al., 1991 Science 251:761-766; Grounds,
30 etal, 1992 Cell Tiss. Res. 267:99-104; Sassoon, DA 1993 Develop. Biol. 156:11). As

shown in Figure 16, MyoD1 expression was not observed in non-induced PLA cultures,
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stage (i.e. 5/6 weeks). Finally, as observed in PLA cells, induction of
M5Cs from2 to 3 weeks resulted in the greatest induction of AP activity.
However, dexanet hasone, rather then VD treatnent, affect ed enzyne | evel s
nore in these cells (54.2-fold induction/Dex 20 vs. fﬁ@nﬂ |arﬁﬂé1ction/VD).
The pattern of AP enzyne activity was dramatically di ff'e R NHGOst

ost eobl asts. Maxi num AP | evel s were observed at 7 days in these cells and
enzyme | evels decreased after this tinme point to reach mninmumlevels at 6
weeks. [

I g g T T e L 308 SRS
acti vi t yPcaubwt a@%aﬁwm@gﬁnmmf&{wtmlomof@SUHalyneZQB sierdeellei t her induction
condition. Induction of PLA cells and M5Cs with either Dex or VD resulted
in a tinme-dependent increase in matrix mneralization (Figure 26 and Tabl e
10) . Conghsp&iNiof Viteldial Aisalettisstietenginedting is eel teeawmne ofrivirinsiceskplotab inveclé 0

VD-i nduction, producing ak/%geater \fl‘ﬁ{ al.l increase in 30 _matrix

m neral i dieasehand) P lessiof/sipietak musgle fof|oyyige ryuma, pr Keheaip ndHsPlVEIdcaet ect ed
at 6 ‘A’e%surﬁcﬁ'tﬂér Oﬁés Rf HRSE d146rderdlafOei@RS REMaMivt Br MihrhétRal. ethe\BEDf

al though maxi mum 120 8 MAR 2006 | evels were reached one week earlijer. As
with AP heminvPLy, callsghithess| aseasi inareinisingt | Bwmam PLAoeds pra phestifid, easdy MsCs was

observed i t sagnly
obser ved AEps el ffimat b e ke ph LT hAR iR deR M dECAT Y
si gni fi cantl yhesorelscahyg hava piyosphiaipe!icdtions dort mpegenicaisBuAcrgihdesing iandiuct i on
condl%on 5. significantly affected mneralization in MSC sanples w th Dex
treaf fePRiSsul t i ng in greater calciumlevels early in differentiation (3

and 4 weeks), consistent with the AP |evels under this induction

condition. This trend was reversed at 5 and 6 weeks, with VD resulting in
enhanced WhilsehaHegres,of myogenicediEerentiggiop of & L@e%‘-‘r”éé%@‘ﬁ“ﬂ“@d?‘i)f cREPa5H4er ved in

bot h De t | th th
0 X5 .n\%t‘% @ﬁdﬁ% M;‘zat ﬁ%’. g@gtegﬁycﬁff@r@&aﬂgﬁgﬂl@@’ & af OF 08 BlsBe W e

decr ease® I me point contrast to PLA cells and
MBCs, rraﬁhguaarﬁ‘@ '2%09-az®ump;blwaﬁmn oﬁcesugmewls fectaRs wadk8s passivedandeebtiNgIOs t

cells_and decre ed beyond this h obh ed NHGst
AP adfi viteghaniqak ZoTRsAd erizsamy; ﬁtofﬂ'ctllbgﬁ g'?]l fﬁ%ﬁ?géﬁ gayg?&e&au%ﬁ%ﬁée{vel s at
al I i ndugtal, @unPabgt . VEélh %PﬁoEXIIBPZUSmAIQfV@dmk@ 198N r odll d%ltyaobl asts

were associated with mninmal |evels of Ca2+, indicating. that Ee 15 cells
do not séb@ﬁ%éﬁhsl%ﬂﬂqﬁé@l i & e al tlﬂ%%tlnaﬁ'ﬁFBppFlét BeYn %ltl% 661’
toget her @[ﬁ ga%}tms RefAt HaRrhebemBt rdoe-d18) and Yetdaiens HPRAKE t he
osteogenlc p ype o
conditions may augment myogenic differentiation, making these cells clinically useful.
20
EXAMPLE 11

The following description provides adipose-derived stem cells which differentiate into
25  osteogenic, chondrogenic, adipogenic, myogenic, and neurogenic tissues.  The
description also provides methods for isolating and inducing differentiation of said stem

cells.

MATERIALS AND METHODS

30
All materials were purchased from Sigma (St. Louis, MO), VWR (San Dimas, CA) and

Fisher Scientific (Pittsburgh, PA)} unless otherwise stated. All tissue culture reagents
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cells. Osteo-lnduced PLA Cells Express Osteocalcin And CBFA-I: 20 To
confirmthe osteogeni c phenotype of PLA cells at the nolecul ar |evel,
osteo-induced PLA cells were analyzed using RT-PCR and Western bl otting.
For RT-PCR analysis, PLA cells were induced for increasing tine periods in
OM containing either Dex or VD. Dex and VD-induced MSCs

anal yzed, in addition to NHOst cells. Osteogenic 25 differentiation did not
appear to affect PLA cells, as (3-actin levels did not differ

si gni ficantd yurfKQ GORT 1.2 T@@{noﬁ)g(eg'(gﬂé{veY ék) NY*)H%@JI'Mlﬁ@ gé}ulpe()FBgﬁ VD did
not 5|gn|f|cantlg affect the expression of majority of the genes
exanlnedwKHdWEWQr eram  @H&hravére emﬁﬁﬁtdm&gmoﬁhﬂkmedﬂummmhéﬂéxpn@sbﬁbn of the

bone- spe r i nat det ect ted and
control E%%n S hﬂg%hve con??éﬁ§drdwgﬁﬂﬁg ?ﬁﬁhc%ﬂcﬁﬁﬁéqr ?%8&? sts.

Tr eat rren(PlpﬁmRhM@ahg,sPAm th VD produced a bi-phasic OC expression pattern.
Negligible levels of OC were detected at 4 and 14 days of 121 - 8 MAR 2006
i nducti on, whereas a significant increase was observed at day 7. Finally, a
rel ati velby lig@nsi stent | evel of OC expression was detected fromday 21 to
day 42. Elimnation of Dex and replacenent with VD for the |ast 48 hours
of PLA induction was sufficient to overconme the effects of Dex and induce
signific e ¢gﬁ§ c h sults,
anaIyS|sﬁggP%gxg%éggﬁwgﬁégéa rayﬁgét hﬁgdﬂgaé R@kgﬁg%éggggﬁﬁcﬁé&g

expr e55| OYWHCHK) Ded -at paaileichn RIFAMEES | feony diusian bma-mardm:adra:pmfchazbﬁ fldm gure 27,

Pane ot specific.to oste uce s.detectabl e | evels
mere&% Q(Wgﬂ”waﬁmgﬁﬁWﬁg ﬁ%&cgheﬁ@%“Frgg{Eg p°ﬂ§€§e HHEE&%B“IB“ ncrease
OC | evel siedth flmndeﬂ 30@S1 338 ks dbtmdcwhwtceedfaloﬁkwn@mml Tevednly a
decrease at 2 and 4 weeks. Unlike PLA cells, 10 VD induction of MSCs did
not resungurpgndgeryiegsidigrcPeiE, é‘%ﬁﬁ@s&eﬂﬁﬁubaﬁ@rm Hegven &ferschgan fdskilon | evel s
of this e d to remai n consist across the 4 week induction period
and mereg&ﬁﬁﬁgmgﬂémZen conpared to Dex treatnent. In addition to OC,
expression of the bone-specific transcription factor CBFA 1 was 15
obse{ied in osteo-induced PLA cells using RT-PCR. CBFA 1 was expressed at

al | duction points and no discernible effect on expression was observed
upon Dex or VD induction. In addition, CBFAl expression was not specific
to osteo-induced PLA cells as
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a lower level of this gene was seen in controls. However, an increased

| evel of CBFAI expression (approx. two-fold) was neasured in osteo-induced
PLA cells using gene 20 arrays (Figure 27, Panel B). Like PLA cells, CBFAI
was expressed in Dex- and VD induced MsSCs at each indug;bgﬁ pg@né, in
addition to being expressed in undifferentiated MSC cont A 0

decreased level. CBFA 1 expression was nore restricted in osteobl asts,
detected in 4 week osteo-induced NHOst cells only. AP expression was

obser ved agkinddiks:ti me points in differentiated and control PLA cells, MSCs
and NHGst 25 cells. In addition to CBFAI and AP, high levels of CNl were
observed in these cells. Wile, no appreciable difference in CN

expressi gn ct| of R RT- PCR,
gene. ar r 2y Tt BRI AR Rl Nt PRFMT Bl oo Shedgini <

i nduct i oflapdri)gUhe pBliy,cloIFialnaiubBahes ltén haehdh tds@ﬁpdr@ln%O}CBMﬂ23)ABst66Mm@\"
differentiated PLA cells, and NHOsts expressed ot her markers

consi 3t efftON0- MEW%@F&W"&M {‘él?@ntllaﬁﬁ%ndeqoﬁél (7Rfg -OP-FdR8) end .allmdingeen with

CNI , dec I n.Dex-treated PLA
cel i s s ro P arase APl oSGl ANGR (ARASMBEH o RS Thcc
expressi el (&WRAH)! ang6fiiaplehonof GGNeT d) RRARYAL \@EuRher BISRAKE trdm
Dex-treated PLA and M SCs when conpared to non-induced controls. In

addi t i onLekico Teshaplogiog éBt. bﬁUIRMQ)}IMml@@bantnbndmh@ an (YTRKageENafN VD

i nduction f PLA cell.s 4 was f ol | d by, increased
expr essi 8 By 8HE ?lgf}?aséig?é@ |Sﬁl&tﬁc ﬁu &Oé &&E%Qe(r:l’i g C%ﬁﬁ% §H “BIA™ not
resuliy i (TdhQuBXRIDS $ésPectRblydEREISCIoRd] Sdnsibedits Y4 tohall Abrilgdd ackigy biodtdage
differentiation (PPARy2 and CNI I, respectively). Together, the expr essi on
of  bone{xpbP¥ ped @@"vanurcbaSh@rfm@eMo i rSieesegen diviictorast, RISk é@ﬂp@ﬁi\@ y.
dlfferenlatlonln L eq- IIsfurther r t eogeni c
capaci tyts cfonfj%rg antlbo FS corybgalg_ﬁi ftlﬁl‘lme othatase WETE (O @Fag I%&I% dS 'PLA
cells maahqen§dcﬁmdy aﬁmbdn:ﬁeqorcomegmed ayeFITay wermmnafdswrfﬁmelmosamaé ysis and
Western b ottllng:F Ost eo-i nduced PLA cells (OM Dex) were analyzed by IF for
the expr &s¥rhlodsAlop, ON and OC. MSCs, induced under identical conditions
werejal so exanmined as a control. As shown in Fi gure 28, non- induced and
ost eo-i nduced PLA cells seC| ficall y expressed both OP and ON (Figure 28,

15 Panel Call Hapesygsltgiegnd Differenfiaioe Rlogditiaassughout control and i nduced
cells, in addition to a distinct perinuclear concentration. No

extracel lular OP staining could be observed. A purictate intracellular
pattern wagoad-daiedsaemecklkoPLAY callsbeete olgthined \fpes . ratvn lipakdpiraten and

cultured as described in a previous study (Zuk, 2001 Tissue Engineering 7(2):209-226).

20 Adipose-derived stem cells and 3T3-L1 cells were maintained in non-inductive Control
medium (Table 5). NHOst, MSC and NHCK cells were maintained in specialized
commercial Control media (Clonetics). Adipose-derived stem cells cells were induced
toward the desired mesenchymal lineages as outlined in Table 5. MSCs were induced
using commercial control medium supplemented with the growth factors outlined in

25  Table 5. 3T3-LI cells were induced toward using Adipogenic Medium (AM). NHOst

and NHCK cells were induced using commercially available induction media (Clonetics).

Histology, Inmunchistochemistry and Indirect Immunofluorescence:
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i ncreased nuclear staining for this protein was al so observed in controls.
Upon osteo- induction, ON staining appeared to increase in areas of
concentrated cells and was 20 expressed ‘-both intracellularly and
extracellularly. No expression of OC could be observed. gnMagnsgpgduced
cells and was consistent with the RT-PCR results. A small percentage of
the osteogenic PLA cells appeared to express low |l evels of OC
intracellularly. Simlar expression patterns for these proteins were
obser ved |idireMS@amun&iMEsincaNAFY. Nefue ednVega ﬁpsefse@a%d 13 &8ed %&ek AQf both
OP and ON. Like PLA cells, a 25 punctate intracell ul ar and nucl ear staining
pattern dercebgbderiide B opt dn WA hTiskee Bosineaing 289320 gsthec moasélompl upon

i nductio ol and i nduced MsSCs expressed OP
|ntracelr#&&@gE§ﬂ%§g$z?9mm#aiggggk&celIs, no perinuclear concentration
for this protein could be seen. FlnaIIy, consistent with the RT-PCR dat a,

bot h gon iQbia5 ipf%tcg? 893%&9&% &”“ g@gg@ngLA

confi

cells V\Bﬁﬂ‘ferémlaﬁﬁ @b ffbe\deﬂe rd&@s@:@ Els desciiBedan Fuk 1p. dayis 2800 TixgelngifRtih g | ysates
wer e analyzed for Decorin and Bi gl ycan expression.

addi tion/ p?%@e@l%eﬁhe fdﬂ%nahwq}%@ﬁl feays: tﬂﬂbalmﬁé’rhgmmﬂism(qse@g@tees) (TFR) as
i nternal 5o t he he
protern (2ORERD Siplachr oi® (BRI AR CtHErck Ll 1P Whiio? PLASALILNE
expr essi onuefd torwelrdl' tR amnémgcmallangel wemelmowesred Lsyeﬁh fomthesaxemsslmdmﬁed cells

e G R N S e T G e ey

three i ndmtlanmm Ras al.,1200 8 disiid B{glneeflh§330912%.6| ns were also seen in
controls, suggesting that both differentiated and 10 undi fferentiated PLA
cells are associated with a protei naceous ECM Like these matrix proteins,
both ON apgd FhMEhL&E8Mks differentiated cells and undifferentiated
controls.” However, ON Ievels appeared to decrease upon initial induction
of PLA cells and returned to control levels by 3 weeks. In addition,

oste eni, ti C anl.e L ncrea at day 21.
Takeﬁgtog@%%%%ﬂﬁ¥ﬁ@@¥%%§ﬁ%ii%npeg%%ﬁ?ngl (W@é eﬂﬁ”i@mﬁataﬁgg%?%ﬁ%s t he
expr essi OBtedfeniy loreaelluﬁlsml\@ﬁﬁi sp ané weklish (aslk eegewisbed ivith ®BSnind akivestedy PLA

cells. PLA Cells Undergao A genic Differentiation: .
into PBS/0.1% Triton X- 100 (P S/TX100). AP enzyme activity was assayed using a

commercial AP enzyme kit (Sigma) and measured at an absorbance of 405nm. Total

protein in each sample was measured based on the Bradford method (Bradford 1976
20 Anal. Biochem. 72:248-254) using a BCA Protein Assay Kit (Pierce, Rockford, IL). AP
activity was expressed a nmol p-nitrophenol produced/minute/ug protein. The assay was
calibrated using standard p-nitrophenol solutions. Differentiated MSC and NHOst cells
were assayed as positive controls while non-induced PLA cells were assayed as a
negative control. Values are expressed as the meantSD.
25
Total Calcium (Ca"): Triplicate samples of PLA cells were differentiated in OM as

described above. Cells were washed with PBS (no Ca**, no Mg®") and harvested in 0.1N
HCI. Cells were extracted for a minimum of 4 hours at 4°C and centrifuged at 1000xg for
5 minutes. Total calcium in the supernatant was determined using Sigma kit #587 and
30 measured at A575nm. The assay was calibrated using calcium standard solutions. Total

protein was determined and the samples were expressed as mM Ca/ug protein.
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20 Adi pogenic differentiation is associated with the growth arrest of
preadi pocytes before commitnent to the differentiation program (revi ewed
in Al haud, et al., 1992 Annu. Rev. Nutr. 12:207-233; MacDougal d and Lane
1995 Annu. Rev. Biochem 64:345-373; Snyth, et al., 1993 4ArCeddg Sci .
106:1-9). To determne the correlation between PLA proli fer ation and

adi pogenic differentiation, PLA cells were induced toward the 25 adi pogenic
| ineage in AMfor up to 3 weeks and cel | numbers deterni ned, together with
t he degr egrrabnhidd Mﬁf‘ta'nétNHOstuééngwQe s@%@doas SitfeNnirbie lefefﬁ entiation
(i.e. appearance of intracellular |ipid vacuoles) first appeare "as early
as 4 daysdupetli@tiorellsCuersiassayed agiat hegativeecoroli tViabwts @ eppeadiipocyites, no
appreci ahl g idjgrease in PLA cell number was detected over the course of
adi pogeni c I nduction (Figure 29, Panel A) despite a tinme 30 dependent
increase in Ol Red 0 staining/lipid accumulation |levels (Figure 29, Panel
B) . i ff =Ny evel re est culture regions in which the

PLA c@l | Al ‘a H’qlcﬁtec%‘ﬁ'tpéf‘éto LA eshle waiet her .

These r eaufetrammggﬁsotmtfblahp tchs vﬁ‘e@ﬁ@“ ’m@aéuscwere Bhhe&&d 1524 AiM hSisadi pogeni c
| i neage i s influenced b)éécel | -cell contact and coincides with growh

arrest. SMEiIPbsdéridohVePdi oM Bimgeaniettipoelael waidated fonssec st HO d% BT3- L1,

|t udi g g1 g e e b e ARNEHERD Bohia a8 iodsth o SpeanBE R ESd %05
Bi ol . Chemneaﬁﬁmgme BﬂﬂétlonHifA\IABH & ABI08m, bROFEADIEhE m&uﬁfacbfthsb aM and t he
| evel of GPD(I?H\? gl ty deterng ned. 3T3-L1 cells were simlarly induced as
a posi ti FEeBEMslY7PrPRg wiit of{ATAH WA Sﬁﬂﬂ%twlmﬂﬁlé@qlg 8DtHay 4 to

day 7) r E@rullntrﬁl% i @alﬁgﬁp%e@tph&’l‘lﬁ% A5t I)é&; %n‘{"%ﬁ@ eSbidldedlas tu?ut%:ont rol

PLA levels (Fi | nducti on of PL or two eks resulted in a
decr easeGPRHewgz ereamtﬁd/M%ﬁ amB Tl s cg varc asﬂayezdi dsfpositine eottstlwebile cont r ol |

i nduced vva ohserved. Thi pgrease was al P obser ved
- porrH iRl e ST TollRE o A RRRIRE o T YRTER 538 50l Rs ot t e
in an i neegas®.i n GPDH actl VI ty specifically in 15 i nduced PLA and 3T3-LlI
cel IT Enzyme activity leveled off between 4 and 5 weeks and was

Si gn'?i cantly higher than control PLA cells. The time-dependent increase in

GPDH  achinéihyd Edikgirtade Wl S h e n@a&@%ﬁﬁesnﬁfrp@me@g%epé diffeRhfaibd | | ed PLA
cell's withinadipo- 1induced cul tures (Figure 29) and was consistent with

adi pogenincClintiregerintNietipr HCHY fothesie 3 wedkisgising established micromass protocols
{Ahrens, et al., 1977 Develop. Biol. 60:69-82; Denker, et al., 1995 Differentiation 59:25-

34; Reddi, et al., 1982 Prog. Clin. Biol. Res. 110(Part B):261-268). PLA nodules were

20 harvested and assayed for the sulfated glycosaminoglycans keratan sulfate (KS) and
chondroitin sulfate {CS) according to the method of Farndale et al.(Farndate, et al., 1986
Biochimica et Biophysica Acta 883:173-177). The assay was calibrated by the use of
standard KS and CS solutions. Samples were normalized with respect to protein and
expressed as ug KS or CS per ug protein. Non-induced PLA cells were assayed as a

25 negative control. Values are expressed as the mean+SD.

RT-PCR Analysis:

PLA cells were induced toward the five lineages outlined in Table 5 for defined time
30  periods. Total cellular RNA was isolated from the differentiated cells using a

commercially available kit (QiaEasy, Qiagen). RNA was reverse transcribed using an
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20 To confirm PLA adi pogenesi s, adi po-induced cells were anal yzed by
RT-PCR. As shown in (Figure 31), PLA induction resulted in the expression
of the adi pose-specific transcription factor PPARy2. Expression of PPARy2
was observed at day 7 and the levels appeared to remair £agnst 0eht

t hroughout the remainder of the 5 week induction period. 25 No expression
of this gene was detected in non-induced PLA cells. In addition to PPARy2,
| ow | evel s of the adi pogenic genes LPL and aP2 were expressed in induced
PLA cel | gjigd.aw bravg! &@Mmm%ﬂﬁgeﬁaﬂﬁﬁﬁm@sﬁ#&ﬁ%wWls%ﬁr ) &g BBSE

i nduction (4 ays) and were followed by significant |ncrease at 1 week.

| ncr easedhingoelal -e PORhiampdiifiatebni Was wedferned| by tlas additioraof Sl agelekfer

i nductio X n pf kP, P a so _observed |n control
PLA cel | Eproa%gﬁbu%h%%%};é& gfr)u 1\::[(335\1” % 5?0 3‘“1"\3/3@ ?Péjmpna? cog & sarrpl es.

Li ke oste”ﬁahlm@mcﬁd: ﬁbfAmselhblmatdaHIéRymlms ae&@C&mﬂézoB unitsadiTagpohtueead 125 - 8

MAR 2006 cells. Howeyer e Si tern f this gepe appeared to be
di sti nct HPBEEYsY o2 ddF‘i’Td@E&jW@% £, O“WR,ﬁr}ﬂ’pg(gW“é%p B EVEN" gg&ellﬁ Sérved at
early timse@arhte (#ay: findixidiion Lol hRWRA aby2echC neRsffra¥epss Q&ef rom 3
to 6 weeks. Adl(gogenl c induction of MSCs resulted in simlar gene

expr essi dplepaineerisgng estadisheda GeaPagk seRaRgS é&fbrtb%ﬁrwrﬁva@mgfagpemm cto
di f t
adi po- i ngéélﬁﬁ&s:\(g\%f)%g%sddeggﬂ tgatﬁgﬁgﬁsef?éep 6{1@ S%eﬁé‘gs é:ﬁﬁkv&% %Eﬁﬁeﬁi fo @g/sc ion.

Ext r enel rve Cs and
adi pogemcpclesnﬂwm indindlesutrble dhe me@escegnf tdch AR ipreluetases tonfiried @asiggnes
beyon PPARy1 was not

7 days. However , [ to PLA cell s, bserved
in céﬁt ravtowg@é SCRMITGHIE. Oéx‘fbﬁ? @iﬁ\ Sells WP gXanHugsy %Spe.f@ﬁatfvacﬁoarm@a
restrict %%eh%b-ﬁ&ébmé &@Cﬁnes':WeH”'ﬁﬁeﬂ?ie@, ast BEobRiveXddNBSRI P R&tds@bfer®f, this

e

gene paralle that of PPARy2, with no expression being observed until 1
week of edigoganicoand Fhetgreggnicelinsagsssi B@Fabhumwegleelgéln@ysqlmgn@%m YA | n

313 L1 ool st ULy LIRIAL RRORR £ | basadecied AURE e g oMt h Lo

confl uence © " ressiron o were served i n adi iGed
3T3-L1 ceahd ﬁeura@mloairamgesaﬁﬂabmy.i nhi bi ti on of PPARy2 expressi on was seen.
Adi p(f enic differentiation of PLA 15 cells, MsSCs and 3T3-L1 cells did not
result in the expression of the bone-specific gene, OC and the

cartil ag i -, CNI'l, confirming the specificity of the adipogenic

i nduction conditions. In sunmary, the restricted expression of PPARy2 by

adi po-i nduced PLA cells, together with the increased expression of aP2 and
LPL upon PlLAdets wsre differentiated and harvested in 1% SDS. Lysates were homogenized and

total protein assayed. Equivalent amounts of protein from each lineage were denatured
20  for 5 minutes at 100°C in SDS Load Buffer (0.5M Tris-Cl (pH 6.8), 1%SDS, 1 mM DTT,
50% Glycerol, 1% Bromophenol Blue). Lysates were resolved by polyacrylamide gel
electrophoresis (10% separating gel, 5% stacking gel), according to standard protocols.
Proteins were transferred overnight to nitrocellulose membranes and the membranes
blocked for a minimum of 60 minutes in Western Blocking Buffer (WBB: 5% non-fat
25  milk, 1XPBS, 0.1% Tween-20). Membranes were incubated for a minimum of 60
minutes in WBB, supplemented with the following antibodies: osteogenesis: aOP, ctON,
oCNI, aDEC and ¢BG and adipogenesis: oG4 and olLEP. Membranes were also
incubated with antibodies to the transferrin receptor and the soluble heat shock protein
HSC70 as internal controls. Membranes were washed a minimum of 3 times with
30 PBS/0.1% Tween-20 and then incubated for 60 minutes with WBB supplemented with

the appropriate secondary antibody conjugated to alkaline phosphatase. The membranes
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supports the in vitro adi pogenic capacity of these cells. 20 Chondrogenic
Differentiation: Induction of PLA cells cultured under m cro-nass
conditions with CMresulted in the formation of well-defined, conpact
nodul es consistent with those seen upon 25 chondrogeni C'iﬂldd,&RIZﬁﬁBOf M5Cs
(Johnstone, et al., 1998 Exp. Cell Res. 238:265-272; Yoo, et al., 1998 J.
Bone Joint Surg. Am 80:1745-1757) Chondrogenic differentiation of PLA
cell s was dependent upon cell density and induction conditions.

Specific 0 f d i LR TGFI 31

al one, mﬂelkééwaﬁtgﬁaggl%:%ﬁ&gf Q{Oqugﬁrg;ttmé;g%ggaﬁcﬁg%dg% tg ﬁgélgeged}?ﬂ‘g &

TGFf 31-i n@nm@@l@LNtn(ﬁﬁH[ésReNordm stef,oﬁ" mx,oﬂeamrdNaMAnbtacocbﬂmng tha t he
presencenpguggé Das lwed L cels qg %nltlatF PLA Ehondrogenesis
in monol ayer chiure ?a‘3$33§§ SRRSO B oduced by 126 8
MAR 2006 chondrogenic PLA ceIIs, nodules were exam ned by IH for the
expression of CNIl and sulfated proteoglycans. PLA nodul es, induced for 14
days ?n CM stained positively using Alcian Blue, which specifically
identifies sulfated proteoglycans (Figure 32, Panel A, AB). In support of
this, 14 day PLA nodul es al so stained positively using nonoclonal 5

anti bodi es specific for keratan and chondroitin-4-sulfate (Panel A, KS and
CS, respectively). Expression of CNIl was al so observed in these nodul es.
Al cian Blue and CNII staining were also detected in sections of human
cartilage and were not seen in high density PLA cultures maintained in
Control nmedium confirmng the specificity of our histologic and IH
protocols. 10 In addition to IH staining for KS and CS, the | evel of these
sul fat ed proteoglycans was neasured using a quantitative

di et hyl di net hyl ene bl ue assay (Figure 32, Panel B). PLA nodul es and NHCK
controls were predigested with papain to elimnate possible interference
by proteins and gl ycoproteins prior to assay. A tinme-dependent increase in
15 KS and CS was observed in PLA nodules up to 2 weeks of chondrogenic

i nduction. A slight decrease was observed at 3 weeks for both PGs.

Non-i nduced PLA cells, naintained under high-density conditions, were al so
associated with an ECM containing these proteoglycans. Furthernore,
control PLA cells at 4 and 7 days induction contained
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nmore KS and CS in conparison to induced sanples. However, significantly
nore 20 proteoglycan accunul ati on was observed in induced PLA cells at
days 14 and 21. Treatnent of PLA cells for 2 weeks in CM resulted in the
expressi on of several genes consistent with chondrogenesBs F gwn by
RT-PCR (Figure 33). CNIl expression was observed specifical I'n |nduced
PLA cells and was restricted to day 7 and 10. RT-PCR 25 anaIyS|s confirnmed
the presence of both the IlA and II1B splice variants of CNII, although the
JI B vari aptiro@Miy Difershi@ini N Figure 33. A low |l evel of CNII expression was
al so observed upon chondrogeni c i nduction of NHCK controls. A simlar
expression pattern to CNIl was observed in induced PLA nodul es using

pri mers ﬂ%ﬁihg&ﬁgoéﬁémﬁ#& AR ALRIPLA U1 vork 61ehiE 9 PRRDRAGH XEum 20U can
(AG . ycan was SO o served using prinmers to
the car boaylEner DG% B RG)1M Iﬂamavqnoetb@gr)efoamenoprses&)lhnming)yreﬁﬂdecm nodul e

usi ng_t he carboxy. pr observed fro 27 8 MAR
9006 S UpBORBE MBS HIoR P L TS T NSHELEHEIE R RRD 76, S kAR Gt r ol <
al so resyldeeeh de'fbr;nhe spEARE BERb R neABI(PAANGUSI Ng both priner sets.

