DECELLULARI ZED OVENTUM MATRI X AND USES THEREOF FlI ELD OF THE | NVENTI ON
[ 0001] The invention relates generally to the field of biomatrix for
tissue repair and regeneration. The invention concerns nethods for
extracting fat fromonentum processes for preparation of

decel lul ari zed onmentum and the application of decellularized onmentum
for tissue repair and tissue engineering. BACKGROUND OF THE | NVENTI ON
[ 0002] Extracellular matrix (ECM is an inportant structural conponent
of connective tissues. ECM el abor at ed by ceI S creat es

m croenvi ronnent s that t hese and ot he Wi | | gltg_ond

differentiating or W%ﬁﬁl‘zﬁ@ ?MENTU'HMTBPE‘WP&SEﬁ REQF ECIVI

provi des a substrate for orga t Wmch adhere to it.
[ 0003] Ti ssue based ECM bi omat Elreﬁ'glélp GEI;Ng\%ﬁt:rles are used for a variety

of nedical applications, such as heart val ves, porcine SIS, human
derm s and bovi ne pericardium The application of decellularized

ti ssues as tissupoergi maehidforseridsQkasally@r the RYE bRIiGhdtw&omedi ci ne,
however, is limted due to a |l ack of vascular tracks for

angi ogenesi s, whiisshe iepaivandakgeneratien. Shaevemign owcbrnamethbtisefori abi | ity
and functi onal ity of seeded cells. Tissue that is highly vascul ari zed
with the vascul a?xtf@fs%&@frﬁ%omeaweraroemﬁqsﬁ@r rreperadiet e | ul ari zation

process would bedece[lluﬁ;zarlzead omentum anda}ﬁe application of decellularized omentum

for tissue repair and tissue engineering.

BACKGROUND OF THE INVENTION

[0002] Extracellular matrix (ECM) is 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 differentialed 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 hovine 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
functicnality of seeded cells. Tissue that is highly vascularized with the
vascular tracks maintained during the decellularization process would

be welcomed in the art.



[ 0004] The greater omentumis the |argest peritoneal fold covering the
i ntra-abdom nal organs. The greater omentumis highly vascul ari zed,
is usually thin and elastic and always contains sone fat. As such,
the greater onentum has been used in clinical applications, such as
intestinal surgery, thoracic esophageal surgery, chronic, non-healing
skin wounds, hernia and pelvic floor repair, bladder repair and the

| i ke. [0005] Because the vascul ar channel s of decellul arized onentum
can serve as tracks for neovascul ari zation, omentumis a desired

material for climgal aRRLISAL LA TN Bl WLLALLAIHE SuBnf um

however, is difffcult to ve using e and proce s known in

the art for decelUhaldoabmitlaloRfahs. TREYREABMISS ignlfNus, effective
use of decellularized onentumTor biomatricies, including as a tissue

based ECM bi omat esdcalkrides, i$ ustialiyehin BRC alggie and Biwpar dontaind €orfis facesses and
met hods for revitalizing tissue described in the art cannot

ef fectively extr assudhhibe hatatef proentwnrbast hesn uBRIIEFInBaMYARYIOE THE

| NVENTI ON [ 0006] The invention concerns nethods for extracting fat
from onentum pr 8édssdestivy syeapAaraR RepAIRe] SHREY SHMBIteMum and

medi cal applications aof the processed decellul arized omentym matri X.

I n one aspect, a'hf)%?'%gg%w‘?%?g&g@@l E‘]"ﬁlpg?’ 'F@??{éepgﬁ‘é’rlﬁdﬁ?ﬁ r?‘?‘?¢rc?ln§es t he
steps of (1) extpﬁg&éng fat fromonentum (2) renoving cells fromthe
onmentum t hat cou result in inmune response or graft rejection, (3)

di si nfection and[dpd3] t @ebaRatheSh&uial tiaahdlO.decellularized omentum
can serve as tracks for neovascularization, omentum is a desired
material for clinical application. The fat within the omentum, however,
is difficult to remove using methods and procadures known in the art
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 as-pect, a process for decellularizing omenfum 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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[ 0007] Met hods for extracting fat from omentum which can be applied
Wi thin decellularization processes described herein as well as in

ot her decellul arization are devitalization processes are aspects of
the invention. In an enbodi nent, the fat extraction nethods include
dehydration of the onmentumw th one or nore dehydration sol vents,
such as | ow nol ecul ar wei ght organi c sol vents such as al cohol s,

foll owed by fat extraction with one or nore extraction solvents

sel ected fromthe group consisting of non- polar sol vents, polar

sol vents or conbj t he omentum nmay be

rehydrated. In thﬁahe ﬁ%ﬁgﬂaﬁ>?ﬁ@GﬁW¢%ﬁpwg %W%QQQWFW@efat all of
the fat and/or SEﬁﬁi&@ﬂﬁﬂ:%ddllu@r&at@ﬂ&rob &Jsafb%&qer%\ffwgg%{]ﬁeomm um

[ 0008] Decel I ul ari zed onentum nay be use

decel l ul ari zed omefedtRdemNariisRe akddttdiesion pRLica roBspesdeh as being
formul ated into filns, porous 3D scaffolds, particulates and tubul ar
structures for tinsswentenginemembadimanidthe &g extacininvehode dhiclodane | n
conbination with cells, mnced tissue, bioactives and other tissue
engi neeri ng scaf fVESIoNEROMeNWEHIINORE OBINEE dpsTaiersAbeniat i ¢
properties due to Ie atqﬁ ssue fact or Iﬁ% cgncg@%ratlons Thus,
decel | ul ari zed oftf 63 eHE" 1eRY Odani; sATEELVST 93 BERIE P onent um i s
favored for manyapply 32%59%&% oAk Bk REREBREM: Bl dy omat el | al

and devi ces, suc rms. Oment um has many vascu annel s whi ch

are preserved infrédamefgadu_p@zsﬁs"saﬁg bfmanmbmﬁignt%dlad%hﬂsw arization
processes described herein. These vascul ar channel s can serve tracks

for neovascul ar i eathirationsTieeedf.nikigmtlefatting trewintetn rogy t&f f ect i ve

extraction of fat fromthe omentum The ability to effectively
extract fat fronehysatedrdnthermatindantias inventionsementf therfetnallatihes a

bl ommt i x. 0010 L pal 5 ] Pl E8NA08 %005 M 1 1hT S

[0008] Decellularized omentum may be used “as is”. Also, the
decellularized omentum 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 alsc has hasmostatic
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 omenturm. The
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the clains are on a wei ght-by-wei ght basis unless otherw se

speci fied. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS
[0O011]Fig. 1 is a flowhart of a decellularization process in
accordance with an enbodi nent of the invention. [0012]Fig. 2 is an
i mmge of omentum before and after decellularization. [0013]Fig. 3
depi cts histograns of onentum before and after decellul arization.

ability to effectively extract fat from the omentum enhances the use of
omentum as a biomatrix.
[0010] All parts and percentages set forth in this Specification and

the claims are on a weight-by-weight basis unless otherwise specified.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE
DRAWINGS
[0011] Fig. 1 is a flowchart of a decellularization process in
accordance with an embodiment of the invention.
[0012] Fig. 2 is an image of omentum before and after
decellularization.
[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 exfracellular 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
4



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0014] The present invention
concerns processes for preparing an acellular onmentum i.e.,
devitalized or decellularized onmentum conprising extracellular
matrix for inplantation into a manmal. The processes generally have
the steps of defatting and decellularizing tissue, particularly
onmentum An aspect of the invention concerns nethods for defatting
onentum [0015] Defatting for purposes of the invention refers to
extracting the lipid noiety in the tissue. Decellularization or

devitalization oy PUiRSES: Ak oINS OLLANSEEL B AchnRBPYi N the

cellul ar conponents an,

wi t hout any signkd @e&ﬁéhzmgﬁtahﬂa@oﬁ%ﬁu Sé@sfeéﬁ@r%%@r&haﬂ@ééblyx The
terns decellularized or decellurization and devitalized or
devitalization sbalitalided tissse th d3ssrally fiea frem cépaotyedbly ynd/evi t al i zed
tissue is essentially free fromreproductively and/or netabolically
vi abl e cel | s. Orewtabeficalywisblg ceffs. I%pﬁn@mmvpidef produgtitedy iabld s, however,
coul d contain netabalical |@VI abl e cel are incapabl e of

i ncreasi ng t he nEFIBLIWeE: GE SHURIN E‘&Tap‘%}“cﬁllyé’ﬁ‘lb@ CE'@I”P% hr ough t he
normal process of, bl%so}‘u cr8551 tﬁ Or?'n?oer A%f%n% bbl: al vealbf%'gglﬁt um devoi d of
8T el

met abol i cal |y vi d I ca S mght be visible

in histol ogy seczh»&@ﬁtr@meﬁ-@ar bregesgbfmé.ag.s &Qm@s.gembqhh@al ly live cell
when viewed with the use of a mcroscope; further cellular remants,

i ncl udi ng nucl ei emertird sevoiintd etatitllcaiyuiaBle cals, mbiab@icaly@bdtscelld | pi ds, and
pol ysaccharides, while the devitalized tissue retains reproductively
non-vi abl e cell s"@hwwsitr\@hélbmq%a¢dtiyn~°fﬂm%ir?ubk5ie1il@‘é¢Bs and/ or | arge

nol ecul ar wei ght Cét opl asm ¢ protein such proteins including for
exanpl e, actin tBeEkelicaly lig @Hé’ﬁ%‘t"?"f’%”c“(@ﬁ?e “%@E%chiﬂsﬁqqezed oment um or
devitalized omeny |

subst anti al arn)un?mrfcelie a?remn%mﬁdrg?uedta nﬁﬁ%\éég% lsff%"ma%cﬁﬁonents

removed. [00161 Qérsu%wmaawp.&emgao%é&cﬁg.dééwmmm.tauaadspeCI es, such
as human, sw ne, bovine, goat and the |ike. Follow ng tissue

harvesting, the figsssie@irsaspridicBiclymen-viablaced ahdroGm&aosally fign- f or
i mredi ate processing or stored for |ater use, preferably at a
tenperature of abiae celigandPriasgeaheatulzs @Egh YOLAFMC proteirsssich or

obtaining devitalized onentumin accordance
proteins including for example, actin to act as a chemoattractant.

