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A biocompatible scaffold is constructed from a hydrogel polymer such as
polymerized polyethylene glycol diacrylate. The biocompatible scaffold, and
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FIG. 3 is a series of four photomicrographs (A-D) that show adipogenesis by

hMSCs maintained in vivo in tissue-engineered constructs by histochemical staining
and RT-PCR; (A) Positive staining with Oil Red-O in tissue-engineered hydrogel
construct encapsulating adipogenic-treated hMSCs and implanted in the dorsum of
immunodeficient mouse for 4 weeks; (B) Representative micrograph of control

hydrogel constructs encapsulating untreated hMSCs and implanted in the dorsum of
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FIG. 7 Quantitative changes in scaffold diameters (x100% % S.D.) of
harvested PEG and collagen grafts after 4 wks of in vivo implantation. hMSCs:
human mesenchymal stem cells. Gray histograms represent PEG grafts, whereas
empty histograms represent collagen grafts. Cell-free PEG constructs (N=6), PEG
hydrogel constructs encapsulating hMSCs (N=6), or encapsulating hMSC-derived
adipocytes (N=6) maintained the original diameter of the scaffold nearly 100%. In
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mesenchymal stemcells; (B) Cell-free PEG hydrogel

W@ baeioysnei t her resident cells nor |ipid vacupdEES20080)23318
PEG hydr ogel encapsul ating 1@MSCs wi t hout adi pogenic

diff t ab l,S: oy
S RO RReST R RRAD) gFolS Rl ey
SS;O%QB @Swhéﬂé)l? f&Eﬁgﬁxy @km@eé %e%&%kﬁwﬁh IhMS(EBqN#@@ndi etithuyAdSC-
adi pogeni c cells show ng abundant

des1vaA aginerYSTAD) IpRfhasgnal dianaers HiEn 3”%5 B 30T 4,
ﬂ% AR08l ercpasy| ating hMSC derived adi pogenic cells

S

W ng”abundant i pi d vacuol es anpong fl attened cells
[00031] that Fﬂ&ﬂ&&aﬂ@d&yd&s’caﬁ@g afeggintered edipnse tis0©3R] controls

gi%tq?veﬂ?fk PR R S A Ftk AL AL R
f
%O 053] Fi @H:Ill%’él RRSWRG HERher Qi QR it ndr ks YactoRE] (MYPEG

is a schematic representation of an in

bjdrogelvphapvlating AVICSHPGRS sdipeopEalfigyitgeon sy ing abundant

e s, SPIR INR P BL e
bﬁ@rlﬁﬂl% gel El%@é’lﬁ&tlr@ KMS@;?d&h@&\lﬁdl@o /@8l shdwing abudant

anted sanpl es: (A) PEG hydrogels w thout cells,

mg%ent olls emenaéslandsiodaparg; &) |Q;t— Sﬁ%ﬁe%%% ayfiogel
tis
ﬁg(@;%g@ﬁl ”V@‘s&”deiﬁv@& gﬁgﬁéiﬁgéqug%ﬁyﬁgh Igvumﬁc%aélt H}(_))ld vacuoles
bindas @lﬁttéheﬁlfcem ihét ﬁé&éiéblﬁ&élipaﬁﬁlﬁs O{Ommeghﬁdatlon
macr ochannel s;
o0us2] i ot G PG RaHem St (ShyespRiol o Bgbles &Y Bokopidesc
?ﬁibs | (2 s owﬁk&oﬁgpwllﬂge@ SREhahat QQ‘I&? k’lgfob%@ (D9 ebatings.

