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and materials for decellularizing and recellularizing
organs and tissues. BACKGROUND Bi ol ogi cally derived
matri ces have been devel oped for tissue engineering
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hearts. Another representative heart is a human heart.
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enbodi nent, the decellularized heart is a portion of
an entire heart. For exanple, a portion of an entire
heart can include, w thouSUMMARYion, a cardiac
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at rorgsm oralsﬁuegiﬁtwelleistrhbtﬁbd% and th&tbialy eet 1Rl izeSedicHMlarized
coronary vascul ature, a pul nbnary artery, or a
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decellularized heart substantially retains the morphology of the extracellular
matrix prior to decellularization, and the exterior surface of the extracellular
matrix is substantially intact.

Representative hearts include but are not limited to rodent hearts, pig
hearts, rabbit hearts, bovine hearts, sheep hearts, or canine hearts. Another
representative heart is a human heart. The decellularized heart can be cadaveric.
In some embodiment, the decellularized heart is a portion of an entire heart. For
example, a portion of an entire heart can include, without limitation, a cardiac
patch, an aortic valve, a mitral valve, a pulmonary valve, a tricuspid valve, a
right atrium, a left atrium, a right ventricle, a left ventricle, septum, coronary

vasculature, a pulmonary artery, or a pulmonary vein.



regenerative cells are pluripotent cells. In sone

enbodi nent, the regenerative cells are enbryonic stem
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progenitor cells, bone marrow derived cells,
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In still another aspect, the invention provides for a method of

decellularizing a heart. Such a method includes providing a heart, cannulating
the heart at one or more than one cavity, vessel, and/or duct to produce a
cannulated heart, and perfusing the cannulated heart with a first cellular

30  disruption medium via the one or more than one cannulations. For example, the
perfusion can be multi-directional from each cannulated cavity, vessel, and/or
duct. Typically, the cellular disruption medium comprises at least one detergent
such as SDS, PEG, or Triton X.



Generally, the first cellular disruption nmediumcan be
an ani oni c detergent such as SDS and the second
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such as Triton X. In such nethods, the perfusing can
be for about 2 to 12 hours per gram (wet weight) of
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mai n conponents the extracellular matrix (ECM, cells

Oerrbedded t herein, %@ggﬁggﬁﬁwai’lﬂﬁm

Decel l ul ari zati on organ as descri bed herein
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or Q?erbahﬂﬁlgteﬁ?ﬁ, BeCURRFeFed), S08 i htrior caval vein,
brachiocephalic artery, left common carotid artery, and left subclavian artery are
ligated. Arrows indicate the direction of perfusion in antegrade and retrograde.
Figure 2 is a schematic of one embodiment of a decellularization /
recellularization apparatus.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
Solid organs generally have three main components, the extracellular
matrix (ECM), cells embedded therein, and a vasculature bed. Decellularization

of a solid organ as described herein removes most or all of the cellular
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for recellularization. Mammals from which solid organs
can be obtained include, without limtation, rodents,
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and tissues used in the methods descri bed herein can
be cadaveric. Solid organs as referred to herein
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provides for nethods and materials to decel'lUlarize a
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without recellularization, can be used for transplanting into a patient.
Alternatively, a recellularized organ or tissue as described herein can be used to
examine, for example, cells undergoing differentiation and/or the cellular

organization of an organ or tissue.

Decellularization of Organs or Tissues
The invention provides for methods and materials to decellularize a
mammalian organ or tissue. The initial step in decellularizing an organ or tissue

is to cannulate the organ or tissue, if possible. The vessels, ducts, and/or cavities
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the art. The next step in decellularizing an organ or

tissue is to perfuse the cannul ated organ or tissue
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an organ can be nulti-directional (e.g., antegrade and
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One or more cellular disruption media can be used to decellularize an

W

organ or tissue. A cellular disruption medium generally includes at least one
detergent such as SDS, PEG, or Triton X. A cellular disruption medium can
include water such that the medium is osmotically incompatible with the cells.
30  Alternatively, a cellular disruption medium can include a buffer (e.g., PBS) for
osmotic compatibility with the cells. Cellular disruption media also can include
enzymes such as, without limitation, one or more collagenases, one or more
dispases, one or more DNases, or a protease such as trypsin. In some instances,

cellular disruption media also or alternatively can include inhibitors of one or
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di spases, one or nore DNases, or a protease such as
trypsin. In sone instances, cellular disruption nedia
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which can remain organized as defined structures such as the basal lamina.
Successful decellularization is defined as the absence of detectable
30 myofilaments, endothelial cells, smooth muscle cells, and nuclei in histologic
sections using standard histological staining procedures. Preferably, but not

necessarily, residual cell debris also has been removed from the decellularized

organ or tissue.



sections using standard histol ogi cal staining
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el | ulari tissue. ellularization of
o Sneattyy e el Sifecthiriaed Oiian ok Gomanciad by Hoit dref vith,
an %ﬂ'@?&aﬂ@%s itk R at BN @A NV Juafiin )16 28RE of LiBRHAte #8 presence of
organ or tissue can be generated by contacting a
deéey hpef indergorgagism wmainisg oe onin adeelilbrzed@gai or tissue.
with a popul ati on of regenerative cells. Regenerative
cells as used herein are any cells used to

251 e@ebdlbll@idazion af ORgMs| o Tadshded organ or tissue.

