DECELLULARI ZED OVENTUM MATRI X AND USES THERECF FI ELD
OF THE I NVENTI ON [ 0001] The invention rel ates

w@eeensdsky to the field of biomatrix for tissSUBRCT/ERADNS/085450
and regeneration. The invention concerns nethods for
extracting fat fromonmentum processes for preparation
of decel lul arized onentum and the application of

decel peCEDEO L ARIZED GMERTUM MATRIX AND USEXTHEREOF
engi neeri ng. BACKGROUND OF THE | NVENTI ON [ 0002]

Extracel | ul ar mat rgg ORSMrHESINVENTION t ant structural
conponent of connective tissues. ECM el aborated by

cells creates m croenvironnents that these and ot her
cells will respond to, by differentiating or
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tisSl Sﬁuﬁgr%% an IR ty and functionality of
seeded cells. Tissue that is highly vascularized with
t he vascul ar tracks maintained during the

decel | ul ahzati gn pr | | coned in the
art.[0004] The%@éﬁ%ﬁﬁ'g@ﬁ@ﬂ gest
peritoneal fold covering the intra-abdom nal organs.
The[o%ﬁat eéxtracepulgrm mla rlxr“E%WI%s an important structural

component of connective tissues. ECM elaborated by cells creates
microenvironments that these and other cells will respond to, by
differentiating or maintaining their differentiated state. ECM provides a
substrate for organization of cells which adhere to it.

[0003] Tissue based ECM biomaterial and devices are used for a
variety of medical applications, such as heart valves, porcine SIS,
human dermis and bovine pericardium. The application of
decellularized tissues as tissue engineering scaffolds for regenerative
medicine, however, is limited due to a lack of vascular tracks for
angiogenesis, which is vital for tissue ingrowth and the viability and
functionality of seeded cells. Tissue that is highly vascularized with the
vascular tracks maintained during the decellularization process would

be welcomed in the art.



vascul ari zed, is usually thin and el astic and al ways

contains sone fat. As such, the greater onmentum has
whe@n/osssed i n clinical applications, such as | PECBEES1008085450

surgery, thoracic esophageal surgery, chronic, non

heal i ng skin wounds, hernia and pelvic floor repair,

bl adder repair and the |like. [0005] Because the
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as tracks for neovascul ari zation, onentumis a desired
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for decellularizing soft mammalian tissue. Thus, effective use of

decellularized omentum for biomatricies, including as a tissue based
ECM biomaterial is limited because, in part, the processes and
methods for revitalizing tissue described in the art cannot effectively

extract the fat from omentum.

BRIEF SUMMARY OF THE INVENTION
[0006] The invention concerns methods for extracting fat from
omentum, processes for preparing decellularized omentum and
medical applications of the processed decellularized omentum matrix.
In one aspect, a process for decellularizing omentum involves the
steps of (1) extracting fat from omentum, (2) removing cells from the
omentum that could result in immune response or graft rejection, (3)

disinfection and (4) terminal sterilization.
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in other decellularization are devitalization

processes are aspects of the invention. In an
wWerivomsIsent , the fat extracti on nethods i ncl udeCT/US2008/085450

dehydration of the omentumw th one or nore

dehydration sol vents, such as | ow nol ecul ar wei ght

organi ¢ sol vents such as al cohols, followed by fat
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After defatting, the omentum nay be rehydrated. In the

m5t|H%%r‘?jfecélnﬁar|z%‘ﬁ§r%f'eocﬁbvﬁ?%tleﬁ ptdest&d areaésge?tfs dihe

fat and/or substantially a I's extracte romthe

Ol lenl 99O orPBASLHEAN 8D BRELAE, UGS, Hofide” 25

t'he arlized onmentum can use

ot h‘%“ya%g'robﬁi‘*t@@ My AoRE bR IOITBLRAEH SoPkfls o,
it nﬁwfn%l AR L N

cel mnce I SSue,

oy oA BT R0 S TETSTPA B0
evated tissue.fa ‘?ﬂt n‘SOI%[) g ent atllon Thus,
decé?rl‘ I5PTOYB EOBHBIMA M ORP IR 98 SaBO EiRee &F
Ore t f f
ot h@qlp%tgoﬂne Hhare s RlsiroBlestei eHehandTg0Y éé’”ss‘u’!ﬁras
or S8BFYatE h (e RoTRRY INSarTSHOMSORG (et allof 17 ©
decel lul ari zati on processes descri bed herein. These
vasiebart ocstbsiatialcalhfas israxdragied dresn thgromentum.
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Theability to effectively extract fat fromthe omentum
enhdasebyarizasl eryentgm can used in other applications such as being

formulated into films, porous 3D scaffolds, particulates and tubular
structures for tissue engineering and regenerative medicine in
combination with cells, minced tissue, bioactives and other tissue
engineering scaffolds. Omental membrane also has haemostatic
properties due to elevated tissue factor (TF) concentrations. Thus,
decellularized omentum can be used as hemostats.

[0009] Omentum is favored for many applications over other tissue
based ECM biomaterial and devices, such as dermis. Omentum has
many vascular channels which are preserved in the fat extraction
methods and decellularization processes described herein. These
vascular channels can serve tracks for neovascularization. The

invention provides for effective extraction of fat from the omentum. The
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onentum as a bi omat hx. [0010] Al parts and

percentages set forth in this Specification and the
W@L@9M08554T e on a wei ght - by-wei ght basi s unl essSPCT/US2008/085450

ot herw se specified. BRI EF DESCRI PTI ON OF THE SEVERAL

VIEWS OF THE DRAWNGS [001 1] Fig. 1 is a flowhart of

a decel | ul ahzati on process in accordance with an

enbélﬂlitméﬁé?ftwélkl%xtré‘(\ft%‘ttff&ﬁ‘ thd Sdrlinérthandes thedlisel diage

of onmentum before and after decellularization. [0013]

Fi Goméntd@PA<LA Biokiattegr ans of onmentum before and after
decel | ul ari zation. DETAI LED DESCRI PTI ON OF THE
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processes for preparing an acel[ular omentum i.e.
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extrace ular matri antation into a
The processes generally have the steps of defatting
and decel lul arizing ti ssue, particularly onentum An
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[0013] Fig. 3 depicts histograms of omentum before and after

decellularization.

DETAILED DESCRIPTION OF THE INVENTION
[0014] The present invention concerns processes for preparing an
acellular omentum, i.e., devitalized or decellularized omentum,
comprising extracellular matrix for implantation into a mammal. The
processes generally have the steps of defatting and decellularizing
tissue, particularly omentum. An aspect of the invention concerns
methods for defatting omentum.
[0015] Defatting for purposes of the invention refers to extracting
the lipid moiety in the tissue. Decellularization or devitalization for
purposes of the invention refers to removing the cellular components of

an isolated organ, or a part of an organ, without any significant damage
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Devitalized tissue is essentially free from

reproductively and/or netabolically viable cells.
w@eepngastevoi d of reproductively viable cell SPCT/US2008/085450

however, could contain netabolically viable cells that

are incapable of increasing the nunbers of

nmetabolically viable cells through the normal process
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C. T10017] A process for gbtaining devitalized onentum
i n THEBe PHHRE remRaNts.HRClUi0@ AYSIBiS acidssamall giolasulas Fi g.
1. This process has the steps ofdefatting omentum and
decuipbi RIpteNsh Apidheangdroitsasehasident WaHahe Klevitlized

tissue retains reproductively non-viable cells and/or metabolically non-
viable cells and/or large molecular weight cytoplasmic proteins, such
proteins including for example, actin to act as a chemoattractant.
Decellularized omentum or devitalized omentum, refers to omentum
having all, some or a substantial amount of fat and nuclear and cellular
components removed.

[0016] Omentum may be harvested from mammalian species, such
as human, swine, bovine, goat and the like. Following tissue
harvesting, the tissue can be either placed in 0.9% saline for immediate
processing or stored for later use, preferably at a temperature of about
—20° C to about 80° C.

[0017] A process for obtaining devitalized omentum in accordance

with the invention is set forth in Fig. 1. This process has the steps of
5



further, optional, steps of disinfection and renoval

of contam nants. The devitalized onentum obtai ned from
WO R0g/ogsetess may then be stored until needed PGF/USZE8/085450

or may be used inmediately after the devitalization

process is conplete. [0018] The nmethod for defatting

the onmentum which may be applied with the

dec@drhtghgbheatdr? Bn® HEERRERTINGARE HbRBEd RRTeRIUmM With the
applied with other procedures for obtaining

devi,tRéd BEGbrifl, SHGfedfldiiffe ctRIFBsHEMoVALfUSREaminants.

dehydration foll owed by fat extraction and then
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hydration i1 nvolves treating the omentumwth one or
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e onentumw th a de ration solvent(s) and/ or

Suc&b\ﬁ’tglliié%ﬂ%f%ce%%{/é%ﬁrﬁlét%n wth water. The one or

nore treatne e sequential steps in the method
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gr adu r

LY. uced amounts of water, in.t sal ution. for
anciPee babdt B Cy BIPARID ket TS vprieoheldh f bR
i nvolve, the use of pure.solvent.. i.e. solvent npt in
ol 0T SiRenPionqups o SefaiBiRe SERVAIFad PbeCiHiet PR be
extracted fromth ment u si,ng,.one Qqr, nore,
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extractjon steps. [0019] Low nol ecul ar wei ght organic
sol WeERtnoag dﬁéﬂﬁgé’ﬁﬁ Mt ﬁ’@hg%ﬁ%ﬁ‘ vPlyRS §3P%11‘P. In
an enbodi ment, the dehydration solvent is one or nore
al cORRMEM Wil AnRQr MALRSEEYEralion SQ1vVentsnPYMeons @upore
consi st i n% of met hanol, ethanol, isopropanol, propanol
andreasmenisafitimemenierewith Friehydmien selvernt(ss @ngd@hsushay
be in solution with water having about

solvent(s) in solution with water. The one or more treatments may be
sequential steps in the method performed with solutions having
different ratios of dehydration solvent(s) to water, such as having
gradually reduced amounts of water in the solution for each successive
treatment and the final treatment may involve the use of pure solvent,
i.e., solvent not in solution with water. After dehydration, the fat may
be extracted from the omentum using one or more extraction
solvent(s), which may occur in one or more extraction steps.