Decellularized omentum or devitalized omentum, refers to ormentum
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 [ater 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



with the invention is set forth in Fig. 1. This process has the steps
of defatting onmentum and decellul arizing the defatted onentumw th
the further, optional, steps of disinfection and renoval of

contam nants. The devitalized omentum obtained fromthis process nay
then be stored until needed for use or nay be used inmediately after
the devitalization process is conplete. [0018] The nethod for
defatting the onmentum which may be applied with the

decel lul ari zati on processes descri bed herein or applied with other
procedures for Oaéﬁhiﬁ%&%rﬁﬁﬂhﬁ@ddcélﬁﬁnﬂﬁgﬂ@@@f’aﬂtéﬁ'cﬁ{enﬁjﬂﬂmﬂiﬁé i ncl udes
dehydration followed by fat extraction and then optionally

re- hydrating t hefuaérasdtiecs! aien bidisinfBeaiby didiemoval bineolanésntsr eat i ng t he
onmentum wi th one or nore dehydration solvents, such one or nore

treat nents of théhewviiiged enenunaobiaingdiran thismrasesssemmi@) beand/ or such
solvent(s) in solution with water. The one or nore treatnments may be
sequenti al steps~°"‘|"F?’dt“m%I ”ﬁ%‘{eﬂéﬁuﬁ%??%ﬁ‘yrpéﬁsﬁﬁ W@@F‘%ﬁﬂﬁh@l ®havi ng
different ratios of nt(s) to water, such as having
gradual |y reducegevét?r]bzgn &Fg’s's gr%lé/tﬁ t he sol ution for each

successi ve treat f@ﬁlé; aﬁﬂema%o&tdaaéfa&.ﬁfmbemeﬁmmmemwaée the use of
pure solvent, i.e., solvent not in solution with water. After
dehydrati on, theaf@itd wtythbaetilsraatongprdcessss teerinneRtdmrugpleg one or
nor e extracti on solvent(s), which may occur in one or nore extraction
steps. [0019] Lowiﬂmbt{awrmedbmﬁfghmbt@imigﬁaﬁﬁ\f&a“s%ﬂ vaacdulapgmentunused f or

t he dehydration solvent. In ment, the dehydration solvent is

one or nore al coH’SP%eS @U@rﬁatﬁﬁ fct"ﬂ‘ﬁ%debys:%tleéﬁcé%{‘ ?@d’f‘ﬁ%%&o'ﬁ‘?bﬁp

consi sting of me

d
conbi nati ons t hef€d Erf}'ng Jep%ﬁ‘é/)%fh%'itSgﬁﬁ%gﬁrgpoq'n‘%k%gge&n %gol ution with
wat er havi ng abo}:l%elﬁ@r{%tﬂoﬁ@&%ortz 99@%9&%|veﬂ9%u&p&+étor%gr@t0 about

40% wat er. [0020]In an enbodi nent, the defatting method i ncl udes
contacti ng onent usatmkith oltedydéradn @ith 5 6éhyentiord Dived(Ppend/@ducd tinme such
as at |east about 30 mnutes, typically about 30 mnutes to about 72
hours. The wei ghsolyemt(s)on eflutivh witowelat. ulinetooe drerhyrel treatinemts sek bent may be
about 1:5 to about 1:100, such as about 1:5 to about 1:50, typically
about 1:10 to ab&tentabsiépsynie giethed pRicrgd Wit sabfipnshadny subner ged

h he dehydr | nbi
BRI R b e T AT Y S
anbi ent. t enper at Yl o b ook S oPRABSN 6 shidfon'r5¥801 diRBbssbO et s

of the defatting net ncl ude one or nore dehydration treatnents in
dehydr ati on sol veadtmb&iaRginkhifal Saament maliifvors @atusdefpudy edveany sol vent

under the sanme or different conditions and weight ratios of onentum
t o dehydrati on sbéd.vmivent rBuiniselgticeadth watehyAlftes dehodratiore derfetmayt he sol vent
may be changed or refreshed periodically.

be extracted from the cmentum using’cne or mare 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, ethancl, isopropanol, propancl and combinations thereof,



[0021] I n an enbodi nent of the invention, the defatting nethod
involves initially contacting the omentumin a first dehydration

sol vent havi ng al cohol and water, such as a solution having from
about 60%to about 70% al cohol and about 30%to about 40% water. The
onmentum shoul d be contacted with the first dehydration solvent for at
about 30 m nutes at anbient tenperature, although tenperatures bel ow
or above anbient tenperature are within the scope of the invention.
The wei ght ratio of the onmentumto first dehydration solvent may be

about 1:5 to about % such as about 1:10 to about 1:25. In this
first treatnent n§ ?\%‘y AEASONPHERY BB NFsglufign Witar gednd 3botthe first

dehydrat | on sol Vg .o LO0CRLAULSL SD2,QNEHL WS dbeaed with the

first dehydration sol ven umis cont actéd wth a second

dehydration sol vRjabe SWehh &boRimeRt, %%@ﬂﬁih mkfhod fﬂnbl%de%%%&im?ehydr ation
step, the omentum may be contacted with %e second dehydraiion

sol vent for at | easdturalattienybratdndivest foraehodd timbaudh a3@t @biutes to
about 24 hours. The second dehydration step may be conducted at
anbi ent t enper at abayt 3@minhies dipigaéy fboutrB0mynutds te abgub a2 haewg. Tae

t enper atures bel ow or above anbient tenperature is within the scope
of the inventi on"eiFH&iRST BREMERRMAC SFhvEREOTGRIEARMAY 08 2BRE bR P

dehyd I b b h b
10t o abour 1 S5 . BendPahu L% At LR bobabaBeud G B° e
second dehydr at | a5upPbyeMeorlsfiATH bedotbibidhatorurharlibng, after the

second dehydration treatnent the onentum may opti onal e subj ected

to one or nore fusHyl@tiondehyslr Bbhyartibs @ay 60t 4 Smbichbe&gerhturd, her
dehydration treatnments are conducted under the same conditions and

usi ng the sane ndthendradebydirtgn ahtowperstuss abhve@od selow abet Wi t h r espect
to the second dehydration treatnent. For exanple, in an enbodi nent,
after the secondBERPHFeP Wl ihe ssapghthe inxentian BMbraimansaien t r eat ment
is conducted in rom dration

treatment is con%%f@d“%}ﬁ?dﬁﬁ”gﬁ&nﬁﬁwcggd%}lewﬁsago%t[%%ei” dd, inathird
dehydration sol vy gdraﬁdﬁ%GIVélrﬁ ublHg fﬂe@érﬁ@w&ﬁeﬁéﬁ dﬂ‘%dlla%%iﬁh@rﬁom 30

m nut es, such as about 30 mnutes to a urs. e weight ratio
of the onmentum tendehthé Barfkedhtiiferint AdISENs\eRN veigRtyatlde ofdrttumlicd t 0 about

1100, dehydration sclvent. 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 fo first dehydration solvent may be about

1:5 to about 1:50, such as about 1:10 to about 1:25. In this first
7



such as about 1:10 to about 1:25. In another enbodi nent, after the
third dehydration treatnment, a fourth dehydration treatnment is
performed in which the omentumfromthe third dehydration treatnent
is contacted with, and may be fully subnmerged in, a fourth

dehydrati on sol vent, such as pure al cohol, for at |east about 30

m nut es, such as about 30 m nutes to about 24 hours. The weight ratio
of the onentumto fourth dehydration solvent may be about 1:5 to
about 1:100, such as about 1:10 to about 1:25. [0024] After
dehydrating, the f extr act ed fr extraction

usi ng one or norgeagTF?t e Pg n&lm\?gﬁ?gu%%%%e?”t%rlitﬁnrgg sol vents may be
non-pol ar sol venyey %lugr{soﬁghe_/ent, such as polar aprotic solvent, or
conbi nati ons thereof. Exanples of non-polar solvents are non- poI ar
organi ¢ sol vent s[phagh astefty amentuni)d tRaRd Wik hzdirg defiyolatiene, et hyl
acetate and conbinations thereof. Polar solvents useful for the
extracti on sol vestlvanhdheumeenaneis opractati votharsecordciebsination séheenand

conmbi nations thereof. In an enbodi nent, the extraction solvent is

sel ected from ac&4dree PUW@FQF\@ Indtyip e3rand sRNYEaHAS SRt NS REePHBr eof . The

t t I t h t 50% 09 I t,
Such as hexane, - R BRERES B eprore PR I SO0 “Lov6 to
about  50% pol ar Q?AUY%anuhcéHcojﬁ LRnuddtoBERl 21 RofdroRRl Ment s, t he

extraction sol ven have al%out 50%t 0 about 70% acetone and about
30% t o about 50%&13@?&@8&13/&&3@&2&4&&@ doh@tel @Rarhisiert Gashepted i n fat
extraction steps by contacting the dehydrated onentum w th extraction
sol vents for a peltioogh geifotrmingethis@eatment attenpefadireshelavegtabore st eps nay
be conducted wusing the same or different extraction solvent(s) under
the same or diff ambiaet teepridtyedngithinghe saqee sfidhinwntien f &M@t peri ods of
time. In enbodinents, the fat extra m | ude con tlngthe
ehydr at ed oment [Pl PROBRECSS TP depralbh PRk By Er i) 75 ,
combinations of idUbofed foBCLIcRBs SRR Bandlli:oB. RS bRthih mfayms of at

| east about 30 mnutés, such as at |east about m nutes up to about

24 hours, or up b&fu )E&iﬂacfba\n}’tﬁ'ﬂ'l’essecdhﬁd@WdEatio:FSUT\tehﬁl’ enbodi nent s
i nvol ve subrrergl ng the dehydrated omentumin the extraction sol vent.

Buring each extr goRslon Iisd epthértembedimeatnéftentiy seeond demygetioror 1 ef r eshed
periodically. In enbodi nents of the invention, the weight ratio of
dehydr at ed oment ipatinentdse eramturomag etigealy be subigsisdto anerfereabout 1: 50.