Finally, like CNIl, aggrecan expression was specific to induced PLA
nodul es and NHCK ceIIs In addition to CNIl, chondrogenic induction of PLA

o 2 SRS, WS PR PR Ryl e

expre55|QMuahnlﬁNMdeuhmub%h@bs@Lmadmukﬂ%ﬁ%mzmwﬁmbRSMamdaﬂdebéh@ue to

their derjvatjon fr rtlla e PLA ¢ s wer.e al so soci at ed
w18 G AR AR R TR oS Bt St sl ShsushtEn S sEnS A IRNE
expressed) fNlciARH abdNel | . Wil e the majority of PLA sanples exam ned

exhlblted a restricted collagen expression pattern (day 4 only), a few 10
PLA sanpl es showed expression of CNl and CNIIl up to day 14. Induced PLA

cells alE§znﬁﬁQE@ﬁﬁ%&mEBEP@AQﬁ&QQJycans decorin and biglycan and t he gene
Cbf a- 1. enes was observed throughout the entire
induction period and was al so seen in control PLA cells. Wile decorin and
bi gl i I onsi s t sli,ght decrease | Ievels
appeared$ M &g‘e ngqurm@ﬁe@. B8 a‘(‘?meelg l%y%r%ﬁ’]ﬁn%ynlg (fgf)'rcf‘Bl{%su%é

expressi il {HplvasllsS eCftuRés REY nidiftBinBO i Conted Mhddiurh mmlkmellﬁ&&©neﬁ of
osteogenic differentiation. Taken together, the spe0|f|c ex

f
ONI I, aggieleat-neellsarselied in the dermagiomronwishisiined calopiesy dhhejsig! %Lfg ﬂgrgsence
of kerat ﬁg'nve%nﬁol&n&n%l%' I?dr ssfddl d ftel‘{\l'etéﬂ'érﬂné higgESM BUBPO L Sil/BBTA.

chondr ogeni ¢ phenotype o ese c
The harvested clones were amplified in Cloning Medium (15% FBS, 1%

20 antibiotic/antimycotic in F12/DMEM (1:1)).

Confirmation of Multi-lineage capacity: Expanded clones were analyzed for multi-

lineage potential as described earlier (see Histology and Immunofluorescence).

25  Molecular Characterization: Clones were analyzed by RT-PCR for the expression of

several lineage-specific genes as described above.

RESULTS

30  Stem Cells Share Many Similarities With MSCs:
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20 PLA Cells Express Modl Mf5 Mo enin And Myosin Transcipts: MSCs from
rat have been shown to possess nyogenic potential (Saito, 1995; Wakitani,
1995). To exanmine if PLA cells possess this capacity, cells were exam ned
for the expression of the early nyogenic regulatory fagctp Ir‘q& ??@D and
nyf5, in addition to 25 nmyogenin and the mnmyosin heavy chai a“later marker
of nyogenic differentiation. Expression of nyodl, nyogenin and nyosin was

observed at all induction points, while expression of nmyf5 appeared to be
restrict gd,fyer &QQC@H%@%’L@%(ﬁbufaﬁbﬂ HI(‘&IGI’SQHS wg@ Q:§érﬁfn@@hsﬂ’1\g fdaithgerol e of
myodl myogeni ¢ determ nation, i ncreased |evel his gene” were observed

at 1 weeknd Fempdied oz eommcmépwtkg@mqf humge ll\éS(ésppMaﬁ@dﬂawe beemnshionwn30
consi st e%& re tM@&%P&%%ﬁ@ﬁrfé&%a‘?@&?tha{‘caﬁ%%ru‘iéaséo% p“@%ntﬁﬁElﬁggtgﬁé:‘éﬁr

nyosi n, SASTS expression
nyobl ast @opdlmm{ﬂpbhet@ QBru.ﬁibteetFﬂlAl@%blOrmopm& 86: Wl@l}@i&eag,mt eksliogh of

or pad od PO oSG SEhIe DS ) i GPehe TP e LelBhPor These

nyogei ¢ 1hegutiah@r 384PI4aL RI7NS LikedVisas, g8 . D o8t dibeessadogedthiCofthédeaire@ins at i on by
PLA cells. 5 Cones derived from si ngl e PLA cells possess multi-li neage

capaci ty(HA@nep?éé,esum@mve@he dhagetedientian pfahsesgellvige sispesdlic Arproximately pl e
mesoder mghpofEnL | 'PgA x{a Mise Wm'uke% wele B&fggﬂ@%ﬂ{gﬁ&&ﬂ% dep29, cD44

characterization o ese cells as st ver, this phenorenon nmay
sinply b&Dro duieCthOﬁ/ISéﬂcwnhdngmaxprassldyylelvelndagea@peﬁth‘esct: npirl@@ulbslogs To

deter ne,if this |s he case I 1s re .cul tured enough
cont 1 lendby b Sates e AR sn g e o REuse TS B s Bele P
celI's. Semgmatogathkt with SPRABRoAiGREFa YWREHICI BRk&BOMSY (HAgsevorflQesssSi ng
tri-lineage potential were terned terned Adi pose Derived Stem Cel|s or

ADSCs. LilR%2 Blone cl8i4%80)apbcaddiens the Eﬁ‘%‘kﬂlt&s{tﬂ LA eetto ephovldgy VeroPisBwi ng
expansi o OSI&ﬁ Qﬁro‘a}é' ﬂﬁm&nﬂfm? r @ohl iRBERM! gl %Sfrgai&dop%le‘gp%%nved

confir m nogenel t ADSC cultures Anal ysis of 500 PLA cl onal
i sol ates pomﬂamqnmmrdpﬁem@gt Plad iaodh Mt G rPREXHrgss &mdra@matmvetlyhe%gef t he

total _nunb ned. Seven i S _exhi | i neage
poteﬂél al” elfﬁ fceﬁel %Sq[?j(g |ﬁlf“(a)ll(r:nel emﬁ?g Sam(?setsecﬁl& Ser?lv"rcneg'1 gges%n% gc and
chondr og&sH CDUS netgegh (htahintbed df CD45-mdiive icolts tial ridtlexbdedé&@@f@lﬁsﬁsal 20
several dual -1ineage cl ones A QO C and A nd. sin ad eni c
li neage @!Ld"n.é%” “\‘RE%@“ avaleee Mggét 59 Mg e é@% ﬁlﬁsﬁﬂdpg‘lteﬁ'f?\flgg%gé”faéase in
di ffer enthal{Qnnlp@Welells A3 WRPRICESL analysis for CD marker expression confirmed the

IF results (Figure 24). Taken together, the immunofluorescent and flow results

20 demonstrate several similarities in CD expression profiles between PLA populations and

bone marrow-derived MSCs.

PLA Cells Undergo Distinct Changes Upon Osteogenic Induction:

25 In this Example, we demonstrate that PLA cells undergo distinct proliferative, synthetic
and mineralization phases upon osteogenic induction. In order to characterize the
osteogenic capacity of PLA cells further, the proliferation of osteo-induced PLA cells
was measured and correlated to AP activity and calcium phosphate formation (Figure 25,
Panel A). PLA cell number increased upon initiation of osteogenic differentiation (day 1

30  to day 3), however, negligible AP and Von Kossa staining was observed (Figure 25,

Panel B). A linear increase in PLA cell number was observed from day 3 to day 9 and
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by histol ogic staining, was observed in all PLA clonal popul ations .
Finally, isolation and expansion of tri-lineage ADSCs did not alter the CD
expression profile as shown by |[|F, nor could differences be detected in
the dual |ineage clones (Figure 36). RT-PCR 25 analysis _.of HgR {mgeage
ADSCs confirned their multi-lineage potential (Figure 36). ron of
ADSCs in OMVD for 2 to 4 weeks resulted in the expression of OC and 3 and
4 weeks only, consistent with osteo-induced PLA cells, in which no OC

expr essi %nu&@%ﬂs‘c@ﬁw@%@s‘%&&v@d ug wBeds. 13. nPIaAiqudslifenanbmrm leeslqat efsi on of
ON, OP, and AP were 30 seen at all induction gBLnts Li ke PL@(ReI | s,

expr essi (bneﬂ:f ba®egm slay décintli @Yt’é ianliseemenonn8es wan 8Psepysdi 1 EHE2k B mar ker
PPARy2 be detecte t. Shefesay 15hal dadocingon of
ADSCs fo#’@”anos g(ﬁﬁwgﬁfggb ted ?ﬂ@pggg%ngc expr 8ssi on g? aP2 and 129
- 8 MAR Zlﬁwﬁrst_?;hpeaﬂantceo@@ﬂmmgIpytps;matﬂr@pmlﬁsovau%@b@a@é th?’ PEARIKURHRN obser ved

in fat ADSCs ress at. 4 weeks onl n
heterégeﬁﬁh§“@¥%@£6ﬁﬁﬁ§dF%g Wﬁ%&“%@PéﬁﬁéﬁFam“yfgﬁgﬁ &)déggsd%tected in
adi pogenicgintlde@svithh fitdeldepeRienl RERh@Nintoth APQarelCHK, staﬁiﬁi)(g Iecidition, thed

bi gl ycan was detected upon 2 weeks of chqﬂdro%égﬂc 5. i ndyction.

expr essi dampttionngt| melgifyered diodplak pHdH e 2R matrix; sYMfiests; e &$0on

poi nt lh i érf‘o‘%is'm%u AGAP&CROBreaRd MK dMRSS bashid gided t o
chondrogen?%vg$é%§%thﬁg} cg OC expression bg detecte Toget her with the

| H dat a, wdseadRTmp@Red &% the slevedmmqnﬁ wf intgmoduler regionselagieng aghirentycells, ADSC

i sol ates an ests that e n C dBLPLA
popuq§t|6ﬂ5ﬂ% ‘%gl §a$blpﬁ"Q[P§§%n%% gf?ggﬁ“¥ @%%§%§¥%ﬁ$§%$F 10

popul at i aRlls Phhy %hﬁﬁg%ﬂleﬁ&SS@&ﬂlféibﬂVeo &gl nneialetcemhaa’.ls. aThestaeoter nal
enbryoni c | ayer gives rise to several connective tissues while the 15

over | yi ndEEHPEPRPIECEdSe progenitor of nultiple neural tissues and cel
types. Recent evidence suggests that MSCs can be induced toward
non-mesodernal |ineages, differentiating to cells with putative neurogenic
pot ent | al  { e Eihatise AR 9GREMe er%eﬁﬂh&%ase'?ﬁ%datx@@m@ahz%ﬁgn :148- 152;
Sancqﬁs- ., urofl . ury, et al.
2000 Neurosci. Res. 61:364- 370) It is p055|ble t hat 20 t he

simlariti et ween . PLA and ext end, beyond der of.ential .
Ther ef or O”I?’L&”E‘@tl'qns MePe ’lsn‘hﬁ%lBB‘ei‘ SRR L N ]fotgglgsr’ ﬁr]aggf)?érg\e%gie based

on the pg'r@&ﬁlﬁhcﬁhtoﬁi ROQAb woyk @hs ghestioNMIOMD wifcace of 8ynthetROglOcatortiNeids,0SCi .

Res. 61:364-370) and . o . o R
like dexamethasone (Dex), in mediating osteogenesis. Glucocorticoids appear to inhibit

the action of several osteogenic genes including osteocalcin, CBFA-1 and CNI (as
20  reviewed in Cooper, et al., 1999 J. Endocrinol. 163:159-164). It is well established that
bone tissue and osteoprogenitor cells are targets of vitamin D action (Chen, et al., 1983 J.
Biol. Chem. 258:4350; Chen, et al., 1979 J. Biol. Chem. 254:7491; Narbaitz, et al., 1983
Calcif. Tiss. Int. 35:177) and this metabolite stimulates both AP activity and CNI
synthesis by human bone cell populations (Beresford, et al., 1986 Endo 119:1776-1785).
25  Therefore, PLA cells were induced using two osteogenic media compositions: containing
cither dexamethasone (Dex at 107 M) or 1,25-dihydroxyvitamin D3 (VD at 10 M). AP
activity and Ca®" accumulation were measured over time using commercial kits and

normalized with respect to protein and/or time.

30 Induced PLA, MSC and NHOst cells were measured for AP activity and stage-specific

induction levels presented in Table 9. AP activity in PLA cells, resulting from either Dex
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exam ned for the expression of neural markers, including NSE, trk-a and
MAP-2, or the expression of GFAP and Gal C, markers of astrocytes and

ol i godendr ocytes, respectively. 25 To induce the PLA cells, subconfl uent
cultures were pre-treated with I mM P- nercapt oet hanol ({ 3VBhRa?i8520% FBS
for a maxi mum of 24 hours (pre-induction), followed by induction in
serumfree nediumw th 5-10 nM (3ME (Neurogenic MediumNM for up to 8
hours. Pre-induction did not change the fibroblastic norphology of the PLA

cells (Fiog%ﬁ-.i ctibRNGk AppeafdAt Aiikks AndTahdibeleagited Phangels3éxhieednot ed as

early as 30 m nutes ingu?tjlon in NM with 10% of the cul,t,urtre}&&apssu ing a

neur onal -kglksblpheh dtvepeat Notimernsins dGigersl 26 Fanged) vl 8°bHYe % °FBS was
added to 13 8 MAR 200 | Xt i RRnodr PRAULLIsORvithngéRased t he
propor t i FBF TR r%léi%fgllll%?éh%oet#‘\l:\ﬂ)sext ghd(Z A)rggwtfencul ture, |SndUCtI§OI’l f or

t hree houtsvitieciiehsed] ahd 92 phé dedrypsmgtloveds atedaly BIMVEX indg@ianarid Lo cells
significant increase was observed beyond this induction {4 ne.,. i nduced
PLA cél | §e%‘|1f8‘éFW/\E‘rg?‘err%‘lZYrHﬁlaFthﬁt,‘esf%Bmxr?ﬁgéo %&W@gﬁ ?%%%ﬁc%ﬁ 4 IIIJr%ul tiple
ext ensi ongy1deGaldsuld diigrebeeaws it ors@haiticanht Gretks alibxiprocaBdesls

exhi bited secondary branches with increasing jnduction tine (Panel A -

PLA/ 2hr s weze dpicpiegiat ) weaka din H-dlupett RiAr s wvageas; B SRRt SBHY™B%pr essi on
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MAP- 2 andaNetid Wil g ilebPEAVeslls, augieits i AR activigt wan ducededPlin Red-trsitadepr esent
an early devel opnent al stage. I n_addjtion, . n?lu.ced %cellﬁ.d' d, not
express CHPEs and day b, In seafastde REAsHE DsxAtipmiaton of TEH¥F &7 h‘r‘gp?rat e into
ol i godendrocyt 65 \aNd RSt 1 ARY 58Fecks CRRaF IV aternFiMALE AP saiity @bsdrlAl cel | s

di d not express 15 any neuronal, oligodendrictyic or astrocytic markers,

conf i rmi ngdeh®espandi ¥Dcindyctism way similiduet Yorindisaditlirofelisal e S-ah#Ag
208 OECL 08t AL SERA R BA 90 bRl 99, PLA
4.5 hour sMifeoNY, @¥%RINEES etlzyd® sitighiek iirc MECsaweranies:cefl anedstendifferentinier medi at e
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then VD treatment, affected enzyme levels more in these cells (54.2-fold induction/Dex
20 vs. 1.1-fold induction/VD). The pattern of AP enzyme activity was dramatically different
in NHOst osteoblasts. Maximum AP levels were observed at 7 days in these cells and
enzyme levels decreased after this time point to reach minimum levels at 6 weeks.
Negligible enzyme activity could be detected in VD-treated osteoblasts at day 35 and 42.

Furthermore, no significant difference in AP activity could be measured from day 7 to

25  day 28 under either induction condition.

induction of PLA cells and MSCs with either Dex or VD resulted in a time-dependent
increase in matrix mineralization (Figure 26 and Table 10). Consistent with AP activity,
PLA cells were more responsive to VD-induction, producing a greater overall increase in
30  matrix mineralization (122-fold/VD vs. 56-fold/Dex), with maximum levels detected at 6

weeks. A similar effect was also observed in VD-treated MSCs, although maximum
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expression of ChaT, a marker of peripheral nerves, was observed in

NMi nduced cells or in brain. In addition, NMinduced PLA cells did not
express GAD65, a marker of nmature 25 neurons and was consistent with the

| ack of IH staining using antibodies to this neuronal stageﬁgquggBIAP-
NF-70). As seen in the IHresults, PLA cells also did not express

Simlar expression patterns were observed in PLA cells induced for 9 hours.
The expression of nestin, NSE, NeuN and trk-a, together with the | ack of

ChaT, or |GRAPc@XRIRSS bRNWRHOBRELS AN Mawltysndgaglbmemﬁﬁmmm
differentrating into an early 30 neuronal ghenot , ch racterl stic of the

lCNS Thusaotrhé’LprellsuandJMSﬁs wanpbseived Bl & rvegeks. af‘etrﬁlehf: ect Pl it B gl
h 06
i neage. Fu NE erm %ly ‘5‘%8‘%% i3t A lg%t’ %&%%ﬁé’ vBith #D-trdad celi MR
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cell can e mgrﬁlﬁuml@ rhare dhfcfuar pinispbate Inwbotrast tePLA chldg, Héiuph@sg@fﬁltﬁ%t in.

The nestln postive t her ract eLiZ d~.o.b tic

pr ecursorsigiiiqantl ngﬁg%m@nerﬁkﬁ?ﬁpg kY hgggasiag‘p g uglﬁlegms( tfe%é enggrs%ltﬁlagp’om tive
cells Car‘gi@Htérf@lI&u%naﬁe@s eaityolnbalffbreammotoohaﬁrmbvebksmamgastamdwﬁh ahe adt oder mal
| i neage. An endoder mal phenotype can be further confi rr(]e

addi t i ondPVEé‘“doééﬁili)lﬁd@ﬁm’ér?@n%fomnpés §end was eyerseddtngn 6n"§?f'?{‘? e‘k{ﬂ‘/l;?cose
transport @ ult%1 Sé@%gcegrmingf‘aﬂ 1&@1sygﬁ&Eitﬂ§lyL%wase%T@ﬁ+ wkk %@érﬂed fnyr osi n

am not rans R 2006 Tabl e 57 "Li neage- speC| fic differentiation
i nduced U;oﬂn@dxaarsimbl-teﬂamdtMSC@nt R?edmrawé@pmeqcumgp atersith e d?ﬁrease

Contr % FBSn Adl i ?i'%]
uM (A ]1(\% Dl\yﬁk%g@dﬁ%@ %qﬁlﬁ g@ﬁe?ﬂ ti%t i ns XHSZ%;? MSCED)%Q onet haC| n , 1%
anti bi ot i et@ntlatiore thu@reﬂlilh QOQ’G&MSQ&G&HIEB&S(NHOM aix ane tdaarsame ,besdvhis
ascor bat e- 2- (OV) DVMEMphosphate, 1 3- gl ycer ophos e, ~1% .
ant i bi ot i EPaMLINy WIS “%ﬁd?@@@’ﬁgc%&ﬂ&? %@8‘%2”85?‘?&?‘5% ARG KUl g/ m
TGH(31, 5Qq/iW in greater Ca®' levels at all induction points with the exception of 5 weeks.
Control osteoblasts were associated with minimal levels of Ca”", indicating that these
15 cells do not spontaneously mineralize without appropriate induction. Taken together, the

AP and Ca®" spectrophotometric data further supports the osteogenic phenotype of PLA

cells.

© QOsteo-Induced PLA Cells Express Osteocalcin And CBFA-1:
20

To confirm the osteogenic phenotype of PLA cells at the molecular level, osteo-induced
PLA cells were analyzed using RT-PCR and Western blotting. For RT-PCR analysis,
PLA cells were induced for increasing time periods in OM containing either Dex or VD,
Dex and VD-induced MSCs were also analyzed, in addition to NHOst cells. Osteogenic
25 differentiation did not appear to affect PLA cells, as B-actin levels did not differ
significantly from control cells (Figure 27). Induction with Dex or VD did not
significantly affect the expression of the majority of the genes examined. However, a
dramatic effect was observed in the expression of the bone-specific gene, OC. OC
expression was not detected in Dex-treated and control PLA cells, nor in control and
30  Dex-induced NHOst osteoblasts. Treatment of PLA cells with VD produced a bi-phasic
OC expression pattern. Negligible levels of OC were detected at 4 and 14 days of
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Tabl e 6: Mnocl onal antibodies to CD antigens: Reported cefl MaRezpgficity
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OC was not specific to osteo-induced MSCs, as detectable levels were observed in
control MSCs. Dex treatment of MSCs appeared to increase OC levels at 4 and 7 days
and, like control cells, was followed by a decrease at 2 and 4 weeks. Unlike PLA cells,
10 VD induction of MSCs did not result in a bi-phasic OC expression pattern. Rather,
expression levels of this gene appeared to remain consist across the 4 week induction

period and were elevated when compared to Dex treatment.

In addition to OC, expression of the bone-specific transcription factor CBFA1 was
|5 observed in osteo-induced PLA cells using RT-PCR. CBFA! was expressed at all
induction points and no discernible effect on expression was observed upon Dex or VD
induction. In addition, CBFA1 expression was not specific to osteo-induced PLA cells as
a lower level of this gene was seen in controls. However, an increased level of CBFAI
expression (approx. two-fold) was measured in osteo-induced PLA cells using gene
20 arrays (Figure 27, Panel B). Like PLA cells, CBFA1 was expressed in Dex- and VD-
induced MSCs at each induction point, in addition to being expressed in undifferentiated
MSC controls at a decreased level. CBFA1 expression was more restricted in
osteoblasts, detected in 4 week osteo-induced NHOst cells only. AP expression was
observed at all time points in differentiated and control PLA cells, MSCs and NHOst
25  cells. In addition to CBFAI and AP, high levels of CNI were observed in these cells.
While, no appreciable difference in CNI expression level was seen upon Dex or VD
induction of PLA cells by RT-PCR, gene array analysis confirmed a decrease in CNI
level upon osteogenic induction (Figure 27, Panel B). In addition to OC, CBFAIL, AP
and CNI, differentiated PLA cells, MSCs and NHOsts expressed other markers consistent
30 with bone differentiation, including OP and ON . As seen with CNI, decreased levels of

ON and OP were also measured in Dex-treated PLA cells using arrays (Figure 27, Panel
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B). An increased expression of the transcription factor, PPARy1 was also observed in
Dex-treated PLA and MSCs when compared to non-induced controls. In addition, a
lower level of PPARy1 was seen in the early stages of VD induction of PLA cells (day 4
to day 14) and was followed by increased expression beyond four weeks induction.
Osteogenic induction did not result in the expression of genes consistent with fat and
cartilage differentiation (PPARy2 and CNII, respectively). Together, the expression of
bone-specific OC and other genes characteristic of osteogenic differentiation in osteo-

induced PLA cells further supports the osteogenic capacity of these cells.

Finally, osteogenic differentiation by PLA cells was confirmed at the protein level by
immunofluorescent analysis and Western blotting. Osteo-induced PLA cells (OM/Dex)
were analyzed by IF for the expression of OP, ON and OC. MSCs, induced under
identical conditions were also examined as a control. As shown in Figure 28, non-
induced and osteo-induced PLA cells specifically expressed both OP and ON (Figure 28,
Panel A). OP was distributed evenly throughout control and induced cells, in addition to
a distinct perinuclear concentration. No extracellular OP staining could be observed. A
punctate intracellular pattern was also observed for ON in both cell types. In addition,
increased nuclear staining for this protein was also observed in controls. Upon osteo-
induction, ON staining appeared to increase in areas of concentrated cells and was
expressed both intracellularly and extracellularly. No expression of OC could be
observed in non-induced cells and was consistent with the RT-PCR results. A small
percentage of the osteogenic PLA cells appeared to express low levels of OC
intracellularly. Similar expression patterns for these proteins were observed in MSCs.
Control and induced MSCs expressed high levels of both OP and ON. Like PLA cells, a
punctate intracellular and nuclear staining pattern were observed for ON with the nuclear
staining decreasing upon induction (Figure 28, Pancl B). Control and induced MSCs
expressed OP intracellularly. However, unlike PLA cells, no perinuclear concentration
for this protein could be seen, Finally, consistent with the RT-PCR data, both contro! and
induced MSCs expressed OC.
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To confirm the expression of osteogenic proteins by Western analysis, PLA cells were
maintained in OM for 7, 14 and 21 days and lyzed. Cell lysates were analyzed for CNI,
OP, ON, Decorin and Biglycan expression. In addition, lysates were also analyzed for
the transferrin receptor (TfR) as internal controls. OC was not assessed due to the small
5 size of the protein (6 kDa). Osteogenic differentiation did not appear to alter the
expression of the TR as equivalent levels were seen in osteo-induced cells and controls
maintained for 3 weeks in Control medium. Comparable levels of CNI, Decorin and
Biglycan were seen in osteo-induced PLA cells at all three induction periods. In addition,
these proteins were also seen in controls, suggesting that both differentiated and
10 undifferentiated PLA cells are associated with a proteinaceous ECM. Like these matrix
proteins, both ON and OP were seen in differentiated cells and undifferentiated controls.
However, ON levels appeared to decrease upon initial induction of PLA cells and
returned to control levels by 3 weeks. In addition, osteogenic induction was accompanied
by a slight increase in OP at day 21. Taken together, the immunofluorescent and Western
15 data confirms the expression of proteins consistent with osteogenic differentiation by

PLA cells.

PLA Celis Undergo Adipogenic Differentiation:

20 Adipogenic differentiation is associated with the growth arrest of preadipocytes before
commitment to the differentiation program (reviewed in Ailhaud, et al., 1992 Annu. Rev.
Nutr. 12:207-233; MacDougald and Lane 1995 Annu. Rev. Biochem. 64:345-373;
Smyth, et al.,, 1993 J. Cell Sci. 106:1-9). To determine the correlation between PLA
proliferation and adipogenic differentiation, PLA cells were induced toward the
25  adipogenic linecage in AM for up to 3 weeks and cell numbers determined, together with
the degree of differentiation using Oil Red O staining. The differentiation (i.e. appearance
of intracellular lipid vacuoles) first appeared as early as 4 days induction. Consistent with
the commitment of preadipocytes, no appreciable increase in PLA cell number was
detected over the course of adipogenic induction (Figure 29, Panel A) despite a time-
30 dependent increase in Qil Red O staining/lipid accumulation levels (Figure 29, Panel B).

Differentiation levels were greatest in culture regions in which the PLA cells were
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confluent and in contact with one another. These results suggest that the commitment of
PLA cells to the adipogenic lineage is influenced by cell-cell contact and coincides with

growth arrest.

Adipose conversion of preadipocyte cells lines, such as 3T3-L1, is also characterized by
an increase in the activity of lipogenic enzymes, including glycerol-3-phosphate
dehydrogenase (GPDH) (Wise, et al., 1979 J. Biol. Chem. 254:273-275). PLA cells were
therefore induced with AM and the level of GPDH activity determined. 3T3-L1 cells
were similarly induced as a positive control. Initial induction of PLA and 3T3-L1 cells
(day 4 to day 7) resulted in comparable GPDH activities and were similar to control PLA
levels (Figure 30). Induction of PLA cells for two weeks resulted in a decrease in enzyme
activity and no significant difference between control, induced PLA and 3T3-L1 cells
was observed. This decrease was also observed in adipo-induced MSCs. Adipogenic
differentiation beyond 2 weeks resulted in an increase in GPDH activity specifically in
induced PLA and 3T3-L1 cells. Enzyme activity leveled off between 4 and 5 weeks and
was significantly higher than control PLA cells. The time-dependent increase in GPDH
activity correlated with the increased percentage of lipid-filled PLA cells within adipo-
induced cultures (Figure 29) and was consistent with adipogenic differentiation by these

ceils.