[0019] Low molecular weight organic solvents may be used for the
dehydration solvent. In an embodiment, the dehydration solvent is one
or more alcohols, such as those selected from the group consisting of

methanol, ethanol, isopropanol, propanol and combinations thereof.



60% t o about 70% al cohol and about 30% to about 40%
wat er. [0020] In an enbodi nent, the defatting nethod

WO p@b08ss7 cont acti ng onmentum wi t h dehydr ati on BOGI/US2008/085450
for a period of tinme such as at |east about 30
m nutes, typically about 30 m nutes to about 72 hours.
The weight ratio of the onmentumto dehydration sol vent

mayTRedeHyArtioh solvieRt MBYWE id sdilfon WHIS Nvadsy r@bmgtabbuﬁ to
about 1:50, typically about 1:10 to about 1:25. The

ONMBgYol D BBt 96 QIEHh & Rk Yabs URIEY, 48 doditdbbwkiee.
dehydration solvent. Dehydration may occur at anbient

t enpasayl UrIﬁ’a@érﬁwﬁengﬁ#&@é@ﬁih?%éﬁod ﬁ%@%@kb‘:{itﬁging

above and bel ow anbient tenperature Is within
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met hod 1 nclude one or nore ion treatnen
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AR A R
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R S
t enperatures bel ow or above ambient tenperature are
wi tlEMperHereds wibindhe erePe phiBainveAtionremRedigients ¢ftthe of
P GTAinG Matiod intluds ong b mors dahydration Treatments I —om"
dehydration solvent using the same or different dehydration solvent
under the same or different conditions and weight ratios of omentum to
dehydration solvent. During each dehydration treatment the solvent
may be changed or refreshed periodically.
[0021] In an embodiment of the invention, the defatting method
involves initially contacting the omentum in a first dehydration solvent
having alcohol and water, such as a solution having from about 60% to
about 70% alcohol and about 30% to about 40% water. The omentum
should be contacted with the first dehydration solvent for at about 30
minutes at ambient temperature, although temperatures below or
above ambient temperature are within the scope of the invention. The

weight ratio of the omentum to first dehydration solvent may be about

1:5 to about 1:50, such as about 1:10 to about 1:25. In this first
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1:5 to about 1:50, such as about 1: 10 to about 1:25.

In this firsttreatnent, the onmentum nmay be fully
weueesged in the first dehydration sol vent. [PORE$2008/085450

After the omentumis treated with the first

dehydration solvent, the onmentumis contacted with a

second dehydration solvent, such as pure alcohol. In

t hi pe@BAN theSRYAILAT inBY b8 @R, sUbRRrGSERIRLHATIRRY be
contacted with the second dehydration solvent for at

| eagdnhyaRtdh s3lepi Nut es, such as about 30 minutes to
about "24 hours. The second dehydration step may be

congessrd Atkerah® bRRhin® RIAS Y vin tHR ﬁr’@.%@@dpﬁfoﬁor m ng

this treatnment at tenperatures bel ow or ove anbi ent
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after the second dehydration treatnent, a third |
derBAPiSRt i§MPeradiers Mithindhe srerfcefdhe inyeliere n kg weight
onmentum from the second dehydration treatnent is
confeie cktpegreentunyrig Sﬁﬁ%/ndo‘ée*'fygfqtvnﬁlyﬁ@ Wich) bejahogt 1:hij r d

dehydration solvent, such as pure al cohol for at |east
abd@tabgot Hi'Bdtsegh as about 1:10 to about 1:25. The omentum may

be fully contacted with the second dehydration solvent.

[0023] In a further embodiment, after the second dehydration
treatment the omentum may optionally be subjected to one or more
further dehydration treatment(s). These further dehydration treatments
are conducted under the same conditions and using the same
materials and amounts as discussed above with respect to the second
dehydration treatment. For example, in an embodiment, after the
second dehydration treatment, a third dehydration treatment is
conducted in which the omentum from the second dehydration
treatment is contacted with, and may be fully submerged, in a third
dehydration solvent, such as pure alcohol for at least about 30 minutes,
such as about 30 minutes to about 24 hours. The weight ratio of the

omentum to third dehydration solvent may be about 1:5 to about 1:100,
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such as about 30 minutes to about 24 hours. The wei ght

ratio of the onmentumto third dehydration sol vent may
wheooasiss7 1: 5 t o about 1:100, such as about 1: 1BCT/0S2008/085450

about 1:25. In another enbodinent, after the third

dehydration treatnent, a fourth dehydration treatnent

is perfornmed in which the onentumfromthe third

dehy@halsi about 1:28%TBAbUL 1525 Ot ARURY eMddiméntdafetthde
fully subnerged in, a fourth dehydration sol vent, such

as tAkE AeRY eI tredtRfentila thEAS HeRRPAonIFedtinBHEgS, such
as about 30 m nutes to about 24 hours. The wei ght

rat p Dfefnell EwWRIR M & Bk AtUhPHEMh & B, iR o8 B4 ERint TRY
b 1: 1 00 1: 10 to

be ‘about 1:5 to about 1: , such as about
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extracte ntu raction using one o

" SO AR S TR AP AL a5

be non-po
f

r
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e

0
non-polar solvents are non-polar organt ¢ solvents such
a

corbignt ts R s EREERRpe e ERBLo b 1 EHTRE ™

extractign solvent.Lnclude acetone, di oxane,
ace?tiﬂ’fitt@ﬂlraéog 8”@3%1 nati ons thereof. In an

embodj ment , _the extractjon solvent js selected from
o DR " Ao B ah S s RetiErtied FoRdhe fobtert Bfhe
extraction solvent may have about 50% ﬁ?o about 90%
norfpdiegHOs ¥Fi0e ANe Ok oK gXlrardivaselventy) dne exaction

conbi nati ons thereof and about 10%to about 50% pol ar
sol SAbyRNts By hedwnRAtArsedent. potas SPYPRL EnPbes REAE aProtike
extraction solvent may have about 50%to about 70%
ac etQbrat.f gorRAtiond tierepfa Fsampiswf merzpekar solvents are

non-polar organic solvents such as hexane, xylene, benzene, toluene,
ethyl acetate and combinations thereof. Polar solvents useful for the
extraction solvent include acetone, dioxane, acetonitrile and
combinations thereof. In an embodiment, the extraction solvent is
selected from acetone, hexane, xylene and combinations thereof. The
extraction solvent may have about 50% to about 90% nonpolar solvent,
such as hexane, xylene and combinations thereof and about 10% to
about 50% polar solvent, such as acetone. In certain embodiments,
the extraction solvent may have about 50% to about 70% acetone and
about 30% to about 50% hexane.

[0025] Fat extraction is conducted in fat extraction steps by
contacting the dehydrated omentum with extraction solvents for a

period of time. One or more fat extraction steps may be conducted
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[0025] Fat extraction is conducted in fat extraction

steps by contacting the dehydrated onentum w th
w@a00a835uon sol vents for a period of tinme. OnePCF/UROE085450

fat extraction steps nmay be conduct edusi ng the same or

di fferent extraction solvent(s) under the sanme or

different conditions for the sane or different periods

of Gélrzgfthelsfénﬂ!@Qﬁﬁéfﬁﬁtt &xtracliéh §@Verftes) LAGSH tRE SR or
i ncl ude contacting the dehydrated onmentumw th one or

DI @f&rshi &rditRRs 6 M8 Bh&e)or dHfer&RIFRBAS batee. Ofn t he
extraction solvents, for a period of tinme of at |east

abodthp HimBhRUIHRSat e%&:%]&tl&?n% ih e ccﬁ*?ﬁéé %Rk Hétﬁ%‘r&t%d up

to about 24 hours, or up to about nor e.