Regenerati ve cells can be
The invention provides for materials and methods for generating an

organ or tissue. An organ or tissue can be generated by contacting a
decellularized organ or tissue as described herein with a population of
regenerative cells. Regenerative cells as used herein are any cells used to

30  recellularize a decellularized organ or tissue. Regenerative cells can be
totipot‘ent cells, pluripotent cells, or multipotent cells, and can be uncommitted
or committed. Regenerative cells also can be single-lineage cells. In addition,
regenerative cells can be undifferentiated cells, partially differentiated cells, or

fully differentiated cells. Regenerative cells as used herein include embryonic
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totipotent cells, pluripotent cells, or nultipotent

cells, and can be uncommtted or commtted.
woe@enznad i ve cells al so can be singl e-1i neagePCEUER06/033415

In addition, regenerative cells can be

undi fferentiated cells, partially differentiated

celsten celts (hsi¢fineditiyftbe Nlaﬁd)mﬂ é@tiﬁée bEHeRy@HED) ascey for

] h
e SRRt FIGTRR T Rt £ BF VTR Pridk -
Se Q?.e\%ﬁéraﬁ%@éﬁl’lls Qlsolihudd Sosaitdr 8él1sS hRUERbE SlR! dhdTaMuln
t he rid Web) . Regenerative cell's also Include

pr olgained gemeells nclygirgunbidicalcerd ecllsand fetalijem cells.
deri ved eI in r
e Yo AL Syl LR Gl S A 2 e

caror bﬁsuaaﬁdud@ W‘lﬁib&t liplitatiorg @mbdRyonigaem @ells, ugsdikcal cord blood
inclﬁ hout imtation, enbryonic stemcells,

unisie ?ébﬁﬁuec efh StsgHoTgRPEator pells, bonsapey-dsrized siep or

pr I

D ASRRAEE o, pSod APt Wih BIEABEIA LML, HhesBichymal stem cells
cel (MSC)I;TEimm:lhymle-d&rsmdce]Ild sr (rNB@oIeIfB hdnhlepﬂulgentltor cells

dc . t tit
107 o (AT kg g resebivs e B s b o ineloip g stem
be dReCa Ot hilepdiaiidias cﬁhﬁmdéﬁ%cﬁstérﬁ%@hs cqwlaa OBk

adult car erived stemcells, cardiac fibroblasts,
carcdidiec miczo e etuteendothelaldstiseiriaafticendpthelidrcelor Boue
endot hel i.al. LI s. Bone rowderived st

o RS RS R el RRA S Db e i) St s Pt S,
or endsthblialor ThRula8kteRf GGRDEdnXor 64s! snd hBRI bRbe!d@tived
bl ood- derived stem cells such as endotheli al

15 pr é@e@m cellsrsugle ps endottetipl progenies pelisd ERED alsas;an be used as
r ells. The nunber of regenerative cells
t ha Qe%g?a}h%%el%uced into and onto a decellul arized
or gan i mhermiétbet of ggassraie @lls tHagRrin®sduices $ité ahd Oﬁto a
depen nt,o both the organ (e.g., which organ, t
S| z’&cej}eﬂ!i FﬁandF oFdeE IQ B &7 OteR8 §F HSHRdS denpendsns en both
an 0 e 4
o 1perar ¢ 532“239% LB Pre iz AR GBI i e and the
20 as tyme aﬂdeiepdppinanﬂabstaghemfstht yegeharstey el ls s Daffedent typesof cells

Siml i fferent or roti sues

ce vt Hifiercn Erdeneibe A 108, nom 405 dsgein o oells will reach

ex @Iﬁhlﬁﬂyﬁhff@l‘éﬁﬂ (l>rglu§‘61‘ #8HeQh8Phe E’éllu'idrfz%H Gt @@Rré?@ densmes
"seeded""w th east about 1,000 (e at | east

10, Byo®ay Qb@cam)xbe aldeoditiladed oIghpOﬂ@l,SWandme “seeded” with at least

abaer B8 IR AL O PTGl G 10POG008.BF, .,

25to0 1@ecoeb |OOO)31Tegé’errat%)ceﬂ§> o2 RenhavedrdiR @b&RA , el deﬂéﬁiﬁg tissue

tissue (wet weight) attached thereto. Regenerat ive
cel(wst weighb &ci pRPLI@dsed IWlarizatioR)do pbew:16,40,000 cells/mg tissue

de ?@e{ \%ﬁfﬂ) Zaﬁgched thereto.

Regenerative cells can be introduced (“seeded”) into a decellularized

organ or tissue by injection into one or more locations. In addition, more than
30  one type of cell (i.e., a cocktail of cells) can be introduced into a decellularized
organ or tissue. For example, a cocktail of cells can be injected at multiple
positions in a decellularized organ or tissue or different cell types can be injected
into different portions of a decellularized organ or tissue. Alternatively, or in

addition to injection, regenerative cells or a cocktail of cells can be introduced
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organ or tissue by injection into one or nore
| ocations. In addition, nore than one type of cel

W@ 2002/025283 cockt ai | of cells) can be introducedPCTUS2086/033415

decel lul ari zed organ or tissue. For exanple, a
cocktail of cells can be injected at nmultiple
podiytpesfusionninta ateomilhtat de¢ctlathrizedarganor tisssu Fopexample,

dlfferen ceI e, in d o different
CorteRatist Celis e RN IEte AUGEl kY gty 0% § Bertusion
Al trédiadal WRlck caR fhehbeRUM I af OxpdkiBhlah@Br differentiation
regener ative cells or a cocktail of cells can be

i ntRetHyade mdup@ gméh end/prdisferensiatieruofithe degenerative cells.