0026] | b he fat duc
bl ural i Uy of fat ERETRYAIg LEements) nliEpalrye EREEHoD Fipplu?
dehydr at t t t t t,
hi Td dehydr at ?3%’5??’&%%%3%Fd%?"ef%ﬁ”ﬁ%ﬁ%%@ﬂy%*ﬁﬂ%@?‘%ﬁ* TPest et as

di scussed above, pzhfiald ehysHhanethsQRRMNsbM b ove GANieasdce® thd ddordy i rst

extraction sol vent, such as a polar solvent, such as a polar aprotic
solvent, for at beastatiaboammaD Porrxdngds, it gnEndabiment, efter #ilzout 30
m nutes to about 24 hours. The dehydrated onmentum nmay be fully
submerged in theS$q0ﬂ@ﬂefmi'lah%tbtf€iamﬁné@Ithﬂé'rﬂehyqrﬁ'oaﬁeai@ﬁ@dﬁ of the
i nvention, the V\BI% rati o of deh to first extraction

1
sol vent is about candyctedinyyhightheonagy ”"bﬁ%’hgﬁgen‘g’ggaéﬂyfragoq o about 1:15.
I'n an enmbodi ment  the fl Lol cRY Wik Ghl Ay BOIME Aot 38 L HRG-

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

omentumn to third dehydration solvent may be about 1:5 to about 1:100,
8



[ 0027] After the first extraction step the dehydrated omentumis 30%
to about 50% pol ar sol vent and about 50%to about 70% non-pol ar
solvent for a period to tine of at |east about 60 m nutes, such as
about 60 m nutes to about 24 hours. In an enbodi nent, the second
extraction sol vent has about 30%to about 50% hexane and about 70%to
about 50% acetone. The dehydrated omentum may be fully submerged in
the second extraction solvent. In an aspect of the invention, the

wei ght ratio of dehydrated onentumto second extraction solvent is

bout 1:3 t bout h b 1:5 t bout 0028] Next ,
P emyar ated. ontshaspie P H SRvARY b aodel SROLRLET S St on whi ah
i nvol ves cont act r@gggﬁgraq%{e%metn?gfw%wm%ﬁ {;eaqmémsrd extraction

ated onen

solvent. In an e e deh umis contacted with
the third extrachifimsthwaih thfecalfneatbﬁw,tm?memﬁalae%yar@n@h%tmeﬂﬁ hours and
may be subnerged in the third extraction solvent for that period of
tinme. The third sxbftagéd with, sl ditie fagsubraatged in,anfv@thalghydfdidmt 0 about
90% non- pol ar sol vent and about 10%to about 30% pol ar sol vent, such
as a pol ar apr ot salveshkyabras purgrlcehdhdoli atieast absut SR einutpesvch h i nvol ves a
third extraction solvent havi nglﬁabout 70% t 0 about 90% hexane and

about 10%t o aboffouSHoprtesoed @4hPWSaFFed’%%&Eat'%P“%@“?%nt|on t he
el gt rati o of Ao ahiflBTEAIHIL A ol COLEARYIAR BOlHEnL I <

about 1:3 to about ch™as fo a out . E130029] Af ter
the fat extracti g {_l{@toq,gg@q_tzgpl omentumis optionally re- hydrated.
The defatted onentum maybe re-hydrated by contacting the defatted
omentum wi th a r popdjdr attéraBhyiedtivie; Nits falSisieradtsd &b eHe@meatumaysol ut i on of
al cohol in water, such as an al cohol solution having from about 60%
t o about 70% al cetvettionusng onsl @cmereaexiragiioghtlventsc ghekdractnch as

nmet hanol , et hanol, isopropanol, propanol and conbinations thereof nmay
be used. In an e?%\@aﬁsmpeaw PO{ar SPH%rﬂoi%ﬁOIVQ"ESW&SQP'PWFQt@ conduct ed
in one or nore re- hi“jratl atpents. In an

St borBlaterg het"P ?mB'e%?f"é’ef"SF Eaaoffalf um 1 o

aspect of the i nVer

re-hydration sol ygoid Bg%bs@&en&%ﬂ@n &fhekdtR, %%n@%ﬁ?éanauér{eeat nents is
about 1:5 to about 1:10 such as about 1: to about 1:25. The

def att ed oment unethycdiste aadoabinatbnatticfedt. NRoldreolliyray @lefupiar 8ol vent for
at least 30 m nutes, such as about 30 mnutes to about 72 hours, and
may be fully suberagod splvent ineudesachipde atoxare, setaniiiie and

combinaticns 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 80% 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
9



[ 0030] I n an enbodi nent, re-hydration of the defatted omentumis
conducted in two re-hydration treatnments. In a first re-hydration
treatnment, the defatted omentumis contacted with a first
re-hydration solvent, typically a | ow nol ecul ar wei ght al cohol such
as ethanol for at |east about 30 minutes, such as about 30 minutes to
about 72 hours. In an aspect of the invention, the weight ratio of
defatted onentumto 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

sol vent may be pyt b o i 1 ter. The
defatted orrentumHﬂggymhg%ﬁhdyegut%g@gé gflﬁéﬂt(ﬁ}eﬁrffaigrrtﬁ% Ee??a- ydration

sol vent. [0031] Naiftrent ddnditiche &7 @ sbfe By difidbnt@Bridds epdnignk the defatt ed
onentumis contacted with a second re-hydration solvent, which may be
a | ow nol ecul ar wabglirherad, tretfal exgantion mapiacitdeonshicting theodehydvbtec ul ar

wei ght al cohol in solution with water, such as about a 60%to 70%

sol ution. In an empUdNHEhLNe erfeore BdEatPncalveRi@r 8t sopbingtiensehthe| s

th |, h | ut | i ut 60%t bout .7Q0% et h I
PH SN R TRCE S BN R, T L S
th d -h t.i 1 , h
(he second re vt anctebuslo Lohutlo) SaSh AU %R ales, such

the wei ght ratio49hoiehrinbRd FORRALMBdIRerERAING sUBmBYIE el ON sol vent
is about 1:5 to about 1:100, such as about 1:10 to about 1:25. The

def att ed onment umisrgyralee oighluyn is thereeirapdch salvehth ®useresst extesctigndr at i on
solvent. [0032] The defatted onentumis decellularized, and
decel | ul ari zat i optepieceledmay ke wienged eriereshed negadi¢aly.t Re art may be

applied to decellularize the defatted opentum,. In an enbodi ment, the
def atted oment unPRESFBRMGRIE MFNEGYy @8&’8@ "3t f PR B ¢ he

nucl ear and cyt opoleqagg%ign (ﬁ{g&ﬁg%%&m@g%ﬁ??gﬁl e, the defatted onentum

may be imersed in ece arization such as one havi ng

non- i oni c det er gRbsjANth SRAbocR R, tibirsisRkaach kBomeb@d o/ a period of
time, typically at least about 30 m nutes. Non-ionic detergents

useful in the i npemtiyonfat extrbeticlg stepd. \isitailpatftesthe fatdehgatiPhEEN 80,

eht oxyl at ed al cohols, such as TRI TON@ X- 100, and pol yet hanol s, such
as HP 40 and | GEPmimen. 8B aaihd seewnt iehydiationstraatieand ¢ird deidstion al t s t hat
may be used include magnesi um chl ori de bhat e, acetate and

. phos

citrate, and conBPHRPMEROUIKESWRIRIBafIfaLs diRersged 289esar e typical Iy
di ssolved in Tri -H% E xa Q@g ri dinbuf fer may
i ncl ude TRI TON S Ede%i%“Wégﬁa&% i %%Tg eRlBR oL M
TrisHC (pH 7. 2) g5 JBRadBaA Sn Q5B PéIHHtctc oML i BDMEd abduesd t he
decel lul ari zation buffer and contacted with an enzyne sol ution, such
as minutes, typically for about 30 minutes to about 24 hours. The

dehydrated omentum may be fully submerged in the first extraction

solvent. [n an aspect of the invention, the weight ratio of dehydrated

amentum 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



one havi ng endonucl ease, such as Benzonase, and the conponents of the
decel lul ari zation buffer. In an enbodi nent, the defatted omentumis
spun in the enzyne solution for a period of tine, such as at | east
about 20 hours, typically fromabout 20 hours to about 48 hours. The
defatted omentumis then washed one or nore tines, such as twice, in
a rinsing solution, such as one having acid, netal salt and nonionic
detergent The acid, netal salt and nonionic detergent may be the sane
as the materials discussed above, including the conbination of

Tri s-HCl, d?2 TRI T X-100., § | i
Tontacted w208 Rel Pl dodtson sl BRSHH R gtus rOE nSTE oL T Rac
and EDTA, and nopshQfjEntd& beeleith tims Ue A aB&tE@N(iﬁtﬂesﬁuﬂ/:ﬂgs for a

period of tinme, such as at least about 1 hour, typica rom about 1
hour to about 48ahRUeEminktéatbest 2atholy PinGalenBegiRbhtithasdcdad i on
processes are further described in U S. Patent Nunbers 4,776,853 and
4,801, 299 i ncor pextatix shizere has dputr e ebad 30% hexepk andatiout By .

[ 0033] The decel lul ari zed onmentum ma%/ then be disinfected to renove

cont ami nants. | ntoAbodPBHRCHER-  Therehledesd amantun padbeoint um i s
contacted wth a qjsinfechion sgl tion for alsuffic' tly effective
oeriod of time t SRAREeHILEE SeRET BREEIOT sPUE AT GRS UIE Such as at

| t about 0.5 . |G . Th
east abou RQ&ion, bRl elay% ﬁtb%w;dr emwéné&r{?tﬁasltag&ehh ﬁéﬁ@grs e

decel I ul ari zed onentum may subner ge ction
solution. The di siivtheibbsun1:3@ sHolOns0TBYENRB¥BoRN 6@h&out B15.2n al cohol
in water solution, and may al so include acid. The disinfection

sol ution may i nc[0028 omextothe Hehyera@d otestuindd subjsicied teed thadhol , et hanol ,
i sopropanol, propanol, hydrpﬂen peroxi de, peracetic acid and

conbi nat i ons t hePd@ftion|sigpahich invalisesdiontesfing therrehyiraiphenaeniyronitsol ut i on

R L A
times with ul trapype. Wal Gl ind ROP&kELRN sﬁvcfh?%\“’ébo@tfaﬂ%?s’thson of an

untreated porcine onmentum 1 and a decellul'arized porcine onentum 2.