Fu rérﬂ&rﬁtuﬁt’@@ﬂbﬁ@&ﬁ ot Walator? Q&UE&@&& ctoPrﬁ) rtiaq.tsxe' bRfhed

onentum i n e extraction sol vent
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refresh eriodic

| nvEnsTQn, |gg;?at9@4t%tm.tgtes%&fo@%§ {) oF ST e,

extractlon sol vent 1T's about

errbod i ment e fa xtr Ctl condu ed in a
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t he, | ast tio tre h.as the, se
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fourth dratio treat cuss ve t he
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extractlon solvent, such as a pol ar such as a
pol PPeMERisof st \Péﬁ'ﬂt'onfme‘%%'gﬁtééﬁ? Og r%@ AMSOHYER |
typically for about 30 m nutes to _about 24 hours. The
de i EHeeiPIAbRNG H dhoyt b te@ePyt 58Bmerged in the first

extract| on solvent. In an aspect of the invention, the
vei [9826 at nangembrdiyanrhthafabadractian iscandustedener act i on

solvent is about 1:3 to about 1:50, such as
plurality of fat extracting steps. Initially, after the last dehydration

treatment, such as the second dehydration treatment, third dehydration
treatment or fourth dehydration treatment as discussed above, the
dehydrated omentum is contacted with a first extraction solvent, such
as a polar solvent, such as a polar aprotic solvent, for at least about 30
minutes, typically for about 30 minutes to about 24 hours. The
dehydrated omentum may be fully submerged in the first extraction
solvent. In an aspect of the invention, the weight ratio of dehydrated
omentum to first extraction solvent is about 1:3 to about 1:50, such as
about 1:5 to about 1:15. In an embodiment, the first extraction solvent
is acetone.

[0027] After the first extraction step the dehydrated omentum is

contacted with a second extraction solvent, such as a mixture of about
10



about 1:5 to about 1:15. In an enbodinment, the first
extraction solvent is acetone. [0027] After the first
wW@a00a8354dn step the dehydrated onmentum i s conPEEUSH08/085450
with a second extraction solvent, such as a m xture of
about 30% t o about 50% pol ar sol vent and about 50%to
about 70% nonpol ar solvent for a period to tine of at

| eagdo, @@Q%ut@@%T%)@HF SSivert 8RB aBSUBBIM to SBouTi70Y ASn-t O

about 24 hours n an enbodi nent, the second

exéﬁcﬂé’ﬂéo@%n%@r\éeﬂgnoa% tifR QU tat %@s@ A5 BO WhinABLe iRk aRe
about 70%to about 50% acetone. The dehydrat ed

on%dé%mn@@s id%ﬂ)d’ut%H%%FQelﬁ dnerb BRSO M second

extraction solvent. 1n an aspect of the invention, the
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about 70% to about 90% hexane and about 10%t o about
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rati o of dehydrated omentumto third extraction

sol 'g éﬁﬂtaif??da’l’jﬁhtheih@ gragheonsolyemdor ahpsh248odisdat 1: 5

to
about 48 hours and may be submerged in the third extraction solvent

for that period of time. The third extraction solvent may have from
about 70% to about 90% non-polar solvent and about 10% to about
30% polar solvent, such as a polar aprotic solvent. An embodiment of
the invention involves a third extraction solvent having about 70% to
about 90% hexane and about 10% to about 30% of acetone. In an
aspect of the invention, the weight ratio of dehydrated omentum to third
extraction solvent is about 1:3 to about 1:50, such as about 1:5 to
about 1:15.

[0029] After the fat extraction, the defatted omentum is optionally re-
hydrated. The defatted omentum maybe re-hydrated by contacting the
defatted omentum with a re-hydration solvent, such as alcohol or a

solution of alcohol in water, such as an alcohol solution having from
11



about 1:15. [0029] After the fat extraction, the
defatted onentumis optionally rehydrated. The

wa@ledoansssd? onent um naybe re-hydrated by cont act PEyUS108/085450
defatted onentumwi th a re-hydration solvent, such as
al cohol or a solution of alcohol in water, such as an
al cohol sol ution having fromabout 60%to about 70%
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congy M@fHaﬂBfS e¥Héﬁ6le%fopF8%>‘énQIe pHﬁ)%ﬂol Ay AMmISIRRAS EEoOf

the invention, re-hydration is conducted in one or
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some O e re- treatnments IS out

Gertt e S Pl SbiutR bR Gy
OWQQQH t8r}e%§hyat‘? é Enta}éflll%‘?‘g(gmg%f ﬁr}%thﬁgat%ﬁ‘:h as
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con t drat on tre | n af rst
orfid5: e GRraPE ool vt ety ﬁfﬂéfm {ﬁmdgat'on
con irst re h drati sol [
e Fos e a@nwﬂte%ﬁes bR A boRL2 oy 7
Ieast about 30 ni nutes, such as about 30 mn tes to
abJ‘LﬂurSZ?rﬁdﬂ?%be f%'l;éHb%Hg‘%j['nét?e 'E%*é\yqrﬂ%‘rﬁthﬁ%t t he
ratio of defatted omentumto first re-hydration
soI@QﬁQ 1 i singsrmbadimept, rerhydratian eihe defatted pmeamtis
1: 10 to about 1:25. The first re-hydration solvent nmay
be %ﬁdéc@ﬂé@m re-hydsatigndfeatmentst e pdwstupthydigiieer . The

defatted omentum may be fully
treatment, the defatted omentum is contacted with a first re-hydration

solvent, typically a low molecular weight alcohol such as ethanol for at
least about 30 minutes, such as about 30 minutes to about 72 hours.
In an aspect of the invention, the weight ratio of defatted omentum to
first re-hydration solvent is about 1:5 to about 1:100, such as about
1:10 to about 1:25. The first re-hydration solvent may be pure alcohol,
i.e. not in solution with water. The defatted omentum may be fully
submerged in the first re-hydration solvent.

[0031] Next, in a second re-hydration treatment the defatted
omentum is contacted with a second re-hydration solvent, which may
be a low molecular weight alcohol and in particular a low molecular
weight alcohol in solution with water, such as about a 60% to 70%

solution. In an embodiment, the second re-hydration solvent is
12



subnerged in the first re-hydration solvent. [0031]

Next, in a second re-hydration treatnent the defatted
W@r@pNeAsHT s contacted with a second re-hydr at i BET/US2008/085450

sol vent, which may be a | ow nol ecul ar wei ght al cohol

and in particular a | ow nol ecul ar wei ght al cohol in

solution wth water, such as about a 60%to 70%
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sol vent isethanol, such as a solution having about 60%
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omentumto second re-hydration solvent is about 1:
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Ul 2P 76 Q¥ Zzar i on processes known
skilled i be a ed t
(2 AU bbb P e Oreudiaion:
t he z{\tted onentum may be decel | ul ari zed by
sol \fqni 'zation of the nuclear and cytoplasmc

DPAZL | e e fed PR HAoGR e e, SPCLch as one

havi n C% non-ioni c detergent and netal salt di ssol ved in
aci B‘Ha%‘.zaﬁ'éf‘upé%ce@ﬁe§ RNt onecsiilleyd in{hg rhB@yHSout 30
m nutes. Non-ionic detergents useful in the invention

i ncARpied fofgesiisaze the dafetedemenige I9@n esbeskpeal ke

al cohols, such as TRITON(r) X-1 00, and PO| yet hanol s,
Succﬂefgtged_pnqotum may be decelldlarized by solubilization of the

nuclear and cytoplasmic components. For example, the defatted
omentum may be immersed in a decellularization buffer, such as one
having non-ionic detergent and metal salt dissolved in acid for a period
of time, typically at least about 30 minutes. Non-ionic detergents useful
in the invention include polysorbates, such as TWEEN 80, ehtoxylated
alcohols, such as TRITON® X-100, and polyethanols, such as HP 40
and IGEPAL CA-630 and combinations thereof. Metal salts that may
be used include magnesium chloride, phosphate, acetate and citrate,
and combinations thereof and these metal salts are typically dissolved
in Tris-HCL. For example, the decellularization buffer may include
TRITON ® X-100 (1% w/V) and MgCl, (1%) dissolved in 50 mM Tris-
HCI (pH 7.2). The defatted omentum is then removed from the

decellularization buffer and contacted with an enzyme solution, such as
13



and | GEPAL CA- 630 and conbi nations thereof. Metal
salts that nmay be used include magnesi um chl ori de,

W@ bweosEte, acetate and citrate, and conbi nat i BEEUS2008/085450
thereof and these netal salts are typically dissolved
in Tris-HCL. For exanple, the decellularization buffer
may include TRITON (r) X-100 ( 1% w V) and MgCl 2 ( 1%
di sgfl WRehd ehddhubivhdd, istich BEBehBbhase2ind tHiecohgidreh&bf

onentumis then renoved fromthe decellul arization
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asone havi ng endonucl ease, such as Benzonase, and the
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enbodi nent, the defatted omentumis spun in the enzyne
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The™ aci d sal nonroni ¢ ergen e the
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LB el AP e b 3ap b S B
further described in U S. Patent Nunbers 4,776,853 and
4, g TAL eyl W%@Pk?dif‘é?réan%é\d@l S E?'T@*@P%ﬁ% fora peréad
entirety. [00331 The decel | ul ari zed omentum may t hen

be ¢itiinrEeh agat lsaptanovt 1 bert Amicalinirom abpuid hour to

enbodi ment, the decellul arized omentum
about 48 hours. Examples of typical decellularization processes are

further described in U.S. Patent Numbers 4,776,853 and 4,801,299
incorporated herein by reference in their entirety.