sdecel | ul or t| $3 For exa
3 egener a @e I g AOBES pe L HRSYP @'ggntained under
de cceh&mbm inaeﬂlclm Ea.glaﬁlst ¥5iB 9f thepegdnutition cﬂﬂhaﬁrﬁmmlﬁlwdﬁd/or

can é_hen be c¢hanged to an exg}@g& on and
di RHEFERGATS P $hsim e deocl e BFEETMOR tlawa/ dhose conditions

di flﬁ&P@ﬁF WifHouPRmAhtidd) the! agygﬁﬂ)? a?etthfﬁgel%ﬁ{ré ﬁnd/%ﬂe%re
recel ari zation, an or I'ssue 1S mal ntarl ned
u nadactromh dmd/onmschamoutmrtﬂ\nty,_t foteeathie appivpriate aifvants of O, and/or

erative cells can | t.iply and/ differentiate,

Oui (49 20 ABPIGRFIf IR aTguE K | EHFE 0 Sjeg  orceat g eonditions.
Th IRRirpAeek full #18tibr) %@@&ellﬂﬁﬁﬁ%ﬂr i &]ﬁs%ﬁé thE E’@gj erative
appropriate tenperature and/ or gssure. ect
and@<Ys attasbeditiersto alacmalmanyed i@ smmblct d:renmpmenp rFQlteeEal’nple the
anD ts propri at e amount. of

v, SRy Rt p oo B PReiRL et gt andlor 2

DU fc'afb@n TsS@lféb lstdhedsi ghados N exddeBokafofinbiésadr gt ORHMOLEIBES, Rfid/or a
tissue and the regenerative cells attached thereto are

15 pipattigilE@tin a suitabl e environment. For exan‘pl e, the

regener "ﬁélg&?erﬁt%é c%llg?Xn bé %Wc;gas%l? 54 ééeﬁl}l% e%grl%ag gr tissue

suppl emen rien or“a’ca

sughgas hghaadsedlluleired 6rpat sr lissuereatd wittili@id regenerative
fact@%s and/or, a particular pH L Regenerative cells
caifthR I 1egeemiive cells eanchecenpgangicito @diew Biarizsd organaydissue

\(/vie t(% g 8 %a%&'é@ﬁul%ﬁ% d glél’?éll ﬁ% S %Ueg@({]w?tﬁ HuhBRYE e?lglﬁaﬂﬁ? cells).

regenerati e or re eneratl e

20 cafiAblegarendgmmeedhéreinaefiectolcklis etained frongthn sahe Epa&seas that

25

30

0. . d [ 1 yl
w, Exohuish e GRS pa g ofamets 18 frlnisd Re pereiage Tadidua),
her@iR “kehddeficitPad®lel ReRBl RIS (iR BhiNRdSRIR a%ggﬁése S

as that fromwhich the organ or tissue originat
(e differentdhan that om whieh the etganrmtitissubeaiginatedani | e

'xenoge as, used herein refers obt ai.n
rom o 38 efe BRHRRCHLRledh e SR aindr iR ReRu Borbed
or gamirDis t& bé Sesplinkd iR Lphaticht) HAABel ASIsAHME 8Sgendfitive cells
organ or tissue generated by the nethods descri bed

he pegdioirecellylasige £ dgepivlanized argan po tissuggan baobtainedtfioys the

e B ik SEIRE R <l s A OB e e om

t h®egenerative cells from a patient can be obtained from, for example, blood, bone
marrow, tissues, or organs at different stages of life (e.g., prenatally, neonatally
or perinatally, during adolescence, or as an adult) using methods known in the
art. Alternatively, regenerative cells used to recellularize a decellularized organ
or tissue can be syngeneic (i.e., from an identical twin) to the patient,
regenerative cells can be human lymphocyte antigen (HLA)-matched cells from,

for example, a relative of the patient or an HLA-matched individual unrelated to
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patient such that the regenerative cells are
"aut ol ogous” to the patient. Regenerative cells froma

w@aaorer23xan be obtained from for exanple, blpodyShvosiess4is

5

marrow, tissues, or organs at different stages of life
(e.g., prenatally, neonatally or perinatally, during
addhepateant,eyr regenamtise celtichn pe adogeneived lodsatienofuom| for

the art Alter}ggéi V%|}¥’ ‘{ge enerative cells used to

r e PIRIS AR T ordRaiflied AP0 ed or gan or tissue can be
syngeneifgrefpective of heRo@0e bFhB kégeabrativé Ballst(8.gl,Rftologous or
patient, regenerative cells can be human |ynmphocyte )
anttioge the(dacaljulanizediselid ordah sait o aytologpus rllagingic or xenogeneic
reltgtai ue otf the patient or an HLA-matched indivi dual
unrelfdtred t ot he patient, or regenerative cells can be
al | ogenéincettaintin®anvas, Ldecellul@ined fobgananay e foceldularized with
non- HLA- mat ched donor. Irrespective of the source of

t heeeHa feviee & gveltedhg ergpmoyiissug hashesy duaspipntpdinto an e

Seagibkan’ 9752541t 8F0Ay 6, S ALASE Sere e o5

i nshentiesandodetfision) avithzfod exanyse, amgyoflies regenerative cells
after the

recellylarized with cells ip.,vivao (e.q., ]
100, gf%ﬁcrg%ﬁ%the%%reAﬁS@aB@@ﬁ of ﬁ&ﬁ%}aﬁm BP9 e6dig of 2

15

ndivi _ Vi kg
por oy Rded Gt bAoA AT PGB AR AT 6008 natuplly or be
perthediated pyadtors delbivered turtpé eecellgrizefd tisses.r egener ati ve
cells described herein. Aternatively or additionally,
T vive DiiPEGse et Gty ofiedEitiSo ne

W tiacARUREERY SFédxhmplihcQffiber 8¢ dhnloY i®hn BRzan or tissue
medi ated by factors delivered to the recellularized

t i Soude evpbaled byitddag sbiopayimaear mase talelpointa Auiies

oL Sl AHEL 18, dARRRI 1o AEIR A L0 oleRlia AR CocddMfive
nunger (0] cell's oOn ornfn an organ or I Ssue can %e
evalellahevt indetgdine @n Be BoAilG¥d BY derRemiindWhethél dfaot various

points during recellularization. In addition, the .
andudkesRIGPIsEY #ht pelt plohpaslatiopof eplls: dYlpskersassqedatpdyith

u n%ff&%ﬁ@ce@l@ﬁﬁg 1R Rl ARLE DY ﬁ'@t@hﬁ‘é‘c&% f\g?ﬁltggg telPlypes are

not vari ous ers are present I1n a ce

20pofkmlosvni in rtheodrt, @t kcan bd/eality detactsdasing entibwidids and isfaandadt