To confirm PLA adipogenesis, adipo-induced cells were analyzed by RT-PCR. As
shown in (Figure 31), PLA induction resulted in the expression of the adipose-specific
transcription factor PPARY2, Expression of PPARy2 was observed at day 7 and the levels
appeared to remain consistent throughout the remainder of the 5 week induction period.
No expression of this gene was detected in non-induced PLA cells. In addition to
PPARY2, low levels of the adipogenic genes LPL and aP2 were expressed in induced
PLA cells. Low levels of these genes were observed upon early adipose induction (4
days) and were followed by significant increase at | week. Increased levels were
maintained in these cells as far as 5 weeks induction. Basal expression of LPL and aP2
was also observed in control PLA cells, although at a significantly lower level than

induced samples. Like osteo-induced PLA celis, PPARy] was expressed in adipo-induced

125

a



I ecor 3' AAGATGTAATTCCGTAAGGGp n Bi 5 TGCAGAACAACGACATCTCCATS b |
AGCTTGGAGTAGCGAAGCAGy ycan C |1 5 TGGAGTGEGAAAAAGAGGTAD00 b X o 3
GTCCTCCAACTCCAGCGATCAp agen M 5' AAGCGCCATCTCTTGAGGTA500 b D1 o 3
GCGCCTTTATTTTGATCACCP v Mb' CCACCTCCAACTGCTCTGAT250 b MUSEISEMHAR3 2006
GGAGTTCGAGGCTGTGAATCp M 5" TGGGCGTGTAAGGTGIGTAAL30 b i yogen 3
TTGAGCAGGGTGCTTCTCTTp n
cells. However, the expression pattern of this gene appeared to be distinct from osteo-
induced cells, with low expression levels observed at early time periods (day 4 to 14)
followed by increased expression from 3 to 6 weeks. Adipogenic induction of MSCs
resulted in similar gene expression patterns. Like PLA cells, PPARy2 expression was
5  specific to adipo-induced MSCs and did not appear at the earliest stages of induction.
Extremely low levels of aP2 and LPL were also observed in control MSCs and
adipogenic induction resulted in a significant increase in these genes beyond 7 days.
However, in contrast to PLA cells, PPARy1 was not observed in control MSCs. Rather,
expression of this transcription factor was restricted to adipo-MSCs. Furthermore, the
10 expression pattern of this gene paralleled that of PPARY2, with no expression being
observed until 1 week of induction. Finally, expression of these genes was examined in
3T3-L1 cells induced toward the adipogenic lineage or induced via growth to confluence.
Expression of aP2 and LPL were observed in adipo-induced 3T3-L1 cells, while an
apparent inhibition of PPARy2 expression was seen. Adipogenic differentiation of PLA
15 cells, MSCs and 3T3-L1 cells did not result in the expression of the bone-specific gene,
OC and the cartilagenous marker, CNIl, confirming the specificity of the adipogenic
induction conditions. In summary, the restricted expression of PPARY2 by adipo-induced
PLA cells, together with the increased expression of aP2 and LPL upon induction
supports the in vitro adipogenic capacity of these cells.
20

Chondrogenic Differentiation:

Induction of PLA cells cultured under micro-mass conditions with CM resulted in the
formation of well-defined, compact nodules consistent with those seen upon
25 chondrogenic induction of MSCs (Johnstone, et al., 1998 Exp. Cell Res. 238:265-272;
Yoo, et al., 1998 J. Bone Joint Surg. Am. 80:1745-1757) Chondrogenic differentiation of
PLA cells was dependent upon cell density and induction conditions. Specifically, PLA
nodules formed in induction medium containing TGF@1 alone, while the addition of
dexamethasone increased the size of TGFB1-induced PLA nodules. Nodule formation
30 was not observed in the presence of dexamethasone alone. Attempts to initiate PLA

chondrogenesis in monolayer culture was unsuccessful . To assess the ECM produced by
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chondrogenic PLA cells, nodules were examined by TH for the expression of CNII and
sulfated proteoglycans. PLA nodules, induced for 14 days in CM, stained positively
using Alcian Blue, which specifically identifies sulfated proteoglycans (Figure 32, Panel
A, AB). In support of this, 14 day PLA nodules also stained positively using monoclonal

5 antibodies specific for keratan and chondroitin-4-sulfate (Panel A, KS and CS,
respectively). Expression of CNII was also observed in these nodules. Alcian Blue and
CNII staining were also detected in sections of human cartilage and were not seen in
high density PLA cultures maintained in Control medium, confirming the specificity of
our histologic and IH protocols.

10
In addition to TH staining for XS and CS, the level of these sulfated proteoglycans was
measured using a quantitative dimethyldimethylene blue assay (Figure 32, Panel B). PLA
nodules and NHCK controls were predigested with papain to eliminate possible
interference by proteins and glycoproteins prior to assay. A time-dependent increase in

15 KS and CS was observed in PLA nodules up to 2 weeks of chondrogenic induction. A
slight decrease was observed at 3 weeks for both PGs. Non-induced PLA cells,
maintained under high-density conditions, were also associated with an ECM containing
these proteoglycans. Furthermore, control PLA cells at 4 and 7 days induction contained
more KS and CS in comparison to induced samples. However, significantly more

20  proteoglycan accumulation was observed in induced PLA cells at days 14 and 21.

Treatment of PLA cells for 2 weeks in CM resulted in the expression of several genes
consistent with chondrogenesis as shown by RT-PCR (Figure 33). CNII expression was
observed specifically in induced PLA cells and was restricted to day 7 and 10. RT-PCR
25 analysis confirmed the presence of both the IIA and IIB splice variants of CNII, although
the 1IB variant only is shown in Figure 33. A low level of CNII expression was also
observed upon chondrogenic induction of NHCK controls. A similar expression pattern
to CNII was observed in induced PLA nodules using primers designed to the amino
terminus of the large proteoglycan, aggrecan (AG). Expression of this proteoglycan was
30  also observed using primers to the carboxy terminus (PG). However, aggrecan expression

by the PLA nodule using the carboxy primers was observed from day 7 to day 14. In
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detected chbﬁlirb@m@ﬁidﬁétﬁnmeﬂPLA nodules resulted in the specific expression of CNX, a
5 marker of hypertrophic chondrocytes, at day 14 only. In contrast to this, no expression of
CNX could be observed in NHCK controls and may be due to their derivation from
articular cartilage. PLA cells were also associated with additional collagen types. Both
induced and control PLA cells expressed CNI and CNIII. While the majority of PLA
samples examined exhibited a restricted collagen expression pattern (day 4 only), a few
10 PLA samples showed expression of CNI and CNIII up to day 14. Induced PLA cells also
expressed the proteoglycans, decorin and biglycan and the gene Cbfa-1. Expression of
these genes was observed throughout the entire induction period and was also seen in
control PLA cells. While decorin and biglycan levels remained consistent, a slight
decrease in CBFA-1 levels appeared at later stages of induction (i.e. days 10 and 14). No
15  expression of OC was seen at any time point, confirming the absence of osteogenic
differentiation. Taken together, the specific expression of CNII, aggrecan and CNX in

induced PLA nodules, in addition to the presence of keratan- and chondroitin-sulfate

within the ECM supports the chondrogenic phenotype of these cells.

20  PLA Cells Express Myod1, Myf5. Myogenin And Myosin Transcipts:

MSCs from rat have been shown to possess myogenic potential (Saito, 1995; Wakitani,
1995). To examine if PLA cells possess this capacity, cells were examined for the
expression of the early myogenic regulatory factors, myoDI ‘and myfS, in addition to
25 myogenin and the myosin heavy chain, a later marker of myogenic differentiation.
Expression of myodl, myogenin and myosin was observed at all induction points, while
expression of myf5 appeared to be restricted to 1 and 3 weeks only (Figure 34).
Consistent with the role of myodl myogenic determination, increased levels of this gene
were observed at 1 week. Furthermore, while myogenin levels appeared to remain
30  consistent, a time dependent increase in expression was detected for myosin, consistent

with the expression of this protein in mature myoblasts. In support of the PLA results,
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' prepared from human skeletal muscle. Therefore the expression of these myogeic

regulatory proteins indicates possible myogenic differentiation by PLA cells.

5 Clones derived from single PLA cells possess multi-lineage capacity: Adipose Derived
Stem Cells (ADSCs)

The presence of multiple mesodermal potential in PLA cells is strong support for the
characterization of these cells as stem cells. However, this phenomenon may simply be
10 due to the contamination by lineage-specific precursors. To determine if this is the case,
PLA cells were cultured at a low enough confluence to promote the formation of colonies
derived from single PLA cells. Several multi-lineage clones were isolated and those
possessing tri-lineage potential were termed termed Adipose Derived Stem Cells or
ADSCs. Like PLA cells, ADSCs were fibroblastic in morphology. Following expansion,
15 no evidence of other cell morphologies could be observed, confirming the homogeneity
of ADSC cultures . Analysis of 500 PLA clonal isolates confirmed differentiation
potential in approximately 6% of the total number of clones examined. Seven ADSC
isolates exhibited tri-lineage potential, differentiating into cells of the osteogenic,
adipogenic and chondrogenic lineages (Table 11). In addition to tri-lineage ADSCs,
20  several dual-lineage clones (O/A, O/C and A/O) and single adipogenic lineage clones
were also isolated (Figure 35). A qualitative increase in differentiation level, as measured
by histologic staining, was observed in all PLA clonal populations . Finally, isolation
and expansion of tri-lineage ADSCs did not alter the CD expression profile as shown by
IF, nor could differences be detected in the dual lineage clones (Figure 36). RT-PCR
25  analysis of tri-lineage ADSCs confirmed their multi-lineage potential (Figure 36).

Induction of ADSCs in OM/VD for 2 to 4 weeks resulted in the expression of OC and 3
and 4 weeks only, consistent with osteo-induced PLA cells, in which no OC expression
could be detected at 2 weeks. In addition to OC, expression of ON, OP, CNI and AP were
30 seen at all induction points. Like PLA cells, expression of OC was specific to induced
ADSCs, nor could the fat marker PPARY2 be detected in both induced and control clones.

Fat induction of ADSCs for 2 and 4 weeks resulted in the specific expression of aP2 and
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capacity of the PLA population may be due to the presence of a putative stem cell
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PLA Cells May Possess Neurogenic Potential;

The mesodermal embryonic layer gives rise to several connective tissues while the
15 overlying ectoderm is the progenitor of multiple neural tissues and cell types. Recent
evidence suggests that MSCs can be induced toward non-mesodermal lineages,
differentiating to cells with putative neurogenic potential (Deng, et al., 2001 Biochem.
Biophys. Res. Commun. 282:148-152; Sanches-Ramos, et al., 2000 Exp. Neurol.
164:247-256; Woodbury, et al., 2000 J. Neurosci. Res. 61:364-370) . 1t is possible that
20 the similarities between PLA and MSCs may extend beyond mesodermal potential.
Therefore, PLA cells were induced toward the neuroectodermal lineage based on the
protocol of Woodbury et al. (Woodbury, et al., 2000 J. Neurosci. Res. 61:364-370) and
examined for the expression of neural markers, including NSE, trk-a and MAP-2, or the
expression of GFAP and GalC, markers of astrocytes and oligodendrocytes, respectively.
25 To induce the PLA cells, subconfluent cultures were pre-treated with 1 mM f3-
mercaptoethanol (BME) and 20% FBS for a maximum of 24 hours (pre-induction),
followed by induction in serum-free medium with 5-10 mM BME (Neurogenic
Medium/NM) for up to 8 hours. Pre-induction did not change the fibroblastic
morphology of the PLA cells (Figure 38, Panel A — PLA/Chrs). A morphologic change
30 was noted as early as 30 minutes induction in NM, with 10% of the cultures assuming a

neuronal-like phenotype. No morphological changes were observed if FBS was added to
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To further assess the resulting lineage upon NM induction, PLA cells were analyzed by
RT-PCR (Figure 38, Panel C). PLA cells induced for 4.5 hours in NM expressed
20 significant amounts of nestin, an intermediate filament protein expressed in significant
quantities in neural stem cells and precursors (Lendahl, 1990). Nestin expression was
also detected in non-induced PLA cells and in total RNA prepared from human brain. No
expression of ChaT, a marker of peripheral nerves, was observed in NM-induced cells or
in brain. In addition, NM-induced PLA cells did not express GAD65, a marker of mature
25 neurons and was consistent with the lack of IH staining using antibodies to this neuronal
stage (eg. MAP-2, NF-70). As seen in the H results, PLA cells also did not express
GFAP. Similar expression patterns were observed in PLA cells induced for 9 hours. The
expression of nestin, NSE, NeuN and trk-a, together with the lack of ChaT, or GI'AP
expression suggests that PLA cells may be capable of differentiating into an early
30 neuronal phenotype, characteristic of the CNS. Thus the PLA cultured in NM can

differentiate into an ectodermal lineage. Furthermore, recent data by Lumelsky et al.
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181:67-73; Pittenger, et al., 1999 Science 284:143-147). No expression of
these CD antigens were detected on PLA cells using IF or FC (Table 12).
These differences may indicate that the PLA population is a distinct
popul ati on of stemcells. However, the possibility that PLA C hs are a
clonal variant of MSCs cannot be ruled out. 15 PLA Cel I%8 ﬁm

Ost eogenesi s: The nesengeni ¢ process involves: 1) proliferatlon of
progenitor cells, 2) commtnent of these cells via the action of specific
growt h f%E&rﬁél%k)ﬁ'?ﬂ ayatlomessme&é 2b2 NeSHEhEH ABA ARSIyl EBinCcelll ARYet OF' Y
cell types egfre55|n speci f genes and 4) termnal differentiation

char act erindueed oy dtffmem@@smm gn:e fthgr@qprqs&qsaﬁswh dhe nsplgspeptine seX Vs
tissue-s Lfi r t

64: 278- 2 ﬁt%er cﬁqrggtgr%g 4t%d)e( % H%%Featig r@(’!urso ﬁ %h&zrg@lré JléBlilrgé\:l/a data al .|
1997 J. @&ggesﬁlthmhemn ﬁ@b:tﬁ&&eﬂizan dﬁfeteemgtenami th ah enduwsletniml slmeqmtetndr n

closely with o geni ¢ precur s devel opi ng into tot| eobl asts
and 28 sé@r%?ﬁ% % ﬁ ¥3BFasty on 68H5|@§E°§H%%P“3Ft%%¥8‘8815&?5 d form
t he mat Ura@di@i%ﬁzﬁ%ﬁg feSsiod &R .or lor@bf the XORAvidg: ifRllih, S8 @hnspdher 42401430,

Stein, et al., 9 Conncet. Tissue. Res. 20:3- 13 Therefore, osteogenic

di f f er entanadqi Rolypertiar@GAT At GATAGyalbwE I, EqsihRweRansferasir ol i f er at i on,
matri x synthesis/maturation and mneralization (Onen, et al., 1990 J. Cel
Physi ol . 143:420-430). Consistent with this, distinct phases were observed
upon 30 osteogenic differentiation of PLA cells. Arelatively linear growth
rate was neasured wthin the first week of induction, a period
characterized by negligible AP activity and 140 8 MAR 2006 Cat} deposition.
Proliferation rates increased between day 9 and day 13 and were

acconpani ed by the appearance of AP by day 13. Proliferation ceased
tenporarily between day 13 and day 1.5 and no significant increase in AP
stai ning was observed during this time point . An increase in cell nunber
and enhanced AP staining was 5 observed beyond 2 weeks induction. These
findings are simlar to the sequence of events in reported calvarial
cultures in which cells first proliferate and then show el evated | evels of
AP (Aronow, et al., J. Cell. Physiol. 143:213-221; Owen, et al., 1990 J.
Cel |l Physiol. 143:420-430). Moreover, glucocorticoids have been postul at ed
to stinulate the proliferation of osteogenic progenitors (Shal houb, et

al ., 1989 Bi ochem 28:5318-5322; 10 Tenenbaum et al., 1985 Endo
117:2211-2217. In addition to AP activity, significant
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| evel s of calciumwere seen by 3 weeks and marked the onset of the

m neral i zati on phase

in PLA cells.

acconpani ed by a dramatic increase
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this enzynme thought to play a key role in matrix mneralization throu
i ts pYrophes A@elodstdnvibsded M@ aRigeRd: R@boﬁed]o%ﬁgg i thoadyiang diskiegiphat a
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these pgrangfers }0 wer g MRASYT @“§%f$%%U8%dT%Mﬁ&?%ﬁﬁ?%?q%%d conpardd to
simlarlly tfeated nid NOT on erythrocytes
endothelial cells, platelets, monocytes, granulocytes,
] 31 PECAM-1 | 9GlI haematopoietic precursors
34 581 endothelial cells, some tissue fibroblasts, haematopoietic
) Drecursors
44 Pgp-1 (G44-26 | leucocytes, erythrocytes, epithelial cells, platelets
45 [L.CA HI30 | leucocytes, haematopoietic cells
wide distribution — haematopoietic cells, endothelial cells,
58 LFA-3 L.306.4 fibroblasts
71 TR H68.4 | most dividing cells
immature CD34+ cells, cells capable of long term culture,
o0 Thy-1 SE10 primitive progenitor cells
105 Endoglin - endothelial cells, B cell precursors, MSCs
SH3 - - mesenchymal stem cells
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human ost eobl asts as controls. Wile, the overall effect of osteogenic
differentiation on AP activity and matrix mneralization appeared to be
simlar in PLA cells and M5Cs, the kinetics of enzynme 15 %féiﬁabﬁgfnd t he
response to induction conditions differed depending on dif ion
stage, suggesting that these two popul ati ons nmay possess di stinct
phenotypes. AP activity appeared in both PLA and MSC popul ati ons between 2

and 3 weeRs induction. VD treatnent of PLA cells resulted in a
significantNy higher level of AP activity at 3 weeks versus Dex induction
and a greatey |evel of enzynme induction from2 and 3 weeks (17.2 20

fold/ Dex vs. Y1.3 fold/VD). This VD effect was seen at each differentiation
stage. In cor{rast, the effect of induction condition was reversed in
M5Cs, with Dex Yproducing greater AP activities at each differentiation
stage. In additign to differences in nmeasured enzynme activity and

i nduction |evel, Xhe kinetics of AP activity differed between PLA cells
and MSCs. AP acti Wty in both Dex and VD-induced PLA cells was bi-phasic.
25 Specifically, pegk AP | evels were nmeasured under both induction
conditions at 3 and ¥ weeks and a decreased |evel detected at 5 weeks.

Li ke PLA cells, a bi-Rhasic response was also observed in Dex-treated
MSCs. However, the kingtics of AP activity appeared to be accelerated in
Dex-treated MSCs with pgaks detected at 3 and 5 weeks and a decrease in
enzynme at 4 weeks. Mreoyer, a distinct bi-phasic pattern was not observed
30 upon V.D stinulation of MSCs, |lending further support to a putative |
di stinction between thesextwo cell populations. 142 MAR 2006 The reason
for the biphasic response iy PLA and MSC popul ations is unclear. Tine
course studies using rat calYarial nodels have shown that AP activity peaks
early, during the depositionyof the bony ECM and is subsequently
downregul ated (Onen, et al., 1990 5 J. Cell Physiol. 143:420-430; Rodan and
Rodan 1984 in Bone and M neral Research, ed. WA., Ansterdam El sevier

Sci ence Publishers, pp. 244-285;\Stein, et al., 1990 FASEB J.

4:3111-3123). A simlar pattern i¥% observed in nmarrow stromal cell cultures
and correlates with advanced matrhkx mineralization and term nal osteogenic
differentiation into osteocytes (Bhuder and Caplan 1990 Bone 11:189-198;
Jaiswal, et al., 1997 J. Cell 10 Bi odhem 64:295-312; Ml aval, et al., 1994
J. Cell. Physiol. 158:555-572). The dNop in PLA AP activity observed from
4 to 5 weeks correlates to increasing 6al cium phosphate
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effect thought to represent the return of a cell fraction to the
ost eoprogenitor pool or their differentiation to 20 osteocytes, a cel
popul at i q_r;né(ggteh Fo@eAE actTvity: Eﬁ]ﬁ&ﬁﬁ&&@hidé' I Qf‘s“ €ase | rp,%@ukf,\vei sin
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Beyond this tinme poi@sfA1Dex sti B'&MAMTGGT’C@CWBCP@mar t o Isigni fi ca tly 30
affect the rate of Pt X mi ner al-E2434CAPACE tiCsoRCrease was
. {alchain), —~, A ' CACGATC. ! ) NI
det ept ed In VDt RAAnEhoshitafaseS ATPT BSeaAaM ATECCeTHRABE  SAMPTES CoMt ﬂ.l 119
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human MSCs (Jai swetPARgammed . | 199 i bEicoac e nem—64:295-312) . Li ke PLA
cells, a tine depqggng I NCT ease b BctArnDEScaGTceatiter was __opgserved 1 n |MSCs
with a greater overall |ncrease OHIBCASATSTACTYEIACA®AE ed sanpl es. The
pattern |of matri x| sidgenahcat i on g h gT = CTT welzoupni t AP
activity wthin the—first—4—weekssRicaElEdRicHianropect featty, —higher AP
| evel s i|n Dex-treal%eF*MSCs r esul {edcrarTEDaGEGRairesaTCal ¢ um jacc Uttt atijon
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dramatic increases in calciumlevel. Mreover, AP activity in VD induced
MSCs were significantly |lower than Dex-treated cells, yet VD treatnent
resulted in dramatically nmore calcium suggesting that MSCs becane nore
sensitive to VD induction over time. Taken 15 together, thé KéBedtlfnce of
AP upon osteogeni c induction and the accunulation of a mneralized ECM
support the osteogenic phenotype of PLA cells. In addition, differences
observed in the kinetics and pattern of these two markers indicates that
the Pl 1A popul ation rmay be distinct from MSCs. 20 During osteogenesis,
ost eobl asts synthesize a wide repertoire of no proteins that are

i ncor por dtaél Bht crwesserio ghdicnpeedn dfaknoition Thdldorpslisi aitihedist ande
matrix, tegtgglﬁslplgg neﬁ%ééﬂictlﬂﬁa j;netics of secretion, help define the unique
properties o one tissue and can be used to confi rm ost eogeni c
differentiation. However, with few exceptions, the actual nmatrix proteins

are not rgpt-gue—to—bore—re—ef—these—exeeptions—+sthe-protei-h—os{ eocal cin
25 (O0). At %NIN?%I’?JPWQH protei.n_cant aini Ne3€ee y-carboxyglutam c acid

[®)

resi dueg N is an ijnhyRinlkQeci@t nBySrProsRat iﬁﬁrérﬁr&rﬁ%hﬁppﬂogen\ﬂo}sr

suggestijng that thisiprotein participates iln mneralizatiofi (Boskey, et

al ., 198Cahe. Ti ss. NdibofilddenfT0 kBal Ce, €t |eyrons1976 Proc. Natl| Acad.
Sci. USA 73:1447-14511)  1n support of this| OCis expressed hy ture

ost eobl asfispand its ex@r_g Gen rises gr jcally during th

m ner al ilzation 30 phdse (gglGl Tedef¥H) | Todd s Y ST T

50: 175- 183apMal aval , |eti.Abubule:d94; . ' : 555-572; [ Onen, et

al ., 1990 0 _cell Pthil?)I?) ubple el inted frbtely2 | KBLRrRmacck 144 8 MAR 2006

1992 J. |@g)d. Bi OCher“&a:ﬁ&bé&édrés‘}Qé Stein, et @s)gode]gqgg JSASEB J.
|

4:3111-3123). Wiile Is considered a relgtively |ate marker of
ost eobl agipdi fferenti %Fi%l%idié ﬁbxj'lisarfﬁxlr&{e‘?ﬁsed /f’s?lrol:%e- n bone formatjon in
marrow stromal cell g ures before arge anmounts of matrix are

synt hesilzed (Ml aval ,[ et al., 1994 J. Cell. |Pwepsim] OliddBnddbA&s72) |
Consi st ¢t Wi th 5 ost|&geni ¢ differentiatior Amstees i nduced PLA cells
expressed OC. However, its expression was dependent upon the conposition
of the osteoi nductive medium Specifically, osteocal cin expression was not
obser ved TiahlefforA lklingadgsmpseimdugiondeveisn - PLA cel | s i nduced with QM

cont ai ni ng dexanet hasone. The | ack of OC expression in Dex-treated PLA

D

cel | s mgy—be—duve—to—agmrtnhibrty ef-fect—a crated-wyt h gl ucocorticoids 10
( Cooper ,| etCel linel999—3-—Fnd AP Iidyction {21 I@delez‘f}. Fad support of this,
negligihle levels of deydds 2l 4 99X 2h- BnicdanB8 o35 ndpnds -§ and human bone cel |
cultures imlucedemith +17.2 +1.6 2.9 +3.2
PLA - VD +71.3 -1.3 -1.9 +1.9
MSC — Dex +54.2 -1.2 +2.7 NS
MSC-VD NS -1.5 +3.5 +1.5
NHOst - Dex -1.4 NS -2.8 -1.2
NHOst— VD +1.4 2.2 -25.5 ND

“+" upregulated enzyme induction
* downregulated enzyme induction
10 NS no significant difference detected
ND  Not Determined
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dexanet hasone (Beresford,
1991 J. Cell Physiol. 146:370-378). Furthernore,
i nduction of a human osteoblast cell line, NHOst, in this stud ﬁFigure

27). In contrast to dexamethasone 15 induction, OC expr es_sia)rNMgQ Been only
upon VD stinulation and is consistent wwth studies confirm ng VD dependent
i ncreases in OC expression by osteosarcona cells (Price, et al., 1980 J.

Bi ol . Chem 225:11660-11663) and its stinmulation of the OC pronoter (Lian,

et al., I198& @i GuanfXatiBRBS cdi8lim pRBHhardd&iels’6- 291; Yoon, et at., 1988
Bi ochem 27:8521-8526). In addition to its appearance upon VD inducti on,

di stinctf bi 20 pnasic(%épre55|on agteén o%x; was observed. Consi stent
wi th bore reelt dieVSCs, P ,,'“%ng‘é‘d&%g‘l’&'b en
stage of| differentiati onﬁé{ﬁ’ ear etém@agggarl

was associated with an initial
dramati ¢ ingreagrxi n [OC | evel wasgdetected a

as 4 days induction. A
ter one week induction.
| nducti gm—Tgr =2 ekgTesutted Ty anm apparent
and wa fn}lgll"'%\ip by lincreased Aé?srpcci on _he

i nhibition of OC expression
ond t hree weeks. The
reappearjan®dSoOf M at| 25 three weeks was coincident with the synthesis and
m neral ijzaty;@p ofpthg surrounding; ECMand may be supportive of the
pr opos e g—Fe+e—er—OcHA—FatFtx—eateeat+ond Wth regards to OC s

milar efféd? to that observed in AP expression may

be occur|i ngiHOstevra devel opnent af{pst age- speci{fi c response to VD. In

addi ti omto VD, —severat—ottier—TrnductTonmagents al so exert stage-specific
ef fects O ost™ebPEFREFS, including 30 TGE(3 (Breen, et al., 1994 J. Cell.

Bi ochem 160:323-335). Simlar to VD induced PLA cells, OC was al so
detectted in MSCs with several differences observed in OC expression 145 - 8

VA, R 2006, palit &L SRS G VG L ADGS 56 b Elaly [0 contrast to PLA

et al., 1986 Endo. 119:1776-1785; Leboy, et at.,

OC was not observed upon

a

T ot

bi phasi ¢ oiHOstnDes g

cultures, a’lowTleve pression Wwas observed in non-induced MSCs.
The basal |evel of OC expression in control MSCs was extrenely |low and is
consi stgnt W th reports of ConyidabbSp¥&nChift&ERifion 0N N cultures of ratf
VBCs (Mgt aval, et Glla, d99% g, O¥[ T A S| 0T, &58] Seeuty 2], AonifCONE ol
gaxpr essian S OSET VEU T DEX=TTeatea vpCST rrnarty, vt e vorTauctT Ol

I ncrease%t‘%@ gxpresm onl of 1IGC in MXCs, po apparent Oi phasi cé6patterniwas
obser ved-S1%Sken the ekpressiohof bone-specific OC by

7 L
osteo-induced PLA cells supports their osteogenic capacity. In addition,
the distinct pattern of OC expression and the differential response to
i ndugtyi on factors observed between MSCs and PLA cells further 10 suggests
that these two popul ati ons may possess uni que phenotypes.
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In addition to OC, osteo-induced PLA cells also eXpressed sever al
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i n Cooper, et al.,
ON and OP

DISCUSSION

To further confirm if PLA cells represent a mesenchymal stem cell population, we

conducted an extensive molecular and biochemical characterization of this cell

population and several PLA clones termed Adipose-Derived Stem Cells, or ADSCs. PLA

populations were induced toward multiple mesodermal lineages, including bone and fat,

and the expression of lineage-specific genes and proteins confirmed by RT-PCR, indirect
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condition. Moreover, osteogenic induction resulted in significant decreases
in OP level, as neasured by mcroarrays, and was consistent with decreases
observed upon induction of rat bone marrow stromal cells (Ml aval, et al.,
1994 J. Cell. Physiol. 158:555-572). 15 Wiile not restriet&difo 2888 eogenic
cells, both O°P and ON are found in high anobunts in bone tissue. Therefore,
their expression, together with osteobl ast-specific genes |like CC,

supports the osteogenic capacity of PLA cells. In addition to these

0st eogeniiging@vfAGoeresc@fidee OF) R CRdstih AbleRinkS 1008181556 B aANRERbiRhARalOENES,

i ncluding the proteoglycans decorin and biglycan and the transcription
factors PPERyWEhdsRaRReasurzothe pehvities poalkeline phospintaere magsr tfer benepr essi on

of sever t.ei ng. .c - er .St i i i.atj s al so
observed M Mhel IBORMCIARINE BlvcaBRLGRABNNE LRGN BHGERITS
dat a, corbgaheravith tstasosmudimedd RilAtedgirbsogx@ne siperd clxeMergahic ipdetien.ns

consi stent. wit h _an ost.eogeni not ype,, i ncludin | , .decor.i.n, biglycan,
&P 25 Sand e el PRSI BN et scied e Sarmain ey ukiringgie” 4

expr essi dfiffyvefiteationtof ATREY Fiddilypbnpasite0eenl.a deNducditfornadqd i@p ckincsease in
OP expression was, seen after 3 weeks induction. Expression of ON and OP
was al so BhHeRFEsaic incessitasalsognamsgteo- i nduced PLA cells using IF with
differences in intracellular expression pattern detected between the two
cell popul ations. Specifically, OP expression in both control and induced
30 PLA ceVtshavgndemensteted the mupelingage| egeacityoobt thenhetevhgdneus tRLAdi esllr i but i on

appear.ed Lform.i | es. i erinucl ear. concentration
has ggen ptggglgﬁ(\)/negg (Ii ﬁts Llé?léf a?_d Qévaﬁﬁ%?%%mﬁgalr&é%%%%& aggl Jene sllfagesanle is a
char act eragstinentodvitls elts etoeld wor odrefirmsthetZBihArcelleandd ADSCLE6&:s drticapable ¢ al Sci .
106: 401-407). However, contrary to this study, a defined perinuyclear
concent ré’tsfe%ig'fn’“bcf’ ﬁp%f’n&oﬂﬁé@?W@g! W)’B%ﬁm%/égeﬁ%‘ﬁ‘ﬁﬁ‘% PHFSORR P .
repr esentexgresGbP Bflse Ml RithgipedIRCEdnbS afdl IptdtEiRs CRNSHiGN® nfBaddaghal OP i n
the M5Cs concentrated to the 5 cel | surface and at cell processes. This
focal di dineigsetloh chiftsalse appepisd o opdesgw differantimBmsto aalirEagagorisistint aiite cel |

m graki o | ' I.ffer &bl 8 Fur.