[0033] The decellularized omentum may then be disinfected to
remove contaminants. In an embodiment, the decellularized omentum
is contacted with a disinfection solution for a sufficiently effective period
of time to disinfect the decellularized omentum, such as at least about
0.5 hour, typically about 1 hour to about 12 hours. The decellularized
omentum may be fully submerged in the disinfection solution. The
disinfection solution may have alcohol, or an alcohol in water solution,
and may also include acid. The disinfection solution may include one
or more of the following ethanol, methanol, isopropanol, propanol,

hydrogen peroxide, peracetic acid and combinations thereof. In an
14



Is contacted with a disinfection solution for a
sufficiently effective period of tine to disinfect the
waelewehsiskari zed omentum such as at | east abourCDUS2008/085450
hour, typically about 1 hour to about 12 hours. The
decel lul ari zed omentum may be fully subnerged in the
di sinfection solution. The disinfection solution nmay

havémpd&RBal, thetdisinftchbi 8hation Rayath8holSldhtdLsh 8@ad may
al so include acid. The disinfection solution nay
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nmet hanol , i1 sopropanol, propanol, hydrogen peroxide,

per aaetilm & kb RashyHy %&%Qﬁnésf\ﬁi'ir?eﬁraﬁlhr% water.

anenbodi nent, the disinfection solution has ethanol,
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shows a conparison of an untreated porcrne onmentum 1

and oo 561 Ll B8 baoth B0 61ASQIEPLUINR, nd5, i eat ed

porCi he onentu Jacent to vascu
tracks

whereas. in the decellul ari,ze o[ Ci
o Rta ! G Einh PaleRF e VSRR ks Bl g any
subst ant,i al ,appount .of .fat.adjacent thereto. [0035] The
oo St R A AR ORE R e il b bl ssue
engj ri and regeneration of internal organs, such
os 10BESley . The GeseliBRred AmaRtmbmay de@pPherkin tHsUs
decel lL.ul ari zed omentum can al sp be used for . repair and
r eEIHNISEIING FNG FeERNSI IO OTiRteXREerganshCh Ss iy liver,
cartilage and tendon. Qther uses for the

dec@lean i bladdsndheieceiidarizes csuantum;ces adso be used for

rei nforcenment and repair in conbination with
bi deeapand Freenseaivaf skeletql ispugaraich@saioneneartirge Ang
repair, and pelvic floor repair; nerve regeneration,

suctengon. uBthearses for thaudesefgarigrs erpheiug inpledg goft tissue

reinforcement and repair in combination with biocompatible meshes,
such as dural grafting, hernia repair, and pelvic floor repair; nerve
regeneration, such a tubular structure for peripheral nerve
regeneration; tissue augmentation; delivery of cells and bioactives;
chronic wound repair; and bone repair. These uses and applications of
the decellularized omentum are illustrative of several potential uses
and should not be construed as limiting the types of uses and
applications for the decellularized omentum prepared by the methods
and processes described herein.

[0036] The decellularized omentum can be combined with synthetic
constructs to make reinforced constructs. For example, the

decellularized omentum matrix can be used as a scaffold structure for
15



regeneration; tissue augnentation; delivery of cells

and bi oactives; chronic wound repair; and bone repair.
wab@emesisses and applications of the decel | ul arP@BUS2008/085450

onmentum are illustrative of several potential uses and

shoul d not be construed as Iimting the types of uses

and applications for the decellularized onmentum
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constructs. For exanple, the decellularized omentum
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reconstruction. [0038] In another enbodi nent,

decdPMgling peksirastrehndetheliah celbsessiediants depellularized

omentum has utility as a building block material for vascular
reconstruction.

[0038] In another embodiment, decellularized omentum can be co-
cultured with human kidney derived cells (hKDC) in which the
decellularized omentum serves as a cell attachment scaffold and
growth promoting substrate. HKDC seeded onto decellularized
omentum has utility as a building block material for kidney tissue
engineering applications.

[0039] In a further embodiment, decellularized omentum can be co-
cultured with urothelial cells in which the decellularized omentum
serves as a cell attachment scaffold and growth promoting substrate.
Urothelial cells seeded onto decellularized omentum have utility as a

building block material for bladder reconstruction.
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wi th human ki dney derived cells (hKDC) in which the

decel lul ari zed onmentum serves as a cell attachnent
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onto decellularized omentum has utility as a buil ding

bl ock material for kidney tissue engineering

applications. [0039] In a further enbodi nent,
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agents that prevent infectiop L anti m crobi al
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reduce i nflammtloaag ., .anti-inflammatory agents),
con{SBRRYE de RAAIPHE fe eﬁﬁ‘ﬂﬁ@ﬁ‘%@%@kﬁbs@@h'”ﬂwmqrbﬁn
such as oxi di zed regenerated cell|ulose (e.g

XIPPAMGS reyent py miniwize| agiyesion fofﬁ‘ieEPﬁi LA,

Inc Somerville, New Jersey,
as oxidized regenerated cellulose (e.g., INTERCEED® and

SURGICEL®, available from Ethicon, Inc., Somerville, New Jersey,
USA) compounds or agents that suppress the immune system (e.g.,
immunosuppressants), and combinations thereof.

[0041] By way of non-limiting example, other types of effectors
present within an implant of the invention having the decellularized
omentum can include heterologous or autologous growth factors,
proteins (including matrix proteins), peptides, antibodies, enzymes,
platelets, platelet rich plasma, glycoproteins, hormones, cytokines,
glycosaminoglycans, nucleic acids, analgesics, viruses, virus particles,
cell types and combinations thereof. One or more effectors of the

same or different functionality may be incorporated within the implant.
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USA) conpounds or agents that suppress the inmune
system (e.g., imrunosuppressants), and conbi nations
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types of effectors present within an inplant of the
i nvention having the decellul arized onentum can
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i mpl ant erent types of heterol ogous or
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I | poprotein); cell attachnment medjators; biologically
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various grow h and/or differentiation agents and

f r digieeA®:varines awwth ang/or diffgrandiptien agrrisend fragigpts

(EGF), hepatocyte growth factor (HGF), vascul ar
endbefesf (&x.. grigakrpal fosewibrfactp ); hepaipaie growtiy fasi@r

(HGF), vascular endothelial growth factors (VEGF), fibroblast growth
factors (e.g., bFGF), platelet derived growth factors (PDGF), insulin
derived growth factor (e.g., IGF-1, IGF-Il) and transforming growth
factors (e.g., TGF-B I-Ill), parathyroid hormone, parathyroid hormone
related peptide, bone morphogenic proteins (e.g., BMP-2, BMP-4;
BMP-6; BMP-12), sonic hedgehog, growth differentiation factors (e.g.,
GDF5, GDF6, GDF8), recombinant human growth factors (e.g., MP52),
cartilage-derived morphogenic proteins (CDMP-1)); small molecules
that affect the upregulation of specific growth factors; tenascin-C;
hyaluronic acid; chondroitin sulfate; fibronectin; decorin;
thromboelastin; thrombin-derived peptides; heparin-binding domains;

heparin; heparan sulfate; DNA fragments and DNA plasmids. Suitable
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factors (e.g., bFGF), platelet derived gromh factors
(PDGF), insulin derived growh factor (e.g., I1G-1,
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l-111), parathyroid hornone, parathyroid hornone
rel ated peptide, bone norphogenic proteins (e.qg.,
BWP-2, BMP-4; BWMP-6; BMP-12), sonic hedgehog, growth
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will hav use in the invention, and such subst ances
sho%ﬁpﬂe iR RHB8MI$E-t he meani ng of "bioactive agent"”
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furt her be formul ated into conposite scaffolds in a
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polynmers. I n one enbodi ment, the decellularized
onmeratuigl polymers. In one embodiment, the decellularized omentum

matrix can be reinforced to enhance its mechanical strength. The
reinforcement component can be a 2-D film with or without pores, fiber
structure, 3D foam and the like. The reinforced decellularized
omentum can be formulated into 2-D films, 3-D matrix and tubular
structures with and without 3-D matrix in the lumen for tissue
engineering and regenerative medicine in combination with cells,
minced tissue, bioactives and other tissue engineering scaffolds.
[0044] Varieties of bioabsorbable polymers can be used to the non-
woven tissue engineering scaffolds and the mesh having the
decellularized omentum according to the invention. Examples of
suitable biocompatible, bioabsorbable polymers include polymers

selected from the group consisting of aliphatic polyesters, poly (amino
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matri x can be reinforced to enhance its nechani cal
strength. The rei nforcenent conponent can be a 2-D
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carl984ak e, Vairiiep 6f hvepmpridie sorResrERbIeREhAmrs can also

Varieties of bioconpatible non-absorbabl e polyners can
al ske used to the non-woven tissue engineering scaffolds and the mesh

according to the invention. An example is polypropylene mesh, sold
under the tradename PROLENE® available from Ethicon, Inc.,
Somerville, New Jersey, USA.

[0046] Varieties of biocompatible natural biopolymers can also be
used for the non-woven tissue engineering scaffolds and the mesh
having the decellularized omentum in accordance with the invention.
Examples of suitable biocompatible, natural polymers include collagen,
elastin, hyaluronic acid, laminin, and gelatin.