25

30

cel.ls types and different stages of differentiatiq
f orMIHPLEsE% | gﬁﬁy&};;examalek_ Wfil’rrome}sameﬁ?mgﬁ Ogr 085

r eqelil]gin dehe HRJ 7618 Wa16913E S@&‘?Cﬁ%}@i@@ sidandageleic acid assays
I mmunoassays. See, for éxanple, rrent Protocols in

| nras rvadlloagymorpbals gicabdridgahistelogical dFdkation odmba/idedyo gonitor

Sons apters 3 and 11. Nucleic acid assays as well

as rﬁﬁ%@?%al and/ or hi stol ogi cal eval uation can be

used to nonitor recellularization.
Controlled System for Decellularizing and/or Recellularizing An Organ or
Tissue

The invention also provides for a system (e.g., a bioreactor) for

decellularizing and/or recellularizing an organ or tissue. Such a system
generally includes at least one cannulation device for cannulating an organ or
tissue, a perfusion apparatus for perfusing the organ or tissue through the
cannula(s), and means (e.g., a containment system) to maintain a sterile
environment for the organ or tissue. Cannulation and perfusion are well-known

techniques in the art. A cannulation device generally includes size-appropriate
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Control |l ed Systenfor Decellularizing and/or
Recel lul ari zing An Organ or Tissue The invention al so

w@e@viozkes3 f or a system (e.g., a bioreactor) foPCT/US2006/033415

decel lul ari zi ng and/ or recellularizing an organ or

tissue. Such a systemgenerally includes at |east one

c arfipliont tibing fesintredycing imsmavesael dertandir savitpef a engae or

a ] p r - Qr .

s AL RN O ik eaE] UL AR Bputa na
Cordrgam A perfeyich appardtas caml intladea Boldingr donexigsd\for 106 MGHId (e.g.,
for Eﬁﬁ organ or tissue. Cannul ation and perfusion are

wel 3 ColHBRASTERtioR acdiem) #nd smeehamsmpnioz mvingihe diquiskihrough

SOSTES L R4 5L SRR RAL B RUGE BTGl o

cavity o
or géarilidy of arseugen oftisue dirting deveHularizatbmendés sedeiularization can

ducts, .and/qr cavitie e.cannul ated.in an organ. A
pef“fed%%ﬁma? p‘a%au‘éaﬂegyn&irtﬁfa%’ss HEh i} e ar:féﬂﬂgfwﬁﬂroﬂmg
f OranifBtetihg Wicthif Ro®-andRr POl Ak ithl BF ShHinh8, MBHIHE, anti-
and_a mechanism for noving the liquid through the

or dangaleorptherantiumisrotials topprevent the, grgwevof wiwanited t he

1096, Rkl S sannul ae. The sterility of an organ or
ti ssue du

15

NnIsn1s. . .
ring decellularization and/or

recel | ulAsystah tOfedeBitlabige SR Rt iuMA e bPEi00rais¥idsi a8 ld¥sc@ibed
techni,ques known in the art such as controlling and

i IeEsn PR Raveesaitire Fhilhy ta mtoniser gratainiqr Aryiom chiaractegistics (e.g.,

ex i bl @f | £ I r .

aniesstie, &bind Ak BinerdletnpliHE Sk i) Wdchanica forces (e
m orentricghanivattsnotdnsndtsanss),and ebetridal stimalatiemdt.g., pacing). As
recellularize o[g n.or tissues, as descrjbed herein can
podReeropary vasgular pyd changshpyes thecourss of dsesliulaizghon and

ch 4 St u rn,

{ oneRPLAIANIR & Jatulyr RRERME TolliRl) Bprosah ek
vemerfugioh appaneths isradvatageans tesavosbkyge fanduations.t The al

b e TEFOAES o iaffusinh 8 G bianbTed Bt FiaRar Sats Bavis qgetions.
r e@etusibRkbRiald, ABw(ittem, ¥Agfriie, pREAISH AHICOY BleddiRds and

a pressure-regul ated perfusion apparatus is

20 5 d Phheaadsauenitosedhysingistpedagémiethods.uat i ons. The

25

30

ef fecti f, perfusjion..c be. eval uated i he

o £ | uent e i b Bt dliepfle o T8 bt vensfioh gftor the
f | ovgapairtiesue, Soeomédraimbiitey, nfidfomadbmiclyadidl/P@dnductance
pressures and pH can be nonitored using standard

meiGaTemSRls sa Be uipd th acqwpressuieovaleme of peslopdgeemitable
(e ol . r r_tissue.

(oo PoRERELRtdn RO 010 B BUAR0 R A3l reipnce
e &ou examgrie, sensors ¢an besisdd tomasiipt thepiRERes of £ 1iyeld uneyins