The untreated pOsKHLIEB KRR HNH Mad bB8Sorieddedd BEkHE SREactich sepemul ar tracks
4 whereas in the decellularized porcine onentum the vascul ar tracks

5 do not have anfpr et mriscuifsimanThathirdemaaioncbivérathaptipadent t her et o.

[ 0035] The decel lul ari zed onentum may be applied in tissue engineering
and regener at i onatst 70% terakeyt 9BYegansolarsiglyentged Rbayh &3/ o gbgelr | spl een
and bl adder. The_decel | u] ari zed omentum can al so be used for repair

and regener at i onSHP PRSP} sueh §%%%‘§?r_a§@5‘hs°é‘ée”b&?é*_,mbé’g'F“PF‘tlOége and
tendon. Q her “Sﬁé ik Sftioh n\@olge%caﬁhil'c}%x%étiéﬁgol\%éhrﬂFﬁHng]ab&qbb‘%?o soft tissue
and repair I n conplnatlon Wth bl oconpat i

r ei nf or cenent . ( . ( atible rrpshes,
such as dural gradui i hdX8rd % db8RALY 1o At BB ¥ Rotbh QR of €PAI T} nerve

regeneration, such a tubular structure for peripheral nerve
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 alcchol or a

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



regeneration; tissue augnentation; delivery of cells and bioactives;
chroni c wound repair; and bone repair. These uses and applications of
the decel lul arized onentumare illustrative of several potential uses
and shoul d not be construed as limting the types of uses and
applications for the decellularized omentum prepared by the nethods
and processes described herein. [0036] The decel |l ul ari zed onentum can
be conbined with synthetic constructs to nmake reinforced constructs.
For exanple, the decellularized onentum matri x can be used as a

scaffold structupg, f 8hy, JEBLt%%aéiéoﬂ@eL%%ol@@uﬁ%éugﬁ’@al@&% sughich as

scaffold for tissue repair can rther enhanced by bioacti ves,

cells, small nol ggmb®snol,BiREEMsdokGINE, REFANBISNY coniitsiftiess tharBer
decel | ul ari zed omentum can be | ypophilized with pol yners to make 3D
foam or heat nel megbe néed. & dni dnmhodimented khetimvent@mereenyfireterdsldi t i onal uses
for the decellularized omentum Further, fibers may be
electrostaticalI?N§HﬁﬁjBﬁm%omﬁ@eﬁh@ﬁﬁﬂﬁﬂEﬁﬂmﬂ§%GUdﬁ§tW%" or with

t het t ts t f d, st t 0
oo ment ocoel et B Srb A S5 S Rh R B o
structure with o m%tﬂlﬂ%{l PJn Wg‘m 0\'{% %&qwr@ SETRRAL um nat rix

can be seeded vm s In the VI talized onentum

serves as a cell tr@éth&%@%éuta%fa&i_udtmgs@dh@@tabomgmmgt substrate.
Endot helial cell seeded onto deceliularized onmentumhas utility as a

bui | di ng bl ock maizér Ted defated vasurh aray be comasdttedudthitioare-hy@888| | N anot her
enbodi nent, decellularized onentum can be co- cultured with hunman
ki dney derived cedlyest poh#tisgpt 3Gminmes Guches afedt 8P minugsity epubfdent um

serves as a cell attachnen affold t| ng substrate.
HKDC seeded ont oh@&&ént ma&b? i’@bS“BWEWF fﬂtﬂeg‘?oh.’ff”af'g %t a bui | di ng
bl ock material T ajoalgl AREY, drhesdfont ROKJARREH quhéa@e%ﬂea%rnb&na is

conducted in two re-hydration treatments. In a first re-hydration

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



[0039] I n a further enbodiment, decellul arized onmentum can be co-
cultured with urothelial cells in which the decellul arized onmentum
serves as a cell attachnent scaffold and growth pronoting substrate.
Urothelial cells seeded onto decellularized omentum have utility as a
bui | di ng bl ock material for bladder reconstruction. [0040]Bi oactive
agents may be incorporated within and/or applied to the tissue
scaffolds, and/or it can be applied to the viable mnced tissue that
is then incorporated to the scaffolds. Preferably, the bioactive
agent is incorporated w.thin [ coate wthe scaffqld prior to the
addi tion of vi abfatgg?oﬁssgﬁheastaoso{%%n [gaggf]fa g?ug_eo [f trlloegb&l"tg@c/‘i (i%a 0Etgent (s) can
be sel ected from,AMBGa@naldid! YndderRbh BMEALR nla) Bb colthiRly ihesent  at
the site of injury, pronote healing and/or regeneration of the
affected tissue. theedidrd-hy@ratib®sdhinfgr £ WIPCHBES0 GlinLd@eEcE ak hat
pronote or expedite healing, the effectors may al so include conpounds
or agents that peeedtminneebtdbont 7@dogrs. Inantaspactofdis imentmeires and

anti biotics), conmpounds or agents that reduce inflanmmtion (e.qg.,

anti - i nf | ammat or Yyeig@jégioLy def AYE to preendiedvdrtonsiovRMtiS i ze
adhesion formatign,  such as .oxidized regenerated cellul ose (e.qg.,
NTERCEED( 1) " and® SuREY Brartry M0oUh R Sa aFTEL Bebite 13 Mhehc -
Sonerville, New SUER . ess the

i Mmune system (eQ%t,%gi)érnr}%m%@?sn&ppr e@ggm {;edgﬂglgtggcﬁ%?ﬂéa?@%ﬁgﬁt her eof .
[0041] By way of sgwenl.imting exanple, other types of effectors
present within an inplant of the invention having the decellularized
onment um can i ncl [9632]heffee ddfatpd wsreoumasideskibpoized, gndowt h f act or s,
proteins (including matrix proteins), peptides, antibodies, enzynes,
pl atel ets, pl at efeIWarigaiopprpseases Koy dpersskilersn thesFifiayds, cyt oki nes,
gl ycosam nogl ycans ucl ei i

' o | . =
particles, cell ?%PB% °gﬁ%?l'@8%%;ﬂ??zqeif%&‘ﬂ%@rﬁgha\é%gg%e?ﬁ\;théu;ff_ectors
of the same or danét@rjgﬁ%?ttméy'b@raa&a||&[x?£ﬁx¥ DSudiDGRABPHAt €d Wi thin the

i nplant. [0042] Many erent types o et erol ogous or aut ol ogous
growt h nuclear and cytoplasmic components. For example, the defatted

omentum may be immersed in a decellularization buffer, such as one
having nen-ienic 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 deceilularization buffer may include
TRITON ® X-100 (1% w/\} 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



factors known to pronote healing and/or regeneration of injured or
damaged tissue may be incorporated directly into the scaffold, or
alternatively, the scaffold can include a source of growh factors,
such as for exanple, platelets. Bioactive agents, may further include
one or nore of the follow ng: chenotactic agents; therapeutic agents
(e.g., antibiotics, steroidal and non-steroidal anal gesics and
antiinflammatories, anti-rejection agents such as i munosuppressants
and anti-cancer drugs); various proteins (e.g., short term peptides,
bone mor phogeni ¢ Ry ﬁbtvnﬁgeﬁdongéwa%@mu@x 8 Ber2bithst, i RO MeQb@bdhents@e! |
attachment mediators; biologically active |igands; integrin binding
sequence; | i gandsie deadliuloiztigy aéh @adérasodthehf, dreatefattad oroentagent s and
fragnents thereof (e.g., epidermal growh factor (%EGF) hepat ocyt e
growt h factor (HESpun dweankgne W@mf?éﬁpade@f@m Bughaastepiesst( VEGF) ,
fibroblast growh factors fy % GF%{ pl at el et %rlved row h
factors (PDGF), P%'&?—Q'?P“&Pe pigally frgmste 29&8%?"%8“*4 hoyree T8 | G- 1)
and transform “gﬂgat9‘ﬁto %t Q{hén {ésﬁabgﬂ% éﬁ%ﬂ%a&% %Glcé“ﬁ{e mone,

par at hyroi d horrnohe el (‘)enlc proteins
(e.g., BMP-2, BNgnﬁsng%Bh s%s%%é hav@lr:blcﬁi Jﬂ@tg&%ﬁ‘grﬁh nddloipt h
differenti atl on ftactors GDF8), reconbi nant human
growth factors (eetgrgentMPﬁQéqd ﬁﬁt’al sélt&gendmmd/cﬁbrgmtrpbp@eméc pr ot ei ns
(CDWMP-1)); small nol ecules that affect the upregulation of specific
growm h factors; samaasthamderidydibeusendiabos indudiethibaderabingtian gful f at e;

fibronectin; decorl n: thronboel astin; thronbin-derived mti des:
hepar i n- bi ndi ng aﬁﬁ'ﬁ@nMQCM@ﬁjaWIEON@é(p@Paﬁ“%ﬂ‘Feé‘fhéihe[‘N@” §nents and

DNA pl asmi ds. Sul t?%g%mitg a&slg%x?ra sgl tion awlni%ngaltgdgg\li%ehgagggnd sts and

ant agoni sts of tRE boVe e g’ro or can al so
| nclude combi nat £gRg A nsmsmge&\efgemfafeﬁgg‘mﬁ@ﬁ@rx Redopbouo In
addition, the growth factor can be autol ogous growth factor that is
suppl i ed by pl at e tieSsiich ab BEledst @di 1 Mbur GpidsayfrddastduyBRdO WS gr owt h
factors normal ly associated wth platelets. If other such substances
have t her apeut i cabwcak ¢hdurs. tBxemples dfdypécdi dﬁcéHU@ricBﬁOm DFOD@SmFB ci pat ed
that at |east some of these substances will_have use in

i nvention, and s (wetherslaprsibeehie &sS- Shtsnt MurpRers hETG e gnd ﬁs‘?h%ggrream ng of