[0047] The following examples are illustrative of the principles and
practice of this invention, although not limited thereto. Numerous

additional embodiments within the scope and spirit of the invention will
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be used to the non-woven tissue engineering scaffolds

and the nesh according to the invention. An exanple is
w@esspy| ene mesh, sold under the tradenanme PCT/US2008/085450

PROLENE(r) available fromEthicon, Inc., Somerville,

New Jersey, USA. [0046] Varieties of bioconpatible

nat ural biopolyners can al so be used for the non-woven

ti ssde@nRNgppesitit thoseakiiel dsthangt dhe Hmm% t?ﬁgbﬂ&itto'ﬁe

decel lul ari zed onentum in accordance wt
I NvigRtdigtosikanpl es of suitabl e bioconpati bl e, natural
pol yners include collagen, elastin, hyaluronic acid,
llam nin, and gelatin. [@9hmpiles fol I owi ng exanpl es
are illustrative of the principles and practice of
thig,d AcQi, limted thereto. Numerous
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being.clear and.5 having high turbidity. Exanple 2 :
Oweri’ﬂq’ﬂﬂﬂ MR PGty i zati on Process [0049] FAT
EXT c . o ¥

[RACTI ON-—Pi g one .
af tter haBulestts After ri nsi Mgrbidityt he sal|i ne soDbseredatiod
tines to rinse off

Fat was liquefied by 120
acetone 5 seconds, but the mixture
was highly turbid.

Fat dissolved completely

hexane 1 by 200 seconds.
acetone + hexane ° Fat dissolved completely

50:50 by 220 seconds.
acetone + hexane 1 Fat dissolved completely

30:70 by 150 seconds.
acetone + hexane 1 Fat dissolved completely

20:80 by 150 seconds.

xylene 0 Fat dissolved completely

by 210 seconds.

Example 2: Omentum Decellularization Process
[0049] FAT EXTRACTION: Pig omentum was placed in 0.9% saline
after harvest. After rinsing in the saline solution 3 times to rinse off

blood and other extraneous debris, the omentum was placed in 70%
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bl ood and ot her extraneous debris, the onentum was
pl aced in 70%t hanol for 30 m nutes. Follow ng the

W e@anseswt with 70% et hanol, the tissue was deP@HD810881085450
in 100% et hanol for 30 mnutes with two changes into
fresh ethanol. The tissue was then transferred to
acetone for 180 m nutes, using fresh solution every 60

M Nath&sol fSIBISAMUEIY |BolloiMg the FeHfna wvithl 7898 BthiaRoRthe
50: 50 acet one-hexane m xture for 60 m nutes, followed

by 5588w dBhyératel iAf00MEethand 161030 mitndds gvitwo (Wi th 3
changes of frésh solution) for fat extraction. The

Ui SR g8t ﬁ@%sétrhéﬂélf ﬁfh'éqgs&é’w%ggr:@rﬁﬁ%]%ﬁhcf t%racf'é%ne

m nut eS and subsequently to 70% et hano ere, |

RO i AW SRR, o e o oy

rocess wa

DEGELLLLARL 281,00 Thg0 EoSRUBia, bhe kB 988 11 @

decell'ul'ari zation having a coc
TRI ) 26 Y. ” | oni ter
Vo BL e e b e 8 e e g Sore AT B) s i 5
m nut.es. Thi s foll by treatment. in an enzyme
ol e TIpeR A Ty LB ae el BT sl PR8N ace:
4 1.8 U mi Ixed wWith t decel lul ari.zation Qutfer.
Therelitie RigSZhationel sk Tatfes S SibRaug di % e
tissye was then washed fw 2 hours each) in a
o T elR. oA ThEo b Bt 84 CEMIRL G and
1%(53\9V\A/) TRI _T(]\I%r% X-1 00, The tissue was then pl aced
i n 2ECelYIPrZalion RERGESY VS IUERSA- havi ng 1M NaCl, 20mm
EDTA, 0. ZO/%WVK TR TO}l(rg X-100 pH 7.0 for 1 hr,
f ol [0B3Phg RECERLYRARIZAIION: WEe ssus a@sihemimmersad e e
wat er §4 tinmes, 5 mnutes eachlzj. {0051 DI SI NF(I)ECTI ON:
Thedacesuaezaliqs buffankaving @ goekdaibeist il gn100 (1% w/V; a
nonionic detergent) and MgCl, (1%) dissolved in 50 mM Tris-HCI (pH
7.2), for 30 minutes. This was followed by treatment in an enzyme
solution having a cocktail of endonuclease (Benzonase; 41.8 U/ml)
mixed with the decellularization buffer. The tissue was spun in this
solution for 20 hours. The tissue was then washed twice (2 hours
each) in a solution having 50 mM Tris-HCI (pH 7.2), 5 mM MgCl, and
1% (W/V) TRITON® X-100. The tissue was then placed in a cell
extracting solution having 1M NaCl, 20mm EDTA, 0.2% (W/V)
TRITON® X-100 pH 7.0 for 1 hr, following which the tissue was
washed with ultra pure water (4 times, 5 minutes each).

[0051] DISINFECTION: The tissue was transferred to disinfection

solution having 80:20 water: ethanol (200 proof) with 0.15% peracetic
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sol ution having 80:20 water: ethanol (200 proof) wth

0. 15% peraceticacid (or acetic acid) for 1 hour after
WoR@hiosr§4T n water (4 tinmes, 20 m nutes each), BEEUS2008/085450

tissue was stored in 70% al cohol at 4 C Exanple 3 :

Hi st ol ogi cal Eval uation [0052] Sanples of untreated

oment um and decel | ul ahzed onmentum devitalized in

ac caidl pGRetrxad18) Br 2 NoBF SrtdriweRBingn %%rk(uftmsego
neutral formalin for 2 days. The sanples were then

Pr opReER%dch), thotsdutvdl sthRIdQEY 04 alBohol WENENY i N
wat er, dehydrating with alcohol, clearing in xylene,

enbeddlng in paraffin, sectlonlng and subsequentl|y
processing the slides for staining with hematoxylin

an%% éﬂ:l%?"i p%ygugpgnfresh por ci ne onentum 6
t

haV|ng matrix 8 whereas in the
h

SecHE STSEA R & LG kbl
U [
T
Uroth ||]a t? Vel & Lel.ﬁ Sat egesfrormt orcrl ne kélda}dders
Bri &t S? OHB ¢l F& “B1%dddel's SRAEPE  obt & netP Prem
F Bhd t .
ci Rt b Fﬁ%&@(%d ; 95 R T e
th t al th d.laid flat th
ur U <SPt TERSdR e et RGO RS e ALbFesiabeg

th 0.25% Try | ut f tely 4 h
T o e
scraped with a cell scraper_to peel _off the urothellum
andsiomes the ffesh persing %?'Huma%h%‘(”é@/@a ToHu e raatiy 8
mcroneter filter. The liquid was then spun down and

cel WRergas H’etbe\ﬁdleﬁﬂkt'af@ﬂéromqr\%”eﬁt @eg%ﬁmwi‘r ees fatde)

medi um gl nvi trogen, Carl sbad,
within the matrix 11.

Example 4: Growth Of Porcine Urothelial And Human Umbilical
Tissue-Derived Cells (hUTCs) On Devitalized Porcine Omentum
[0053] Urothelial cells were isolated from porcine bladders. Briefly,
porcine bladders were obtained from Farm-to-Pharm (Bridgewater,
New Jersey, USA) washed clean with PBS and emptied of urine.
Bladders were then cut along their long axis and laid flat with the
urothelial side facing upward. They were then covered with 0.25%
Trypsin solution for approximately 4 hours. Following this digestion,
the urothelial side was scraped with a cell scraper to peel off the
urothelium and the digestion liquid was sieved through a 40 micrometer

filter. The liquid was then spun down and cells washed with the
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California, USA). Cells were plated in T-75 tissue
culture flasks using the KSF nedium The nedi um was

W@ b@aggd4every 2-3 days. [0054] Human unbi | i calPCT/US2008/085450
ti ssue-derived cells (hUTCs) were isol ated as
described in United States Patent Application
Publ i cati on Nunmber US2005/0054098 A 1, which is

I NCREMARFRISERIN FReqRISF |Jh$(|ﬁi/|ﬂo§é/n ifrepggce, and

grown in growh medi um ( M1 ow gl ucose (G bco,
Car ¢ 5ihgia, %A f e weréJ&%)ed .A&%é Héébb d‘uﬁh@ ﬂé%.Ry LoR

serum ( Cat . H30070. Hycl one, Logan, ?
0. Ofd K’ép(méumnben?é%e@mwsé BRsHen(cvor -3%4 chh S
our's, Mssourl, , penicil /' streptony