J. Oﬁ r<'§1I c%jxe%g%:%%o eﬂh@fgugkr@ng It‘%eiqe?ittfﬁg%&eﬁ%chF%grag(gﬁﬁ%é?nﬁggl\/\e@r% S%%%%r ved for

ON in comitridlA BEA aad rddsSestaanpliteive $teamtded yepolatibis thaObhnvas isdhissdd fromt ed

t hroughout the cell.in a fine punctate pattern and a | ow | evel was al so |
found i nlﬂ‘ﬂ“ﬁ]émﬁgl‘(]?f’%etfég.s“e&teogeni c 10 induction did not alter this pattern in |
MSCs. However, the nucl ear expression was | ost |

PLA Celis Express A Similar Complement Of CD Markers As Observed In MSCs:

20
Characterization of a cell population can be accomplished through identification of
unique proteins expressed on the cell surface. Several groups have subsequently
characterized MSCs based on their expression of cell-specific proteins (e.g. STRO-1,
SH2, SH3, SH4) and “cluster designation” (CD) markers (Bruder, et al., 1998 J. Orthop.

25 Res. 106:155-162; Conget, et al., 1999 J. Cell Physiol. 181:67-73; Pittenger, et al., 1999
Science 284:143-147). This study confirms that a unique combination of cell surface
proteins is expressed on PLA cells. Moreover, both PLA and MSC populations show
similar expression profiles. Like MSCs, PLA cells expressed CD29, CD44, CD71,
CD90, CD105/SH2, SH3 and STRO-1 as shown by IF, in addition to CD13 as confirmed

30 by FC (Figure 24). Like MSCs, PLA cells did not express CDs 4, 8, 11, 14, 16, 19, 31,
33, 34, 45, 56, and 62E on the cell surface (Figure 24). The similar CD profiles suggest
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upon differentiation of PLA cells. Furthernore, while ON was found in
virtually all control PLA cells, not all osteo-induced PLA cells were
ON-positive. Rather, expression of this protein was found in regions of

hi gh cell density. Finally, no expression of OC was obser§edAR i2gggnt r ol
PLA cells, whereas a very low | evel was detected in 15 undifferenti ated
MSCs, consistent wth the RT-PCR findings. Osteogenic induction resulted
in OC expression by a small percentage of the osteogenic PLA cells, while a
larger p f h CelfSfebuRNiBh QRS EASTDI SHOWSL] the ddafeeeXPr essi on
pattern g?ﬁe‘s&ﬁ\j\&ggggﬁi@;lﬁi?glﬁﬂhggt h ogfa_go eni ¢ PLA and MSCs: di-ggtﬁ:ri but ed

t hr oughouimitldrisy celyl indinale thas PEneelistasel siaplyiatt Mie prriffatinislogateshyithieorc el |

surface. Toget her AN ON - HERS kARl o fFrukeiS!
supporti vcém%fm'?aﬁ'ggﬁl?%égﬁg%a%oa grﬁ[%ﬂbrgtﬂ?%o%%g%ﬂ%s@rgrg l?t er%ggte%genil? ecapaci ty
of PLA cellb@l vassald hridowhiR PasGedrsgictdns ercgoedith pagerdedl@id foey, dret pracdsens 25 The

differentjiation of adi tes in.culture is, de dent n actors,
el udi ng L/ EFUEH Mo PROSLS SopBPL TR 9 BEAAG T BG GKATRAEb by
agents (indonatiiag Kes. 2!4BWERY FRGBverihed appediHodbeCelidw SubkR7diddtiokussel |,
TR 1976 Proc. Natl. Acad. Sci. USA 73: 45169- 4520; WII1ianms and Pol akis 1977
Bi ochem ®iwish.A mesMSCopriylations: Inzentrasg &) M%\A&/@?ﬁreﬁsﬁflﬂf&n%ﬁ%ﬁd t he

adi pogeni &, PLOGAM piA EARIAR! 1t QuiiRr FpRALioR Gl L PORNILES (Auredogs not
requi re such adi pogeni ¢ agent ut may be dependent upon increased culture
conf | uencRurthdmeovESCsi tave silsonioaen repatedr evexpsish | @D o filhl 0garands€Dad0a148 - 8

MAR 2006 confl uence ccur -befor. . pre-adi poc Lt to the
i pofeni Geheage- 100 PFbeh 1 76785385 Chkel % BhotdR5, 00 PR

Spei gel masy | agydy ¥ arifi@iged ¥B21.Ce099 88iem- T 143Tr4ay.h N egpressAmhoteibesel @87 Proc.
Nutr. Soc. 46:135-142). As adi paogenic di ffer%i@sti on %Lf eeds, a | oss of
prol i f er antigenspugre detested jog s esilbagingdy arfié P silless ifeenegs may

repl i catinm ROURNILAPLIAS péhutdiRhat hedibilct Gofflatiddr & Adh R0LPPEYRer, the
differentiation. To investigate if PLA cells exhibit the sane

char act erjicstibidisy thel Pl cellsi des alohadrvanian of diS(s|canea) be rdedgitpogenesi s, as
rreasul‘l;sed by Ol Red 0 accurnul ation. Consistent with studies on pre-

adi pocyte cell lines, high levels of differentiation occurred in confluent
PLA cul t upies CellPUhi@se0tieagdnagds:PLA cel | s assunmed a nore expanded nor phol ogy
and began to 10 accumul ate intracellular lipid droplets as early as 2 weeks
induction . Differentiation proceeded with no significant increase in PLA

cel I nunmbgr, ,sUg8eSE hidbess Mol B! |) BHAREHIon of progenitor cells, 2) commitment of

these cells via the action of specific growth factors and cytokines, 3) lineage progression

20  into transitory cell types expressing specific genes and 4) terminal differentiation
characterized by the cessation of proliferation and biosynthesis of tissue-specific products
(Bruder, et al., 1997 J. Cell Biochem. 64:278-294; Caplan 1994 Clin. Plas. Surg. 21:429-
435; Jaiswal, et al., 1997 I. Cell Biochem. 64:295-312). Osteogenesis follows this
pattern closely with osteogenic precursors developing into mitotic pre-osteoblasts and

25  secretory osteoblasts, which lose their mitotic potential and form the mature osteocyte
(Owen, et al., 1990 J. Cell Physiof. 143:420-430; Stein, et al., 1989 Conncet. Tissue. Res.
20:3-13). Therefore, osteogenic differentiation is characterized by distinct phases of
proliferation, matrix synthesis/maturation and mineralization (Owen, et al., 1990 J. Cell
Physiol. 143:420-430). Consistent with this, distinct phases were observed upon

30 osteogenic differentiation of PLA cells. A relatively linear growth rate was measured

within the first week of induction, a period characterized by negligible AP activity and
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and grow h kinetics are linked to PLA adi pogenesis (Figure 29). PLA - Cd
Mar kers and ECM Suppl enents 15 Adi pogenic differentiation is acconpani ed
by several nol ecul ar and bi ochenmi cal events, including the increase in

| i pogeni c enzynes that catal yze the conversion of glucose B'}I’;QR 21‘0 ty acids
and triglycerides. dycerol-3-phosphate (G3P) is the primary subsirate for
triglyceride synthesis in adipose tissue and the adi pose conversion of 3T3
cells is 20 characterized by a dramatic increase in the enzynmatic source of

G3P, gl yqepopBashiat € prilfiMesP eaaasR LD welu by Manelidly 10tamdl werel978 J.
Bi ol Chem 252:2158-2160; Pairault Greem 1979 J. Biol. Based on

ch 76) ..
this, GPDecaerandt by wees apreasneedl A bidiayold: nduelearappn CSWS?%P‘E‘)THE@ ls. No
si gni 1 cant, dif g1 pnegs by PR LRV UaR indekech ofb balgeadiobisyant | at ed

cel I s and non-induced comtrols untiT 3 weeks 25 differentiation. Nboreover,
t he i nitidkinpehisodmefpobit f.f ekreicrats on colhsumbsoandaewungid APhitgaise Wisasal

GPDH | evels. T i ncr.eased. | evel GRPDH. i n_adi- pge-i.nduc I was
associat é@SW?ﬁg?yﬁggap%e@g? ngueticny ?Efﬁe fDlé_i'aq & al?tsé@ﬁ?rﬁawgﬂ%géfg%énﬁnduct i on
from 3 t qpdeporgkslvis elil@es innwidicls t@Riffrbtgaslifelarcmeaale show@RBkedievest h

differentiated PLA cell d 3T3-Ll control d i ded.with i d
i pi @ acclih BBy, Gk #ridl Phosioh 19 58 Cer B For- Ao Bae]| BhaiTveck ai d

not i gni fi5¢AOLIN, ChARGEeRAZ YRl NG hvd NRER pdielidied OBULHALIRS thoh
simlar pattern of GPDH activity was al so observed in adi po-i nduced 149 8
MAR 2006 pvBisratither ebepgenia pregénioreédelbonb,@PpH EMPyBeckan i 28:1318r9¥2PLA cel I's
i nduced toward the di ni, ¢ L] i-ndj. ¢ St t y be
under@oi NS BBY & ia@, lgggﬁgg%r}tl?'gﬁfg'ggff;qhiaggﬁ%lslttg%%ﬁgﬁﬁg’ %gglk%gggnesi s

i s charack@ii gechldiymtitee SepIbe Ssieis aild Matked tHenkets theohinegdinaiont fhate ar e
involved in lipid synthesis and _stor,age. One of th.ean% eC?es, .PPAIgyaz, is a
menber ofintte PPIER TRerepssd Mady monealiaien3s aeawPrRist P/;%, PO EF t h
PPARy| angd A PRARR(HE \Wa8 Weikisdidht Widirétits Rlundlin rat 89810081 (uresBiCOllin et al.,

10: 165-173). PPARy2 has been identified as ﬁ:rt of a heterodineric conplex

(with ARF _93n@alﬁi%ﬁ5é-t o Per 1561 &b ePhadiroubiet ehal 9% Biocheme 2Ry 18-5322).
1005 N M RAEY QARG M o S hala DR cepauBlr ARTRIN@RETY & 7

speci fi cabllywed bfyat redantibri & Phducdidneabdry This trbductipi fveaselikeliatiiono dlic

cultured iﬁgrie s%cl tn%ngrgll clieploisiplgr? algcir %igg}ggd’ Wl%tl thaéI inéreased appearance of ECM and

the formation of cell-free internodular zones . In s'upport of this, ECM formation has

been suggested to contribute to the shutdown of proliferation by rat osteoblasts (Owen, et

20 al, 1990 J. Cell Physiol, 143:420-430) and rat marrow stromal cells (Malaval, et al., 1994

I. Cell. Physiol. 158:555-572). Taken together, the results suggest that PLA cells possess

distinct  proliferative, synthetic and mineralization phases during osteogenic

differentiation.

25 Glucocorticoid excess and/or prolonged treatment in vivo is associated with decreased
bone formation (Baylink 1983 N. Engl. J. Med. 309:306-308), possibly through a
reduction of progenitor conversion to osteoblasts (Chyun, et al., 1984 Endo. 114:477-
480). In contrast to dexamethasone, treatment with vitamin D metabolites restores bone
mineralization and bone formation by bone-derived cells in vitro (Beresford, et al., 1986

30  Endo. 119:1776-1785; Kanis, et al., 1982 in Endocrinology of Calcium Metabolism, ed.

JA Parsons, New York: Raven Press, pp 321). Therefore, the effects of dexamethasone

141




1994 Genes Dev. 8:1224-1234; Totonoz, et al., 1994 Cell 79:1147-1156).
Consistent with this, PPARy2 was specifically detected in adi po-induced
PLA and MSC sanples. Initial 15 differentiation (i.e. 4 days) of these cell
popul ati ons was characteri zed by the absence of this transcription factor
and is agreenent with previous results fromdifferentiati &d‘lm%ﬂﬁadi pocyt es
(Totonoz, et al., 1994 CGenes Dev. 8:1224-1234; Totonoz, et al., 1994 Cell
79:1147-1156). Detectable | evels of PPARy2 were observed after one week
i nducti o K IRLERS AN (VEVEhS WA Costéc@BhdsisCantd Yexbingifedr Tt thi s
time poi %Pdi ?ﬁ%ﬁx d!uced 20 IgLAyceI | s, suggesting that the kinetics of
PPARy2 expnessheyilivayisdfoifienf AR gatalyzen dhaeddavaggse! JRereptia. 3 ar&ticons.
Di stinctions in PPARyL. expressi-on: @l BRSEENED, B&L ¥aseRiA el | s and
MSCs. A JIRTANES (3t ﬁ@‘h%é’nde?@lgngﬁ%gggif?l&lgPARyIi gxgr essi oﬁdgewas obser ved
in PLA celnkkagno MR&sssidlowevierin mraobtpotdasty end M9Get argruprégudateds upeiy 8 of
M5Cs was assocjated wth. an .absence,of this transcripti 0 ile | ow
| evel § wergetas Oéﬁgé?%ﬁljgfeﬁ“i“ﬁ%'cw BNt Loughii &%éﬁ%oioﬁk@]ﬁ%s
det ected &me&ﬂgﬁtroﬁl thMRIGH - its F&ﬂ@@hds}éhatw"ei haivitet @iCabite & el 1979FAIRBIARY | wer e
seen in non-induced PLA cells, adipqgenic_ jnductjon ) iated with a
si gni i catiosphataseaew | YprkxPleaws iFsess; Be‘Pfé‘?fsﬂ%?g*t g“\ﬁh‘ﬁ g@?&%ﬁ?&?cg‘fgn
di fferentjgafi (.?“n'Er%.SOM'e?S VAR5 2009 TRARME, | BnaiR0oGfan@d lavetsh agd Owfattixar r est

nt o

and early comm t pre-adi pose cells to the adipogenic |ineage. This
peri od ofmitiefdieationtdraihportaat snlicatork of osteogsngsin Basedy Bis, these PHaMSEIPL i s

d (Ailhaud, .et at, . 199 te, 13 207233 mde A% et
o T RrGas Rt of il EER Sepl hnd Timalilh & ey feddpme i €

ubi qui t ouglnyanexRoBESEeds dttrolss 5 significantly upregul ated in adi pose
tissue. Through its hydrolysis of triglycerides, LPL pronotes the exchange
of lipids and affects the netabolismof several triglyceride-rich

| i popr ot e bac Vb Gefdl nghidebnit BiserRRGstn 6h AP actil@PB4and. nlatrpi d Res.
25:1017- %E%) ) Consildst ent with I ts ubiquitous expression, non-induced PLA
and MSC coivrabizstionexpeasd del ba simiar] is\BLA g¢lls md MSGreerkingtigs 96 GaRinge

i nduction of. both PLA cells a - \as,. i i Rifrgidd 1 cant
i ncreﬁse ‘ri‘cﬁvf%gmé}kber es ?ngﬁ%%fn? cﬁgn g@ln%?}&ghc}'@%??gﬁngglg%mgl obser ved af t er
one week itngyatdeedningnicht tiegehso penudtivasl mag pbssassetistinct phreootybesu A Pasavitemai ni ng

differentiation period. Fin extende ifferentiatign of [ eag pocytes
resul ts i#Peied égﬁo&gﬁéna'ﬁfu%e pP%‘tl%tloélaﬁbﬁg‘ﬁeeeﬁi % aﬂéf’k%’?aﬁ(saﬁ uﬁtis%n'a??oci at ed
with the aceHeM AFIONcQfs leiudled ik tshtinifidahy Hiahet! leved o NFpattiyitg af Aividelud, et

al ., 1992 Annu. . )
versus Dex induction and a greater level of enzyme induction from 2 and 3 weeks (17.2

20 fold/Dex vs. 71.3 fold/VD). This VD effect was seen at each differentiation stage. In
conirast, the effect of induction condition was reversed in MSCs, with Dex producing
greater AP activities at each differentiation stage. In addition to differences in measured
enzyme activity and induction level, the kinetics of AP activity differed between PLA
cells and MSCs. AP activity in both Dex and VD-induced PLA cells was bi-phasic.

25  Specifically, peak AP levels were measured under both induction conditions at 3 and 6
weeks and a decreased level detected at 5 weeks. Like PLA cells, a bi-phasic response
was also observed in Dex-treated MSCs. However, the kinetics of AP activity appeared
to be accelerated in Dex-treated MSCs with peaks detected at 3 and 5 wecks and a
decrease in enzyme at 4 weeks. Moreover, a distinct bi-phasic pattern was not observed

30 upon VD stimulation of MSCs, lending further support to a putative distinction between

these two cell populations.
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15 Rev. Nutr. 12:207-233; Fajas, et al., 1998 Curr. Biol. 10:165-173). One
such late marker is the fatty acid binding protein, aP2 (Bernlohr, et al.,
1984 Proc. Natl. Acad. Sci. USA 81:468-472; Bernlohr, et al., 1985

Bi ochem Bi ophys. Res. Comun. 132:850-855). Consi stent W,é_“t}‘hﬁ{%ﬂlbpus
results (Bernlohr, et al., 1985 Bi ochem Bi ophys. Res. GO !

132: 850-855), aP2 was detected in 3T3-L1 controls, along with LPL and
PPARy2. 20 However, despite its classification as a late marker in

adi pocytes, aP2 expression was observed throughout adi pogenic induction in
both PLA cells and M5Cs and | evel s appeared to be eguival eqt at_.each

i nduct i oMhgoks#on fm)ﬂ@obﬁehqswapzp%%w%?gﬁowdpw&a%ﬂm AafS BRCIEBAR7DC | n
direct c : : i BLMBGty Raly @rigddpRgyt e

i 1 or ent Bt S e e e oz, et
al ., 1994hCadfosizibn B0 fielkiny FIB8) andds nelissquently dpwhregulated (Quen.qi al.n1990

2di Pogenssl s (EXSCTRL -S4 KSHFL BPRoARASHIT Bolounauiiagislipduesd

contr si'on was
expr essi of. Of AaRRrddi tEI&sie ScizhbePulilishers @t 20£235: Stkinaecal 182N FASBB 1985
Mol. Cell Biol. 5:419-421) and is sjmlagr.to the LPL reshlé@t‘. Taken

t oget her J- thl 1adi! gd i semildppatiern ¢s & ﬁf‘@gsl“owag?ww G YES-Pduced

PLA cel | %%@&%t\ﬂ%{ alNdnBed RBuHPRERMIBhEch 30 @¥RIRASSkehelc diflbreanaioaP2 i s
supportive of the adi pogenic capacity of these cells. 151 - 8 MAR 200G

Fur t her mone, ostdeeyted (roderind Gapfraci 490 Baneddm$oriBi iswilt ¢t dl-nedYst sdfeni ¢
pot enti al_.of thes I S t { V-l i.- | 1 neage
Pot ontl a1 POBR B8 Pe RSB RENG o021 CHt 5 E 1AREsERTSP TR PRI | ot o
of cell IpieaPr&guity ebsehicgrahe dsd Syweslts tonmraatés) mhinsteasieg cad¢iual phospht@98 Exp,

Cell Res. 238:265-272), duplicatin he process of cellulafr,condensation
(Fel | 1928Vels "W maﬁﬁy%%’i"’:"%o ?t‘ﬁ“ﬂwa%‘gi‘?is 1548 %’h‘ﬁbl‘éﬁéﬁ‘f% on with
speci fic fhRwhidd tefsildoths matHs Ry@tesl{FHike. THePSre OthisBMRE hdp basieofist toet al . |
1998 Exp. Cell Res. 10 238:265-272; ckay, et al., 1998 Ti ssue

. LY o € . Eng.
4: 415- 428p2m@snAP eeidity W&tfﬁnPﬁﬂﬂss?verégﬁf"@ﬁé%det“@&lp?ﬂ?% Biis ppgiie thag rtl?en cM
cont aj:ni n I i : I ] mass
modul Bs. AR g P SBEMEC AP sty iR iyl on BT, reop P RE SRR
posi ti veliywdwsiong Iheusioai of Ahisi arrdBbasein ddnbivst been vhsetvet his FPeigeatrsle of

esult . deBERHBaI PR ESHH S eaovtl” AP Ltk bR ErE g AERER ed o
concent r gt goddPehdent ehibinbeWaQrdefcted in more mature cells, an effect thought to
represent the return of a cell fraction to the osteoprogenitor pool or their differentiation to
20 osteocytes, a cell population with low AP activity. Therefore, the decrease in AP levels in
PLA and MSC samples may be due to the terminal differentiation of a cell fraction
whereas the second AP peak could be due to the delayed development of a fraction of

osteogenic progenitor cells.

25 Consistent with the AP results, induction of PLA cells with VD produced a greater
overall increase in calcium levels compared to dexamethasone. Like AP activity subtle
distinctions in calcium accumulation could be observed between PLA cells and MSCs. In
support of the AP data, matrix mineralization by PLA cells was not observed until 3
weeks induction. Beyond this time point, Dex stimulation did not appear to significantly

30  affect the rate of matrix mineralization. However, a dramatic increase was detected in

VD-treated PLA samples, with 6 week samples containing significantly more calcium
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t he nodul e and was apparent as early as 3 days induction. Consistent with
Al cian Blue staining, PLA nodules also contained keratan- and
chondroitin-4-sulfate, two proteoglycans expressed in high amunts in

cartilage. In support of these results, the expression ofg has
al so been observed in human bone marrow MSCs i nduced 20 tomgﬁd@?ﬁ%cs

chondrogenic |Iineage (Yoo, et al., 1998 J. Bone Joint Surg. Am 80: 1745-
1757: Yoo, et al., 1998 Cdin. Othop. S73-81). In addition to sul fated

pr ot eogl yhadhate. PhA iRQHILE MidaRzaBUR AE Dechrral deganiht e thk, AR debhdtagen
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significantly nore proteoglycan accunul ati on was observed in 10 i nduced PLA

nodul es a8lcgaysugerstngithay MSTR beegmernene saivitivgde YRIIndbetism Qer kmeahakans
W thijn ”18 Jai ok pﬁ‘é‘#&r&% &ff@ﬁ}f'o‘%&o én‘?&%{da‘éﬁon%ﬁc{‘tﬁeh ct}xln bR G2

resul t's gesTs al'so ossess in vitro ¢ rogenlc
capacity mneﬂalnmdl A dsuppaer thii gheogmnsplhqnompadéﬂ iPbAs ce115 I hdudditiom, of PLA
cells in resulted in ttge ex ess on of ver al l%enes c Nnsi Shﬁh Wi th

chondr ogéhBFEces ERESIVeEk By € ST DRt obthes i P*zl%ﬁswy oFes d PLA
cel I s and1y@gopulation may be distinct from MSCs.

20 During osteogenesis, osteoblasts synthesize a wide repertoire of no proteins that are
incorporated into a surrounding ECM scaftold. The composition of the matrix, together
with the kinetics of secretion, help define the unique properties of bone tissue and can be
used to confirm osteogenic differentiation. However, with few exceptions, the actual
matrix proteins are not unique to bone. One of these exceptions is the protein osteocalcin

25  (OC). A highly conserved protein containing three y-carboxyglutamic acid residues, OC
is an inhibitor of hydroxyapatite formation in vitro, suggesting that this protein
participates in mineralization (Boskey, et al., 1985 Calc. Tiss. Int. 37:75; Price, et al.,
1976 Proc. Natl. Acad. Sci. USA 73:1447-1451). In support of this, OC is expressed by
mature osteoblasts and its expression level rises dramatically during the mineralization

30 phase (Collin, et al., 1992 Calcif, Tiss. Int. 50:175-183; Malaval, et al., 1994 J. Cell.
Physiol. 158:555-572; Owen, et al., 1990 J. Cell Physiol. 143:420-430; Shalhoub, et al.,
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restricted to day 7 and 10 and supported our imunohi stochem cal results. A
restricted expression pattern simlar to CNIl was observed in PLA nodul es
using priners designed to the am no term nus of aggrecan (AG, a Iarge
prot eogl ycan expressed in high amunts 20 in cartil age. rma%s

aggrecan was al so observed in PLA sanples using priners ‘to e car boxy
termnus (PG. However, in addition to expression at days 7 and 10, PG was
al so detected at day 14 in these nodul es. In support of the PLA results,

expressi omoof] CaggBRERdn.| 30:475d40e 8K an 0 tasoesa g¥as Jdeserterb3ysiwigiebot h
am no and carboxy priner sets. Like CNI'I’, the exgr ession of aggrecan was

speci fic @ i r@éﬂﬁi@ftyedDEAelaﬁﬂelNH@K npazkes ef o e blast, difierantintiny, fipiscyipressed
cho%oggé}hgrt%ghkcrdr B mpﬁ-lé-ﬁ&@ rgmgﬂegéﬂl &@ﬂrésrb H?@laré@eél%ﬁ,?é Sfjm%fff?;r essi on

of , er o pertrop I ¢ chondrocytes. pres I on
det ect ed =t Sﬂakresmda(Mhlmgﬁsaﬂs 199, Eelh Prodiel. e‘s’iSLﬁﬁde’W@b Gypsestant dpﬁny over
time. Jndu

(&5 al al t hoyg ower. | evel .
PLA RoddiGocsh PEBRYED, crlRai e LA 3Pttty DsanBysee: el udi ng
CN. | and deplekdion 3QasWidependette updh Othi t yorﬁiﬁosl?loﬁ\ Sﬁnfhb esstevvatictired readiibi ted a
restricted collagen pattern (day 4 only), and was detected in a few
PLA sarrpl%@c'u‘ﬁa o 06@9031“4“ e’FPFSSSé‘%PpWé%g?to?PSB‘T"“lS‘S“O“ -fndypgd Bodaelinnonis al so

been obs q*LVAeqelmnhmmh%mQ@ma%gb&eﬁah}ethgﬂnesn@1a%I%Idf~°o¢ Qgpkegdbr h the
outer nodul e, |eading researchers to suggest that this region is conprised

of peri dponideatesh®lA icellcmpy be Hysiol andhibonye&feeti 4ssasiasert With gbisogardesedss (Yoo,
et alyn n 7 CI in.
ot holy 730 AR R e ocbg SRS R sk or 8l el ol oo
been obsep@elthvie nbdengdsbsehefﬂd;nnyraemh%(ys)rahat hainiaa kborlei eddk buiclireelitduced twithes and

ot al - OB SheCa PRI A 0% Koo it LA bebedhg oAV hbe

expr essi gmygibl. Gib:370-398). etthéfdrg MO vas ﬁmmb&eve@ugomnm%ﬁr&sﬁemnof a
simlar cell opul ation. 10 Induced and control PLA cells also expr essed

t he prot éwpylelanéel sz oNHRsa tbngfrtWaEFIglsrﬁth) hin @@H@SCEFA?XHHBQ@(S@H% and
bi gl yigan .H&K:%Hp Ehe OusfaE @%éa%ta aa&' vo SHfibiRfen Eulﬁ&tg g{.ﬁts?e% éyﬁ‘nans

within the carti age expression wt
further stphortefirheigec NOhdependeni anqmtvecsourym ekpremtdl by astebsarédnsa exlfsr essi on

duri ng 19,051 e00enaSS. 460l Geh0To SR Asch [dba) s PSTAGGRIN oA bt M nal
promoter (Lian, et al., 1988 Clin. Orthop. Rel. Res. 226:276-291; Yoon, ¢t al., 1988
Biochem. 27:8521-8526). In addition to its appearance upon VD induction, a distinct bi-
20 phasic expression pattern of OC was observed. Consistent with bone marrow MSCs, the
appearance of OC was associated with an initial stage of differentiation, appearing as
early as 4 days induction. A dramatic increase in OC level was detected after one week
induction. Induction for 2 weeks resulted in an apparent inhibition of OC expression and
was followed by increased expression beyond three weeks. The reappearance of OC at
25 three weeks was coincident with the synthesis and mineralization of the surrounding
ECM and may be supportive of the proposed role for OC in matrix calcification. With
regards to OC’s biphasic pattern, a similar effect to that observed in AP expression may
be occuring: i.e. a developmental stage-specific response to VD. In addition to VD,
several other induction agents also exert stage-specific effects on osteogenesis, including
30 TGFB (Breen, et al,, 1994 J. Cell. Biochem. 160:323-335). Similar to VD-induced PLA

cells, OC was also detected in MSCs with several differences observed in OC expression
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chondrocytes has recently been confirnmed (Enonoto, et al., 2000 J. Biol.
Chem  275:8695-8702. Therefore, the expression of CBFA-1, together with
CNX, may indicate termnal differentiation of PLA cells within the nodule.
Chondrocyte hypertrophy may also precede the ossificati angquf, £anks | agenous
ti ssue. However, expression of bone 20 specific OC by chondrogem c PLA or
NHCK cel |l s was not seen at any tine point, confirmng the absence of
osteogenic differentiation within the PLA nodule. Interesti ngly, m cronass
cul ture ofudMaCshstMRe®M dicde 0als. I Bd] In édhthfieofAIATREINGSs, Of lownREEl e50and was
not exam ned. Taken together, the specific expression of CNII,  aggrecan
and CNX i9¥PieAdet oS mbacTHesn Ben- 'ﬁdﬁceéﬂdmsﬁsoﬁh% dasahdevsh o€ c EXRIFSSiQBr Bt an- and
25 Chondfc%h&{ﬂnwft-c%%we,%trmlg'19wtAafa EMSURRORS fe f?@rt§|8?r&gﬁ§?%WeCO@hen0t ype

of these Mor eover e chondr ogeni ¢ capaci PLA cells, together
Wi th the|erxpmssnexogewlmresa:fdatd‘dSﬁa@dniaEalpettEéntl9%J Galir tholshiﬁ@bﬁt%nﬂ he

m.l|tl-|l acity. of th tative st cel.l 30..P | |.s Under
_go ni’c &ef‘%bq’ gﬁ??ﬂﬁ%ﬁ“ WA P2 serv Wﬁ?xztﬁﬁéedﬁgpﬁ “&éﬁlgl’ Vgllgk@'%ﬂﬁl cells
i nduced tigwedsdd the cxprogiini of OCnaagsCs,omns kppiisht bighasiepRit@asvanotreever al
nyogeni ¢ genes, including the transcri Ftl on factors MyoD1 nyogeni n and
nyf5, in ken fqgswelts ha freTewpier P& barsawprsifie Ofr BY estep-ndHesdoRld% pelsHwARSFSc hai n.