"bi oactive agent! and Ss expressly limted
ot her wi se. [0043]”?%8”@85@?@'0 5{???8% d?ré'ﬁ?ﬁﬂ% C4n further be formul ated
into conposite Sfo%&f.ol 4fic bibefiROPb RGP o obligh@EBAl DI ©
synthetic or natura ymers. | n one enbodi nent, the decellularized
oment um nat ri x cadmob@ccsrﬁanmﬁmg:e;daﬁ EmiJiAIRE, ehd deBeBERADNRAINST rengt h.
The reinforcenent conponent can be a 2-Dfilmw th or w thout pores,
fi ber structure, is3bnthaedwidraddisiffection kautiofilier arsefficiésly edettidersaioti ul ari zed
onmentum can be fornmulated into 2-D filns, 3-D matri x and tubul ar

structures with aH@maip diHHet the gscaliarized oeniyme spghAs At least alP‘i’Lgsue

d t nb ,
O aatl aouan bpgggpr?(,@gguggao"‘g? h@'ﬂfrt'?e ?*'5035 AR the peellidref 7o) S
[0044] Vari eties gf i 0absqeL g&ﬁgc B sHRG. trﬂ the non-

woven tissue engineering sca S an sh havi ng t

decel lul ari zed Oergnafewan%@ﬁundmgaawalb&l@l,bmtmohgm wﬁa@mh@ﬁ of

sui t abl e bi oconpati bl e, bi oabsorbabl e pol yners include polyners

sel ected from t hendyneygsciosgiestidn Fhedisiefectiph atlionpelyjresderss  pol y
am no

( or more of the following ethanol, methanol, isopropanol, propanol,

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



acids), copoly (ether- esters), polyal kyl enes oxal ates, pol yam des,
tyrosi ne derived pol ycarbonates, poly (im nocarbonates),

pol yort hoesters, pol yoxaesters, polyam doesters, pol yoxaesters
cont ai ni ng am ne groups, poly (anhydrides), polyphosphazenes,

bi onol ecul es (i.e., biopolyners such as collagen, elastin,

bi oabsor babl e starches, etc.) and blends thereof. Aliphatic

pol yesters include, but are not limted to, honopol yners and
copolynmers of |actide (which includes lactic acid, D, L- and neso

e 2 o AR e R o
polyiter bl ends +Rrest PUOIB ORr e e s B Hroheseal e -

non- absor babl e pemyaEh Sarfi Wathsdordeor HivRsinied with QirBsle Waen tissue
engi neering scaffolds and the nesh according to the invention. An

exanpl e i s pol yp[0opdll efiy. Beisdws sshgartized ef art UnéredtedsbeciarmamdiROGL ENE( 1)
avai l able fromEthicon, Inc., Sonerville, New Jersey, USA
[ 0046] Vari eti es &GP ercotiriizednascingqnigniim Bi Bisoinleaiedsoocdne al so be used

for the non-woven tiss engl neering scaffol ds, and the nesh having
the decel lul ari z& e%%ﬁﬁﬁ%@'%a ED t%é?f’é’aawafﬁ‘%‘ﬁ $35VEREi on. Exanpl es

ol astin. hyal ur ooy s it HNIELEy AR HR AGHAEHET! | o ng
exanpl es are il ysdduBbtbvial Lhouhi® 1P B IGNPh&SI0ANd practice of this
i nvention, although not Iimted thereto. Nunerous additional
enbodi nent s w t hjon33] he Thedgoellutanidedsgpnantim @by bdwppiisatMetidsuon wi | |

engineering and regeneration of internal organs, such as kidney, liver,

spleen and bladder. The decellularized omentum can also be used for

repair and regeneration of skeletal tissues, such as bone, cartilage and

tendon. Other uses for the decellularized omentum include soft 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



beconme apparent to those skilled in the art once having the benefit
of this disclosure. EXAVPLES Exanple 1: Solubility O Sw ne Fat

[ 0048] Approxi mately 0. 759 swine fat was added into 0.5nm selected
solvent. The solubility of the fat was visually observed and the tine
at which conplete solubility occurred was noted. The results are
presented in the table. The scale for turbidity is O being clear and
5 having high turbidity. Solvents Turbidity Cbservation acetone

implantation in 2 mammalian body, such as scaffold for tissue repair. [t
can be further enhanced by bioactives, cells, small meolecules, minced
tissue and cell lysates. The decellularized omentum can be
lypophilized with polymers fo make 3D foam or heat melted into a film
or mesh to name a few additional uses for the decellularized omentum.
Further, fibers may be electrostatically spun onto the omentum and
used "as is” or with synthetic constructs to make reinforced structures.
[0037] In one embodiment, decellularized omentum is formulated
into a tubular structure with or without reinforcement. The tubular
omentum matrix can be seeded with endothelial cells in which the
devitalized omentum serves as a cell attachment scaffold and growth
promoting substrate. Endothelial cell seeded onto decellularized
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 afurther 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.
Urcthelial cells seeded onio decellularized omentum have utility as a

building block material for bladder reconstruction.
16



5 Fat was liquefied by 120 seconds, but the m xture was highly
turbid. hexane 1 Fat dissolved conpletely by 200 seconds. acetone +
hexane 50:50 2 Fat dissolved conpletely by 220 seconds.

[0040] Bioactive agenis may be incorporated within andfor applied
to the tissue scaffolds, and/or it can be applied to the viable minced
tissue that is then incorporated to the scaffolds. Preferably, the
bioactive agent is incorporated within, or coated on, the scaffold prior to
the addition of viable tissue to the scaffold. The bioactive agent(s) can
be selected from among a variety of effectors that, when present at the
site of injury, promote healing and/cr regeneration of the affected
tissue. In addition to being compounds or agents that promote or
expedite healing, the effectors may also include compounds or agents
that prevent infection {e.g., antimicrobial agents and antibiotics),
compounds or agents that reduce inflammation {e.g., anti-inflammatory
agents), compounds that prevent or minimize adhesion formation, such
as oxidized regenerated cellulose (e.g., INTERCEED® and
SURGICEL®, available from Ethicon, Inc., Scmerville, New Jersey,
USA) compounds or agents that suppress the immune system (e.g.,
immunosuppressants), and cornbinations thereof.

[0041] By way of non-limiting example, other types of effectors
present within an imptant of the invention having the decellularized
omentum c¢an 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 sffectors of the

same or different functionality may be incorporated within the implant.
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acetone + hexane 30:70 1 Fat dissolved conpletely by 150 seconds.
acetone + hexane 20:80 1 Fat dissolved conpletely by 150 seconds.
xyl ene

[0042] Many different types of heterclogous or autologous growth
factors known to promote healing and/or regeneration of injured or
damaged tissue may be incorporated directly into the scaffold, or
alternatively, the scaffold can include a source of growth factors, such
as for example, platelets. Bioactive agents, may further include one or
more of the following: chemotactic agents; therapeutic agents (e.qg.,
antibiofics, steroidal and non-stercidal analgesics and anti-
inflammatories, anti-rejection agents such as immunosuppressants and
anti-cancer drugs); various proteins {e.g., short term peptides, bone
morphogenic proteins, glycoprotein and lipoprotein); cell attachment
mediators; biologically active ligands; integrin binding sequence;
ligands; various growth and/or differentiation agents and fragments
thereof (e.q., epidermal growth factor (EGF), hepatocyte growth factor
(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-&t I-lll}, parathyroid hormone, parathyroid hormone
related peptide, bone morphogenic proteins (e.g., BMP-2, BMP-4;
BMP-8; 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; chondreitin sulfate; fibronectin; decorin;
thromboelastin; thrombin-derived peptides; heparin-binding domains;

heparin; heparan sulfate; DNA fragments and DNA plasmids. Suitable
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O Fat dissolved conpletely by 210 seconds. Exanple 2: Onrentum
Decel l ul ari zation Process [0049] FAT EXTRACTI ON: Pi g onmentum was
placed in 0.9% saline after harvest. After rinsing in the saline
solution 3 tines to rinse off blood and ot her extraneous debris, the
omentum was placed in 70% ethanol for 30 mnutes. Follow ng the
treatment with 70% et hanol, the tissue was dehydrated 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 sol ution

60 t t he t 50: 50
S\ég{gne h(ranxgtzeeﬁfe E)rrseﬁ(g‘gen EJX‘?ﬁ h‘frg%(’?}S Su %‘Psbip%ﬁ‘eflﬁgrég m xture of
the same for 24- éé’sc%aaraﬁo&ewmgﬂ%wﬁnaa &an 81 5'8%&%‘&8 dn%? for fat

extraction. The tissue was trans erre anol for 30

m nutes and subsm@@mwetb@dw%&iéw&lrnmﬁroa,thebmﬂeﬁséeew, it could
be stored at 4C until the decellularization process was initiated.