Pr e 81?;; :5 gzsnrnﬂiatteac(fgcl)rgan or tissue; the ambient temperature in the system
and/or the temperature of the organ or tissue; the pH and/or the rate of flow of a
liquid moving through the cannulated organ or tissue; and/or the biological
activity of a recellularizing organ or tissue. In addition to having sensors for
monitoring such features, a system for decellularizing and/or recellularizing an
organ or tissue also can include means for maintaining or adjusting such
features. Means for maintaining or adjusting such features can include
components such as a thermometer, a thermostat, electrodes, pressure sensors,

overflow valves, valves for changing the rate of flow of a liquid, valves for
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stroke work information relative to nyocardi al wall

noti on and performance. For exanple, sensors can be
wa@g@doea3noni tor the pressure of a |iquid noviPQI/US2006/033415

t hrough a cannul ated organ or tissue; the anbient

tenperature in the system and/ or the tenperature of

t heperigaand closingSlwid carmectingsmaplutionstised farehaniging the i of 2

2, o A, BILGHED 4.050 GRS . T

r edrly étsard tAbMgcotddohs 96. g, tebsgeeature), thelehdnhtidms, r@seh@isAgd
sensors for nonitoring such features, a systemfor
d_ect@!’lp%f’r %"ibﬁ‘ﬁ‘ﬁe’a}#@ﬁ%@d-recel lularizing an organ or

sti ssue a 50, GamAGLUSE JTRADSobMiaRiidh b BlAda Mechanical
adj usting suc eatures. ns Tor nmal ntafning or
adjlost omtheDugdn dndaheicedls attached tiodretde Ascmprxamples a daliboras
a thermneter, t her post at,. el ectrodes, pressure )
s ertsgried gy dpaeBwenizilrod theed st pandiiusg RyPlesemeghapical

of strb@¥rof héhrd. iéﬁgisgm piidhy @it ilw%jﬂspﬁerﬁ o6 AR :ﬁl?hrgte can

fluid connections to sol'utions used for changing

pH befcoanestddtoitmballoh dé sioovate daft wsutrésubarlwalbmetion end stress.

and/or a.co i ance chanber.. To hel.p ensure stable

107 ot i TRl BEST il ERT it yehriut Rl fofiof i pféssure can
I e Ry &Hsied ¥F g nblongSofR Ry BRd/MRsRIonlidekRigd In Sotht can
be advantageous during recellul arization to place a
e ebedEagnts, gagxismal Recenragancanie conerecied o pistonphaw to
th . . . I i rt i n h
5580 R R BB LR B IR 38 bl baoon
pl gehichEs bauivsladt 16 tHeasstoly). Refistaril EGG parsbOrecprdep fionathe
al L ows adjustnent of volune and_ rate can be connected

15t o bepd swaraede allews @i the pdiveimest of Rasier vobigeatheuaopitoring of de-
rm . . 0 .
ot a2 Bt B 254 1o ol e TR Bhcd G TR ¥ (RS coluleicing
be oresslluldzetshaagt. m cr omanonetry and/ or

5 c ook MO Bk BT T Ign 4 PSP R SHIRIFA B Hiegbinge
Sy eRtaRicZRthpSthiaBdhdlh igderti flo BRABR @léﬁthéfei tﬁlra)tu%fé tie1Bft

[
ventricul ar balloon (which is equivalent to
20 sy etroine) Sinmpidaritp Hemudced@® deseritied abevointelying obalidea, 15
heart, surfac .0_al.l.ow.for t.he . ust ment of pacin
vorphgRilat Astalife Rty Spenbde i Branrade e puidly flow)
t 0 tioayh 8 cAnslh ¥Rk bé byRRhforidea sath@ectatal shfulation,
recellularizing or recellularized heart. Mechani cal

vent ri c(Hsirg i sethnds ond smteriglsdisdesed digtein ddmnpymalian heart

¢ hEaf B BeRuRRber bt kb SR o0 A e RO R e .
25t o0 app@printecedditions) aSandtioas he et undabydsr@naadtilt figRfion and

ventricul ar djstention_achjeved by periodic fluid ]
noVeRends todaging simuli and/og phargiggologic agents can be generated. This

recellularized functional heart can be transplanted into a mammal and function

for a period of time.
Figure 2 shows one embodiment of a system for decellularizing and/or
30  recellularizing an organ or tissue (e.g., a bioreactor). The embodiment shown is
a bioreactor for decellularizing and recellularizing a heart. This embodiment has
an adjustable rate and volume peristaltic pump (A); an adjustable rate and
volume piston pump connected to an intraventricular balloon (B); an adjustable

voltage, frequency and amplitude external pacemaker (C); an ECG recorder (D);
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t hrough the canula can be synchronized with el ectrical
stinmul ation. Using the nethods and nmaterials disclosed

weoogiozs23a nanmal i an heart can be decel | ul ari zRCT/ESZH06/033415

recel lul ari zed and, when mai ntai ned under the 25.
appropriate conditions, a functional heart that
underesuts ssosarrindhe lagerial hise | Gvhichhetualssoomusy antery podssigre)

i e B e RO 30 TR S s D, SR ety Sl frossure)
t r R} phdsiedthrorizAion bEpreealthapudefdRé&andihd fiktod pRep @,

of tine. Fis%ure 2 shows one enbodi nent of a system for
decel | ulaFYSISIA EOT8raLGHNZ AN PRE3R OF tiFsiieican he centralled by or

i SRl Eaoyanb SR B PR BN BB B o BRI ©

he arecesshni(s gg eleoniprenteadalsic atorapgjmistimhlas usat leraindas
vol.u eristaltic pu ; an adj ustable rate and
voltitERr: S e BEiRhebiokis A1go GmRY RORE P ig EFTom
balpfRR 14 @Deps)a%@;&éiﬁﬁ@,béu%h ﬁgjc(otg’g%qg%cﬁ qﬂp&%igéel?m(xgch a

anplitude ext'ernal pacemaker recor
a pregammablagrecassomcdntreceivr angrpratesk inferm4tioni fodm eqe at siore