Det er mi néﬁlélp'%st@@ zﬁ%&gﬁmh’? ah&ﬂ@@gﬁe '(ﬁstﬁlprémﬁ-n 08 dte gl l‘n?dj @t the
transcriptional 5, which are expressed in

prolifer ahffwgmm}m@pameso émtlmhmeiactoes obsatved begwsen MBS andAal celischurther

91: 11522- 11526; Bi ol 6: 432- 442;

Vi n'éH r%aubu‘%%etsg tﬁlét%eﬁggﬁo @enrli%élof)ge%l.g?él%s%%Hgl-q%k%nog%véiereas execution of the
nyogeni ¢ differentiation pr ogr am is controlled by nyogeni n and VRF4

expr e55| n nerson, et al net. Dev. 3:265-274,

d son, af‘“( ity de %&uosseolmﬁb)ce iz ﬁ%usog S0, PR SN et a 0N of

nyobl ast Sahﬁ@&ehglcc&nﬁé b@Sbehibia fhbl@dﬁﬁlmew @BRA 1, APEdTNOB | Cbfhaavy
chain. Consistent with these fin e expression of nyf 5 was

restrict dgoredinding fptosd o8 Ojedkis adlranwmgerﬂﬁl éegolatory fgtrsenendediby the §ener eased
DI, |, 3
Myo e%@éﬁ' aOan ﬁ@oﬁ e?gﬁét:?‘z%g Mkl gleﬂiehﬁarw{) %angf%‘f él'i e 1%%0 gﬁésonwe

r emai nder ation pe tce s al so
expressed: rﬂﬂdgléfﬂBh Iswdatedafram the hycldts eevaiity of winhary evedldatytughlaltfadtére 6 week

i nductio r q@ F|n ncr eased ression of the osi n_he chain
was det edEEHeSR Bindtohe Bregr e gt S rE R eopfsa g oL O
BSP and CN type I, thus acting as a master regulator of osteoblast differentiation (Ducy,
et al., 1997 Cell 89:747-754). Moreover, mutations to the C-terminal region of human
20 CBFA1 is associated with Cleidocranial dysplasia (CCD), an autosomal-dominant

condition characterized by deformities in skeletal patterning (Jones, et al., 1997 Smith’s

Recongizable Patterns of Human Malformation, 5™ edition, Philadelphia: WB Saunders
Company; Mondlos, et al., 1997 Cell 89:773-779; Otto, et al., 1997 Cell 89:765-771; .
Consistent with its proposed role, both Dex and VD-induced PLA cells expressed
25 CBFAL at all induction points and no significant difference in expression level was
observed between the two induction conditions. In support of the PLA results, CBFALI
was also expressed in osteo-induced MSCs and was restricted to a late differentiation
stage in NHOst cells. Finally, both undifferentiated PLA cells and MSCs expressed low
levels of this growth factor. However, osteogenic induction of PLA cells resulted in an
30 approximate 2-fold increase in CBFAl expression as confirmed using gene arrays.

Moreover, recent studies in developing mice have suggested that Cbfal is expressed in
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underwent of term nal differentiation. The expression of nyf5 and

myogenesi s further supports this potential and, together with the

ost eogeni ¢, adi pogeni ¢ and chondrogenic capacity of PLA cells, indicates
their potential for differentiation to multiple mesodermalg 0 Izgggages.
PLA Cells May Possess Neurogenic Potential: True pluri potency %f stem
cell is achieved upon differentiation to cells fromdistinct 25

enbryol ogi ¢ | i neages. Recent reports have docunented the differentiation of

MSCs to neptRlitofebd @ott @s@et @l and ch3Rdk ganeﬁn velDudy; 30415- BO3 TCelKopen,
et al., ?539% Il:’l(‘)OC %?:ggn Bgll.c USA0 390%3%3913 o@Sanchez Ranps, et

al . Exp. $&UWoT34) 1@13?1??@/?-, sigpexpressioafr GBEAL imjcontrgdled gellnmay seriesenRes

61: 364- 370&33%139? %%%B%‘Iégém%hl%%rég@%) ggeg tygé\enat opoietic cells

(Bj ornson Cl ence suggesting that stem 30 cell
popul ations nmay not be as restricted as pr eV| ously thought Based on these

fi ndi ngs, ated i f el ed bevond their
put at i Wﬁvﬁléﬁl&r{ E?@Slon O%Bkdﬁ?eﬁ 68@“@%%9@“050 act Ptrgl gotg s end,
PLA cel I Sindgfeg PEW EdIERSICR aad M{ﬂmmhkdiugm ttdifferaslistien. Iﬁﬁpﬂ'e@gﬂnbf:CNl in

differentiation (Vescow, et al 999 Ex Neur ol 6: 71-83 bury, et
al ., 2000thgse qgH (YRS @ppeapsddo %fqeéde@wera%ah Hidptiqneson %‘Pfldfﬁmﬁgvgggd by

stai ni ng fiQhcNeUIRteasdIPE &%mn'dt%t&dgéag WisEdetdcidd i Gich-iMNed 1A feens t he
expressi on of GFAP and I C, mar kers of astrocytes and ol i godendrocytes,

respecti v@l@g geTib @rmyy pldob egnscﬁtfalﬁwlthﬁh%pmp@@ddnluhttm stiggedglucheartimids cel | s,

i ke sess.__neurogenic. e i i cells
N orOLERET R o g0 rherist et i ater o ol 929, LhAHESI, PEo.Eoo-Toh

mor phol ogys Withhotee! geﬁesamailm@Paexpﬁﬂsmﬁﬂﬂdld- dmtteepqsﬂneme yiffectedNivy |1rrdtiu1¢@fd PLA
cells underwent retraction, ng co ét cel) dgl es vvltg)ng t|pIe

ext ensi on&ndigon) Mosenves Oitﬁogfé‘tca “‘i‘rt?t]éeg;g‘ﬁ i 8‘&1“ ‘éi’ﬂi giepsey iy O

exhi bi t ed,SEcARAETY PIARKRRS ald Whs LOABIRAS WE debBsdE bbRRveliiFBn nﬁiuctlon

ti me-dependent increase in the proportion of PLA cells with th _Fé;henotype

was obser ¥fetit bnneamlarrpwmwl Pelia @alavah ﬁ al.sil 94 brc%lpbwlodjﬁ%%—ﬁ es have
Pecn EE2CUNEE nPRRIBALEN, b e bR OF PO, Om A oy nd huren
nor phol ogyontSiswas Bicniforar theio ek;bmﬁsianlb&gethedwupostecbtm‘st-specrﬁd @heohkeo®CPC12
el Do eeoc L0 £ LSSl T2, Lo R B e SRS U on
acconpani ggeddydtid@ PLA cells expressed several other genes, including the proteoglycans
decorin and biglycan and the transcription factors PPARyl and PPARS .
20
In addition to the RT-PCR results, expression of several proteins characteristic of
osteogenic differentiation was also observed using both IF and Western blotting. In
support of the RT-PCR data, control and osteo-induced PLA cells expressed several
proteins consistent with an osteogenic phenotype, including CNI, decorin, biglycan, OP
25 and ON. Significant differences in CNI, decorin, biglycan and ON expression were not
observed upon osteogenic induction and an increase in OP expression was seen after 3
weeks induction. Expression of ON and OP was also observed in control and osteo-
induced PLA cells using IF with differences in intracellular expression pattern detected
between the two cell populations. Specifically, OP expression in both control and induced
30 PLA cells concentrated to a perinuclear location, while its distribution appeared to be

more uniform in MSC samples. This perinuclear concentration has been observed in
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i ncreased expression of neuron-specific markers, such as NSE, trk-a and
NeuN, and did 20 not result in expression of markers for astrocytes and

ol i godendrocytes. Furthernore, expression of these markers was al so
observed in PCl2 cul tures, suggesting that PLA cells nmay8opARs2388i ng a
neuronal -1i ke phenotype. In support of the PLA results, increased
expression of NSE, a neuron-specific enolase, and trk-a has been observed
upon induction of MSCs with 13-Mg, with approxi mately 100% of the

neur onal Mgckﬁd&&lgl\@ﬁé% o8RSik ahd¥ & f Hardchesec FRIkRlE roRdpBshAr, ehl. 21998 2000 J.
Neur osci . Res 364 SYOLé Li ke the MSC studies, all PLA cells exhibiting
a neur ondlut-phediat Seie 18&AP £48Be Hogieyen ponteany t9 Bierydpa NEmederinpgeas. | n
addi tion e
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neuronal phenotype in PLA cells. Moreover, the expression of
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concentrated at defined regions along the cell surface. Together, with CNI, OP and ON,
20 the expression of OC is supportive of the RT-PCR data and further confirms the

osteogenic capacity of PLA cells in vitro.

PLA Cells Undergo Adipogenic Differentiation;:

25 The differentiation of adipocytes in culture is dependent upon many factors, including
serum, hormonal supplementation (insulin) and pharmacologic agents (indomethacin,
IBMX) (Green, et al., 1974 Cell 3:127-133; Russell, TR 1976 Proc. Natl. Acad. Sci. USA
73:4516-4520; Williams and Polakis 1977 Biochem. Biophys. Res. Commun. 77:175-
186). However, initiation of the adipogenic program, in contrast to terminal

30 differentiation, does not require such adipogenic agents but may be dependent upon

increased culture confluence. Moreover, it is known that reversible growth arrest at
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(Frederi kson and McKay 1988 J. Neurosci. 8:1144-1151) and in MSCs induced
toward 20 the neurogenic |ineage (Sanchez-Ranos, et al., 2000 Exp. Neurol.
164:247-256). Differentiation of neural precursors results in a decrease
in nestin expression levels, indicating that this protei! ﬁﬁgvﬂﬁsused as a
mar ker of a progenitor phenotype (Johe, et al., 1996 Génés

10: 3129- 3140; Lendahl, et al., 1990 Cell 60:585-595). The expression of
Westin in control PLA cultures is supportive of the presence of neurogenic

25 precurcs@fisendé hidktodetiEbd?bd. mdd0 pRVAlipoctiet tal edthatb e Lfipdgbdic ¢akdge di d not
result in_ an appreciable decrease in nestin expression. This q%é be due to

two possi(Beath £ ds:1983 It hell Bigl et Wi abpeigelpm mdiFamer P82l 2:Hetogeni ¢
progeni t o QR RE Ag}m&lni%ﬂfm@)mh%oc g [ ph AL mp()%hc%ﬁe&ﬁﬂ;&ﬁml nto an

early neuronal -l1ke cell that retains nestin express . I'n support of the
latter, meseeds, exprsesei prolifvaasivgl pateniet ast dderved Naf- the eiaewetsible ks 30°

contr Is sed on. t to thethe.expressi NSE and
trk- agl n "TREHCaY poﬁf_’ﬁa %ﬁ a&e éswﬁs(){ teqné]\l/%r cf%ocy%atdﬁgerr ‘L'\Ig‘(ﬁgl& "bi EPt y and
further sm\u:dm@se ﬂl’PﬁAV\&ﬂlB&ﬂﬁlBﬂihd_ﬂak]e chirdctSridvidR P2 Q0protiteratiod wasotrtlated RT- PCR
analysis failed tqQ detect expr ion . of a matu neur ona rker (GAD65),
2 mar Ker ‘e iBgEcaesT. 4 peredit Og Red acasmufaion onsiStRh YN Biugics RAPre-

addi ti onaly; oé}ﬁ@%ﬂﬂ 1in@E LIRE 19l SR FbreMeRidn | e RNcdentRPIR %y equi red
to i nduce £LA cells into a nore mature stage. Finally, induction of PLA
cel | s wi thtfpwndgisgalPbd welly exssumest at ore &xparded| omiwiogyoare| egan to

char apt er, l:aﬁﬂtﬁat fm&%&%lhﬁmsh ﬁsﬁégl[@tscfsl éa? désd2 Q;Qete ?Wu?t?én Clﬂﬁflt:ere 1at1‘%8ec' fic
mar ker f’perl eral nerves I'n exp FeSston as al'so been observed in
non- i ndlpaﬁfled\aﬁ@suh ha s@ddichmtoncfeaiserry@ge\nwe(ﬂ oehbes, supgstiyg that sdnenitet hel i al
cells, ep| h6||€L ceIIs ? gevelo éens gﬂd hepatic stellate cells.
Thi s br o489 go%f ]lﬁlﬁft“fsc?ﬁe E& adipg “eﬁ §igieddhnot be used as a

neur ogeni ¢ precursor marker per se. However, conbined 10 with the
expreSS|on of addltlonal neuronal nmarkers, such as NeuN, the possibility
that PLALée SCIE F-pHRRaMeE s of the neuroectodermal |ineage is
strengt hened. ADSC d onal I'sol at es Denonstrate Milti-Li neage Capacity 15
Mul ti-lineage differentiation by PLA cells may result fromthe comm tnent
of multi m@ogbhin@éﬁg@emwéon fis accpmpaiedsy sevemil heteculanand lbieclmnéeeémc@ts)f a

| t | | tion t hj ose tissue. refore
i 11 11 BB R e By el iy S5 Rae sRRRAn of FBIFSINGI o PLA
cell's is g ﬁdi@s':lhnd idlRrigésa Bldcrsld-plaRpific REAPCRI the fREnay SObHGER B Sstem

cells. In support of this, single PLA cell isolates expanded in culture
exhi bi t e @ygefide synthesis in "adipos€ tissue and the adipose conversion of 3T3 cells is

20 characterized by a dramatic increase in the enzymatic source of G3P, glycerophosphate
dehydrogenase (GPDH) (Kuri-Harcuch, et al., 1978 J. Biol Chem. 252:2158-2160;
Pairault Greem 1979 J. Biol. Chem. 76). Based on this, GPDH activity was measured in
adipo-induced PLA and 3T3-L1 cells. No significant difference in GPDH levels was
detected between differentiated cells and non-induced controls until 3 weeks

25  differentiation. Moreover, the initial period of differentiation was associated with higher
basal GPDH levels. The increased level of GPDH in adipo-induced PLA cells was
associated with the appearance of Oil Red O staining (Figure 29). Induction from 3 to 4
weeks resulted in a significant increase in GPDH in both differentiated PLA cells and
3T3-L1 controls and coincided with increased lipid accumulation. Continued

30 differentiation for an additional week did not significantly change enzyme levels in these

cell populations. A similar pattern of GPDH activity was also observed in adipo-induced
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20 lineage capacity in vitro, staining positively for alkaline phosphatase
(osteogenesis), Gl Red 0 (adipogenesis) and Alcian Bl ue (chondrogenesis).
Clonal analysis resulted in the isolation of several |ineage conbinations,

including tri-Ilineage (osteogenic, adipogenic and chondr ';ﬁ
dual -1 i neage (osteogenic/adi pogeni c, osteogenic/chondroge %ﬁﬁé @5 single
| i neage (adi pogenic only). The tri-lineage clones were subsequently terned
25 Adi pose Derived Stemcells (ADSCs) and were analyzed for nultilineage

pot ent i alysusi NBerckdle RhRincleaRtSin AN elbyine Pl i) [0 MSR0A1sGARREH tolvAPRES
expressed several genes characteristic of osteogenesis (CC, ON, OP, CN

and AP), adidopotientintage (bRIRYEE, thav2 thesad celi ) mandbe hundresiem eadipogenicG,  ONX,
decorin ?W¢rgh%. Lygan). Furthernore, several tri-lineage ADSCs al so
expresse fe neuronal marker trk-a using IH (Figure 39). Based 30 on these
results, the expression of nultiple |ineage- specific mesoder mal genes by

ADSCs 15 MAR 2006 s ests, th t hese ,i,so) at ed cl.one €ess
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NY) . Fet %enﬁﬂ&l B%’F% ro‘f”ﬁ‘ HekeBSRlimeAd QOJE‘EF& GwaBTARFE bR) tHeBEEndY HC RReREN)! rom

Hycl one (Logan, ) and Life 15 T nol ogi es, respectively. Antlbodles
MbnodPonahat asis iab e e ranseripibes! regpiaior otmztlssmgclﬁcm,ger@mgtonw et@4, CD 105

and 20 e, pur sed fr | ona

ot bodi 0% Belat L RE ERBH st S YRTR P s By Sk RV GsAR R Aol | 5,

MA) and Ajdedinged e@&jﬂlﬁhaﬂﬁfeﬁ&ﬁlml@%f cuﬂtﬁ&lﬂ%@lﬁo&ﬁk Yell EﬂléEQT@l@ﬂoPEt gionj ugat ed
anti-CD antlbodles used for | ow cyt onet XCeH7g1147l]EurC ased from

Phar nmi ngen?* Sepgsiery 8rabd-aaid; EBH%}"O{%(?‘ il d 99 6). Consistent with

this, PPARYy2 was specifically detected in adipo-induced PLA and MSC samples. Initial
15 differentiation (i.e. 4 days) of these cell populations was characterized by the absence of
this transcription factor and is agreement with previous results from differentiating 3713
adipocytes (Totonoz, et al.,, 1994 Genes Dev. 8:1224-1234; Totonoz, et al., 1994 Cell
79:1147-1156). Detectable levels of PPARy2 were observed after one week induction.
However, expression levels were significantly higher at this time point in adipo-induced
20 PLA cells, suggesting that the kinetics of PPARY2 expression may differ slightly between
MSC and PLA populations. Distinctions in PPARy] expression were also observed
between PLA cells and MSCs. A similar time-dependent increase in PPARy1 expression
was observed in PLA cells and MSCs. However, early differentiation (i.e. 4 days) of
MSCs was associated with an absence of this transcription factor while low levels were
25  observed in induced PLA cells. Moreover, no PPARyl was detected in control MSCs.
Finally, while detectable levels of PPARyl were seen in non-induced PLA cells,
adipogenic induction was associated with a significant increase in expression, consistent

with adipogenic differentiation.
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SH3 antigen was produced fromthe SH3 hybridoma (ATCC). The Stro-|

hybri doma 25 supernatant was the generous gift of Dr. John Fraser (UCLA).
Monocl onal antibodies to the human collagens 1 (aCNl) and 4 (aCNIV) wer e
pur chased from Si gna. Monocl onal antibodies to human col |l a aCNI V)
and collagen 5 (ctCNV) was purchased from Biogenesis (Ki'r@g 30
Cell Harvest, Culture and Differentiation Conditions: 159 -- 0 MAR 2006
Processed |ipoaspirate (PLA) cells were obtained fromraw |ipoaspirates and

cul tured msR e§%@é0@ﬁa@edpﬁr§l‘{ oQHth YardeUlhd éaolrly%t)mﬂhtmenggp é cﬁ;ﬁd’ég cEfigineering

7: 209- 226 LA cells were "maintained in hon-i nduct ium
(Table 13 e\mlpbgenwsﬁmamrﬁllmmﬂdawfrrb&enentlatmedsoaﬂnamdheqmnir al whmelrdlthﬁm

(Conetic i ndyced rd esi e
i neages %é? rnght he |rﬁsc§ud\f| @naurgmg' g g)éﬁl ' ﬁlﬁtﬁl lre2 &7524%&] ’ | nduced
usi ng t helsesner iRdal 1G:oas-173). HBﬂl(mpibpﬂémn{ emam)eﬁuwmltbutsﬂy%xgmdgfuom h

fact tlined in Tahle 13. PLA C.onal ]solation and
n pode- urt trant SaareRacn Abee 1sp THpBeh LoPUEPERE RLRIHETIS e pl at ed

at ext r embiote® hLCORAMRNTAIPiIAs MddfTectsOhE @8iVolibM of 'sé@rﬁttﬁglyéérﬂgl Ligencel I's.
Cultures were maintained in Control nediumuntil feration of single

PLA cel | dinopeiginsedngluding &1l epétLilyn (isenketg et ak.i kdiipidi Res: 2¥H81E ngl e
PLA cel | 10981 I0ads Al Rilh a5 WGl RBR L] HER ﬁgegf?ge@n%m (ADSCs) .

ADSCs wer e arvest usi ng s eri ohing rings an Si n/ EDTA.
The har vespedseADSECsv lavet ef &lthl Hoiveder] mdlﬁbgemcngdmdnmﬁ l(olE%LEBSellslz%d
anti bi.oti nti mycot i 12/. M (l:1)).. Indirect.| nof |l uorescence: 20
| ndi ﬁ det %W@flﬂﬁ%orcéageéfewgg q ﬂgn\{lt; BT 'E%VF%E lnﬁ%sﬁprgﬁ@n 8% pbcessed
for | F dscrelgscivhbeambs@aneyidus!ohe( Aekk iRductibn adnd 143RR1 renfdisRiU@qEERgLmeer i ng,
7:209- 226 usi ng tt he anti-CD marker antibodies outlined in Table 14. In

I

addi t i on,ppghaud|the remplaingndiffsentiationyipetiods u%éallyatW§ecbrd¢féﬁm@wtlpno¢ﬁ t he
STEO, L SR, B ey 98 18 BB B i
t owar d eivtitiethe abemoddtmogd hipal Witlne dgenbtorinBadipeys: (@vilheig eadl Aé92Aincu.l i neage
for %5 Rev. Nutr, 12:207-233; Fajas, et al., 1998 Curr. Biol. 10:165-173). One such late marker
is the fatty acid binding protein, aP2 (Bernlohr, et al., 1984 Proc. Natl. Acad. Sci. USA |
81:468-472; Bernlohr, et al., 1985 Biochem. Biophys. Res. Comun. 132:850-855). ‘
Consistent with previous results (Bernlohr, et al., 1985 Biochem. Biophys. Res. Comun.
132:850-855), aP2 was detected in 3T3-L1 controls, along with LPL and PPARYy2.
20 However, despite its classification as a late marker in adipocytes, aP2 expression was
observed throughout adipogenic induction in both PLA cells and MSCs and levels
appeared to be equivalent at each induction point. Moreover, aP2 expression preceded
that of PPARY2, in direct contrast to the pattern of expression observed in pre-adipocyte
differentiation ({Totonoz, et al., 1994_ Genes Dev. 8:1224-1234; Totonoz, et al., 1994 Cell
25 79:1147-1156). Consistent with its function in adipogenesis, extremely low levels of aP2
were found in non-induced controls. This constitutive expression was in agreement with
the expression of aP2 in tissues other than fat (Zezulak and Green 1985 1985 Mol. Cell
Biol. 5:419-421) and is similar to the LPL results. Taken together, the adipogenic-
specific expression of PPARy2 in adipo-induced PLA cells, together with the upregulated

30 expression of LPL and aP2 is supportive of the adipogenic capacity of these cells.
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weeks and incubated with anti-CD anti bodies. The differentiated cells were
al so anal yzed wusing antibodies to human collagens 1, 4 and 5. 30 Fl ow
Cytonetry: 160 - 8 MAR 2006 PLA cells frommultiple donors, in addition to
M5Cs, were cultured for 3 weeks in Control nedi um and anabyzed for the
expression of CD antigens by flow cytonmetry (FC) as descCr U‘éélRp%Bﬁ'i ously
(Zuk, P. et al., 2001, Tissue Engineering, 7:209-226). PLA cells were also
i nduced in either OMor AMfor 2 weeks prior to analysis. Briefly, cells
were 5 h ah@ O ' Vht &h MDA, ost@sbad paratislestispended
in Fl ow aﬁ&@glﬁ?z{??’ythggﬁ@%%lh%%?&?g a chri{nblci:ﬂeégt ration ofg,mi)%x 1(@ cells/m. One
hundr ed ntheseaklls siggestothattHeA eadlsimayrmopsesambbinlineagspotosiabel | s) were st ai ned
wi th saturating concentrations of FITC conjugated (anti-CD 14, 44, 45 61,
71, 90 and 105) or PE-conjugated (anti-CD 13, 16, 31, 34, 44, 49d, 56, 62E
and 106) R cdladindsrgb@hordrdeuesiat 4C. Cells were also 10 incubated with

i sotype-matched IgG s as a control to assess auto fluorescence. After

i ncubation, the cells were washed three tines with FCB and resuspended for

anal ysi s. cpdidfWerttmabanativRS s &l fiddsregLiRs hashFReSityadultuteo@blistoparitat., (Bect on
D ckson). The "geonetric neans, cal cul ated fromthe absol ute nunbers of

cel I's per!908, Bop €vlbrites. 33&265RBhn duplicptng éhep procsss piEsRliufas onACRSBIPY share
many sim e '\/ﬁ‘éﬁ' r y . e b
denonstr a(jthnl jes Jrsrut rF}-h?Ii n alé%_'h@ ’tlgzituygﬁ%nglf%%gﬁlglggg%ﬁbZ%&gg?ng\é\fzed ésrtgg;n cells
and thei rfaeloanalch 96! BEEBL, TGFEY derBMB2 ciicimamher etzal.,t FOSPELP.pOpilil Resi on

oo} a8 tas Vanans ot TBCASleLBRE 430 3 0de) GBS VB fisee
uni que Sezg%g%a?éeédltures ﬁ@f%err@')wew &Hﬁtniﬁ%‘?G‘ESl,glt%ﬁﬂ%eHQn hed Rorindest bfy this

stem cel | ation (Table 14) (Bruder, _ cal., 1998, din.
Orthop., S2477c@bpact Gormgakss Rdulks agearbl as, 2411998, inductiga|. IndpsedRl/4 ingflules

PLA ool L4vBhPENREY LRDEIE B Aebl Sty SRaRER, wil e tisdcd o st VO

suppor ti ngrotddglycgRariaeh hé 23di1OECH dnlleifeagehlett asthshemsaks ldsscribed in
Approxi mately 100% of the PLA and MSC cultures were positive for tpe
expr ebsi oxasiplerzmpovepAIcianchiyg siinEpRRSIed D cRpgeirate more in the interior o

the nodule and was apparent as early as 3 days induction. Consistent with Alcian Blue

staining, PLA nodules also contained keratan- and chondroitin-4-sulfate, two
proteoglycans expressed in high amounts in cartilage. In support of these results, the
expression of KS and CS has also been observed in human bone marrow MSCs induced
20  toward the chondrogenic lineage (Yoo, et al., 1998 J. Bone Joint Surg. Am 80:1745-
1757: Yoo, et al., 1998 Clin, Orthop. $73-81). In addition to sulfated proteoglycans,
PLA nodules also expressed collagen type 1I, a collagen isoform characteristic of
cartilage tissue. Finally, PLA nodules cultured under high-density conditions and
maintained in non-inductive control medium did not form nodules and failed to stain for
25  any cartilage-specific histologic marker, thus confirming the specificity of our induction

conditions.

Quantitation of sulfated proteoglycans can be accomplished using a metachromatic
dimethyldimethylene blue assay (Farndale, et al., 1986 Biochimica et Biophysica Acta
30 883:173-177). Consistent with our immunohistochemical results, the DMMB assay

confirmed the presence of sulfated proteoglycans in the differentiated PLA samples.
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hi gh expression |l evels for each of these markers being observed in both
cell populations. 30 Both cell popul ations al so expressed the SH3 anti gen,
whi ch, together with SH2, is considered a specific nmarker for MSCs
(Haynesworth, S.E. et al., 1992, Bone, 13:69-80.) 161 - 8_t AR 2006 In
addition, the majority of PLA cells and MSCs were al so po8i Mi@eZ808r t he
transferrin receptor, CD71l, indicating that a fraction of these cel

popul ations were replicating. PLA and MSCs did not express the

haemat opoigtdoGer b NBRQEPIRAE irfereaS®RL KENhd@B 4vithth cisdldgeRid M1 noduld-A

sanpl es did show negli %I bl e staining for, CD45, although the 5 nunber of
CD45- posi Wisvebseried pdp @ wiesks &k andbgtionyosimilap incaiasg has| siscbgen qbsesed in - Unl i ke
M5Cs, no s}al.ni f dhesgi I ; hsge \yeeh.ivi,PLA cell's.
The | 1ol e B e g B i A S 1 Aol ).
Bot h MSC @nd9f_&lincOkthsp.SI73vidd asd migdgasts pirad PLAes:Is dovpadcoedlatei anl HCBF a

popul ation of relatively small, ranul ar cell iLgure 24, Panel. A).
Fovever . Qe SLrguds B PorRAPRe s it o §ep SRR
contai n | adgenhy @paedh aemeadiing (See uppRperdug ECKOMN@hduskdi PEAacellsar ger
proportion of the NMSC popul ation contai neq snall er agran r cells. FC
confir ned“?lpﬁéleékﬁﬂ%rs@g%ﬁeﬁfty GMS'O'@D‘?"E*’ 93399%?5%%3@5%3‘“ SCRBAE and
MECs and @id 15}9&0%19@511%0M&bmt,fﬁaeﬁrﬁ%lé%ml@Iw‘&er@gregasu%n ifedR4d P%ﬂ%’fﬁj CD

104. In addition 10 these marKers, al so neasured expression of CD13,
CD49d, SH8 4eand SRS HoweveRlsigntfadahdy pete ptotgogdiScangiccutenleitan wipesswedim of CDs

4, 8,.11,. 14 . 19, .33, 56, .62E and 106 .(Table 1 Take r, the
Homund | uBPsa T BRI 8 e Mo nbRCrARE @y BN KA o
expr essi oRitphQhé EEM betndaas MLAnpOed, adgeties wath dhdbive]dpidal esuldesiggeas M5Cs.
Phenot ypi Charac}eri zation O Di fferﬁnti ated PLA Cells; 28 Di ffﬁ.rﬁnti ation
of stem cBpy BLAghe!lspisarpostess &y piesdiogfirogenic Sapacky vehen cultiied doder, igh-
intracel | gy Rm@iRhes. In order to characterize differentiated PLA cells,
cells fromthe sanme patient were nmaintained in non-inductive Contr ol

medi um or were induced toward the osteogenic and adi pogenic |ineages.