[ 0050] DECELLULABR ZAdibgos gibtvih fhdtarshue iswasplitt Bynplatateirstae blood, a

decel lul ari zation buffer having a cocktail of TRITON(r) X-100 (1% wN

a nonioni ¢ det errgb'ﬁfr manirye MfOLS oPViyfaders semplicasseriB@! wiid Tri s- HCI (pH
7.2), for 30 mn f ol | owed bétreatrrent in an enzyme

sol uti on havi ng &2 @B&I&therwﬁérﬂfﬁﬂ’fﬁ?ﬁ'@& SleRRHs ¥pAsiE 41, 8 U/ mL)
m xed with t he dGGs Hedi'é %d ﬁf&ténf?{}aa?éﬂiftﬁaq eJJP?orB%ﬁfg%fs‘e g‘@b%taﬁge%n in this

sol ution for was t en wa hour s

each) in a sol utwmﬂam)ébnghé@véﬁvw lah@ sUdsudsRicds shbuld Be AMLACL2 and 1%
(W) TRI TON@ X- 100. The tissue was then placed in a cell extracting

sol ution havi ng ibNd\a&anjng 20 vattivg Ager®. a2806 idAblve BobritON@Eee 100 pH 7.0
for 1 hr, follow ng which the tissue was washed with ultra pure water
(4 times, 5 mi nu@@gese'a&med OFW&G]- DI SI NFECTI ON:  The tissue was

transferred to disinfecti
[0043] The decellu]arrzed omentum can further be formulated into

composite scaffolds in a combination with biocompatible synthetic or
natural polymers. In one embodiment, the deceliularized 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-
waoven 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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sol ution having 80:20 water: ethanol (200 proof) with 0.15% peracetic
acid (or acetic acid) for 1 hour after washing in water (4 tines, 20
m nutes each), the tissue was stored in 70% al cohol at 4 C. Exanple
3: Histol ogi cal Eval uation [0052] Sanpl es of untreated omentum and
decel lul ari zed omentum devitalized in accordance Exanple 2 were fixed
in 10% buffered neutral formalin for 2 days. The sanples were then
processed for routine histology (i.e., washing in water, dehydrating
with al cohol, clearing in xylene, enbedding in paraffin, sectioning

and subfsequenj[ ! Ya gﬁsg,ﬁc%ag{/ p%uetr rb%te?%)'.pggﬁlkyltg{esﬁkﬁétgg pn&%%&eg hemat oxylin

and eosin). Fig. fres rcine omentu aving fat 7

within the matri M&m\é/@gﬁ@g%opygbrgdﬁgteg%@éx odfrb@Rekshmentum 9, there is
much less fat 10 within the matrix 11 anple 4. Gowh O Porcine

Urot helial And Hpogorthbisdtdrs,ipolrbxa€stesumybeidovsters CelybsetlatdTCs) On
Devitalized Porcine Orentum [0053] Urothelial cells were isolated from
por ci ne bl adder s corigpinied #pine pieres, pdy (Enhididesy, PRyPRosPIsEENSsed from
Farmto- Pharm (Brj dgewater, New Jerse USA) washed clean with PBS
and enptied of uP’ioﬁ'g’ecﬁSa(d%iet?'%"o\XéW?ﬁ“ # CR9eR Tt heir 1 ong axi s

and | aid f lat w gwaéﬁg%aglgggarc% cc}%h?glerﬁo%%é?gofuwgﬂ j)olgﬁgrswer e then

covered with 0.2 FUc r OXi ours
Fol I owing this d!rﬂﬁé% Qi bre E&‘ﬁmﬂécptbhﬁ:‘nﬂoﬁ&lyrﬁérﬁ'@nd’\%‘éol§ﬁér@@€l€cﬁ&bth a cell

scraper to peel off
(which includes lactic acid, D-, L- and meso lactide), glycolide
(including glycolic acid), epsilen-caprolactone, p-dioxanone (1,4-
dioxan-2-one), trimethylene carbonate (1,3- dioxan-2-one), alkyl
derivatives of trimethylene carbonate, and polymer blends thereof.
[0045] Varieties of biocompatible non-ahscrbable polymers can also
be 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, hyalurcenic acid, laminin, and gelatin.
[0047] The following examples are illustrative of the principles and
practice of this invention, although not limited theretc. Numerous

additional embodiments within the scope and spirit of the invention will
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urot helium and the digestion |iquid was sieved through a 40

m croneter filter. The liquid was then spun down and cells washed
with the Keratinocyte Serum Free (KSF) nmedium (Invitrogen, Carl sbad,
California, USA). Cells were plated in T-75 tissue culture fl asks

usi ng the KSF nedium The medi um was changed every 2-3 days.

[ 0054] Human unbilical tissue-derived cells (hUTCs) were isolated as
described in United States Patent Application Publication Nunber
US2005/ 0054098 Al, which is incorporated in its entirety herein by

reference, and grown in gr medi. up M | ow gl ucgse i bco,

Car | sbad. " cal 1 opice Besty R o et g S e YR it e
#5H30070. 03; Hychpngsaok@gan, U ah, USA), 0.001% (v/v)

bet anmer capt oet hanol (Sigma-Aldrich, St. Louis, Mssouri, USA),
penicillin/streptonycin (G bco), i|iBxAMgeEsiti n-coated-175 flask. Cells
wer e passaged every 3-4 days. [0055]Decellul arized omentum prepared

i n accordance w Ekaripdanpbaduldilitygds Sevirte Haht 0 approximately 2.5 x 2.5 cm
squares and placed into ultra |ow cluster 6-well dishes. Orentum was

sterilized by i nlA8%8t i SRPPHMAISYSI 758 EWiBe FRhnet aqdsd ineed-$rplselgctePDs fi | m)
1 h f t tored in 70% ethanol). Materi al
were then nashed S| MEENTibS ik st e e i otkgengnd pragg ol ¢

i hel. | : db
[ 0056] Por ci ne Ur%Eﬁ%dn?dlet&?dndbﬁlgﬁdﬁwrreemsh@@&%@gf@%veﬁe y

washing with PBS and trypsinization using % trypsi n- EDTA

(G bco). Reacti Opre¥értedsh GBRAAL. h%e%&hﬁ%;@ﬁtdibtcﬁtf@ 0%eingdieBCHrals vol ume of
kerati nocyte-SFM (G bco) for urothelial cells and grow h nedi um for

hUTCs. Cel | s wer bavirglhighctreidity centrifugati on and the cell pellet

resuspended in culture nedia |Is were counted using a Guava
instrument (Guavia Tecdunehogi es, Haywatubiditgal i f orjni a, Offvaasd
Fat was liquefied by 120
acetone 5 seconds, but the mixture
was highly turbid.
Fat dissolved completely
hexane L by 200 seconds.
acetone + hexane 2 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.
Fat dissolved completely
xylene 0 by 210 seconds.

Example 2: Omenium 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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100,000 cells in 1 mM of nedia were seeded on the onental nenbrane in
6-wel |l plates. After incubation for 2 hours at 37C, an additional 2
m of media was added to each well. Urothelial cells or hUTCs were
seeded 10 days prior to inmunofluorescence staining. [0057]On 10th
day post-cell seeding, onmentum nmenbranes were washed with 3 m PBS
and then fixed with cold 4% (w v) parafornmal dehyde (Si gma-Aldrich)
for 10 mnutes at roomtenperature. | munocytochem stry was perforned
usi ng anti bodi es directed against the follow ng epitopes: al pha

smoot h nuscl e aCBanoﬁﬂora@Q.nu@Qeﬁaulewﬂg It hi wikedoycaidhol, FBL171,
Tenmecul a, California, USA) and cytokeratin AE1l/ AE3 (1: 200; Cheni con

I nt ernati onal catiggue MaB3hiidhted [0M5%)] dnbiitre3® riputes wenstved Wi t h
phosphat e- buf fered saline (PBS) and exposed to a protein bl ocking

sol uti on cont ai ntheggdRBSo 148k €thdne) The dissus mas the( Chraidrednd acetonel 0. 3%
(v/v) TRITON(r) (X-100) for 1 hour to access intracellular antigens.
Primary anti bodi 18%?*&*?%6‘3‘%“"%?*’(?8‘%‘??ibe‘@ﬂlelgtm"&ﬁes WP appli ed
to the cultures a pe room t. ure. Next,
primary anti bOdthg(SIP%PIWgﬁg%\%%@B %8%@ ‘éeéo BT %n}égor\%gshed with PBS
prior to appli Caﬁnﬁn%sofguo%egggé? ¥0 ﬁwmdr(p&qﬂe SHleubi AN kﬁ)&rsl'(‘\‘?w at _room
tenperature) contai ni ng bl oc ong wth goat anti-nouse 1gG - FITC

conj ugate (1: 2003 cRingsPorAletk $aiipn) FEAhtieiiF RGoneThe tithievavashed and 10 pM
DAPI (Mol ecul ar Probes) applied for 10 minutes to visualize cell

nucl ei . [0059] Fotrérefread td 16traehalfer gninii¢amdesicencatnes 0% sual i zed
using the appropriate fluorescence filter on an Ay Wrr?us i nverted

epi fl uor escent nPERISYBYTE {rereaipist condbgistared atkeyuv@ine, UsA). In al |

decellularization process was initiated.

[0050] DECELLULARIZATION: The tissue was then immersedina
decellularization buffer having a cocktail of TRITON® X-100 (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 (Benzenase; 41.8 U/ml)
mixad with the decellularization buffer. The tissue was spun in this
solution for 20 hours. The tissus was then washed twice (2 hours
each) in a solution having 50 mM Tris-HC! (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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cases, positive staining represented fluorescence signal above
control staining where the entire procedure outlined above was
followed with the exception of application of a prinmary antibody
solution (no. 1 control). Representative imges were captured using a
digital color video canmera and I magePro software (Media Cybernetics,
Carl sbad, California, USA). For doubl e-stained sanples, each inage
was taken using only one emssion filter at a tine. Layered nontages
were then prepared usi ng Adobe Photoshop sof tware (Adobe San Jose,
California, USA) 060 ndicated t hat
col |5 of both 1 yBed BE Pl agr o ol BarBl 1 e 5 PB &b orrent a

membrane. Fur  NERiRIE califlibl REhA whodiisy RTDARIGANISHR. mono' ayer and
ret ai ned robust expression o ey nar ers: keratin for urothelial
cells and snooth nuscle actin for hUTCs. Exanple 5: Human Ki dney
Derived Cell Gowh On Devitalized Porcine Orentum [0061] Nor mal human
ki dneys were obt Ekareple BridistoldgicaNBtaleateh Di sease Research |nterchange
(NDRI', Phil adel phia, Pennsylvania, USA). The kidney used in this
study was obt ai nEW5%]r oSrErkeal wigatedamspim angl decefiyleized pepieove bl ood

d deb th h d Eagl
ol um ( DVEM | oD DESLE 2 RITEr DR L S "CaPY i o, "USA) or
phosphat e buf T er iy PESiys! A Lo o HElBy 0 Ssect o

fromthe cortex region o dney he t1ssues were

nmechani cal 'y di sgRgheatiglodyni.d.ivasHRg BlWatdddRhRlrdihg Hith albdMol,| the tissue
was mnced to a fine pulp. The tissue was then transferred to a

50-mlliliter codeamb utxytmee, efitbeddingss parafiigsettioeing dndyprbsaadentn GVP ( good
manuf acturing practice) B%FE m xtures containing 0.25 units PZ
activity/m coll arg@%a@@theﬁ s fqusrore rdth hgeateyliEpndcopisp Hdg-8si s GbH,