t 'umen of created
[00033] nmacr o@h@nmaissa scbélﬁﬁl&Gﬂepi%ls@ltaticﬁl ofreovis vivogtmplantation of bFGF-
n vivo, harv st e PEG hydr ogel s

ni fications_of
tl?%ﬁfl EE oS P?%F“é’ﬁ"tlorbﬂ%?(ifﬁ? S:cheni cal
[00034] C€ONdi HANS} sHovR an MFFo Wbl RO IDOEE R ﬁﬁsﬂﬁaﬁ&ﬁﬂ@m
e

denonstrating the formation ‘of bl ood vess like
Stydrogelr es. [00037] FIG 14 shows an anti - VEGF

oooser 200 st e S UM AEL AL Ly s
C\Nﬂtﬂdﬁg @éllsV\bF('}P Wy cﬁhﬂiﬂb@i stk £TackBE ﬁﬂ@lh)aﬂﬁﬁé Bost kl@ﬂ{%ﬁ\}aswn

shows the positive staining of the bulk of the

I(BQ BEGigvdm@ﬂs with 3 meackpahiannels:¢1 Ty Figmeter pach) ghawing host tissue

rit Ry b o CR R B SRRl e BE R oy opged i

KEAGEShutHEHOuEmiabrot B&inelse (DY PEE@ mgmgélucﬁh baha:m‘d}F and
augnentative surgeries. Current gﬁt erials for saft

thassechapeds phavrins eperalaRd FolPT arf3Bot Sesusrinergy Brn thejumen
SIS sgRl e Suboptim vo e reLent, on
[00036] BI oI OOFICA I B yhotwsahigh rmghiﬁdahelssmf ie aivolherestgid REST byfirpgels treated
w1th dl%ferent physical and chermcal conditions, i.e., bFGF with or without
macrochannels, demonstrating the formation of blood vessel-like structures.
[00037] FIG. 14 shows an anti-VEGF antibody based negative immunoblotting on a
representative section of a harvested PEG hydrogel cylinder without either bFGF or
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[00038] FIG. 15 shows the positive staining of the bulk of the invading host tissue with
lectin from Triticum vulgaris (wheat germ agglutinin) (WGA).
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Additional steps include harvesting adult mesenchymal stem cells, contacting

the cells with adipogenic medium and maintaining the contact for a time sufficient to
induce differentiation into adipocytes, loading the adipocytes onto a biocompatible

scaffold, and implanting the scaffold loaded with the adipocytes into a host animal.
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Human mesenchymal stem cells readily differentiate into components of soft

tissue not only in monolayer culture of Petri dishes, but also in 3D hydrogel and in
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Briefly, cells were enriched by adding RosetteSep mesenchymal enrichment cocktail

(StemCell Technologies, Inc., Vancouver, Canada) to the whole bone marrow sample.

The cells were then diluted with twice the volume of phosphate-buffered saline (PBS)

containing 2 percent fetal bovine serum (FBS) (Atlanta Biologicals, Inc., Norcross,

GA) and 1 mM ethylenediamine tetraacetic acid (EDTA) (Sigma, St. Louis, MO).
The diluted sample was layered on top of a Ficoll-Paque (StemCell

Technologies, Inc., Vancouver, Canada) cushion and centrifuged for 25 minutes at
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C. Hydrogel/photoinitiator solution preparation and construct fabrication

To prepare the hydrogel solution, poly(ethylene glycol) diacrylate (PEGDA)
(MW 3400; Shearwater Polymers, Huntsville, AL) was dissolved in sterile PBS
supplemented with 100 U/ml penicillin and 100 pg/ml strepomycin (Gibco, Carlsbad,
CA) to a final solution of 10 percent w/v. A photoinitiator, 2-hydroxy-1[4-
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E.  Cell Viability Assay

Cell viability was assessed in 4-week ex vivo maintained constructs using

live/dead viability/cytotoxicity kit (Molecular Probes, L-3224, Eugene, OR) following

the manufacturer’s recommended protocol. Calcein (a fluorescent dye) diffuses
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tissue in the hydrogel constructs encapsulating adipogenic-treated hMSCs after 4
weeks of in vivo cultivation in the dorsum of SCID mice (FIG. 3). Adipogenic
constructs showed positive Oil Red-O staining (FIG. 3A) relative to the control
constructs encapsulating untreated hMSCs (FIG. 3B) or those with no cells
encapsulated (FIG. 3C). In addition, control constructs with no cells encapsulated
showed no signs of host cells invasion and intact borders of the hydrogel construct