Cont j ff ti | . . | E
and compan oyl FREd (I3 LRERY 5 FbE RN SEME RNt BRGURSREY 1
PLA cel | schondiwgettsisoCNB enpekson waClisenvele speeiitcailnoriedised PLArw@lls ket wid on and

dl o rol Shatany, LoDt SH L eLencer, L SR R ker Lol E e
of CDA5 v@@ression pattern similar to CNII was observed in PLA nodules using primers designed
to the amino terminus of aggrecan (AG), a large proteoglycan expressed in high amounts
20 in cartilage. Expression of aggrecan was also observed in PLA samples using primers to
the carboxy terminus (PG). However, in addition to expression at days 7 and 10, PG was
also detected at day 14 in these nodules. In support of the PLA results, expression of
aggrecan in induced NHCK nodules was detected using both amino and carboxy primer
sets. Like CNII, the expression of aggrecan was specific to induced PLA and NHCK
25 nodules. In addition to CNII, chondrogenic induction of PLA cells resulted in the
restricted expression of CNX, a marker of hypertrophic chondrocytes. Expression of
CNX was detected at day 14 and suggests that PLA nodules undergo hypertrophy over
time. Induced NHCK samples also expressed CNX, although at a lower level. PLA
nodules were also associated with additional collagen types, including CNI and CNIIL.
30 While the majority of PLA samples examined exhibited a restricted collagen pattern (day

4 only), CNI and was detected in a few PLLA samples up to day 14. The expression of
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not observed in osteogenic PLA cells while significant expression of CD44
and CD90 30 was detected (Figure 40, Panel A: PLA - Bone).. However, in
contrast to control cells, osteogenic differentiation resulted in

| ocal i zed areas of CD34 expression. Like PLA cells, 162 - 8 MAR 2006 the CD
mar ker profile of control and osteo-induced MSCs was si mi 8 ayAR igoh t he
exception of CD34 and CD45. As shown in Figure 40, Panel B, expression of
CD34 and CD45 was not observed in control MSCs. However, a slight increase

in CD34 exyr essiibecheyretrviBmh RESEr M hRRs ibyditbbifici dal1OMcuki li@ ttan
i ncreased nunber of CD45-positive 5 cells were detected. To induce
adi pogeni@itai fpditendeadingo fesemchers el Suggase theli s rweiwnf oy eommETsEdUPh of 2

weeks in éﬁgfkhdn’ari%%{e defls fiRbIvEY i’HfEF gﬁgé@m—ftftﬁﬁéﬁv? ﬁéﬁ%s@ﬁ?h&%t L0 %@h' .ﬁ&{efho' ogy.

fl uoresc m crographs were over crographs (1nse
pi ct ur es)loint rraus tArB0of74RUASTeY b et @lwil $98 GNh.r@shdnt 603481 ).ahn exppantdetd

cel | ul.ar rphol ogy. and, t h ccunul ati on, of | ti.Ql intracellylar lipid
vacuoISes,tmc%bﬁesrfcs?%ﬁ{u%ﬁi‘%c‘gg%&gﬁg’i}leg} Ol?‘v}%vsegqf]ihb@'d&é&ﬁﬂ 5'inhfyr?5]°FﬁL_]!l)f cells
wer e condingebedcdlDelirirdstind reell agdrpgesst (€8 ddbyhintieCaplahowsy TiebigBig. 73kg4-Panel A
PLA - Fat). Like osteogenesis, adlipogenic differentiation appeared to

result i3 iTGRRetY. e wEr R80T cedlh Bigl el &:9%99- 1096k Theselors: o8¢ i ontinged

i pi d- contaicnling oPENIGRIsERct(F1 QYRS madDbeRARab A prebdhcBdRialdifllar &1
negligi ble fraction of the adi pogenic PLA cultures contained CD45-positive
cel|'s. Hdawevetion.t hese cells did not contain the |ipid vacuol es
charagteristic of mature adipocytes (CD45 - inset). A significant Ievel of
CD44 was al so detected in adi pogenic PLA cultures. However, lipid-filled
PLA cel | dndppeanéadontoolepk eslds alsowepreised ehes proteofiddahs] deavainpaditigincano t heir

fibrobl astic, count t open ar.r ows 0 4 -ve. adi.pocytes, filled
arrows - a@ﬁ)&lﬁe&eé]ep(gq;’f‘ﬁ' éﬁ%qrﬁb?wgq'%lycmé‘es‘%%ﬁi%orllté\?élﬂ? 3I'Y‘/"jf]ielal‘(‘i“‘?'sl"m)ng t he
fibrobl astch, plogdogiybshsf wifiini tHeefBlafdholis tHAM MHd GRiIrCE AL RRAINOPLAA
simlar restrictron was al so observed for CD90 with all fibroblasts

expr essi AgdvlRs Sirhepsupperts he chendsegenisi rbenatyre. &1 additian tplita capicpsion during
adi pq=i nqdug. r ess g;ad_ qﬂg n i q _stai ni ng
for 3334 gng&eﬁ? ?(é)lé%u?oz ggF aéllnel hgﬁ%ﬁl T2 I%’Cﬁgﬁ%}%‘%‘k %ﬁ%@z&?‘g“uﬁ ke
adi po- i ndbemtto®Bitd bad Irecenthotbieerd idonbivhedls (Eronana ki pl.d2000 |JedB3iMSGShdnt.i | | ed
VS. open . aLr, ect.i vel y) appear xpress CD4 d CD9Q.at simlar
levels. IE?{S r?%i‘?""‘ﬁ%s@&? ?r?’nt&’%/.ﬁépr n‘%gq%'gsgoéﬁ errggﬁlz&t@’ el ngcaﬁer f or med
on non-i neted dig@enthtibherenid atiRowithif e hbsulandhdnatoYROPLFIPhIRRS
cal cul ated for each CD narker i ) )

also precede the ossification of cartilagenous tissue. However, expression of bone-

20 specific OC by chondrogenic PLA or NHCK cells was not seen at any time point,
confirming the absence of osteogenic differentiation within the PLA nodule.
Interestingly, micromass culture of MSCs in CM did not result in the formation of
nodules and was not examined. Taken together, the specific expression of CNII,
aggrecan and CNX in induced PLA nodules, in addition to the presence of keratan- and

25 chondroitin-4-sulfate within the ECM supports the chondrogenic phenotype of these
cells. Moreover, the chondrogenic capacity of PLA cells, together with their osteogenic

and adipogenic potential, further supports the muiti-lineage capacity of these putative

stem cells,

30  PLA Cells Undergo Myogenic Differentiation:
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30 protein (Figure 42) (Table 16). Osteogenic differentiation did not
appreci ably change the size and granularity of the PLA popul ations (Figure
42, Panel A). Adipogenesis, 163 8 MAR 2006 however, resulted in a
significant increase in the size and granularity of the PLA popul ation,
likely a reflection of the expanded cel |l ul ar norphol ogy & d MARe 2806 mat i on
of intracellular lipid vacuoles. Consistent with the i nmunofl uorescent
results, control PLA cells were negative for CD34 and CD45 expression
(Panel B)arpeR G B PLASSU1RNirRlocd SR tDRG0adE finedgPGibni(eRAP heC56,
CD61, CD62, CD105 ‘or be nmeasured in these cell s (Panel B).
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greater incr 0, r e
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adi pogenesl s. FC also confirned the expression of CD13, 4 and CD90 in

control &2 By artranbast al phYRd G@es By e byEHBSIA 1si whereasexagutipnioh8ieeas ed

expr essi e b sured in
adi po-i n%%%gmlglj%ﬁgrgwﬁ{% El%génal ?cg%ﬂ!égogfte%%%ﬁ?f%@entl at }é%%egrgg?ul ted in
a decr eas{eidetempreeglsl 1663 @lurCOpii3 Ganel. 8B4 4:26562 e Disant ¢tat., 196U §: ﬂél)en_t i ated

PLA he decr i chH4 consi st ent F resul ts

i o8] ovine i srEGe, SRErenbufen SharEtusSaan B Fhie Buphdtrip sxhERItrLs ¢
Mesoder rr&hé Ym@eihi Mady @aiihs Cobdigéniasitadhdgae qiHdasamed ee@te@gbfh @strﬁyfaneas
associated with 20 extensive extracellular matrices To assess t he
expr essi opstosteEcn the dirgi Asveeks oif rregesnici Bl dniichiop evhile l%manMﬁOP and

0st €0geni g, RIAC &lds WREEI ARRNNZ AR Bior! FediOlrclafle t@xtmeefeaia%epfoﬁw

collagens results are summari zed in The majority of

undi f f er ehfférantedioPLptriod] Myodngiced Sd\ colld akgerﬁXpsr:Q@ﬂ myfmdm3at( GRItiveleNI | 1)
(Fig 1€ Pan |br b ast.i PLA
el 1 S5heravivalt FesteanPuthon B P inaiRlor il b dasrt PSS HRRER v

evenly dicgthid Rysstdhdavy ohigh ot dw@mb@am@bvb&swndmtlommcemgmdamm hﬂlsogy
Contrary to CNI and CNI'I1, the expression of coIIa en types 4 nd 5 (CNIV,
C\V) was "idgtvent plermimabdifferratiation. « The expsgssionofany cﬂ'iééﬁifqgalﬂf‘étf fhercel | s

and mat rigonf SR RentilD SnEXPEARS VAT MRLdsREBSIQTadfbdhiaAld ChBAMEIRic
fibrillar | n nature, consistent with the sécrétion of these proteins into
t he extr a:ggacptmoéPLgpa@@, indicates their potential for differentiation to multiple mesodermal

20 lincages.

PLA Cells May Possess Neurogenic Potential:

True pluripotency of a stem cell is achieved upon differentiation to cells from distinct
25  embryologic lineages. Recent reports have documented the differentiation of MSCs to
neural cells (Deng, et al., 1994 Genes Devel. 8:3045-3057; Kopen, et al., 1999 Proc. Natl.
Acad. Sci. USA 95:3908-3913; Sanchez-Ramos, et al. Exp. Neurol. 164:247-256;
Woodbury, et al., 2000 J. Neurosci. Res. 61:364-370) and neural stem cells (NSCs) to
haematopoietic cells (Bjornson, et al., 1999 Science 283:534-537), suggesting that stem
30  cell populations may not be as restricted as previously thought. Based on these findings,

we investigated if PLA cells could be induced beyond their putative multilineage
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30 surrounding these cells. 164 - 8 MAR 2006 Adi pogenic differentiation of
PLA cells inhibited both CNI and CNV expression (Figure 43, Panel A PLA -
Fat). Differentiation also appeared to alter the intracellular expression

pattern of CNIII, redistributing it evenly throughout theg C@tgyrg@fLA
adi pocyte. In addition, a lower |evel of CNIV expression g erved in

adi pogenic PLA sanples, 5 with the majority of the CNIV fl uorescence
observed in lipid-filled PLA cells (see arrows; inset). Wiile an

i nhi bi ti QR QfeNVc MBI TS (AR NAPIA sIsahsetVtdediBomedish &agwnicindaguct i on,
no significant difference in CNI L expression pattern could be etected for
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rather than an intracellular distribution (Fjigure 43, Panel B: C 15 Fat,
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those of MSCs. 25 PLA clonal isolates (ADSCs) express a simlar conpl enent
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t han presence o ent stemce opulation wthin adi pose
ti ssue. Tiversxhdargp priodaty syhipathagendirdifser ent i ati on by clonal 30 isol ates
derived fromsingle PLA cells is critical to the classification of PLA
cells as a source of stemcells. In support of this, single PLA cells

col oni es, THEsH¥BE cdHoRMDEogic changes in neuro-induced PLA cells were accompanied by the
increased expression of neuron-specific markers, such as NSE, trk-a and NeuN, and did

20 not result in expression of markers for astrocytes and oligodendrocytes. Furthermore,
expression of these markers was also observed in PC12 cultures, suggesting that PLA

cells may be assuming a neuronal-like phenotype. In support of the PLA results,
increased expression of NSE, a neuron-specific enolase, and trk-a has been observed

upon induction of MSCs with B-ME, with approximately 100% of the neuronal-like

25  MBSCs positive for these markers (Woodbury, et al., 2000 J. Neurosci. Res. 61:364-370).
Like the MSC studies, all PLA cells exhibiting a neuronal phenotype expressed
significant levels of NSE and trk-a. In addition to NSE, expression of NeuN has also been

used to identify neuronal development in neurogenic precursors and MSCs (Sanchez-
Ramos, et al., 2000 Exp. Neurol. 164:247-256). Specifically, NeuN is expressed in post-

30 mitotic neurons (Sarnat, et al., 1998 Brain Res. 20:88-94) and its appearance is thought to

coincide with the withdrawl of the developing neuron from the cell cycle and/or the
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165 -- 8 MAR 2006 Derived Stem Cells (ADSCs), exhibited nmulti-Iineage
capacity in vitro (Figure 35). Analysis of 500 ADSC i sol ates confirned
differentiation potential in approxinmately 6% of the total nunber of

cl ones examined. Seven ADSC isol ates exhibited tri-lineag§ Mp@t ial,
differentiating into cells of the osteogenic, adipogenic and chondrogenic 5
| i neages, approximately 24% of the total nunber of ADSCs positive for
differentiation potential (Table 11). Furthernore, a qualitative increase
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Tabl e 13:refleay ehegmdsgmni donditigng wsed entheandedfod predonget! inguetisni time (IPgigeatent at i on
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200 pM 102%p-BSuiohderetfasén , 1% anti biotic/antimcotic Osteogeni c10%
FBSO. 1 M dexanet hasone, 50 M ascor bate-2- (OV) DVMEMphosphate, 10 nmM
13- gl ycerophosphate, 1% anti biotic/antimnmycotic

Finally, the putative neuronal potential of PLA cells was confirmed using RT-PCR.
Consistent with the immunohistochemistry results, no expression of GFAP could be
15  detected, supporting the restriction of induced PLA cells to the neuronal lineage. In
addition, PLA cells were examined for the expression of the gene nestin. Nestin, an
intermediate filament protein, has been detected in high amounts in CNS stem cells
(Lendahl, et al.,, 1990 Cell 60:585-595), within the developing neural tubes of mice
(Frederikson and McKay 1988 J. Neurosci. 8:1144-1151) and in MSCs induced toward
20 the neurogenic lineage (Sanchez-Ramos, et al., 2000 Exp.. Neurol. 164:247-256).
Differentiation of neural precursors results in a decrease in nestin expression levels,
indicating that this protein can be used as a marker of a progenitor phenotype (Johe, et
al., 1996 Genes Dev. 10:3129-3140; Lendahl, et al., 1990 Cell 60:585-595). The
expression of nestin in control PLA cultures is supportive of the presence of neurogenic
25 precursors within the PLA. However, differentiation of PLA cells did not result in an
appreciable decrease in nestin expression. This may be due to two possibilities: 1) the
differentiation of PLA cells into a neurogenic progenitor population only or 2) the
differentiation of PLA cells into an early neuronal-like cell that retains nestin expression.
In support of the latter, nestin expression was also detected in NGF-treated PC12
30 controls. Based on this, together with the expression of NeuN, NSE and trk-a in induced

PLA cells, leads us to favor the latter possibility and further studies are warranted. Like
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Tabl e 14: Monocl onal antibodies to CD antigens: Reported cell specificity
and 5 distribution CD AntigenCl oneCell Specificity broad distribution -
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specific marker of peripheral nerves. Nestin expression has also been observed in non-
induced MSCs, in addition to myogenic cells, newly formed endothelial cells, epithelial
cells of the developing lens and hepatic stellate cells. This broad distribution indicates
that nestin cannot be used as a neurogenic precursor marker per se. However, combined
10 with the expression of additional neuronal markers, such as NeuN, the possibility that

PLA cells are forming precursors of the neuroectodermal lineage is strengthened.

ADSC Clonal Isolates Demonstrate Multi-Lineage Capacity:

15 Multi-lineage differentiation by PLA cells may result from the commitment of multiple
Jineage-specific precursors rather than the presence of a pluripotent stem cell population
within adipose tissue. Therefore, multi-lineage differentiation by clonal isolates derived
from single PLA cells is critical to the classification of PLA cells as a source of stem
cells. In support of this, single PLA cell isolates expanded in culture exhibited multi-

20 lineage capacity in vitro, staining positively for alkaline phosphatase (osteogenesis), Oil
Red O (adipogenesis) and Alcian Blue (chondrogenesis). Clonal analysis resulted in the
isolation of several lineage combinations, including tri-lineage (osteogenic, adipogenic
and chondrogenic), dual-lineage (osteogenic/adipogenic, osteogenic/chondrogenic) and
single lineage (adipogenic only). The tri-lineage clones were subsequently termed

25 Adipose Derived Stem cells (ADSCs) and were analyzed for multilineage potential using
RT-PCR. Consistent with multilineage capacity ADSCs expressed several genes
characteristic of osteogenesis (OC, ON, OP, CNI and AP), adipogenesis (PPARy2, aP2
and LPL) and chondrogenesis (AGG, CNX, decorin and biglycan). Furthermore, several
tri-lineage ADSCs also expressed the neuronal marker trk-a using IH (Figure 39). Based

30 on these results, the expression of multiple lineage-specific mesodermal genes by ADSCs
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cells.
EXAMPLE 12
5
The following provides a description of molecular and biochemical characterization of
adipose-derived stem cells.
MATERIALS AND METHODS
10

All materials were purchased from Sigma (St. Louis, MO), VWR (San Dimas, CA) and
Fisher Scientific (Pittsburgh, PA) unless otherwise stated. All tissue culture reagents
were purchased from Life Technologies (New York, NY). Fetal Bovine Serum (FBS)
and Horse Serum (HS) were purchased from Hyclone (Logan, UT) and Life

15  Technologies, respectively.

Antibodies;

Monoclonal antibodies to CD29, CD34, CD44, CD45, CD58, CH90, CD104, CD105 and

20  CD140a were purchased from Pharmingen (Bedford, MA). Monoclonal antibodies to
CD31 and CD71 were obtained from R&D Systems {(Minneapolis, MA) and Zymed (S.
San Francisco, CA), respectively. FITC and PE-conjugated anti-CD antibodies used for
flow cytometry (FC) were purchased from Pharmingen. A monoclonal antibody to the
SH3 antigen was produced from the SH3 hybridoma (ATCC). The Stro-1 hybridoma

25 supernatant was the generous gift of Dr. John Fraser (UCLA). Monoclonal antibodies to
the human collagens 1 (aCNI) and 4 (aCNIV) were purchased from Sigma. Monoclonal
antibodies to human collagen 3 (aCNIII) and collagen 5 (aCNV) was purchased from
Biogenesis (Kingston, NH).

30  Cell Harvest, Culture and Differentiation Conditions:
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Processed lipoaspirate (PLA) cells were obtained from raw lipoaspirates and cultured as
described previously (Zuk, P. et al., 2001 Tissue Engineering 7:209-226). PLA cells were
maintained in non-inductive Contro! medium (Table 13) while MSCs were maintained in
specialized Control medium (Clonetics). PLA cells were induced toward the desired
mesenchymal lineages using the induction media outlined in Table 13. MSCs were
induced using the commerical control medium supplemented with the same growth

factors as outlined in Table 13.

PLA Clonal Isolation and Analysis: Adipose-Derived Stem Cells (ADSCs):

ADSC Isolation: PLA cells were plated at extremely low confluence in order to result in

isolated single cells. Cultures were maintained in Control medium until proliferation of
single PLA cells resulted in the formation of well-defined colonies. The single PLA-cell
derived colonies were termed Adipose Derived Stem Cells (ADSCs). ADSCs were
harvested using sterile cloning rings and 0.25% trypsin/EDTA. The harvested ADSCs
were amplified in Cloning Medium (15% FBS, 1% antibiotic/antimycotic in F12/DMEM

(1:1)).

Indirect Immunofluorescence:

[ndirect Immunofluorescence (IF): PLA cells, ADSCs and MSCs were processed for IF

as described previously (Zuk, P. et al., 2001, Tissue Engineering, 7:209-226) using the
anti-CD marker antibodies outlined in Table 14. In addition, PLA cells were incubated
with supernatants produced from the STRO-1 and SH3 hybridoma cell lines. To
determine the cell characteristics of differentiated PLA cells and MSCs, cells were
induced toward either the osteogenic lineage for 3 weeks or the adipogenic lineage for 2
weeks and incubated with anti-CD antibodies. The differentiated cells were also analyzed

using antibodies to human collagens 1, 4 and 5.

Flow Cytometry:
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PLLA cells from multiple donors, in addition to MSCs, were cultured for 3 weeks in
Control medium and analyzed for the expression of CD antigens by flow cytometry (FC)
as described previously (Zuk, P. et al., 2001, Tissue Engineering, 7:209-226). PLA celis
were also induced in either OM or AM for 2 weeks prior to analysis. Briefly, cells were
5  harvested a 80% confluence with trypsin/EDTA, washed and resuspended in Flow
Cytometry Buffer (FCB) at a concentration of 1 x 10° cells/ml. One hundred microliters
of the cell preparation (1 x 10° cells) were stained with saturating concentrations of
FITC-conjugated (anti-CD 14, 44, 45 61, 71, 90 and 105) or PE-conjugated (anti-CD 13,
16, 31, 34, 44, 49d, 56, 62E and 106) antibodies for 1 hour at 4°C. Cells were also
10 incubated with isotype-matched IgG’s as a control to assess autofluorescence. After
incubation, the cells were washed three times with FCB and resuspended for analysis.
Flow cytometry was performed on a FACStar flow cytometer (Becton Dickson). The
geometric means, calculated from the absolute numbers of cells per 10,000 events are

shown in Table 12,
RESULTS

PLA cells share manv similarities with MSCs

The results described in this example demonstrate the mutli-lineage potential of adipose-
20 derived stem cells and their clonal isolates. In order to characterize the PLA population
further, cells were examined using indirect IF and FC and compared to a commercial
population of human MSCs. MSCs have been shown to express a unique set of cell
surface markers that can be used to help identify this stem cell population (Table 14)
(Bruder, S. P. et al., 1998, Clin. Orthop., §247-256; Conget, P. A. et al., 1999, J. Cell
25  Physiol, 181:67-73; Pittenger, M.F et al., 1999, Science, 284:143-147.) Like MSCs, PLA
cells expressed several of these proteins (Figures 23 and 24), supporting the
characterization of these cells as stem cells. Approximately 100% of the PLA and MSC
cultures were positive for the expression of CD29, CD44, CD90 and CD105/SH2 with
high expression levels for each of these markers being observed in both cell populations.
30 Both cell populations also expressed the SH3 antigen, which, together with SH2, is
considered a specific marker for MSCs (Haynesworth, S.E. et al., 1992, Bone, 13:69-80.)
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8 MAR 2006 DI SCUSSION In this study, a nore conprehensive characterization
of the PLA and ADSC popul ations was perforned using a conbination of

I mmunof | uorescence and flow cytonmetry. Wiile 5 PLA cellsg . a
simlar conplenent of CD antigens with M5Cs (positive: Cﬁg{’;{f%@@ﬂ CDr1,

CD90, CD105 SH3, negative: CD31, CD34, CD45), the expression of CD58,
CD104 and CD140a differed on PLA cells when exam ned by

i mrunof | uarRarRRAC e HhjoMtyCOt IR LEN, CD13
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Crtome s SHSEL bl Vr L S38RoLS AT B CTRE e e
cul tur es sweitlendrobencbft BLAesalnphsrdid Ghowi sdetipiblenkthiting for CD45, although the
5 number of CD45-positive cells did not exceed 5% of the total PLA cell number . Unlike
MSCs, no staining for the adhesion molecule CD58 was observed in PLA cells. The IF
results were subsequently confirmed by FC (Figure 24, Panel B). Both MSC and PLA
cells showed similar profiles, comprised mainly of a population of relatively small,
agranular cells (Figure 24, Panel A). However, a greater proportion of the PLA
10 population did appear to contain larger, granular cells (see upper right corner), while a
larger proportion of the MSC population contained smaller agranular cells. FC confirmed
the expression of CD44, CD71, CD90 and CD105 on both PLA and MSCs and did not
detect significant levels of CD31, CD34, CD45 and CD104. In addition to these markers,
FC also measured expression of CD13, CD49d, SH3 and STRO-1 on PLA cells yet did
15 not detect expression of CDs 4, 8, 11, 14, 16, 19, 33, 56, 62E and 106 (Table 12). Taken

together, the immunofluorescent and flow results demonstrate several similarities in CD

expression profiles between PLA populations and bone marrow-derived MSCs.

Phenotypic Characterization Of Differentiated PLA Cells:

20
Differentiation of stem cells may alter the expression of several cell surface and
intracellular proteins. In order to characterize differentiated PLA cells, cells from the
same patient were maintained in non-inductive Control medium or were induced toward
the osteogenic and adipogenic lineages. Control and differentiated PLA cells were

25 subsequently analyzed by IF and compared to MSCs as a control. The results are
presented in Table 15. PLA cells induced for 3 weeks in OM underwent increased
proliferation and did not show any significant differences in CID marker profile when
compared to undifferentiated PLA cells. Like control PLA cells, expression of CD435 was
not observed in osteogenic PLA cells while significant expression of CD44 and CD90

30 was detected (Figure 40, Panel A: PLA - Bone).. However, in contrast to control cells,

osteogenic differentiation resulted in localized areas of CD34 expression. Like PLA cells,
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th Is, IF analysis indicated a | ower |evel of CD44 expression within
lipid-filled PLAcells (i.e. mature adi pocytes). Osteogenic
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that observed in the heterogenous PLA popul ation, suggesting that clonal

i sol at i oRh@neh rﬁmangmme Qi‘f tdhase aﬁ@léﬁeodae&ea%s@fsf@% sﬁﬁaur Sl ffee
protein expression i nal | 20 differentiation of PLA cells also resulted

i n chang&capbion RE ChS4 sad S3. Povbana in Higurectle Rarad B, axprissicanqfr(dak and
tt I
patterns s deneh Solhvdigh bBHM MIBES1dyerds, %@Hgﬁﬁl‘gﬁéa‘%ﬁféﬁ 4 DSLARRN

differentiated ures en’to suggest S

t hat PLA@\@él\Mas ohweyvedefpoesedictian §t &M sadilk apmpnnd:eaed nmmbartdﬂ(ﬁ)@dpqms& tissue
but i £ul ati an. t hat possesses subtle distinctions from MsSCs. 25 Wiile
PLA ceI I $ Frgsdgga %I simlar conplenent of CD antigens with MSCs, an

est abl i shed mssenchyrral stem cel I popul ation, PLA cells did show subt |l e
differences. in the expression ¢ CD104 and CD140a. The CD mar ker
profile of PE%\C%@IW%WI&S‘I‘HPWPWI@P’ 3Iaﬁf fellspvere Sairjaineh prcy frimtuy of 2

Ost eogenivGeeRNG Qdi ROGIBRI B c@IIrEle%r@LmrrIaﬁ%e'r bergésg)ngtg cEI‘PInoﬁIh%IU | fr@htdcdnichange
the CD profile, but, as with control cells, subtle distinc¢tions could he

det er mi nemcn@grangs Wﬁ@wveslmé ety light mICfr@g'mdm(iractl nagtuigh)s rdueisan ¢fdd-A eellshanges

I)gpIJIIgt |1 oVJnI;II g%@slgegoﬁ aﬂs&ﬁnﬁ'ldgé gg%‘(fa%()erﬁts&n@ %Indégg éCII:II I%III) Ognaltaﬁle’obser ved
in the hemt@rceigﬁmou§1dP&aﬁume$)Lﬂoamistem with ugiegticsy. Thede 1¢;Ild>maxhtain&@| BLAONn of a

mul ti-1ineage popul, nfromthe PLA does not affect the expr |on of
ceol | sur FalompPGPaTifkicds bemmradincsies Grisrarvish( (Figye did Eaneba: B

per f or neqtai)hrqyg@ ds%géde&gcaaape%bn&f drmrau%tlo@ra;p@areé t%xmsa%sl%d sl@gms;he cel
surface. Several groups have Subsequent %bcharact erized WMSCs based on

their expﬁ@%?fbﬁjnﬁﬂ l@é¢l$ 15 et ﬁbr@bbst@t aidh§pidecoqtainBEREL A, celipiAFigge34 1.SH4)
oS LU 98P AT p L o ol 2%
181: 67- 7$?D4:5i Ibds&ﬁ@ebellsl\/l FHeWe‘@dr, ,thest 98]s Bid emecon%ttﬂ thd 31igid7 vacubless st udy
confirns IianI‘g(I[eI‘lStIC 0% mI\a/Elg% adl%ogyrII:s OnI%lIséI:? A 51gn1ﬁcant level of CD44 was also
detected in adipogenic PLA cultures. However, lipid-filled PLA cells appeared to express
Jower levels of CD44 in comparison to their fibroblastic counterparts (open arrows —
20 CD44 —ve adipocytes, filled arrows — CD44+ve cell). Furthermore, CD44 staining levels
varied among the fibroblasts, ranging from intense to little or no CD44 expression. A
similar restriction was also observed for CD90 with all fibroblasts expressing this protein
at comparable levels. Like PLA cells, adipo-induced MSCs expressed CD44 and CD90
and showed increased staining for CD34 and CD45 (Figure 41, Panel B and Table 16).
25  However, unlike adipo-induced PLA cells, both fibroblastic and lipid-filled MSCs (filled

vs. open arrows, respectively) appeared to express CD44 and CD90 at similar levels.