0PIt A Reh i R GRE e B b

15

Pr 8okt alsb)can aafksraiy NFSHHHoA ahd AiktrasliMRACE Rethe bioreactor
pacemaker ‘and the piston punmp (G. A systemfor

ger@éﬁi/é?ﬂh‘?g)rﬁw@frf@éﬁe-or ti ssue can be controlled by a

conput er . I um4n_conbi nation.w th. a
o ogr anubf 28 8t fesbé ShAHEoE MMl R B siirid Tof
st bidlggicatediivity. aShebiolbghval &itivith@sn bé iat BEthe @RganSIrAssieh
ther%?n for causing a, progranmrabl e processor to

pef Fhlcﬁ‘a?rst e adhdysnechasicabadiviy encdaaivabpressrage
medbitmciity, GaaRt Ralllsabss\Yr 'ﬂ% &ﬁ%{ QA RFTEh fa e #3P81ogical
or I on of “nore

can recei vé and process in romone
of attiretysefithorells Mackedso sheosrggeontidieican e monijtarsd,tfbon

with a progranmabl e prqcessor, al so_can franspit o
e ?jaf}sﬂ%‘F)r%ﬁ‘gla}j%%%Ct‘b’%kcet”dﬁ‘t’lﬁ@npi“'tsp‘l‘éraf@lld’ﬂablhty-
angtg)fof @b&l@l&qfhbgfat&bz%%z_%ooﬁg/; ,%ﬁcg%y 8hd Wﬁﬁgﬁ; O$2001 ,

undergoi ng recel lul ari zation e nonitaore

20 bi dYensi, Pzantige Hall) and CtrentifrotosgisimiCed Rivbogy (200anBhueifacino

25

30

t hat ,of. ¢ organ grotissue.itsel f such as el ectsjcal
o B 9 g ToeB Y &1 Sohbt TAT 0 R bR ey Be S
COBinvgieiahiabitve RBE6AEN Wedah dBHKL SseeDhlatingicAl @@Eblﬂ{)uter-
tissue. In addition, the biological activity of the

c efqadable stosrgeqnediumind thyy iguention, ini cosuhination wigh a programmable

nonj , | e, . Lon tr ort/exchange

OB BEGE B uGHOLELE. s Eon S RE LA R
f omaintainphectitalvad ahan yrgb@or higale. of Anat ony and

Physi ol ogy (2001, ) .

I’ one embodiment, the weight of an organ or tissue can be entered into a
computer-readable storage medium as described herein, which, in combination
with a programmable processor, can calculate exposure times and perfusion
pressures for that particular organ or tissue. Such a storage medium can record
preload and afterload (the pressure before and after perfusion, respectively) and
the rate of flow. In this embodiment, for example, a computer-readable storage
medium in combination with a programmable processor can adjust the perfusion
pressure, the direction of perfusion, and/or the type of perfusion solution via one

or more pumps and/or valve controls.
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Wod, Prentice Hall) and Current Protocols in Cell

Bi ol ogy (2001, Bonifacino et al., Eds, John Wley &
w®Ew3)25288 di scussed above, it may be useful tBCT/US2006/033415

sinmul ate an active |oad on an organ during

recel lul ari zation. A conputerreadabl e storage nedi um

of the invention, in conbination with a progranmabl e

process be U to cQ t he cqnpon nts
necess a?@ ap co?{f%}? ¥ Wc}ﬁletgﬁ Hrersr%rf V%nﬁg%ﬁhgg e rEIp ¥ an
or ganvatiohhlgfoleculinbiolgy,afiteeubisTesy, biddhemiil,Hht cefl bslogy
or an or tissue can_be entered into. a

ques wathiihe skl dapcarheRhchiedniqnes ave exptpingsh fally in the
5Wh 'lﬁé}atuiré" PRy 'imf&ﬁfdn%llvﬂetﬂirtﬂer%regg{ H}ﬁ‘ﬁle%‘oﬂ&saﬁqg e§(g1[ngles
can cal cul ate exposure tines erfusion pressure
f orwhi¢tado petrlimit theascopes glihe urvenmcssdmon&mh the slhinage
medi um can record preload and afterl oad (the pressure
before and after perfusion, respectively) and the rate
of flow. In this enbodi ”EEXA%SIPLE‘SX&”D' e, a
conput er -r eadabl e st orage mediumin conbination with a
programabl e pro Ac dDecetijlagizatine (Baxtflysi on

pr e di rect |§o$ Ef ierfus on nd/ or the type
10 f%%éTI%PEG’DII of1 Surat d A2 'cgl—lg'%@gl—gnd/ or

val ve camtdveldthk foraefioh @8 Pk ny¥rtal SR bR LDRHE rat was

i nvention, there may be enpl oyed conventi onal

o SEgemisally hmaéwedw&y o6 9panm(1~zgc¢femnoa| Follmdngel |

h f
? e Sebhit RO ANERs Mt ARl Ptk Yosilis e BhrbT Yeaved
| nvent i (Tﬂne\hlehﬂt whe pfaUéd hlleer pl@?fb‘tmr’]gn’ﬁ)%lmb @qu]Ei@nf(@ bY)Woitdining
i m e scope O

h . d t
3@%“&2(’% bémiised held 4t §oC entl iwshemppaameing. Sinder gerila
De I P
o‘élgllldlfgrngs; %}Fe%hﬁ&u@/g due g%a}szggr?xpgécﬁff&no g@@ﬂ%&@g‘ﬁk B
f owesseisoThe ﬁnfpnelt vamse taia ainﬂ tleeniieft ,and rightypuintoatrywasns were

system cal | arinize h 400 U of pari n/ kg of
doﬁé?tga é@ﬁlﬁmﬁi w@ém ‘EJP&“SIPE gl%l@gitnoaﬁesqrﬁ@le
adjigsgrks. | arge vessels were carefully removed. The
heart was placed in a physiologic saline solution

20 (0. 9% contalnlng heparln (2000 Lyn1) and held at 5C
un I OCGSSI Unde rile conditions,
thg&181%éillv FE¥he heart and

the | ar ghe veas@hsmothed loﬁfaefebarum%ﬁsn ﬁﬁﬁ@atﬁ@ﬁ)rtp@ﬁ:usmn
left and r| ht pul nonary veins were |igated distal

f r giguned)r Thadeseapding thorapiq artary wes A ed to allow retrograde
no @o%ﬁ:ﬁ?%ﬁﬁélgn l(Fl%ﬂlteulr, Tannula A). The branches of the thoracic artery

25  (e.g., brachiocephalic trunc, left common carotid artery, left subclavian artery)

were ligated. The pulmonary artery was cannulated before its division into the
left and right pulmonary artery (Figure 1, Cannula B). The superior vena cava
was cannulated (Figure 1, Cannula C). This configuration allows for both
retrograde and antegrade coronary perfusion.