Hei del b Ge its/m d 11165 859, Roch
D1 agnosti o5 Cor paPHE NS HIFLREBENTe & Bpn 2Ta Ry To4R 1 uhi ¢/l
hyal ur oni dase (V8300 b STAFHALIBAGHL: 63h8rs o 1 8ss c£3b1 forni 2

USA). The enzynme m xture was coO h*renal "eprthelral growh
medi um ( REGV) ( Gaiyt 8% hatrikR€. coni cal t ubes containing the tissue,
medi um and di gestion enzynmes were incubated at 37C in an orbital
shaker at 225 rpmfor 1- 2 hours. [0062] The digested nmaterial was
centrifuged at 150 x g for 5

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. Briefiy,

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 liguid was then spun down and celis washed with the
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m nutes, then the supernatant was aspirated. The pellet was then
resuspended in 20 mlliliters REGM The cell suspension was filtered
t hrough a 40-m cron nyl on BD FALCON Cel | strainer (BD Biosciences,
San Jose, California, USA). The filtrate was re-suspended in REGM

(total volume 50 mlIliliters) and centrifuged at 150 x g for 5
m nutes. The supernatant was aspirated and the cells were
re-suspended in 50 mlliliters of REGM This process was repeated

twice. [0063]After the final centrifugation, supernatant was

aspirated and th meMsRandeshehcakGhdd [ 1iliters of
REGM The nunberRgfféﬁ%/(%cétgﬁlg}uiﬁrlg\gamsggmgﬁe‘r%lm' n%bg usi ng a Guava

i nstrunment ( GuavagaifesRNOsAYicess) werkpkied inBTBtidshe tulptedasd ueiny O

gel atin-coated tissue culture flasks and cultured at 37C under nor nal
at nospheri c conthetiSineediBel The musiver wasrchheged pasrs 2galdyson non- coat ed
tissue-culture flasks six tinmes with nmedia exchange ever% 2- 3 days.

CelI's were then 9#8pr sbEepambiisrtssus-reyivpdclr (hMdgehvee 508 Onent um
b decel lul ari zed . , ¢ | e 2 t int
Sover al 4 oo pi BEESCa 't AR SRR P00 B Rl OBV i it
4C. I ndivi dual pbggﬁog'{@h@ggrqwmmmgg oW 8 hitel) ndepasi ted into

wells of a 6 well enove residual ethanol, the onentum

menbrane was washggleddal 81 drdviBS glivimeiurh (DMENRRS Jiuebéc@rdoby one wash
with 3 M REGM Passage 6 hKDCs were then thawed and seeded at 10, 000
cel I s/ cnRont o t headsbedtGaifominbEan ésafdv)detbitboviedsdrnon (Gadur days in
REGM Fresh nedia was added to the cultures every 2-3 days. [0065] On
day four post-ceFBHIWZRP%dIvCone heaamh Wkt a0 e @vikedthed with 3 m

o T a5 o ekeBE AT i RSB R ey B obes)
Cal cei n- AM st ai ned . v sual | ] m cr oscopy
and fixed sanpl eg&\/@@g&%@%ﬂ)@ﬁ@%%oiﬂb%%ﬁlﬁaﬁteeé W%ﬁﬁ'ﬁ%?% ogi cal
processing and H&reStaddddbdevenf DHBHKAf ter four days in culture, hKDCs

showed si gni ficant
[0055] Decellularized omentum prepared in accordance with
Example 2 was cut into approximéte[y 2.5 x 2.5 cm squares and placed
into ultra low cluster 8-well dishes. Omentum was sterilized by
incubation in absolute ethanal 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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attachnent to the devitalized omentum In addition, the cells were
vi abl e as evidenced by the intense Cal cei n- AM st ai ni ng. Exanpl e 6:
Gowmh O Human Unbilical Vein Endothelial Cells (HUVECS) On
Devitalized Porcine Orentum [0067] Human unbilical vein endotheli al
cells (HUVECs, catal og nunber C2517A) were obtained from Canbrex and
were cultured in endothelial growth nmedium (EGVW 2MW/, catal og nunber
3202) according to manufacturer's recomendati ons which are

i ncorporated herein by reference. For routine passage, ceI | s were
washed once vvitha(g)hosphate b ffered saline (PBS, Invitrogen, catalog

nunber 14190) an HEOP gAY 1 BY O PIARYHE 5389 W@OQ‘S@)@W "i"ﬁ’ EDTA,
[nvitrogen, catal, w&mge&ﬁgﬁ{e%g&%z;ggussét B, 00ufLed Ui ng 2

Guava i nstrunent 0gi €s) and See ensity of 5000

cel I s/cn2. Cel | sy dfaQbsiab8ddvio BRAHSANE OrRhAI Vel oﬁhlgiﬁ’}’sswere
[ 0068] Decel | ul ari zed onmentumin accordance with Exanple 2 was cut

i nt o appr oxi mat ekgeded 0 day2 piorGnBidaiue eseshte gthinggd i nto ultra | ow
cluster 6-well dishes. Orentumwas sterilized by incubation in
absol ut e et hanol [008f] 1 Ohddih qamnmmmepdiwiomastmy mermbraads were70%

et hanol ). Omentum nenbrane was was in 3 mM of PBS (Ca and
My -free) beforewﬂfé‘édw[ﬂb@B‘éTB%@WE@” %@Fé"ﬂl’m%ﬁ'@‘éél(‘@&) by washi ng w th

d
React on wie st o BEEBERRE TaHmP A Bhn i R e o 2w
media. Cells wer ﬁnnﬁﬂbéﬁ&E&F’lsz&%HBHeHgéﬁé bR cﬁr@&e@@da‘inspe' | et

re-suspended in cul ture nedi a. | s were counted using a Guava

i nstrunent (GJavaeTcms\hﬁ@b@@p@smpwwnobﬁﬂn&@@ 6@l (=200, Thdmigbn of nedi a
wer e seeded on onmentum nenbrane in 6-well plates. After incubation
for 2 hours at 3WEmatienahckdi: IGBONEI Ta@nerdulaoCalifenld.d) SAasndeithseratiio each
well. [0070] HUVECs were &rown on onmentum nenbrane for 10 days and

processed for DA(P‘*?”%%%W@O &hequ%mt@;maﬁe%ﬁ@fww&ﬁﬁ% anes were washed

h m d wi f hyd
e e of o et ottt rRBih b PR PR,
washed with PBSa%{aqexE&éP H)eéjp E%I&Qn@MIWhﬁrﬁd}%gﬂ%Q as, (E,{,)obes) for 15

mnutes to visualize ce nuc For Ity stalning, a |livel/dead
staining kit (Mjgesdrah (CHeaitRn) abE3Y $ed. TROTNG (KMOTEBPT Adles Wer e

washed with 3 ml PBS and then stained with 1 uM calcein-AM and 1 uM
propi di um i odi deadcess irit@celiulruardigerst Rrioem antmdies.aliluteein 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 19G — FITC conjugate {1:200; Sigma-Aldrich). Cultures

were then washed and 10 yM DAPI (Molecular Probes) applied for 10

minutes to visualize cell nuclei.

[0059] Following immunostaining, flucrescence 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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[0071] Cell nuclei (stained with DAPI) and viable cells (stained with
cal cein-AM were visualized using the appropriate fluorescence filter
on an A ynpus inverted epi-fluorescent m croscope (A ynpus).
Representative i mages were captured using a digital col or video
canera and | nagePro software (Media Cybernetics). [0072] The results
of this study show that human unbilical vein endothelial cells can
attach and grow on decel |l ul ari zed porci ne onentum nenbrane and t hat
these cells are viable. Exanple 7: Incorporation of GDF-5 into a

conposite of non f

[0073] Fel ts made\é% ggﬁﬁﬁ% %ﬁ%ﬁ%ﬁe qeg]ﬁgjgv?ng(% E%%&%\l/%ﬁg%&hl engt h of
Scm are placed Oratathmgmhéied@esermfe fodtateloLihay dbaRdvaNBIRIBdwR epared in
accordance with Exanple 2. The structure was then needl e punched to
create the inter kadkcaplioD&/apRlicRGAOPL Aifarp entibodf sotuien fhelts with the
decel lul ari zed omentum The conposites were approximately 1 nmthick
with a density ofo®)nfemesen@riMagas veere usmuacmltdfwéoo mg/m in
10 MM HCI was added to the conposite scaffold and then | yophilized at
J25C. The GOF-5 MOSUEIPSCRMIIEree S edipe bede SOnReib Lerted |y used

for COnnective ticaniiiel GOR! For dthio SUMIRLSmfiB! bhdiiEd RASHRRT 1 on.

K
bone repair and woun *heal’

using only one emission filter at a time. Layered montages were then
prepared using Adobe Photoshop software (Adobe, San Jose,
California, USA).

[0060] The results of this experiment indicated thai cells of both
types grew well on decellularized porcine omental membrane.
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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[ 0074] Al t hough this invention has been shown and described with
respect to detailed enbodi ments thereof, it will be understood by
those skilled in the art that various changes in form and det ai

t hereof nmay be nmade wi thout departing fromthe spirit and scope of
the clained invention. W claiml. A nmethod for defatting onmentum
conprising providing an onentum dehydrating the onmentum contacting
the onmentumwi th at | east one dehydration sol vent and extracting fat
fromthe dehydrated onentumw th at | east one extraction solvent. 2.
The nmethod of claim1 wherein all the fat within the omentumis
extracted. 3. Thé”%ﬁ‘?ﬁ‘e‘ﬁ’:l‘e&astﬂ”}ﬁ‘?ﬁolafWﬁ@P’Bi hhe fpgue¥asrta@ i on sol vent is

ol vent and combl AN 4 REPbpr e ke et Run et e AP aner ei n
the extraction s 'evwggobémaﬁlf&%ﬁgpa‘agm LRI BUR ARSI N9 Of

hexane, xylene, Dbenze ol uene tate, acetone, di oxane,
acetonitrile andogsfisTrtdcmg/m b@é@e%se @BeTmomh%iv@f daiml

wherein the dehydration solvent is selected fromthe group consisting

of met hanol, et hBlkcdtophorsspEmpldrtadidelqre Gamanyad ucitwhiidispéseons t her eof .
(Dispase [l 165 859, Roche Diagnostics Corporation, indianapolis,
Indiana, USA), and 1 unit/mL hyaluronidase (Vitrase, ISTA
Pharmaceuticals, Irvine, California, USA). The enzyme mixture was
combined with renal epithelial growth medium (REGM) (Cambrex).
The conical tubes containing the tissue, medium and digestion
enzymes were incubated at 37°C in an orbital shaker at 225 rpm for 1-
2 hours.
[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 millilitars REGM. The cell suspension was filtered
through a 40-micron nylon BD FALCON Cell strainer (BD Biosciences,
San Jose, California, USA). The filirate was re-suspended in REGM
(total volume S0 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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6. The nethod of Claim1l wherein a weight ratio of the omentumto
dehydration solvent is 1 :5 to 1:100. 7. The method of Caiml
wherein, a weight ratio of dehydrated onentumto extraction sol vent
is 1:3 to 1:50. 8. The nethod of Claim1 wherein the onentumis
dehydrated in one or nore treatnments. 9. The nmethod of Claim8
wherein the treatnents conprise contacting the onentumwi th a first
dehydrati on sol vent conprising al cohol and water and contacting the
onentum wi th a second dehydration sol vent corrpri sing al cohol. 10.