In order to confirm the immunofluorescent results, FC was performed on non-induced
and differentiated PLA cells and the geometric means calculated for each CD marker
30 protein (Figure 42) (Table 16). Osteogenic differentiation did not appreciably change the
size and granularity of the PLA populations (Figure 42, Panel A). Adipogenesis,
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of cell surface proteins are expressed on PLA cells with the two

popul ati ons showing simlar expression profiles. Like MSCs, PLA cells
expressed CD13, CD29, CD44, CDrl, CD90, CD105/SH2 and SH3 as shown by a
conbi nation of IF and FC. In 15 addition, PLA cells did+~d MaRopggs CD14,
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simlarity in CD profiles to MSCs | ends support to the theory that PLA
cells are a stemcell popul ation. However, the degree of simlarity may
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cell's. | magigppend aofurthiy ancreapis@ (P 0atvesl nesakired tie didipotingude H%Iafgeseﬂsapam ty

in vi HA %ﬂ% 'Hdﬂﬂ)gerﬂ@%ﬁf?ér%’rﬁ ,f?aﬁmgaddn%(dgg%a%d%q' G858 @)g gﬁgﬂue

phosphat ase {'ost'edgenesi s ipogenesTts
(chondr ogehésivshat cﬁmrﬂifﬁdredt:amddgﬁ\ ceisbThatde@ese \J\EIC}D440\b§secEdﬁ€1(§tenl withudi ng

tri-line enl i enic d chondrogeni c dual -1 i neage
(ost eoge?ﬁ%?f % h Bgffe%ggeﬁ?lev @Ngﬁéﬁeﬁgﬁ?ﬁ‘? H‘)g“péﬁi]ﬂo‘étiﬂﬁtj'lgé’ LA ?f-‘é!ége
(adi pogenic only). 10 I sol ati on and expansi on of ADSCs did not alter the CD

expression profile and no
Mesodermally-derived cells, such as adipocytes and osteoblasts are associated with

20 extensive extracellular matrices (ECMs). To assess the expression of ECM proteins in
differentiated PLA cells, adipogenic and osteogenic PLA cells were analyzed by IF for
the expression of ECM collagens. The results are summarized in Table 17. The majority
of undifferentiated PLA cells expressed collagen types 1 and 3 (CNI, CNIIT) (Figure 43,
Panel A: PLA - Control), CNI and CNIII in fibroblastic PLA cells were restricted to a

25  defined perinuclear concentration and was evenly distributed throughout while cells with
an expanded morphology. Contrary to CNI and CNIII, the expression of collagen types 4
and 5 (CNIV, CNV) was restricted to defined culture regions of concentrated PLA cells
and matrix formation. The expression patterns of CNIV and CNV were fibrillar in
nature, consistent with the secretion of these proteins into the extracellular space

30 surrounding these cells.
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difference in CD expression could be detected between any tri-Ilineage and
dual -1i neage ADSC popul ation. Therefore, the presence of nmulti-I|ineage
ADSC i sol ates and their identical CD marker profile to heterogenous PLA
cells further supports the theory that the adi pose conpar§ MR 208§ a source
of multi-potential stemcells. 15 Differentiation of nmesenchymal precursors
and stemcells may | ead to changes in the expression of several cell
surface and intracellular proteins as these cells acquire a new fate and

functi on.AdipogaReasferehiigion WIPLAS @116 MHiBiRboH-ANE 8hd ENANExir&kion F@gl‘éced
toward the ni ¢ and. adi pogenic lin eages wer e exam ned by and FC

for any ¢k aﬁﬂl@i‘%‘loﬁeéD]:Z‘@ Riffseantiagpn pise appearst do glserithe Qirﬁtﬁeéllt!@nﬁx}a‘essmm di d not
signi 1 canhbn 8t it ResfRbRIA | &R0 mBloGellSpiFEOV S 20fad JaR! o5 16

and 17). Indirect IF con the expres 9'%nd di d not
det ect exgfidioni otovefr lORBHT LINTVOD4Bession bedshobsatved e adipodenik RING saldpiGs,

For  copd/ By Malaciber 306 B BORBReGsS SO, B sd oA SRR BR°coor”

coul d be aBSweeteeted Widimew einhibitiont bEICNVIakpsissiod! wes ta@egasyefsveﬁ’%oﬁul t ur es
by FC reveal ed, su fgé-lﬁ chan es.to t{ﬁe CD profile. Specifically,
ost eo- i nFOELETIF PGP GG ﬁ ificant ddfegenge dn3CH] expreasion drde@ecqwd OO and

CD44 exprdessic@nfol QM@'I%eaé@ﬁﬂ?&%'WlB&neﬂ_ he pm@reﬁé&q ?fﬁeﬂfséét&[ée&fmscm“
t he hyal uronan receptor, is kely the résult of I ncreased

synt hesi §Peadedc &0 |ingraasei KNI Vit expaestionnlebsls RInd tsiiltesl irpen nust emlgespeesalds

Rece f e ess Th

ost eggl as Slér 1%}?}1 gbgttgilgb%“g%ﬁl ‘}V{(@Eg}é‘% PEA ‘H@{Uﬁ;egﬂ? Fé?ﬁe?ﬁ’%'el?at}egissogﬂw’hunan.
Expr essi @It Cﬁ\riwsanldr(omm in congsleMsesl wees krd Yo ﬁblrsinﬂ!}lr l% Z%mrcﬂ% ﬁchdéIQOG th he
earl i est e t rati ve phase) an ecreased as the
ost eobl a§€'§“ n@t g?r@gﬁ % %BPé‘ﬁﬁidll‘eeﬁ &8lLyrEn CB‘IHHGDQGWJI%W@‘@ ws§eni ¢

i nduct i oy ofdiR-Ada&dd MQ@Ysamﬁl&.erﬁB%%r redihecipy %Q‘é‘d'{bcrb%a%é‘s%cﬁéﬁor%ss' on of

this protein as the osteogenic PLA cell proliferate during the earliest
phases ofx@ceHalaefibiilstrpther tham aaemmcelbﬂart @st@bmmraﬁ@gma PaebBdMfithti ¢

| ncrgase p(6.2: 51%\9% 1 chitasE] AibARARLAAL Sulnfrks, IRARILL IRER 1i18F6He Vs 2l so

observed I n osteogenic t|on g® expre55|o
commi tt edlcbncmgembitosysthemﬁ of @Huﬂndo@ﬂﬂﬁsb;ammmt;hyrt @lsesg Iéblsdyem)b@ﬂd 1897
#1082] i brobl asts, ne marrow stronal

, 1 |
cells angD %tfggﬁ @étségtr?c§5&f"ésﬁ fsI\?lIld evea ¢ eN FERFESSI Py Coujd SPnehssved
88: 679- 684thin Reicefiled oISk shasinaltle it ichhtest ) ohiBEHRRSE! PRACRY3, sdedldehigvel s

induction of MSCs did not alter the intracellular expression pattern of CNI or the

20 synthesis and extracellular deposition of CNIV and CNV (Figure 43, Panel B; MSC -

Bone). Taken together, the immunofluorescent data suggests that both adipogenic and
osteogenic differentiation of PLA cells leads to a remodeling of the associated ECM,

resulting in a matrix that appears to be distinct from those of MSCs.

25  PLA clonal isolates (ADSCs) express a similar complement of CDD marker proteins

Multi-lineage differentiation by PLA cells may be the result of the commitment of
multiple lineage-specific precursors rather than the presence of a pluripotent stem cell
population within adipose tissue. Therefore, multi-lineage differentiation by clonal
30 isolates derived from single PLA cells is critical to the classification of PLA cells as a

source of stem cells. In support of this, single PLA cells colonies, termed Adipose-
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10 upon cell-cell contact (Kehlen, A et al., 2000, J. Cell Biochem

80: 115-123; Reimann, D. et al., 1997, J. Immunol., 158:33425-3432.) The
dramatic increase in CD13 on PLA cells may therefore be due to the
increased cell to cell contact within osteogenic PLA cul tugeg.,, ,

Addi tionally, increased expression of proteases, such as Cglgf*Ro‘rpﬂﬁtem
cells may also participate in differentiation by degrading regul atory
pepti des and proliferation agents 15 that nay affect the devel oprent of

t hese celph&iveYostaE, Célls EADSCs), leggi&temm‘ﬁl-hﬁ@%@' éaglé@gfrﬂwn@ fe:35young,

HE et al., 1999, Proc. Soc . Biol. erestingly,
FC measurAtilsis ¢fhi00; fhES@agﬁgtes epm.qd d(ﬁ%@tla@DﬂB@ent@D@l amglxn@teboé%

expr essi aff HPMaPILABGBE GIdnad Ukl YU ABECORGARL Qi these
mar kers were expr esse on un entrate Is and

their i ngreasel. | &ffeickigdtingt meo cb%@lftth@fosthogémcr earhp@enmnandAcBorﬁlrcbgmhch

incre se i n CD34 expres det ect e - induce A cul tures.

Thi s Sncr@ﬁ%@svﬂ?r Wéﬁe&g{%vﬂnﬂ?%tqtﬁé’“ 5&31?3@ (.ﬂos'éﬁ% or ?JSH_I"P I egi ons

Wi thin 0gloe@eini TabRLALL UIHuth&ods $ auWatdy lokreéhkd gldETetehtiatidn S4veghds

increase in CD34 was al so observed upon I F anal ysis of osteogenic NMSCs

(Fi gure 403asurpd pyvigielogicr (sfadning c measalsappfsamed o thise t elineage| ADSE an

overal | i I I n al so

resulted’i E@igﬁ%%8ﬁ?ﬁd§§ol%nt§?r ela@g%e ACS Séve%:ag%ls@%%&oagﬁnqowe aésn(aneur al

cel | adhe’sf@ranmmbwldevogmw@agmﬁes werembpemw dmolaﬁmeandaﬁtxcppﬂmmwfc stem

cel I (Ki t .al 1997 Leucogyt

Di ffetQ ent’?@%'?o AR aét%ﬁéhe ?Ha e‘?“?S'OEI'Pm q?e{hélgcgﬂ% S I?lov%gftereﬂ%adI ?Png their

adhesi on eaerewldsm cadidasenetecteti | 1y AN dFdrtt@rmote) aumﬁe@nmwasm{d_ahs;ewe,d L.L. et

aI 1991, | munol , ~ 146: 4421- 4426, Lapier, L.L. et ., 1989, J. Exp
18?56’8%“ g8 and Apglybirgee %tJDsSClI@’aées é%) f 'f&{hegﬁt?{a%enﬁb% P ﬁyéen

confl I 1B o p (RS sTAY TG Lwdr Pamﬁwfolr@m@@ma ED71aR CRNRDRRQbEIfIeCe! | S.

I n support of this, osteoblasts express NCAM using this adhesi'on nolecule
to nedi ate eo;erelsmamdf BB 34, ¥htaed 484 wer ebsemad| éféndteﬁge,ttbe pres¢nce of multi-

differentiatio

7 1435° 14uB-"RRS O otsd aftmi e rtorask oG P B PEr ML and B iskvistlor e, ay
i nduce elcelyataeld:r Ipeofié so PEA tebil sfu@iRersupp@tsthé theorydhit the adipgie! catrpartinbe

I ncreasi ng cell-cell .and cell -ITB.t%I X interactions during differentiation.
The same %i‘ﬁI"%Fn%ft‘WJH POt S8 GellSe applied to the observed 3-fold increase
inthe COintegrin, CD49d. Finally, a snmall increase in CDL0O5 expression
was neasured on osteogeni c PLA cells. Cassified as a type Il TG-P3
receptor (Cheifetz, S. et al., 1992, J. Biol. Chem,
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10 267:19027-19030), CD 105 is expressed on a wide variety of cells,
i ncludi ng endothelial cells, B-lineage precursors, MSCs and a subset of
CD34* cells isolated from peripheral blood (Rokhlin, OW et al., 1995, J.

| munol ., 154: 4456- 4465; Majundar, MK et al., 1998, J. Cgalrj,m ol .
176: 57-66; Barry, F.P. et al., 1999, Biochem Biophys. Res
265:134-139; Pierelli, L. et al., 2000, Br. J. Hematol., 108:610-620.)

While 15 little is know of this protein during bone devel opnent, expression
of CD] O3Fabk 131QUBdHeekkciflefiffBRARRA IRRCEPBERLEia R H&GRIRnPr oceed toward

termnal differentiation disappearing on nature osteoblasts (Haynesworth,
S.E. et |Mediump92, |BMedia 1Sepoms0. ) Sujdereéntntion t he expr ession of CD 1P5 on
ost eoger}i@nRbA and NSG$M A 05 Eye bNO,llé: may |nd| cate that these ceII
r epr eserft—an-—earty{stage—n—et

final 2 siipdenentijgtl on, 31 ge. gur?ﬁewh%ﬁéob?%%@@tﬁ i NS 05
|
|

v)

expr essilganon PLA ¢ ur examgthetonec orlfel BVes inwlinhe 208cr B¥se in
CD34 and_may reflect t he ilncrease wd@net@mml%@bg@ptw@mthnmtlhe ost eogkni ¢
cul ture. d*? en| c diffen x/"lﬁ%éo on0.6f pRILA deednheshdsanse, b&én (b owscorieate-2sl t
in an ex é’ 5 [MdMEhoI Q , geptephaed,t hid h%mccp@y@mpﬁ&paﬁtermh% pl e
l'ipid-fi}l i nt racel | ul al vacuol eBartibilic/aRtim@éotRl . . 2001, Tissue

Engi neering, 7. 209-2Z6.) a resul v, adrpo-rnduced PCA CUTUTES are

het er ogenous m xture of lipid-filled cells (i.e. mature PLA adi pocytes) and
nore immture fibroblastic cells. Consistent wwth this, FC characterization
of adi po C : pul ati on of

| ar ger, %%rmee lér gir?ﬁoglgﬁél%ﬁﬂ?d%g@g?%nﬁgﬁﬁsﬂeﬁdgtgghlﬂ %{fgﬁga@gpr essi on of
CD29, SCDdiAIS,trll@IDM, CD90 and CD105 on ad| pogeni ¢ PLAs and MSCs (Figure 41).
Whi | e equi val ent |evels of CD29, CD71 and 174 8 MAR 2006 CD 105 were found
on both fibroblastic and lipid-filled cells lower levels of CD44 and CD90

wer e ob<nygqt;g@nthe mat ;jr@ld?,leA QEll BpX ﬁ@@ Contrary to PLA cul tures

such r@stret+s -egyd- -Be— ]|

expr essijon CD90  appeared 1.0 "ﬁ??d“"f@?ﬂ@d PLA cell ,

virtual lly 100% cflntqgag%m %40 t%l ned bri ght I ly for CD90 arjd a
+

| . 8- f ol ¢—+hnRerease—+n—this—proetern S

conpar aljl e 30 t haPE@RNsUr|edGilh q?‘fj% e‘eiletegfégﬁf%ﬁﬁtﬁé%or‘\(j(iwasgrf%lllo&)’ws Contjrary to
CDQO0, xpr-essi-on—tevet-s—of—the ast-s-appear ed to
vary, wilth sell | staining risigin ?@P%ﬁr‘fe}]? é‘%'geét_lsts‘ée HEryRiasE: }E?Fmﬁ%p%‘ﬁ. I'n
support ref—this;—c—eent rr"r_a FSb Reerease—-n—Ch44 expresston—in

adi pogeni ¢ £LA sampgps. A S’Eé‘ir easeovds, @lB@cytes, epithelial cells, platelets

45 LCA HI30 | leucocytes, haematopoietic cells

L306. | wide distribution — haematopoietic cells, endothelial cells,
4 fibroblasts

71 TR H68.4 | most dividing cells

immature CD34+ cells, cells capable of long term culture,

58 LFA-3

20 Thy-1 SE10 primitive progenitor cells

104

105 Endoglin - endothelial cells, B cell precursors, MSCs
SH3 - - mesenchymal stem cells
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10 neasured for CD 13lam nopepti dase N and the decrease of these two

proteins is likely a
consi stent with adi pogenic tissue.
t he absence of CD14, CD16, CD31, CD45,

CD62E

and CD106 in

cultures while expression of CD34, CD49d and 15 CD61 were's

in these

cells.

upon adi pogeni ¢ i nducti on,

this

CD34 on adi pogeni c

a snmal |

PLA cells was not as

Wiile FC did not detect a significant
percent age of PLA cells positive for

Pr atagien 5V\a§m9mﬁﬁd/resieﬁmmy&@o%@ﬂebéﬁhﬁed PhE 2h8 M%"E&Qlﬁ?&ﬂé essi on of
| arge as that neasured upon

FC confir

PLA

reflection of the renodeling of the ECMto one nore
Li ke osteogenic PLA cells,

e

i ncrease

med

ni ¢ PLA
0&I evat ed
in CD45

osteogenesis and IF apnalysis confirmed <CD34 expression by al
nmor phol g BSma ver|, expression was restricted to cells 20 with a
fi brobl dsti c_norphol ggyPL¥¢ak| Fxpr@Ms| PbAofaM 0t vi€D34 | sl @ME Mmecaaml 4o
det ect eq upowpe anaIySLQ@of adi.pggen) c Qﬁgb Anthvgxpresawgn gbseryged iln
bot h fijbroblasticandtipird=fitied—cetts—DbDtferenttattron—ofmesenchytual
precursqrs—to their | anjp-PnnTﬁVFf ed celY® types¥§ e 78° ostleabl st s,
adi pocytles) K®3dcconpani-ad by syntihds| svegmeky ennded | | Ngvofwesn |EGM(weak)
Vari ati gn of ECM conposition [and organi zaf] on| gi ves each tissue 1ts
specifi¢ ch&lddt eri sticloeand patte ci p#irgddasiin| t heveli f fi er enti at|i on+and
growm h of the constituent cell types| FesHs exanple, bone matrilx consistls of
i nor ganijc hyg;o yapatlite toggther with af~ organic fraction cdnprised ¢f
pr ot eogllycan: D4§d col|l ag&hs, |wi tYecol | ByEHstype 1V4raking ¥30 up tHEVHE ¢rity
(appr ox.f—96% t-he—organie—fraction—Car +i4-age—matrHix—ecensists—ainby  of
col | agens tvgg)ﬁ and |10 dhd nul t1¥sl e suIﬂ@ted pr 6¥®ogl ycdn§. Adi pb¥feni (
ECVs ar¢ 175CD78 | | AR 2Q@6 donpriesed of +vaul t| pl eveol [ ageResubt ypeg (1
t hrough [G), Tam ninand fibrgnectin. | Toggl e[, thesejcottagens are a part
of the d4ni quepawtracel | wvar envi+@nmengbréflasgach tissu¢ ard arje cruciall to
the suryival and function of [the conponetls cells. Baseéd on thils, the
expr essilon OEDEﬁNIcoIIagaes vereﬁexadine&@ n pot kveonir okvand Iﬂdu@ﬁd PLA
cell ?Fa 4| CS oS '?I-'L/-\ certsarmd—vSCs exp elalbr-d uhul,b uv:jv nd
CNV (Figure i ﬁﬁ? exhi bite
siml st ai n|+n ana mmﬁ ogsetr}{le%’\eeelsf tha%g%%oﬁ ?u}a? ost eogeni c
i nduc |on did H%t ?”F%?q{ﬂg ?ntracellular di stribution of these 10
collagen%. urth?rnnre guallta ive increase . in CNl was ohserved in
several PRAcdRgF %@tgﬁﬁtﬁF galysis ptfr1d enapksyr GRRICIHIONAB PRICRISHIG RHBOSCAE rol e of
col | agen oty pshubl PRAQSHEOTENI C
CD Antigen PLA-CM PLA-OM PLA-AM

CD13 148.88 924,79 134.34

CD14 2.43 3.54 3.08

CDI6 2.38 3.43 2.70

CD31 2.22 2.92 2.53

CD34 3.55 9.10 5.27

CD44 16.92 64.62 8.76

CD45 2.52 3.85 3.47

CD49d 5.33 13.05 4.27

D56 2.66 4.86 2.72

CD61 3.68 7.55 4.12

CD62E 2.30 2.89 2.38

CD90 25.96 4532 46.53

CD105 8.39 16.70 11.53

CD106 2.45 3.27 2.51

SH3 8.95 25.15 14.65

-ve 2.59 3.57 3.08
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differentiation. For exanple, CN |evels increase during the early stages
of rat calvarial osteoblast differentiation and inhibition of this
collagen totally bl ocks osteogenic differentiation (Stein, GS. et al.,
1990, Faseb J., 4:3111-3123; Lynch, et al., 1995, Exp. 15 Cell Res.,

216: 35-45.) ors that arg Rnmoywn to affect osteogenesis,-fuppra
dexanet hasong, vijfam n D and &he|parathyroid hornone, can directly affect
level s of CNI . gdrtherfroie,| ‘Bong marrow stromal cells maintained on CN
matrices difyereffiaie igto i@st ¢obl asts in vitro and induce bone formation
in vivo, an pfflegt otBaf i not seen on CNII, CNIII or CNV matrices.
Therefore, tpe % ghgs_ﬁs gf |GBIEn pre-induced and osteo 20 induced PLA
cultures in gon f;gegté’/vi Eh t%es" ole of this collagen in osteogenesis.
Mor eover, thge simlcar b e5 ijne expressi on observed in both osteo-induced
PLA cells apd MSCs sugpestq thal simlar nechanisns may function in the
osteogenic Hififgientiafion |of these cell types. 25 In addition to CN,
expression of CNFY and=CHV viere &l so observed in both control PLA and MsC
cul tures, diptriButed -Enga:fi BEi |l ar pattern consistent their secretion
into the exfracel bgu-ga,ﬁ éngilr gmgnt . The presence of these collagens is a
vital conpongnt @1 St §e§ @sgeo@n c ECM as expression of these collagens is
observed .En Whqle| Bogeshar EQw o s{roma, the osteobl asts of newy forning
bone and £n BT E Epostt Pve €olony derived 30 strornal cell lines. In
contrast §o | nduced MSC cul tjuresf osteogenic induction of PLA cells 176 - 8
MAR 2006 @ppe@r editg sipg®ifijcant|y decrease CNIV synthesis and conpletely
i nhi bi t ed5CNVE |eXpr gssi p§. Adigogenic differentiation resulted in
addi ti ondt dj &t it i2ons get weeh PLA and MSC 5 popul ations. Like osteogenic
cul tures,gad i ¢ § nddcEilorEof PLA cells resulted in an inhibition of
CNV expr egsi pg.. svbr €over 5 adi ppgenesis also resulted in the inhibition of
CNI. No sfich Enhi bi gi: n Eag_ sgn|in adi po-induced MsCs. Rather, a reduced
| evel of 5Cl\l(ﬁ syht Besi sEwgds dbsprved in adi pogeni ¢ MSC popul ations with
all threeco] Eage‘. types—i—+Y and V) exhibiting a fibrillar,
extracel Il §exp ession patitern| Wile weak 10 cel lul ar expression of CNI
was al so pbs Bvesll i ngl i pigdéfi g el MSCs, the expression of CNV and CNV
appeared §o ENAr N ext ra@% llular| Li ke MSC sanpl es, adi po-induced PLA
cells als® e Er@sedg | ¥.g Hov%var, CNTV expression in these cells remai ned
intracel | =l gr amd| appear & o pe| expressed exclusively in lipid-filled
PLAS. = | E e | 28| o
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15 Li ke osteogenesis, several lines of evidence suggest that ECM
conponents, such as collagens, participate in adi pogenesis. First, changes
in the ECM | ead to norphol ogic and cytoskeletal alterations that are
required for the expression of |ipogenic enzynes (Kuri- Haruch, W et al.
1984, Differentiation, 28: Spiegelmn, B.M et al., 1983 —-@&IMAR 3605 666.)
Second, expression of CNI, CNIIl and CNIV varies dranmatically upon 20
differentiation of 3T3-L1 cells (Winer, F.R et al., 1989, Biochem,

28: 4094- 498¢.Uss1bast |y, the ECM of devel opi ng adi pose tissue is organi zed
during differentiation an event thought to be nediated by the adi pocytes
thensel ves (Nakajima, 1. et al., 1998, Differentiation, 63:193-200.)

Fi br obl asf, %hl?@lgdﬁdi lﬂgféyéo ﬁéﬁ%ﬁﬂ@é&fﬂ?@tc\f@rfztﬁl& &4 L 9EAaa§lg d&ft)sg??oﬁlglo i y

synt hesi ze and s€crete type agens, I'n a
anmount s Z‘Eﬁsmferfphmedbassmmbmbmmnmran’émmnhﬂ(ﬁmerescmy@end ﬂo@@@{cﬂmrng}Ble, 1977,
PNAS, 74p 2\2 325 Alita 94: 497-505;

K. .et al ., .1982, J. . Cel] Biol.,
Cryer; S CXPIEgSS a %’Gﬂaf cpmplemient of CI[%@E%“S W!Ltgié%% 8 P98tV £P2%ar cuch,
W et al wa&?&:@n%@s&r T BiSi OH3, Re%atdad a3 (G c/t4, alp4s), #RBSsprebsioB G -
Chem, 260;531-536.) As these cells begi n to differentiate chan es occur

in cell Sﬁhol%ﬂp“ ctdos kBN 140pn diffrered hen| Rt aplls t ypen ofexETne ecbtyet ed ;
Napol i t 6 I 6

1038, 3. TSR e Ll oty isB confirfig %8025%8%@&%?32?%% B et

al ., 1989bseBce)oﬁ€rﬁil4 2R 14093408, ¢ DF2e stubtlh atig@stiodsrbetwigean, nomyldudeé a

requ enen th f entJ ion into adi pocyfes.. To study

the ¢ nt HESi d eé?ﬂilaﬁ tpﬁ‘ﬁ\bﬁ‘flro‘f?ug‘“’ %H@Hgﬁ%{iﬂoﬁlﬂf%o%‘?ﬁgg:?@y sever al

5 pr eadl paeyke wetbil, |@W M@Db@%ﬁﬁ@é@ﬂv@@@ﬁ@n bfi€dgdflic NAd R EYE Whersht 3

variants (Green, H. et al , 1974, Cell, 3:127-133) and a cl onal

pr eadi poStlé #WI ¢DH fryeksip pdipageie sdtues wete fpgidpto keelopigy. Gomgistentvitet al .
1995, Bi %quanﬁygpnw%ateﬁ%slow@mrbf cﬁd@e@%sléx? dithisA L BIRRA PEONYSRSI On Of

BIP cells resultS in production of an ECMsimlar to adi pose tissue in
V\:hl ch adl(lpfoomt@@ aipocyistle (trogerde diffdsgntiation bisol resulteden abight breesislingens |,

d t her an i acel | ul.ar ression.of CNIII
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of expansion of these cells does not affect cell surface protein expression. Fmally,
20 difterentiation of PLA cells also resulted in changes to the associated ECM and
differences in the expression patterns and levels of collagen types 1, 4 and 5 were found
between differentiated PLA and MSC cultures. Taken together, this data suggests that
PLA cells may represent a stem cell population within adipose tissue but is a population
that possesses subtle distinctions from MSCs.
25
While PLA cells expressed a similar complement of CD antigens with MSCs, an
established mesenchymal stem cell population, PLA cells did show subtle differences in
the expression of CD58, CD104 and CD140a. The CD marker profile on PLA cells was
further confirmed using flow cytometry. Osteogenic and adipogenic differentiation did
30 not significantly change the CD profile, but, as with control cells, subtle distinctions

could be determined using flow cytometry. Differentiation also resulted in changes to the
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preadi pocytes and suggests that conparable ECM synthesis and renodel i ng may
occur upon differentiation of these stemcells. However, the adipogenic
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resulting in a caollagenous ECM uni que, to adi pose

i ssue. M Ta TERGH wengtam el foribiEne TR B R AEEIRSTRT SHBRGIBMAY t h
absence ofdi&h aNELAN¥IIk BrdPdiMply an MSC population located within or contaminating
the adipose compartment. Lipoplasty results in the rupture of multiple blood vessels and
20 while vasoconstrictors are used to minimize blood loss, the processed PLA pellet may be
MSCs obtained from the peripheral blood supply (Zvaifler, N.J. et al., 2000, Arthritis
Res.. 2:477-488.) However, there appear to be a few subtle distinctions between PLA
and MSC populations. In contrast to MSCs, no expression of CD358 could be detected on
PLA cells using IF, while expression was seen on MSCs (Figure 23). Furthermore,
25 MSCs have also been reported to express CD104, CD106 and CD140a (Bruder, S. P. et
al., 1998, Clin. Orthop., $247-256; Conget, P. A. et al., 1999, I. Cell Physiol, 181:67-73;
Pittenger, M. et al., 1999, Science, 284:143-147.) No expression of these CD antigens
were detected on PLA cells using IF or FC (Figures 23 and 24). These differences may
indicate that the PLA population represents a distinct population of stem cells. However,
30 the possibility that PLA cells are a clonal variation of MSCs cannot be completely ruled

out.
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cultures may be the result of a direct inhibition of synthesis or a
dramatic renodeling of the ECM The precise tine of collagen inhibition
upon PLA adi pogenesis and/or the 20 possible existence of agents invol ved
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from single PLA cells is critical to the classification of PLA cells as a source of stem
5  cells. In support of this, ADSC isolated exhibited multi-lineage capacity in vitro staining
positively using the histologic assays alkaline phosphatase (osteogenesis), Oil Red O
(adipogenesis) and Alcian Blue (chondrogenesis). Several lineage combinations were
observed, including tri-lineage (osteogenic, adipogenic and chondrogenic), dual-lineage
(osteogenic/adipogenic, osteogenic/chondrogenic) and single lineage (adipogenic only).
10 Isolation and expansion of ADSCs did not alter the CD expression profile and no
difference in CD expression could be detected between any tri-lineage and dual-lineage
ADSC population. Therefore, the presence of multi-lineage ADSC isolates and their
identical CD marker profile to heterogenous PLA cells further supports the theory that

the adipose compartment is a source of multi-potential stem cells.