L
(ool L’@‘é@?@@’“'@%&@?%g’%ﬂfé BelsanPTPERYes BRaktun
N S RN N R e )

appr oxi ma cm's res an ace
oo mosliotar, B e YR,
stoplROi S o Ve R B SR
ur cewistRe Clpfe. (5 %ﬁiv/?w%?@ AR ek oy
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hUTCs. Cells were collected by centrifugation and the
cel @e%%'i'm/évewteguglﬁéﬁ&@@) ”f'\atﬁ?ilatt'ﬂr(‘é’a%jd]_  flaskt C8llswer e
€0 uv(/]ér%dpalégggegd e?vecr;)l/J %V4adays
[0055] Decellularized omentum prepared in accordance with
Example 2 was cut into approximately 2.5 x 2.5 cm squares and placed
into ultra low cluster 6-well dishes. Omentum was sterilized by
incubation in absolute ethanol for 16 hours (PDS film) or 1 hour (for
omentum previously stored in 70% ethanol). Materials were then
washed 3 times in 3 mL of PBS (Ca and Mg —free).
[0056] Porcine urothelial cells (P1) and hUTCs were harvested by
washing with PBS and trypsinization using 4 ml of 0.25% trypsin-EDTA
(Gibco). Reaction was stopped by the addition of an equal volume of
keratinocyte-SFM (Gibco) for urothelial cells and growth medium for
hUTCs. Cells were collected by centrifugation and the cell pellet re-

suspended in culture media. Cells were counted using a Guava

instrument (Guava Technologies, Hayward, California, USA) and
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i nstrunment (Guava Technol ogi es, Hayward, California,
USA) and100,000 cells in 1 m of nedia were seeded on
W@ b@osseswt al nmenbrane in 6-well plates. After PCT/US2008/085450
i ncubation for 2 hours at 37 C, an additional 2 m of
medi a was added to each well. Urothelial cells or
hUTCs were seeded 10 days prior to i nmmunofl uorescence

st & 00, 0@ cdIQGP 1ImI G midweRYsdeast vhehé ofRAt Rbmbrane
onent um nenbranes were washed with 3 nl PBS and then

i XRG-Wbif PateR] Ad¥ardcnbiortdF 8helredtdghyden additional 2
(Si gma- Al dhch) for 10 m nutes at room tenperature

| MUNSSHE RS %@a%%ﬁ éd\’?%?lp\%lf.olﬂfﬁﬁeli'é?&élﬂ ApuTeRdi S8

di rected agal nst t | owm ng epltopes: al pha snooth
corTe9o] PRy plpr SR B ARY Ut oicerat i n
R, 8 e RS A s vor
pho\%’%%td%figﬁlfnﬁg%g rﬁo{ﬂh@ﬁf&&?@th ang ﬁ)é@@?d to a

protein-b I on contal nrng 4% (v/v)

t ' : 3% (v/ Rl T
OB TS ATREL BT bR R Kiidegaines
s I N R
e A S N e T
ot iSO R e o) e SR RPHPrG b B L iategsa
anti-nmouse 1gG - FITC conjugate (1 :200;
Si g‘h%VAF&H&}?g.O; ehemizpe dntgmedond eatidiit 1ahd 10 mv
DAPI (Mol ecul ar Probes) applied for 10 mnutes to
vi 0858 e Suliurenweramasahgy] prsphaiggiered saline (PBS)

I mrunost ai ni ng, fluorescence was visualized
and exposed to a protein blocking solution containing PBS, 4% (v/v)

goat serum (Chemicon), and 0.3% (v/v) TRITON® (X-100) for 1 hour to
access intracellular antigens. Primary antibodies, diluted in blocking
solution, were then applied to the cultures for a period of 1 hour at
room temperature. Next, primary antibody solutions were removed and
cultures washed with PBS prior to application of secondary antibody
solutions (1 hour at room temperature) containing block along with goat
anti-mouse 1gG — FITC conjugate (1:200; Sigma-Aldrich). Cultures
were then washed and 10 uM DAPI (Molecular Probes) applied for 10
minutes to visualize cell nuclei.

[0059] Following immunostaining, fluorescence was visualized
using the appropriate fluorescence filter on an Olympus inverted epi-

fluorescent microscope (Olympus, Melville, New York, USA). In all
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using the appropriate fluorescence filter on an

A ynmpus inverted epifluorescent mcroscope (A ynpus,
wORi090835¢7 New York, USA). In allcases, positiRE&I/US2008/085450

staining represented fluorescence signal above control

staining where the entire procedure outlined above was

followed with the exception of application of a

Pri cEeY, FuitivB QBIniAg rélire88htéd Auordsemk lsfynkl above control
Representative i nages were captured using a digital

col Qaingdfaers Wéﬁlréﬁ%deﬂﬁ%e&dt%eﬁojﬂo%%s(fM&i with
Cybernetics, Carlsbad, California,
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only one em ssion ter at atine ayer ed nont ages
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robust ~expression Keratin
Lﬂﬁ*éiﬁgﬁlebb?'&"ﬁses%mf?ﬁ%t %ﬁ“m%éile&“sfﬁ%aa‘eg'ﬁ? Wf&f”\n?ﬂ on
Devitalized. 0061 h
gl o TRy SCRA A e S R A SN
Res§§rch I n er change (NDRI', Phi | adel phi a,

Per@ (P z§ USA). The kidney used in this study was
obt ai ned froma hea] ar. old male. To renove
bl d886%nd E’éeoﬁsg'ts?Hg'sl&@ﬁ@@eaﬁ&d%@ﬂéﬁati9?”@8?%&0 S
nodi fi ed Eagl es nedi um (DVEM | ow gl ucose; I nvitrogen,

CarBEREEWORE! P FRsellulariasy PaicingHRsEeHakmembrane.

buf f er ed-sal i ne (PBS;
Furthermore, both cell types established a monolayer and retained

robust expression of key markers: keratin for urothelial cells and

smooth muscle actin for hUTCs.

Example 5: Human Kidney Derived Cell Growth On Devitalized
Porcine Omentum

[0061] Normal human kidneys were obtained from the National
Disease Research Interchange (NDRI, Philadelphia, Pennsylvania,
USA). The kidney used in this study was obtained from a healthy, 21
year old male. To remove blood and debris, the kidney was washed in
Dulbecco’s modified Eagles medium (DMEM-low glucose; Invitrogen,
Carlsbad, California, USA) or phosphate buffered-saline (PBS;
Invitrogen). Tissue was dissected from the cortex region of the kidney.

The tissues were then mechanically dissociated in tissue culture plates
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I nvitrogen). Tissue was di ssected fromthe cortex
regi on of the kidney. The tissues were then
worebasiseal |y di ssociated in tissue culture plBCEENWS/85450
the tissue was nminced to a fine pulp. The tissue was
then transferred to a 50-mlliliter conical tube. The
ti ssue was then digested in GW (good nmanufacturing

Pr agitil ) tis80& WR rﬁhéé&fo%ﬁr@ﬂ&l%oﬂrh@ﬁséhez\ﬁayfﬂehs PZ
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units/m dispase (D spase Il 165 859, Roche

Di agnaq P'(?S‘oocﬂbﬁ%é&hﬁ@ 8 gdsc’é\gé PRk rﬁuxtdré‘sdb@lﬂéanSA)

and 1 unit/nmL hyal uroni Itrase,
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ture was co enal eplt grow h
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res ende I|te

E
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(total volunme 50 mlIljliters) and nt hf uged at
150(3er;@ SPHGH tupegicruiadung th?et'S@H?réPﬁ H@rﬁ”c\ﬁﬁ%e%@ﬁu rated
and the cells were re-suspended in 50 mlliliters of
RECMIZYTI§B 3Va5e Hiaubategdad 3¢ ég@a@'éarbdtﬁh aker W@] gy foe -
the final centhfugation, supernatant was aspirated and
t he2 BRWS. pel | et was re-suspended in 10 milliliters of

REGM The nunber
[0062] The digested material was centrifuged at 150 x g for 5

minutes, then the supernatant was aspirated. The pellet was then re-
suspended in 20 milliliters REGM. The cell suspension was filtered
through a 40-micron nylon BD FALCON Cell strainer (BD Biosciences,
San Jose, California, USA). The filtrate was re-suspended in REGM
(total volume 50 milliliters) and centrifuged at 150 x g for 5 minutes.
The supernatant was aspirated and the cells were re-suspended in 50
milliliters of REGM. This process was repeated twice.

[0063] After the final centrifugation, supernatant was aspirated and
the cell pellet was re-suspended in 10 milliliters of REGM. The number
of viable cells was determined using a Guava instrument (Guava
Technologies). Cells were then plated onto gelatin-coated tissue

culture flasks and cultured at 37°C under normal atmospheric
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of viable cells was determ ned using a Guava

i nstrunent (Guava Technol ogies). Cells were then
w@k@vmessseht o gel ati n-coated tissue cul ture fl aBRBEUS2008/085450

cul tured at 37C under nornmal atnosphericconditions.

Cells were further passaged on non-coated

tissue-culture flasks six tinmes with nmedi a exchange

evegohdiiods daris werd fusthbepfsshfed of NYAROEREMEGe-BRIEURE
liquid nitrogen. [0064] Orentum nenbrane decel | ul ahzed

I N REROLHAMES WiH MeBstdRhnge ¥aSy O ddyal T8RRI kheh
cn? pieces and then subnerged in 70% et hanol overni ght

at 4loprb8SH ¥ dH@r IRLRGESoSn. OMent um merbr ane were then
depoSited into wells of a6 well plate. To renove
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attachnent to the devitalized onentum_1ln addition,

t heOrBRMHE Memerapedeuliyred orionE dayhip REeM: dresfs@edia

Cal cei n- AM st ai ni ng.
was added to the cultures every 2-3 days.