The method of d a dltlg s\,\n;eellggergéld pajg%;eggrbxgnr g)(a ’uﬁ&%l f?u% conprises

from 60% and 70% a wat er
dehydration sol Vﬁébtks '5|§ t:ﬂ%ﬁnrﬁh@ﬁ&!chan&é eveH. 3@3&§%[I@¢ver@ttﬂa‘nm 9

wherein the treatnents further conprise contacting the omentum
cryopreserved under liquid nitrogen.

[0064] Omentum membrane decellularized in accordance with
Example 2 was cut into several 4 cm” pieces and then submerged in
70% ethanol overnight at 4°C. Individual pieces of omentum
membrane were then deposited into wells of a 6 well plate. To remove
residual ethanol, the omenturm mernbrane was washed three times with
3 ml of PBS followed by one wash with 3 ml REGM. Passage 6
hKDCs were then thawed and seeded at 10,000 cells/cm®onto the
omentum membrane and cultured for four days in REGM. Fresh media
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
(Molecutar Probes) or fixed in 4% paraformaldehyde overnight at roofn
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, hRKDCs 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

(HUVECs) On Devitalized Porcine Omentum
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with a third dehydration solvent conprising al cohol and then
contacting the omentumwi th a fourth dehydration sol vent conprising
al cohol . 12. The nethod of Claim 11l wherein the third dehydration

sol vent and second dehydration solvent are pure al cohol. 13. The

met hod of Claim 11l wherein a weight ratio of the omentumto the first
dehydration solvent is 1 :5to 1 :50, a weight ratio of the onmentum
to the second dehydration solvent is 1 :5 to 1:100, a weight ratio of
the omentumto the third dehydration solvent is 1:5 to 1:100 and a
meight rati o of the onentun1to t he fourth_dehgdration solvent is 1:5

to 1:100. 14. PHE7ImefHBEn Hrolselydh sroahelrbrelS PHYHC Hotex 1 act ed
fromthe dehydr af i, oEsatim Lo S TER R ORI S ps, 1

The method of daim extraction steps conprise

contacting the d@&mﬁfeﬁéagﬁé EeM-Bvg, Jataioatnuﬁasérrs@t@il on sol vent
which is a polar solvenf then contacting the deh ydrated omentum wi th

second extract i ofccaing@ninatlrérsira@maiddadtionSRNcHRE mborserhté@nt and 50%
to 70% non-pol ar sol vent and then contacting the dehydrated onentum
with a third exthaetbprefaeiceehtr reding phssigry calld WeteovaB084 wice widn- pol ar
solvent and 10%to 30% pal ar solvent. 16. The nethod of C aim 15
wherein the pol aPh%@T%ﬁ-tﬁeieg sginalRre "B’ﬁ@g?%éatﬁ[%”%eéﬂ“ 98l vent is

and detached by trypsinization (0.25% trypsin-EDTA, Invitrogen,
catalog number 25200-056). Cells were counted using a Guava
instrument {Guava Technologies) and seeded at a density of 5000
cells/cm?. Cells were routinely passaged every 3-4 days.

[0068] Decellutarized omentum 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 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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hexane. 17. The method of C aim 15 wherein a weight ratio of the
dehydrated onmentumto the first extraction solvent is 1 :3 to 1:50, a
wei ght ratio of the dehydrated onmentumto the second extraction
solvent is 1 :3to 1 :50, and a weight ratio of the dehydrated
omentumto the third extraction solvent is 1 :3 to 1 :50. 18. The

met hod of Claim1l1 further conprising re-hydrating the onentum after
fat extraction. 19. A process for devitalizing onmentum conprising
the steps of i) cleating onentum conprising a) dehydrating onmentum by

contacting the 0ﬂ§ﬁ§ung%%%§3%g%§§§ﬁOﬁgﬁh&mwxg%g%hgﬁézgh%gnt and b)

extracting fat f onmentum w th at t ‘one

extraction sol vegkd gBsbsbddfodearalslaitirdr iBabMydorhdreursiRbAblRsk warBNt UM
20. The process of Caim19 wherein all the fat within the onentumis

extracted. 21. Washefimiib@ss P85 abll themidsd witbrpld U%i (wly) t he addi ti onal

step of disinfecting the decellul arized defatted onmentum
paraformaldehyde (Sigma-Aldrich) for 10 minutes at room temperature.
Cultures were washed with PBS and stained with 10 uM DAPI
(Molecular Probes) for 15 minutes to visualize cell nuclei. For viability
staining, a live/dead staining kit (Molecular Probes) was used.
Omentum membranes were washed with 3 ml PBS and then stained
with 1 uM calcein-AM and 1 uM propidium iodide for 10 minutes at
room temperature.
[0071] Cell nuclei (stained with DAPI) and viable cells (stained with
calcein-AM) were visualized using the appropriate fluorescence filter on
an Qlympus inverted epi-flucrescent microscope (Olympus).
Representative images were captured using a digital color videa
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 5cm 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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22. The process of Claim 19 conprising the additional step of
sterilizing the decellularized defatted onentum 23. The process of
Claim 19 wherein the dehydration solvent is selected fromthe group
consi sting of nethanol, ethanol, isopropanol, propanol and
conbi nati ons thereof. 24. The process of Caim19 wherein the
extraction solvent is selected fromthe group consisting of hexane,
xyl ene, benzene, toluene, ethyl acetate, acetone, dioxane,
acetonitrile and conbi nations thereof. 25. A construct for nedical
pur poses conprising decel l ul ari zed onentum defatted in accordance
with the net hod Y eegpsslyarized omentum. The composites were approximately

1 mm thick with a density of 75 mg/cc. GDF-5 ata concentration of

200 mg/mlin 10 mM HCl was added to the composite scaffold and

then lyophilized at -25°C. The GDF-5 loaded composite scoffolds can

he potentially used for connective tissue repair, for example cartilage

regeneration, bone repair and wound healing.

[0074]  Although this invention has been shown and described with
respect to detailed embodiments thereof, it will be understood by those
skilled in the art that various changes in form and detail thereof may be
made without departing from the spirit and scope of the claimed

invention.
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We claim

1. A method for defatting omentum comprising providing an omentum, dehydrating the
omentum, contacting the omentum with at least one dehydration solvent and extracting fat from

the dehydrated omentum with at least one extraction solvent.
2. The method of claim 1 wherein all the fat within the omentum is extracted.

3. The method of Claim 1 wherein the extraction solvent is selected from the group

consisting of non-polar solvent, 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 1
:5to1:100.
7. The method of Clairn 1 wherein, a weight ratio of dehydrated omentum to extraction

solvent is 1:3t0 1:50,
8. The method of Claim 1 wherein the omentum is dehydraied in one or more treatments.

9. The method of Claim 8 wherein the treatments comprise contacting the omentum with a
first dehydration solvent comprising alcohol and water and contacting the omentum with a second

dehydration solvent comprising alcohol.

10. The method of Claim 9 wherein the first dehydration solvent comprises from 60% and

70% alcohol and 30% to 40% water and the second dehydration solvent is pure alcohol.

11.  The method of Claim 9 wherein the treatments further comprise contacting the omentam
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with a third dehydration solvent comprising alcohol and then contacting the omentum with a

fourth dehydration solvent comprising alcchol.

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 1 :5 to 1 :50, a weight ratio of the omentum to the second dehydration solventis 1 :5 to
1 :100, a weight ratio of the omentum to the third dehydration solventis 1 :5t01:100 and a
weight ratio of the omentum {o the fourth dehydration solventis 1 :5to 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 omentumn with a first extraction solvent which is a polar solvent then contacting the
dehydrated omentum with second extraction solvent comprising 30% to 50% polar solvent and
50% to 70% non-polar solvent and then contacting the dehydrated omentum with a third

extraction solvent comprising 70% to 90% of non-polar solvent and 10% to 30% polar solvent.

16. The method of Claim 15 wherein the polar solvent is acetone and the non-polar solvent is

hexane.

17. The method of Claim 15 wherein a weight ratio of the dehydrated omentum to the first
extraction solvent is 1 :3 to 1 :50, a weight ratio of the dehydrated omentum to the second
extraction solvent is 1 :3 to 1 :50, and a weight ratio of the dehydrated omentum tfo the third

extraction solvent is 1 :3 to 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 omentun.
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20. The process of Claim 19 wherein all the fat within the omentum is extracted.

21, The process of Claim 19 comprising the additional step of disinfecting the decellularized

defatted omentum.

22 The process of Claim 19 comprising the additional step of sterilizing the decellularized

defatted omentum.

23, The process of Claim 19 wherein the dehydration solvent is selected from the group

consisting of methanol, ethanol, isopropanol, propanol and combinations thereof.

24, The process of Claim 19 wherein the extraction solvent is selected from the group
consisting of hexane, xylene, benzene, toluene, ethyl acetate, acetone, dioxane, acetonitrile and

combinations thereof.

25. A construct for medical purposes comprising

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