(FIG. 3C). The adipocyte-specific PPAR-Y2 gene was positively expressed in the
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Fibroblast growth factor-basic (bFGF) human recombinant (Sigma, St. Louis,
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followed by gentle mixing, and then pipetted in 75 pL aliquots into cylindrical mold
of an Eppendorf cap. The resulting PEG cylinders were photopolymerized with UV
light at 365 nm for 5 min (Glo-Mark, Upper Saddle River, NJ, USA). A total of 3

macrochannels were created in each PEG hydrogel cylinder by inducing 3 punctures

with a sterile capillary tube (FIGS. 10B and D). The following PEG hydrogel
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The encapsulated bFGF release from PEG showed distinctive effects on
human dermal fibroblasts in monolayer culture. The DNA content of hDFs treated
with bFGF solution at 69.8+5.6 ng (mean+S.E.; N=6; solid left histogram in FIG.
11B) was significantly higher than the DNA content of hDFs without exposure to
bFGF at 34.5+2.7 ng (N=6; ‘Blank’ or the left empty histogram in FIG. 11B).
Similarly, the DNA content of hDFs treated with bFGF released from PEG hydrogel



into the lunen of macrochannels, and not in the rest
of PEG (FIG 12B). In contrast, bFG--I|oaded PEG

whyasogesl wi t hout macrochannel s denonstrat ed apPEUS2UD$/§23318

random areas of host tissue4ingrowmh in isolated areas
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2R aobRRLk neAbFOR shbw&d nd BAY tisddBREro®Rh 0FIG. 12A). However,
magni fication, small bl ood vessel-lTke structures were
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ned eqQ |t|ve eIIs hat . ¢
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resente ydroge
d‘eguadgrowﬁnﬂmmtge |hnmaﬂca°dntnm¢hanm1k duanet the sstieSPEG (FIG. 12D).
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NG phRART C?J kR lﬁgf&ﬁﬁyﬁ&t Ysdul ah0 3h+6.8R nthBhhd ¥he bFGF-free PEG
separ at ed PEG hydrogel fromthe invaded, host tissues
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arrow in FIG 13E, Under 60 x magnification, the bl ood
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4A). However, PEG hydrogel w th nmacrochannel s
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EndOmel 3l cé?lﬂﬂ]% SellsHn cgr?ttatlne ect)SQn-posﬁcive cells that closely resembled red
blood cells (FIG. 13B). In contrast, bFGF-loaded PEG hydrogel without
macrochannels showed widespread cellular infiltration in apparently random fashion,
with regions of PEG hydrogel still present (H in FIG. 13C). The multiple foam-like
structures in FIG. 13C likely represented PEG hydrogel undergoing degradation
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[C9] The soft tissue construct of claim1l, wherein the
scaffold conprises a natural material selected from

W0 b@egeesp consi sting of al ginate, chitosan, CPCHIUS2005/023318

[C1]

[C2]

[C3]

[C4]

[C3]

[C6]

[C7]

[C8]

[C9]

[C10]

[C11]

[C12]

agarose, fibrin, collagen, 2one, silicone, cartil age,

hydr oxyepalfvi£, cal ci um phosphate, and m xtures

thereof. | Cl0] The soft tissue construct of claiml,

wher ei A spfidissut grogewit compasing adulsmiesanchymélrshem cblds dispersed in
gr oup cons'l)sti ng tQtEI gragg):kgt azone, growth factors of

t he  bPYRH chlﬁl aﬂ) 8¢ ndins. [Cl1l] A nethod for

pr epar Thgsct St cohshoideofeldimt I, figthdd @MarAdleAzed as having a
predet erm ned. t hree di nmensional shape and di nensi ons,

t Pradefied dlree dipensiqnalshapa angdisigngicng adul t nesenchymal
stem c . Sk - / [

scaffo?ll()ié S(S)Offfj %S:sgggt er mgoe : "ﬁég&{??érfr&eﬁgi S%%%m%h%gmgel
coolfmgur ati ons; (b) contacting the adult nesenchynal

oot ol b R AP ST H BRUSeget
| P319etRy1BRS blycb(hddryikite met hod of claim 11, wherein the

non- por ous bi oconpat i bl e scaffold is a hydrogel
pol ymethg @it B3suFé clann hoebnyfrispigrdipoke and Gibtdwstissue.