[0065] On day four post-cell seeding, omentum membranes were
washed with 3 ml PBS and then either stained with 1 um calcein-AM
(Molecular Probes) or fixed in 4% paraformaldehyde overnight at room
temperature. Calcein-AM stained samples were visualized by
fluorescent microscopy and fixed samples were sent to VetPath
Services for histological processing and H&E staining.

[0066]  After four days in culture, hKDCs showed significant
attachment to the devitalized omentum. In addition, the cells were

viable as evidenced by the intense Calcein-AM staining.

Example 6: Growth Of Human Umbilical Vein Endothelial Cells

(HUVECSs) On Devitalized Porcine Omentum
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Exanmple 6 : Gowh O Human Unbilical Vein Endothelial

Cells (HUVECs) On Devitalized Porcine QOrentuni0067]
woHevasiswbi | i cal vein endot helial cells (HUVEGRCT/US2008/085450

cat al og nunber C2517A) were obtained from Canbrex and

were cultured in endothelial growth nmedi um (EGW 2MWV,

cat al og nunber 3202) according to nmanufacturer's

r eCoobENdatii@Bs uMbilhl @@ehd&ﬁél%ﬂ)béﬂ}se(wm&,@awo

reference. For routine passage, cells were washed once

Wi T, RS R) Ridtd 65186 ed Hon€afBRs arldWéde! @EERed in
cat al og nunber " 14190) and detached by trypsinization
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Ore d 3 ti in.3 m_.of PBS (Ca
gn oglqt@(;mg %@%?E@dgf@&ﬁg?%ﬁf W@é%i:&arﬁﬁfltggm%r l?q]\'gr vesE ed
o RPN E RSy PoRsERe bR BEE LD GpHa by

t he addi i on of an equal vol unme of EGM 2W nedi a.

Cel Fe4'SARBY e (&UP WEER EWURSG!Y PEREFISIRYENOPr 470St he cel |
pell et re-suspended in culture nedia. Cells were
coufPed] us@ﬂ‘@?”ﬂ'a@%@ amMeRRm lﬁ‘n%i@?rd@ﬁﬁ%\‘ﬁ’éth'f-:é@mm %d‘{aés)
and 100,000 cells in 1 nm of nedia were seeded on

cut into approximately 2.5 x 2.5 cm squares and placed into ultra low

cluster 6-well dishes. Omentum was sterilized by incubation in
absolute ethanol for 1 hour (omentum previously stored in 70%
ethanol). Omentum membrane was washed 3 times in 3 ml of PBS
(Ca and Mg —free) before use.

[0069] HUVECs were harvested by washing with PBS and
trypsinization using 4 ml of 0.25% trypsin-EDTA (Gibco). Reaction was
stopped by the addition of an equal volume of EGM-2MV media. Cells
were collected by centrifugation and the cell pellet re-suspended in
culture media. Cells were counted using a Guava instrument (Guava
Technologies) and 100,000 cells in 1 ml of media were seeded on
omentum membrane in 6-well plates. After incubation for 2 hours at

37°C, an additional 2 ml of media was added to each well.
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onmentum nmenbrane in 6-well plates. After incubation

for 2 hours at 37C, an additional 2 m of nedia was
w@owedstse’ each wel | . [ 0070] HUVECs were grown OPCDE®200D8/085450

menbrane for 10 days and processed for DAPI staining.

Briefly, onmentum nenbranes were washed with 3 m PBS

and then fixed with cold 4% (w v) parafornml dehyde

( SioroN dHUYELs e HPovii B bRentim hRAMBraREREMBtdHYS -
Cultures were washed with PBS and stained with 10 nmv

DARInd poL&sseliasr |5’APP§§Dn P Briedy Nk 8 rﬁm@m\bkaﬂé@'v@eﬁr@
cell nuclei. For viability staining, a |live/dead
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GDF-5 into a con‘posnte of nonvvoven scaffol ds and

decré?Pm}PH}pieE%Hreonentum [0073] Felts made of 90/1 O
PLA fibers with an average |length of 5cm are

pI ar@eaﬂon Gelt RGP deiainge Wilh oA OP AfableeelB e with

pr epar ed
calcein-AM) were visualized using the appropriate fluorescence filter on

an Olympus inverted epi-fluorescent microscope (Olympus).
Representative images were captured using a digital color video
camera and ImagePro software (Media Cybernetics).

[0072] The results of this study show that human umbilical vein
endothelial cells can attach and grow on decellularized porcine

omentum membrane and that these cells are viable.

Example 7: Incorporation of GDF-5 into a composite of non-
woven scaffolds and decellularized omentum

[0073] Felts made of 90/10 PGA/PLA fibers with an average length
of 5¢cm are placed on both sides of a decellularized omentum prepared
in accordance with Example 2. The structure was then needle

punched to create the interlock of 90/10 PGA/PLA fibers of the felts
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in accordance with Exanple 2. The structure was then
needl e punched to create the interlock of 90/1 0O

WO PA4T i bers of the feltswith the decel | ul aPCRES008/085450
onmentum The conposites were approximately 1 nmthick
with a density of 75 ng/cc. GDF-5 at a concentration
of 200 ng/mM in 10 MM HCl was added to the conposite
scafitioind qrdidibeRd ometiiml 8@ Rimpodhés wéheaddibxiMately

| oaded conposite scoffolds can be potentially used for

COMNRRE & Wits 8 UBNSIBRGFI7E: m§/RE. BXFIDLea GBhEdNREEN of
regeneration, bone repair and wound healing. [0074]
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dehydration sol vent and extracting fat fromthe

dehydrated onentumwi th at | east one extraction
solvent. 2. The nmethod of claim 1l wherein
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made without departing from the spirit and scope of the claimed

invention.
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sel ected fromthe group consisting of hexane, xylene,

benzene, toluene, ethyl acetate, acetone, dioxane,
W@e@vosissTi | e and conbi nations thereof. 5. TheP@EUK®AS/085450

of Claim1l wherein the dehydration solvent is selected

fromthe group consisting of nethanol, ethanol,

i sopropanol , propanol and conbi nations thereof. 6. The

met hod of Claim 1 whereirgEameg ght ratio of the

onmentum to dehydration solvent is about 1:5 to about

1: 1@R.clgfm: The nmethod of Claim 1l wherein, a weight

rati o of dehydrated onmentumto extraction solvent is

about 1:43 t0agReMbd forxffatfing Em%nigﬁf BApindh @ Hin an

wherein the onentum i s dehydrate n one or nore

tr eshamOLs d8hydTQt%Sd1Eﬁb Ak im Q&iti@énﬁg“ﬁﬁ%ﬁmbﬁtuﬁhﬁ.th at

treat ment $ conpri contactin mentum w t
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cont ac mentum w t secon I on

Sol ek GO0 kA BRI Sbos s, o hod of Gaims

wher ei' n I on so vent conprises from
about 6 /oanilhabo

shout S0 g EPARER Db T AR Opp
al coho 11. The f Gaim9 wherein the
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dehge? rc%écli 1%]m§tﬁ|e \é(r:"onutp c%%g?%ﬁr'@’ Iofn r‘cr]one-lé)glgrh soll\'/ent, polar solvent
and combinations thereof.

4. The method of Claim 3 wherein the extraction solvent is
selected from the group consisting of hexane, xylene, benzene,
toluene, ethyl acetate, acetone, dioxane, acetonitrile and combinations
thereof.

5. The method of Claim 1 wherein the dehydration solvent is
selected from the group consisting of methanol, ethanol, isopropanol,
propanol and combinations thereof.

6. The method of Claim 1 wherein a weight ratio of the
omentum to dehydration solvent is about 1:5 to about 1:100.

7. The method of Claim 1 wherein, a weight ratio of
dehydrated omentum to extraction solvent is about 1:3 to about 1:50.

8. The method of Claim 1 wherein the omentum is

dehydrated in one or more treatments.



12. The method of Caim 11 wherein the third

dehydration solvent and second dehydration solvent are
w@eoe/0sdsebhol . 13. The nethod of C aim 11 wher BCTIUS2008/085450

wei ght ratio of the omentumto the first dehydration

solvent is about 1:5 to about 1:50, a weight ratio of

the onentumto the second dehydration solvent is about

1:5 to apout The HnodolElaBhB wWithéiR ted tr& &t PR rhiPAsE0

the third dehydration solvent is about 1:5 to about

1: 1At g he\einBRiunt @ith @ radt o‘eh?drﬁﬂ@rﬂ&é&%ﬁt%oﬁif)‘ﬁsfngu”h
dehydrati on sol vent is about 5 to about 1:

Thes asdNard Watega%gg?onta‘@ﬂ &9 Heorh&%uhahitd § s@&‘drfdaCt ed
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eXt(fefngt FRBn SHRBS col#pns @%E@A grod of daim 14 vvherel n

ext ractl on step corrprl se contacting the
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hexane. . 17. The nethod of C aim 15 wherein a wei ght
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extraction solvent is about 1:3 to about 1:50,

wei GREPTISING Jctol eRd thesyspniantiag thamemenivn with ﬂéo%fgb ond

dehydration solvent comprising alcohol.