30 When positive pressure was applied to the aortic cannula (A), perfusion
occurred from the coronary arteries through the capillary bed to the coronary
venous system to the right atrium and the superior caval vein (C). When positive

pressure was applied to the superior caval vein cannula (C), perfusion occurred
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Exanpl e 2-Cannul ati on and Perfusion of a Solid O gan
The heart was nounted on a decellul arization apparatus

wo eno7pznsasi on (Figure 1). The descendi ng t horBCT/US2006/033415
artery was cannul ated to allow retrograde coronary
perfusion (Figure 1, Cannula A). The branches of the
t hdrenm ithe nglt @triung,ehe cqroiloarfacsmumgl Hh¢ caronaryrveins|tixbtigh the
conmon, carofid arter eft s avi.an arte wer e
" APl bt bRty etPts U ARl e or <
its division into the left and right pul nonary artery
(Figure 1, Cannula B). The superior vena cava was
cargﬁﬂﬂml&&—(ﬁﬁcgﬂmmgﬁ_oﬂannul a C). This configuration
all ows f [ r .coronar

5perf usi o‘%&ei{}\ﬁéﬁeaﬁg\%ﬁlﬁ\?g&g? g@%ﬁi&%@g@%ﬁ%ﬁﬁg P %%E ? aéltegr ade
aorgerfusioa s Isturtedwithosdid, hep aihiad cdlciath-fre@phdsbBate buffered
coronary arteries through the capillary bed to_the
corSOiiop copaaiRg Lydanwel adsnpsiae perdhperfisptefmresstablipgconstant
su | al ' . [
P ey B Cot ety kel DRty b i ooy
pe rfeufssion pogssure aad tireditow,fead chighlating cononprytrasstanceo nsfiter 15
sinus, and the coronary veins through.the capill ar

105 JtilteE e sbBlE SR P dostapnt hibod gl ERBizaicH drocess
( AwasExaiarlge 3-Decel lul ari zation After the heart was

mounted on the decel l ularization apparatus, antegrade
per f usi obhevgdetailstod thegetoodduresand degsch dlow z Bdiefly, however, a

cal.ciumfre osphat e. buffered sol uii.on cont ai

o S E R B Vish P GenRRt  ARPLRE G, BigHRart can
corgtfathed Githaduffef (), PEYY Rfasidély OWhe@sSard 80 S5l hefised
neasurlng the coronary. perfusion pressure and the

15¢ | owith BRY centemningantiviptics et thep PBSseontainias DNgseds The heart
m Q - ed
de b SpSperBLBr b An 04 AR Rl B bE, B LRI RAP S
of cohtanfinsivadnd es prventdetes mlseobibkedomamiBabicd, layd then perfused
however. a heart was perfused antegradely with a
det"8ilyRRS to ﬂﬂabﬁle gEsan fiagy residyal sllular conipopents,| cnzyaes, or
W tRigohyf fer (e.g., PBS) retrogradely. The heart then
was pe% used with PBS containing antibiotics and then

20PBS containing DNase | . The heart then was perfused

W :ﬁ 10/$ bgnﬁl gﬁri umchl arjde t.o ce m crobi al

co Bl ancis »ﬂ%&@@éﬂg—vﬁ@% a : obi al

cont am gdar@ RverdfReatddeforh 8/rhals 8Hd Mt 2PB30bg). iaiRedifBly
organ of any residual cellular conponents, énzynes, or
detadleydigsectipx.dhpaatid apboeds| cahaulated andthedfeata wareaeirogradely

Ratpemgerdt With the indicated detergent. The four different detergent-based

25  decellularization protocols (see below) were compared with respect to their
feasibility and efficacy in (a) removing cellular components and (b) preserving
vascular structures.

Decellularization generally included the following steps: stabilization of
the solid organ, decellularization of the solid organ, renaturation and/or

30 neutralization of the solid organ, washing the solid organ, degradation of any
DNA remaining on the organ, disinfection of the organ, and homeostasis of the

organ.
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Hearts were isolated from8 male nude rats (250-30Qg).

| medi ately after dissection, the aortic arch was
weanvitased and the hearts were retrogradely peet/usSmde/033415

with the indicated detergent. The four different

det er gent - based decellularlzatlon protocol s (see

bel ow) wk) & 3 ¢CEG) o their feasibility

?B;’ SIEL,I%?«# évg%lmdéﬁ‘%?%ﬁ@ Ll A ST bR, o
of t%/gdl IS¥rebtoedyede dnd b5 ughOAPEORHERS withald retifAldtn.

soli1d organ, decellularization of the solid

or giserts peara then dechlasimad withéunkpalyethyleesglysol (FRGsbpin) for

or r

5r e?r%qg 3‘9@&1%{%? I‘ﬁﬁ}é&%?%ﬁllai f ?éllgn ec?ﬁ% noqg%E YVE th%r ﬁvgan}\{e avr%
h 0 rﬁ@Osn]aMS fcﬁfuptth 4 dhbm& msﬂkg@emmﬁ for aedizalation. Phetasidhg step
QS/PEGQ arts were washed in 200 ml PBS_cont ai ni ng

1ocYV t dgast ﬁ“ﬂce for at lﬁ?%%hogﬁeéﬁt Hmgc .PkartaW@rmeXpssed
/ i

V\rrg rtg13t5 hen %%el I (??J Fjélrﬁll)\gte){j&vb%ﬁi glgh{rﬁg tth B ?ﬁef’gﬁﬁ foy C oT ©

( PlE@gant vgpreriwpslicdragein with 30 mi BBS der azt/lleatst Mthuta‘s

10reC|rcuI on. ) wi t.h 500 m
PBS f or ; 5 : ul ation.