conprising:. (C). ¢ acti t.h sench | cells wth
O P b Sy i G Rl L et B e R et e
12sriveb &t Pord@atieeesphynal stemcell s are di spersed
within _a bioconpatible scaffold precursor before the

hydr ogéhe $t tste cprstiugt efecdpiny lcwintein e seeffoldds of 2 plhysioa form
1 Po T OTIEEETL et ) ey ’
R0 G AR TR O SR80 g and

nedsteod of claim 11, wherein soft tissue conprises

adi posg, and. f.i brous tissue. [Cl7] Use of the soft. i
tiss ue%&%ﬁ%[ [ CBI?St@FTa?frﬁ?%&n% b hspaan the sgptpldesempriges a material
r t Gt ' ik aci ' e
PRl 2pli 355, 0 RORE el B e Pl pin
t gytoldpdzethpigho ghnebims mxtiges theteb§sue i npl ant's, the

met hod..co .sing: (a arjinqg at. |.east_one )

non- po?%%%bWS 88115(%%/? &fj%n iM e S&ﬁﬁolgrfﬁrftpﬂses a natural
nBaenah@teShemMtEeblo%p comiktinl bf a2 chiskaat cclr?l?%arose,
one hydrogel cylindér in a host to induce

afibjiin geHegsns bopecsidicons, cantitagsi hydgexapaipe] eicigm phayphate, and

bj ' scaffold wherein the scaffold conprises
pfbnﬁ)’)%g{ggﬁeg%eﬂegl ycol

The soft tissue construct of claim 1, wherein the adipogenic agent is selected

Fda)

from the group consisting of proglitazone, growth factors of the 3 family and
prostaglandins.

A method for preparing a soft tissue construct having a predetermined three
dimensional shape and dimensions, the method comprising:

(a) providing adult mesenchymal stem cells dispersed in a non-porous

biocompatible scaffold of predetermined three dimensional configurations;

(b) contacting the adult mesenchymal cells with an adipogenic inducing

supplement; and

(c) implanting the scaffold loaded with the adipocytes into a host.
The method of claim 11, wherein the non-porous biocompatible scaffold is a

hydrogel polymer.



di acryl ate, 2-hydroxy-1- [4- (hydroxyethoxy)
phenyl ] - 2-net hyl -1 - propanone, dexanet hasone,
WO e@asbesti ng growt h factor beta-1, a nutrient POEUS200$/023318
conpri ses - bet agl ycer ophospt#t e and ascorbic acid
2 phos [ l4i1n mycin; and (b)
[c13] dul t %ﬂi‘%ﬁt&m}@ﬁgc&g@é% gnfﬁ]@ldc eérl?s{g}{egg from human bone
n(-;q) r oweontacting the mesenchymal cells with a fibroblast growth factor.

[C14] The method of claim 12, wherein the mesenchymal stem cells are dispersed
within a biocompatible scaffold p%ecursor before the hydrogel polymer is formed.

[C15] The method of claim 15, further comprising initiating polymerization of the
hydrogel after implantation into a host.

[C16] The method of claim 11, wherein soft tissue comprises adipose and fibrous
tissue.

[C17] ~ Use of the soft tissue construct of claim 1 to repair, argument, or reconstruct

soft tissue of a host.

[C18] The use of claim 17, where the host is a mammal.
[C19] A method to induce angiogenesis in soft tissue implants, the method
comprising:

(a) preparing at least one non-porous hydrogel cylinder with bFGF and adult
mesenchymal stem cells; and

(b) implanting at least one hydrogel cylinder in a host to induce angiogenesis.

[C20] A composition comprising:

() a biocompatible scaffold wherein the scaffold comprises polyethylene glycol
diacrylate, 2-hydroxy-1- [4- (hydroxyethoxy) phenyl]-2-methyl-1-propanone,
dexamethasone, transforming growth factor beta-1, a nutrient medium comprises beta-
glycerophosphate and ascorbic acid 2-phosphate, penicillin, and streptomycin; and

(b) adult mesenchymal stem cells derived from human bone marrow.