Ditferentiation of mesenchymal precursors and stem cells may lead to changes in the
expression of several cell surface and intracellular proteins as these cells acquire a new
fate and function. To assess this, undifferentiated PLA cells and cells induced toward the
osteogenic and adipogenic lineages were examined by IF and FC for any changes in CD
20 marker profile. Osteogenic differentiation did not significantly alter the CD profiles of
PLA cells (Figure 2 and Tables 16 and 17). Indirect IF confirmed the expression of CD44
and CD90 and did not detect expression of CD34 and CD435 in both osteogenic PLA and
MSC cultures. In addition, both osteogenic PLA and MSC cultures were positive for
CD29, CD71, CD105 and SH3 expression, whereas no expression of CD31 could be
25  detected. However, further analysis of osteogenic PLA cultures by FC revealed subtle
changes to the CD profile. Specifically, osteo-induction resulted in a 1.8-fold and 3.8-
fold increase in CD90 and CD44 expression levels, respectively. The increased
expression of CD44, the hyaluronan receptor, is likely the result of increased matrix
synthesis and cell-matrix interaction by PLA cells upon osteogenesis. Recent work has
30  also confirmed the expression of Thy-1/CD90 on osteoblasts and osteoblast-like cells

derived from mice, rats and human. Expression of this protein increased markedly during
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matured. The increased expression of CD90 upon osteogenic induction of PLA cells may,
therefore, reflect the increased expression of this protein as the osteogenic PLA cells
proliferate during the earliest phases of differentiation. In addition to CD44 and CD90, a
dramatic increase (6.2-fold) in the metalloprotease, CD13/aminopeptidaseN, was also
observed in osteogenic PLA cells. In addition to its expression on committed progenitors
of granulocytes and monocytes [Kishimoto, 1997 #1082], CD13 has also been identified
on fibroblasts, bone marrow stromal cells and osteoclasts (Syrjala, M. et al., 1994, Br. J.
Haematol., 88:679-684). Recent work has identified an increase in CD13 mRNA levels
upon cell-cell contact (Kehlen, A. et al., 2000, J. Cell Biochem, 80:115-123; Reimann, D.
et al., 1997, J. Immunol., 158:33425-3432.) The dramatic increase in CD13 on PLA cells
may therefore be due to the increased cell to cell contact within osteogenic PLA cultures.
Additionally, increased expression of proteases, such as CD13, on stem cells may also
participate in differentiation by degrading regulatory peptides and proliferation agents
that may affect the development of these cells (Young, H.E. et al, 1998, Wound Repair
Regen, 6:66-75; Young, H.E. et al., 1999, Proc. Soc. Exp. Biol. Med., 221:63-71.)

Interestingly, FC measured slight increases in CD34, CD56, CD49d, CD61 and CD105
expression upon osteogenic induction. With the exception of CD105, these markers were
not expressed on undifferentiated PLA cells and MSCs and their increase is likely the
result of differentiation. A 2.6-fold increase in CD34 expression was detected in osteo-
induced PLA cultures. This increase was consistent with the appearance of CD34-
positive regions within osteogenic PLA cultures as shown by IF (Figure 23). A slight
increase in CD34 was also observed upon IF analysis of osteogenic MSCs (Figure 40).
However, this increase appeared to be the result of an overall enhanced expression level
by all MSCs. Osteogenic induction also resulted in a 1.8-fold increase in CD56
expression. Identified as neural cell adhesion molecule (NCAM), CD56 is expressed on

haematopoietic stem cells (Kishimoto, T. et al, 1997, Leucocyte Typing VI. White Cell

Differentiation Antigens. (Hamden, CT: Garland Publishing), mediating their adhesion
with adjacent cells and the surrounding matrix (Lanier, L.L. et al, 1991, J. Immunol,
146:4421-4426; Lanier, L.L. et al., 1989, J. Exp. Med., 183:681-689.) Although its
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<210> 5 <211> 20 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: human type X col |l agen al phal chain
forward primer <400> 5 tggagtggga aaaagaggtg <210> 6 c¢211> 20 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artifdlgi gap nggence
human type X col |l agen al phal chain reverse prinmer <400> 6 gtcctccaac
tccaggatca <210> 7 <211> 22 <212> DNA <213> Artificial Sequence -~ 8 LIAR
2006 21 21 20 20 <220> <223> Description of Artificial Sequence: hunan

large aqgreoat hid nbf AR ongigted, OLBE ARy | 48T in<40&ihiiér GAGRE 86T Gon-
atet agaaall'ltaematopmetw cells. In support of this, osteoblasts express NCAM, using this adhesion
molecule to mediate cell and matrix interactions and leading to their differentiation (Lee,

Y.A. et al., 1992, J. Bone Miner. Res., 7:1435:1466.) The osteogenic differentiation of

5  PLA cells, therefore, may induce elevated levels of this CD protein in order to regulate
the increasing cell-cell and cell-matrix interactions during differentiation. The same
explanation can likely be applied to the observed 3-fold increase in the a4 integrin,
CD49d. Finally, a small increase in CD105 expression was measured on osteogenic PLA

cells. Classified as a type IIT TGFB3 receptor (Cheifetz, S. et al., 1992, J. Biol. Chem.,

10 267:19027-19030), CD105 is expressed on a wide variety of cells, including endothelial
cells, B-lineage precursors, MSCs and a subset of CD34" cells isolated from peripheral
blood (Rokhlin, O.W. et al., 1995, J. Immunol., 154:4456-4465; Majumdar, M.K.. et al,,

1998, 1. Cell Physiol., 176:57-66; Barry, F.P. et al., 1999, Biochem. Biophys. Res.
Commun., 265:134-139; Pierelli, L. et al., 2000, Br. J. Hematol., 108:610-620.) While

15 littde is know of this protein during bone development, expression of CD105 is thought to
decrease as osteogenic precursors proceed toward terminal differentiation, disappearing

on mature osteoblasts (Haynesworth, S.E. et al., 1992, Bone, 13:69-80.) Therefore, the
expression of CD105 on osteogenic PLA and MSCs, as shown by IF, may indicate that

these cells represent an early stage in differentiation and have not reached their final

20  differentiation stage. Furthermore, the slight increase in CD105 expression on PLA cells,
as measured by FC, correlates to the increase in CD34 and may reflect the increase in a

CD34" subset within the osteogenic culture.

Adipogenic differentiation of PLA cells has been shown to result in an expanded
25  morphology, together with the accumulation of multiple lipid-filled intracellular vacuoles
(Zuk, P. et al., 2001, Tissue Engineering, 7:209-226.) As a result, adipo-induced PLA
cultures are a heterogenous mixture of lipid-filled cells (i.e. mature PLA adipocytes) and
more immature fibroblastic cells. Consistent with this, FC characterization of adipogenic
PLA cultures demonstrated a shift toward a population of larger, more granular cells, IF
30  analysis confirmed the expression of CD29, CD44, CD71, CD90 and CDI105 on
adipogenic PLAs and MSCs (Figure 41). While equivalent levels of CD29, CD71 and
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<210> 8 <211> 22 <212> DNA <213> Artificial Sequence <220> <223>
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reverse primer c400> 8 ggtaat.tgca gggaacatca tt <210> 9 <211> 23 <212>
DNA <213> Artificial Sequence <220> <223> Description of Ar¥iflARiZ06
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ctc <210> 10 <211> 24 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: human osteocal cin reverse prinmer <400>
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Artificial Sequence <22

CD90 were observed i 1n the mature PLA adipocytes. Contrary to PLA cultures, no such

restriction could be detected by IF in adipo-induced MSCs. While expression of C)90

appeared to be decreased in lipid-filled PLA cells, virtually 100% of the PLA fibroblasts

5 stained brightly for CD90 and a 1.8-fold increase in this protein was measured using FC,

a level comparable to that measured in osteogenic cultures (1.75-fold). Contrary to CD90,

expression levels of the CD44-positive PLA fibroblasts appeared to vary, with cell

staining ranging from intense to little or no CD44. In support of this, FC confirmed a

48% decrease in CD44 expression in adipogenic PLA samples. A decrease was also

10 measured for CD13/aminopeptidase N and the decrease of these two proteins is likely a

reflection of the remodeling of the ECM to one more consistent with adipogenic tissue.

Like osteogenic PLA cells, FC confirmed the absence of CD14, CD16, CD31, CD45,
CD62E and CD106 in adipogenic PLA cultures while expression of CD34, CD49d and

15 CD61 were slightly elevated in these cells. While FC did not detect a significant increase
in CD45 upon adipogenic induction, a small percentage of PLA cells positive for this
protein was observed upon IF analysis. The increased expression of CD34 on adipogenic
PLA cells was not as large as that measured upon osteogenesis and IF analysis confirmed
CD34 expression by all PLA morphologies. However, expression was restricted to cells

20  with a fibroblastic morphology. Weak expression of both CD34 and CD45 were also
detected upon IF analysis of adipogenic MSCs with expression observed in both
fibroblastic and lipid-filled cells.

Differentiation of mesenchymal precursors to their lineage-committed cell types (i.e.
25  osteoblasts, adipocytes) is accompanied by synthesis and remodelling of an ECM.
Variation of ECM composition and organization gives each tissue its specific
characteristics and participates in the differentiation and growth of the constituent cell
types. For example, bone matrix consists of inorganic hydroxyapatite together with an
organic fraction comprised of proteoglycans and collagens, with collagen type 1 making
30 up the majority (approx. 90% of the organic fraction). Cartilage matrix consists mainly

of collagens type 2 and 10 and multiple sulfated proteoglycans. Adipogenic ECMs are
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<211> 20 <212> DNA <213> Artificial sequence <220> <223> | SI(;M, an of
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<400> 13 tgtgaatgcc aaatgtgctt <210> 14 <211> 20

comprised of multiple collagen subtypes (1 through 6), laminin and fibronectin.
Together, these collagens are a part of the unique extracellular environment of each tissue
and are crucial to the survival and function of the component cells. Based on this, the
expression of ECM collagens were examined in both control and induced PLA cells and

5 MSCs.

Non-induced PLA cells and MSCs expressed CNI, CNIV and CNV (Figure 43), in
addition to CNIIL. Both CNI and CNIII exhibited similar staining patterns in both cell
populations and ostecogenic induction did not alter the intracellular distribution of these
10 collagens. Furthermore, a qualitative increase in CNI was observed in several PLA and
MSC samples. A large volume of work confirms the role of collagen type 1 in osteogenic
dilferentiation. For example, CNI levels increase during the early stages of rat calvarial
osteoblast differentiation and inhibition of this collagen totally blocks osteogenic
differentiation (Stein, G.S. et al., 1990, Faseb J., 4:3111-3123; Lynch, et al., 1995, Exp.
15 Cell Res., 216:35-45.) Factors that are known to affect osteogenesis, such as
dexamethasone, vitamin D and the parathyroid hormone, can directly affect levels of
CNI. Furthermore, bone marrow stromal cells maintained on CNI matrices differentiate
into osteoblasts in vifro and induce bone formation in vivo, an effect that is not seen on
CNII, CNII or CNV matrices. Therefore, the synthesis of CNI in pre-induced and osteo-
20 induced PLA cultures in consistent with the role of this collagen in osteogenesis.
Moreover, the similarities in CNI expression observed in both osteo-induced PLA cells
and MSCs suggests that similar mechanisms may function in the osteogenic

differentiation of these cell types.

25 In addition to CNI, expression of CNIV and CNV were also observed in both control
PLA and MSC cultures, distributed in a fibrillar pattern consistent their secretion into the
extracellular environment. The presence of these collagens is a vital component of the
osteogenic ECM as expression of these collagens is observed in whole bone marrow
stroma, the osteoblasts of newly forming bone and in STRO-1-positive colony derived

30 stromal cell lines. In contrast to induced MSC cultures, osteogenic induction of PLA cells
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<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Myosin heavy chain reverse prinmer <400> 14 gtggagctgg gtatccttga
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Description of Artificial Sequence: Osteonectin iviwaiu pri rward
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<213> Artificial Sequence <220> <223> Description of Artificial Sequence:

Ost eonectin reverse primer <400> 16 tcaggacgtt cttgagccag t <210> 17
appeared to significantly decrease CNIV synthesis and completely inhibited CNV

expression.

Adipogenic differentiation resulted in additional distinctions between PLA and MSC
5  populations. Like osteogenic cultures, adipogenic induction of PLA cells resulted in an
inhibition of CNV expression. Moreover, adipogenesis also resulted in the inhibition of
CNI. No such inhibition was seen in adipo-induced MSCs. Rather, a reduced level of
CNIV synthesis was observed in adipogenic MSC populations with all three collagen
types (1, IV and V) exhibiting a fibrillar, extracellular expression pattern. While weak
10 cellular expression of CNI was also observed in lipid-filled MSCs, the expression of
CNIV and CNV appeared to remain extracellular. Like MSC samples, adipo-induced
PLA cells also expressed CNIV. However, CNIV expression in these cells remained

intracellular and appeared to be expressed exclusively in lipid-filled PLAs.

15  Like osteogenesis, several lines of evidence suggest that ECM components, such as
collagens, participate in adipogenesis. First, changes in the ECM lead to morphologic and
cytoskeletal alterations that are required for the expression of lipogenic enzymes (Kuri-
Haruch, W. et al., 1984, Differentiation, 28; Spiegelman, B.M. et al., 1983, Cell, 357-
666.)  Second, expression of CNI, CNIII and CNIV varies dramatically upon

20 differentiation of 3T3-L1 cells (Weiner, F.R. et al.,, 1989, Biochem., 28:4094-4099.)
Lastly, the ECM of developing adipose tissue is organized during differentiation, an
event thought to be mediated by the adipocytes themselves (Nakajima, 1. et al., 1998,
Differentiation, 63:193-200.) Fibroblasts and adipocyte precursors with a fibroblastic
morphology synthesize and secrete type I and III collagens, in addition to small amounts

25  of the basement membrane collagen, type IV (Goldberg, B., 1977, PNAS, 74:3322-3325;
Alitano, K. et al., 1982, J. Cell Biol., 94:497-505; Cryer, A. et al., 1982, Eur, J. Clin,,
Invest., 12:235-238; Kuri-Harcuch, W. et al., 1984, Differentation, 28; Liau, G. et al.,
1985, 1. Biol., Chem., 260:531-536.) As these cells begin to differentiate changes occur
in cell morphology, cytoskeleton and the level and type of ECM secreted (Napolitano, L.,

30 1963, J. Cell Biol.,, 18:663-679; Aratani, Y. et al., 1988, J. Biol. Chem., 263:16163-
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be a requirement for their terminal differentiation into adipoeytes.

To study the synthesis and distribution of ECM components upon adipogenesis, several
5  preadipocyte cell lines have been developed, including several 3T3 variants (Green, H. et
al., 1974, Cell, 3:127-133) and a clonal preadipocyte cell line from Japanese cattle (BIP
cells) (Aso, H. et al., 1995, Biochem. Biophys. Res. Commun., 213:369-374.) Adipose
conversion of BIP cells results in production of an ECM similar to adipose tissue in
which adipocytes are interconnected by a fibrillar network of collagens I, I, IV, V and VI
10 together with an intracellular expression of CNIII (Nakajima, I. et al, 1998,
Differentiation, 63:193-200.) Like BIP cells, adipo-induction of both PLA cells and
MSCs resulted in a similar intracellular distribution of CNIII. Furthermore, fibrils of
CNI, CNIV and CNV were also associated with adipogenic MSCs and appeared to be
organized randomly. The expression of similar collagens and their random organization
15 in adipogenic MSCs is consistent with that observed upon differentiation of
preadipocytes and suggests that comparable ECM synthesis and remodeling may occur

upon differentiation of these stem cells.

However, the adipogenic differentiation of PLA cells presents several differences to
20 several preadipocyte cell lines and MSCs. Like preadipocyte cells, including BIP cells
from cattle, and 3T3 cells from mice, pre-differentiated PLA cells synthesize CNI and
CNV. However, these collagens are no longer observed upon differentiation. The
disappearance of CNI and CNV in adipogenic PLA cultures may represent a specific
remodelling pathway unique to these cells. In support of this, changes in the pericellular
25  environment that occur during differentiation can change the intracellular environment
and the secretion of MMPs that degrade the surrounding ECM. Low levels of CNIV are
also produced by preadipocytes and a dramatic increase is observed upon adipogenesis
(Aratani, Y. et al., 1988, J. Biol. Chem., 263:16163-16169; Nakajima, I. et al., 1998,
Differentiation, 63:193-200.) While a qualitative increase in CNIV is observed in

30  adipogenic PLA cuitures, its fibrillar distribution is lost and the collagen is restricted to
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lipid-filled PLA cells. The change in CNIV expression pattern in comparison to

preadipocytes and MSCs remains unclear.

While EM observations of mature fat cells have identified a CNIV-rich basement
5 membrane associated with several other fibrillar collagens (Chase, W.H., 1959, J.

Ultrastruc. Res., 2:283-287; Barnett, R. J., 1962, L.W. Kinsell, ed., (Springfield. 1.
Charles C. Thomas); Angel., A. et al., 1970, B. Jeanrenaud and Hepp, D., et ed. (Thigne,

Stuttgard; Academic Press), mature fat cells do not synthesize collagens. Moreover,

adipogenic precursors lose the capacity for collagen synthesis in vitro during the post-
10 confluent differentiation stage. However, collagen synthesis is critical for terminal
adipocyte differentiation and triacylglyerol accumulation indicating that the
predifferentiation expression of an ECM determines their ultimate phenotype. Therefore,
the predifferentiation expression of CNI, CNIIL, CNIV and CNV by PLA cells and MSCs
may serve to initiate their differentiation program. As differentiation proceeds and the
15 appearance of lipid-filled cells (i.e. mature adipocytes) increases, the synthesis of these
collagens ceases, resulting in a collagenous ECM unique to adipose tissue. This is likely
the case with the MSC population, However, the absence of CNI and CNV in PLA
cultures may be the result of a direct inhibition of synthesis or a dramatic remodeling of
the ECM. The precise time of collagen inhibition upon PLA adipogenesis and/or the

20 possible existence of agents involved in collagen degradation remains unknown.
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<220> <223> Description of Artificial Sequence: LPL forward priner <400>
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Sequence <220> <223> Description of Artificial sequence: GAD65 reverse
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<211> 20 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Nestin reverse prinmer <400> 58 agctcttcag ccaggttgtc
20 20 20 20 14 8 MAR 2006 WHAT IS CLAIMED IS: |I. An isolated '

adi pose-derived stemcell (ADSC) having a CD nmarker profile conprising any
of CD29, CD44, CDr71l, CD49D, CD90O, SH3, and CD105 or a conbination thereof.
2. The stemgell of claim1, which can be cultured for at J_%SHA&? fpssages
wi t hout dpff.epgntiating. 3. The stemcell of claiml, that 1s Flpotent.
4. The stemxebdz of claim 3, that differentiates into nesoderm ectoderm or
endoder m <&.3>Thetist eraicetdueabe cl @i m 1, wherein the conbination of CD

mar kers so expressed are CD29, CD44, CDr1, CD49D, CD90, and CD105. 6. The
stem cel | <&f%>claim | which is human. 7. The stemcell of claim1, which is
geneti cal FV3ﬁD??SFFé%:1°8.°fAAH*eﬁiﬁédl Gettengepvatérdn conprising a plurality
of the cell of “TI"&fMPI*™¥. The defined cell population of claim8 which is
honmbgenoussgq. 19 The defined cell population of claim8 which is

het er ogengidsgrath dagrgddt@adefined cell population of claim8 which is
clonal . 12. A progeny cell of the stemcell of claim4, conmitted to

develop into a
<210> 48
<211> 20
«<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Myogenin
reverse primer

<400> 48
ttgagoaggyg tgettctett 20

<210 49

<211 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: CHaT forward
pPrimer

<400> 49
tacaggcteoe accgaagact 20

<210 50

<211l 20

<212> DN&

<213> Artificial Sequence
<2205
<223»> Description of Artificial Sequence: CHaT reverse
primer

<400> 50
agcagaacat ctoeogtggtt 20

«210= S1

<21l 290

<212> DNA

<213> Artificial Sequence

12




mesodermal cell. 13. A progeny cell of the stemcell of claim4, commtted
to develop into an ectodermal cell. 14. A progeny cell of the stemcell of
claim4, commtted to develop into an endodermal cell. 15. Tissue
conprised of the stemcell of claim4, and differentiated nesodernal cells.
16. Tissue conprised of the stemcell of claim4, and differentiated
ectodermal_cells. 180 - 8 MAR 2006 17. Tissue conprised of =t BcMAR tblBel | of
claim 4, aftl ditiengpidaled i ofQ; endaderiml o 6eldsn,di§. A method of

i nduci ng nmesodepppl-atg.Sgue conprising culturing the stemcell of claim4
in a mesoderminduci ng nedium 19. A nethod of inducing ectodermal tissue
conprisings6tl suring the stemcell of claim4 in an ectoderminducing

medi um 2@:zcHgreshedcaistgrrduci ng endodernmal tissue conprising céfturing the
stemcell of claim4 in an endoderminduci ng nedium 21. A nethod of
formng tissue in a subject conprising introducing the progeny cell of
claim 12, <43°0P%14 into a subject in a sufficient ampunt to form

nesodernalel%é pdernmal or endodernal tissue in said subject. 22. A nethod

of regeneiéii}gxg&igggagg@ﬂgcgissue in a subject conprising introducing a
stemcell of claim1l1, 12, 13 or 14 into a subject in a sufficient anount to
regeneratezos> repair tissue. 23. A conposition conprising the cell of claim
1 and a bicetpgPesdtiptionphtirbl B ciratSememee 2 £ymtegeyaitof the stemcel |l of
claim 3. 25. ArAEA™RBFGFP*del i vering a transgene to an animal conpri sing

introduciggoth ,stem cell of claim1l containing a selected transgene into
a subj ect __ %ﬁ%t&pgg &Qgtqiransgene is expressed in the subjecty;26. A
nmet hod of 1 hducl ng th f

e differentiation of the cell of claim11, conprising
culturing the cell in a suitable nmediumeffective to induce differentiation
under suktabl esdifferentiation conditions.

<211> 20
<212> DNA

<213> Artificial Segquence

<220>
<223> Description of artificial Seguence: Glial
Fibrillary Acidic Protein forward primer

<400> 53
aatgctggect tcaaggagac 20

<210> 54

«211> 20

<212> DNA

<213> Artificial Seguence

<220> .
<223> Description of Artificial Seguence: Glial
Fibrillary Acidic Protein reverse primer

<400> 54
ccagcgacte aatcttcete 20
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20

<212> DHA

«213> Artificial Seguence

o
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<220>
<223> Description of Artificial Sequence: GAD65 Fforward
primer
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27. The nethod of claim 26, wherein said nediumis a conditioned nmedi um of
a specific cell type. 28. A nmethod of inducing the differentiation of the
cell of claiml, conprising co- culturing the cell with a cell of desired

| ineage. 29. A nethod of conditioning culture nmedium conpri SL{Q%O?@C“ ng
the medium with the cell of claim1l. 181 " 8 MAR 2006 30. T ed

medi um obt&i®he®® by the nethod of claim?29. 31. A kit for obtai

adi pose- defacgRPIgt TRAEEYI"S (ADSCs) of claim 1 from adi pose ti ssues of a
subj ect conprising neans for separating the ADSCs fromthe adi pose tissue.
32. The kij,0f sl aim31, further conprising a device for isolating adipose
tissue frgmbazosubj ect. 33. The kit of claim 31, further conprising a

medi um f oraqzRdbel Nng differentiation of the adi pose-derived stemcells. 34.
The kit ofz216baid Bigiaf usddnenceconpri sing a medi um for culturing the ADSCs.
35. The stemcell of claim11l, wherein the CD marker profile further
conprises<®¥P31l- , CD34-, and CD45-. 36. The stemcell of claim1, wherein
the CD marieér ?ﬁSSHHtéOPsofcb‘zfg‘FlC@ﬁiquenﬁmﬁﬁ > EDFTE® CcDoo+, CDL105+,
CD31-, CD34- oaffd™th45-. 1 82

<400> 56

gcactcacga ggaaagdaac 20

«210> 87

<211> 20

<212> DNA

<213> Artificial Seduence

<220=>
<223> Description of Artificial Seguence: Nestin forward

primer

<400> 57
ggagtegttt cagatgtggg 20

<210> 58

<21l> 20

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Nestin reverse

primer

<400> 5B
agctcttcag ccaggttgte 20
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WHAT IS CLAIMED IS:

l.

An isolated adipose-derived stem cell (ADSC) having a CD marker profile
comprising any of CD29, CD44, CD71, CD49D, CD90, SH3, and CD105 or a
combination thercof. _

The stem cell of claim 1, which can be cultured for at least 15 passages without
differentiating.

The stem cell of claim 1, that is multipotent.

The stem cell of claim 3, that differentiates into mesoderm, ectoderm or
endoderm.

The stem cell of claim 1, wherein the combination of CD markers so expressed
are CD29, CD44, CD71, CD49D, CD90, and CD105.

The stem cell of claim 1 which is human.

The stem cell of claim 1, which is genetically modified.

A defined cell population comprising a plurality of the cell of claim 1.
The defined cell population of claim 8 which is homogenous.

The defined cell population of claim 8 which is heterogeneous.

The defined cell population of claim 8 which is clonal.

A progeny cell of the stem cell of claim 4, committed to develop into a
mesodermal cell.

A progeny cell of the stem cell of claim 4, committed to develop into an
ectodermal cell. '

A progeny cell of the stem cell of claim 4, committed to develop into an
endodermal cell.

Tissue comprised of the stem cell of claim 4, and differentiated mesodermal cells.

Tissue comprised of the stem cell of claim 4, and differentiated ectodermal cells.
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Tissue comprised of the stem cell of claim 4, and differentiated into endodermal
cells.

A method of inducing mesodermal tissue comprising culturing the stem cell of
claim 4 in a mesoderm-inducing medium.

A method of inducing ectodermal tissue comprising culturing the stem cell of
claim 4 in an ectoderm-inducing medium.

A method of inducing endodermal tissue comprising culturing the stem cell of
claim 4 in an endoderm-inducing medium.

A method of forming tissue in a subject comprising introducing the progeny cell
of claim 12, 13 or 14 into a subject in a sufficient amount to form mesodermal,
ectodermal or endodermal tissue in said subject.

A method of regenerating or repairing tissue in a subject comprising introducing a
stem cell of claim 1, 12, 13 or 14 into a subject in a sufficient amount to
regenerate or repair tissue.

A composition comprising the cell of ¢laim 1 and a biologically compatible
lattice.

Progeny of the stem cell of claim 3.

A method of delivering a transgene to an animal comprising introducing the stem
cell of claim 1 containing a selected transgene into a subject, such that the
transgene is expressed in the subject.

A method of inducing the differentiation of the cell of claim 1, comprising
culturing the cell in a suitable medium effective to induce differentiation under
suitable differentiation conditions.

The method of claim 26, wherein said medium is a conditioned medium of a
specific cell type.

A method of inducing the differentiation of the cell of claim I, comprising co-
culturing the cell with a cell of desired lineage.

A method of conditioning culture medium comprising contacting the medium
with the cell of claim 1.
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The cultured medium obtained by the method of claim 29.

A kit for obtaining adipose-derived stem cells (ADSCs) of claim 1 from adipose
tissues of a subject comprising means for separating the ADSCs from the adipose
tissue. -

The kit of claim 31, further comprising a device for isolating adipose tissue from
a subject.

The kit of claim 31, further comprising a medium for inducing differentiation of
the adipose-derived stem cells.

The kit of claim 31, further comprising a medium for culturing the ADSCs.

The stem cell of claim 1, wherein the CD marker profile further comprises CD31-
, CD34-, and CD45-.

The stem cell of claim 1, wherein the CD marker profile is CD29+, CD44+,
CD49D+, CD71+, CD90+, CD105+, CD31-, CD34- and CD45-.
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