12. The method of Claim 11 wherein the third dehydration
solvent and second dehydration solvent are pure alcohol.

13.  The method of Claim 11 wherein a weight ratio of the
omentum to the first dehydration solvent is about 1:5 to about 1:50, a
weight ratio of the omentum to the second dehydration solvent is about
1:5 to about 1:100, a weight ratio of the omentum to the third
dehydration solvent is about 1:5 to about 1:100 and a weight ratio of
the omentum to the fourth dehydration solvent is about 1:5 to about
1:100.

14.  The method of Claim 1 wherein the fat is extracted from
the dehydrated omentum in one or more fat extraction steps.

15.  The method of Claim 14 wherein the fat extraction steps

comprise contacting the dehydrated omentum with a first extraction
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extraction solvent is about 1:3 to about 1:50, and a

wei ght ratio of the dehydrated onentumto the third
W@2G00a835#on sol vent is about 1:3 to about 1:50PCT/BS200$1¢85450

method of Claim1l1 further conprising re-hydrating the

omentum after fat extraction. 19. A process for

devitalizing onentum conprising the steps of i)

def gi\¥dn WhRIFBS b YA F RBRENEHBEE cantaBiiyyealchPdratient um by
contacting the onmentumw th at |east one dehydration

sol yrghtuRTWitPIe@nbeRFhEtH dohfent ESHDALIRg HEEMH03S RA.

onmentumwi th at | east one extraction solvent and ii)

g]??’%du%é‘%gﬁl eo‘i\)_%‘ﬁt Qﬁabés&ﬁ%_o@w%qm} 7§ ‘noHSol& ocess

aim1l rein substantially a e fat within

t hesoq’mE\Hmme% %Eé‘?ﬁ%ﬁgﬁ dghy%ratg{j“égﬁélﬁ}r‘ﬁ%h Qftniy al m 19

conprising the ad step o ecting the
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Claim it1ona

o S yaPRRTORE B0 AT Byl TS Celoctoa

e di vent is selected
RIS R Ry S M AT
W BGRED Rt B SRR, oLy A on ol ven
e o e e A B eSS P
con ethrylalgatteclic 8%9%% tc(:)atlhe ilszrt %?(tsfgciio%oso vreinfc’iisna out 1:3 to about
1:50, a weight ratio of the dehydrated omentum to the second
extraction solvent is about 1:3 to about 1:50, and a weight ratio of the
dehydrated omentum to the third extraction solvent is about 1:3 to
about 1:50.
18.  The method of Claim 1 further comprising re-hydrating
the omentum after fat extraction.
19. A process for devitalizing omentum comprising the steps
of i) defatting omentum comprising a) dehydrating omentum by
contacting the omentum with at least one dehydration solvent and b)
extracting fat from the dehydrated omentum with at least one extraction
solvent and ii) decellularizing the defatted omentum.
20. The process of Claim 19 wherein substantially all the fat
within the omentum is extracted.

21.  The process of Claim 19 comprising the additional step of

disinfecting the decellularized defatted omentum.
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decel l ul ari zed onmentum defatted in accordance with the
met hod of Claiml. 26. A tubular structure for

WQ 28010858147 r econstructi on conpri sing decel | ul arP@BUS2008/085450
onmentum seeded with endothelial cells wherein the
decel l ul ari zed onmentum conprises a cell attachnent
scaffold and grow h pronoting substrate. 27. A

scaf f ol @ost r wak pr&eek bf Clath A RIMPRINghE 2BREHRAI st of
body conprising decellularized omentum 28. The

scadtb@lthgsthe WetsluparRbd Gefitdy 2meMighel n the
decel lul ari zed omentumis co-cultured with hunan

ki dney dari V?Hlelﬁb%d%s Bnéidife QWéirqﬁéﬁéﬁﬁﬁaW\}éﬂt

conprises a ce attachnent scaffold and gro
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Cam erelrn ece rirzed onentum
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arized onmentum conprises a cell attachnent
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group con ting . of effectors that, pronote healin
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effectors that pronote or expedite healing, conpounds
or 9§&Rf's that prevent infection, conpounds or agents
that reduce inflanmation, conpounds that prevent or

m ni i ze&adh8GOPRYS e PdRal RRRSSSFAEPHFNdgent s t hat

decellularized omentum defatted in accordance with the method of
Claim 1.

26. A tubular structure for vascular reconstruction comprising
decellularized omentum seeded with endothelial cells wherein the
decellularized omentum comprises a cell attachment scaffold and
growth promoting substrate.

27. A scaffold structure for implantation in a mammalian body
comprising decellularized omentum.

28.  The scaffold structure of Claim 27 wherein the
decellularized omentum is co-cultured with human kidney derived cells
and the decellularized omentum comprises a cell attachment scaffold
and growth promoting substrate.

29.  The scaffold structure of Claim 27 wherein the

decellularized omentum is co-cultured with urothelial cells and the
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suppress the i nmune system and conbi nati ons thereof.

32. The scaffold structure of Claim 30 wherein the
whe@ansisye agent is selected fromthe group coPGI/E81008/085450

of heterol ogous grow h factors, autol ogous growt h

factors, proteins, peptides, antibodies, enzynes,

platelets, platelet rich plasm, glycoproteins,

hord&%ﬂ@arri‘éﬂ SREMAmM cophprEas AN Qeth YGRS sc@ﬂ@lh%ﬂn@
aci ds, analgesics, viruses, virus particles, cel

typgowid ferrBRYUSstAdent s, antiinflammatori es,
antirejection agents, chenot acti ¢ agents, growth

agents, o ff ﬁ’ﬁ?%éf?él(‘j er‘u(ﬁgr%rgf%larg{@W‘*d’r‘th@g%prrsmg

fragmsnts differentiation agent fragnments and

Co”&ib&%@ \%gg ttshereof 33. The scaffol_d structure of

Cam ereln the bioactive agent is selected from

the groug Co?’ﬁb%&%iﬂﬁd gfru@UFe' &'c%uhi:% whbRiPiidioactive

anal gesics, non-steroid
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gr owth differentiation fact ors, reconbi nant human
gr oMPRI§s8dhe ramuge BYsteRGRI oM Rirations thieefeni c
proteins, small nolecules, small nolecules that affect
the upreégul afl haﬁC@‘folfé,étéwﬂrecofgj?laim?bprvaéltem the bioactive

tenasci n-C, hyaluronic acid, chondroitin sulfate,
fi bagﬂmétstsqlﬁct@é&@m.the group consrstlng of heterologous growth

factors, autologous growth factors, proteins, peptides, antibodies,
enzymes, platelets, platelet rich plasma, glycoproteins, hormones,
cytokines, glycosaminoglycans, nucleic acids, analgesics, viruses,
virus particles, cell types, therapeutic agents, anti-inflammatories, anti-
rejection agents, chemotactic agents, growth agents, differentiation
agents, growth agent fragments, differentiation agent fragments and
combinations thereof.

33.  The scaffold structure of Claim 30 wherein the bioactive
agent is selected from the group consisting of antibiotics, steroidal
analgesics, non-steroidal analgesics, immunosuppressants, anti-
cancer drugs, short term peptides, bone morphogenic proteins,

glycoprotein, lipoprotein, cell attachment mediators, biologically active
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t hronboel astin, thronbin-dehved pepti des,

hepari n- bi ndi ng donai ns, heparin, heparan sulfate, DNA
WO e@gnessss, DNA pl asmids, and conbi nati ons t heP@DiS20881085450

The scaffold structure of Claim27 conprising a

conposite of the decellul ahzed onentum and a pol yner

sel ected fromthe group consisting of bioconpatible

synigaats Gniagtiy Hﬁﬁﬁwg@%@u@%éﬂ%&ndﬁobw%ﬁﬁal ge&wtha&or,

scaffold structure of daim wherein the
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consi sting of polypropylene, aliphatic polyesters,

poI Q’ro&vﬂiﬂa@fbr@fdléié%t d&r%%'g)f?\ﬂ/@mtfg%%sﬁr%hﬁa derived OIgrowth

pol'yal kyl enes oxal at es yam des, tyrosine derived
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el ar%llegules ¥h6}a|t%¥f8&| tﬁe %B}e%matlon OP specaﬁc grgwlhaftactors
tenascin-C, hyaluronic acid, chondroitin sulfate, fibronectin, decorin,
thromboelastin, thrombin-derived peptides, heparin-binding domains,
heparin, heparan sulfate, DNA fragments, DNA plasmids, and
combinations thereof.

34.  The scaffold structure of Claim 27 comprising a
composite of the decellularized omentum and a polymer selected from
the group consisting of biocompatible synthetic polymers and natural
polymers.

35.  The scaffold structure of Claim 34 wherein the
biocompatible polymer is selected from the group consisting of
polypropylene, aliphatic polyesters, poly (amino acids), copoly (ether-
esters), polyalkylenes oxalates, polyamides, tyrosine derived
polycarbonates, poly (iminocarbonates), polyorthoesters,
polyoxaesters, polyamidoesters, polyoxaesters containing amine
groups, poly (anhydrides), polyphosphazenes, biomolecules (i.e.,
biopolymers such as collagen, elastin, bioabsorbable starches, etc.)

and blends thereof.
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36.  The scaffold structure of Claim 34 wherein the natural
polymer is selected from the group consisting of collagen, elastin,

hyaluronic acid, laminin and gelatin.
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