The was s %&e@é’v&)ﬁ@&dﬁﬁ E@@hﬁ @B@tcolnﬁa"i’tﬁhg 49 €Pmi Péméﬂhn 0.1
| east 24 hours each tine. Hearts were éxposed t

DNamg/ml Sgreptouryein), ahd.28 ¢ glreldmphotetein Bvfariat tmstwbbut 20

I t Th [ ith 5
- i Qb re A R iealE s BB Ao R e it 0705%
Pr qtrsamh 3 0(rhini followed aylgerﬂtsy@ﬁwﬂh 561 a1l PB\®neaiMas 3os
in: 200 PBS containing 100 Um Penicillin, 0.1

15 ng/ﬂﬂtorséir &6k & Mypcanpmon -ty dpocidgyforabansHasrues. | deavtsvarer
L SRR o0 Tl 85 A0 R SN i g o

30 1aim Hedrisovere tHey veshdd. B timies Vortda Hofits eich BBG in 500 m1 PBS
cont ai ni % 5€g o Tri.ton- X and 0. 1% amoni um hydr oxi de _f or

abd§0186 r reqirghiatione | he hearts yeappeitisd qathoH mbPNase I
wa r
15 (RO 20 PP Mo ¥ eidc o 8] WaGHedYlyicd £ 380 s
20 eacfd!r atilenst aboub29 hatrs I@Bﬁ tirne ngnga}pump fbDre01rculat10n
recircul at 'on.l k ;sed with 35 m
()zgeeglinfanzation Brofoce B2rdual recircul ation

and was et We?@whé’heé 992(‘5@ m?ﬁﬁsfc%ﬁtaﬁ‘hné ?@@U/lﬁppéiﬁgﬂﬂx 0.1

hours each tinme using a punp for recirculation
De e/l Strepteaycion aRt 25 pgiml#SmpioteBiE)B for at least about 20 mins

with no recirculation. The hearts were decellularized with 500 ml water

25  containing 1% SDS for at least about 6 hours using a pump for recirculation.
The hearts were then washed with deionized water for about 1 hour and washed
with PBS for about 12 hours. The hearts were washed three times with 500 ml
PBS for at least about 24 hours each time using a pump for recirculation. The
heart was then perfused with 35 ml DNase I (70 U/ml) for about 1 hour using
30  manual recirculation, and washed three times with 500 m1 PBS for at least about
24 hours each time using a pump for recirculation.
D) Decellularisation Protocol #4 (Triton X)
Hearts were washed with 200 ml PBS containing 100 U/ml Penicillin,
0.1 mg/ml Streptomycin, and 0.25 pg/ml Amphotericin B for at least about 20
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Hearts were washed in 200 mi PBS containing 100 U n

Penicillin, 0.1 ng/mM Streptomycin, and 0.25 ng/n
w@\ephoeesd cin B for at | east about 20 mi ns w tPCTUS2006/033415

recircul ation. The hearts were decellularized with 500

m water containing 1% SDS for at |east about 6 hours
usimigs avithurppretioculate. fiearta wieohther Hecellgtarized wethe 00elwater

washed. wi t b, dei oni,ze er for about 1. hour .an

o dEfihs RotReST st 0 S’ i B9 orcne 1Bt B 6 pgurs
WasRg 4 s forire@eculition. PREtsWweRRBied Sdrfidbd hWedsdeictfdtwater
24 hours each tine usi n%‘a%tgu for recircul ation. The

hedPt aheas | brehagschen witl r g@qﬂm bREEse Heagty grey waghed by
Swadhd i du M mlPRE3 TRGIS,BRLA T e dng gpum

24 foorecicdaiidh. tHemtsuisdra thed pptfigediwith 8§ il DNWsatli(PhU/mh)) for

Decel I ul ari sation Protocol #4 (Tritagn Hearts were
wasaﬁewt Whew ustig manuphbrscieiatign, iy wWaghed thsee tipres g pP) mf PBS

0. %FEJ&&Z@%&E%Q&B"' g, and 0.25 ng/m Anphotericin B
f a

or at | east out mns with no recircul ati on.
Hear t s \iarénitihleexpaemehtstha decetidlansation=PParatuswadseset up within

cont.ai ni ng 5%ri.t and 0. 1% anmmoni um hydroxi de for

105" Gt oo JEieRs S RRSPOR § GEPTATY PRI pressire of
He a0l s WEOE A1RRgR Rbf fdg@ittdMHchefRd QEYABE MEhEExdPiments
about 1 hour and then wth PBS for about 12 hours.

He sabbye wereanorrgedth hfecpbulpigsitiog chamber3ad coinpRisdy Submerged

tines f t le 24 hours .each t.i usi ng a .punn. f or

" R og Aot PBY soutaant pts dor Tateiirg y ReiBiiRion Hhode
DNasg @ chbntinffdushiaiy) off Soml/aiots washlb bs thsh SeliBddUdmponents and
recircul ation, and washed three times in 500 nml PBS

15f ordetgngrnt appossle-s each tinme. For initial experinents,
he d ' ' P
| an nar Bt SEARRRRRRH S0 a5 ; 14 hbelaffonts and

| am nar were perfus

perdudkei trhipobpidigeetions. uccsss P fresdvhtivagfivasatlar structures was
re%i red, the hearts descri beij i n, the experinents
ab

sy prsttongViin2% RyarePlug paior & pBrldmstsue segtigns.
conpl et gl; h@&ﬁa%gﬁgecama&%ﬁwm (}ﬂ%éenyl%isaﬁ Wil

antibioticCs “for 7 ours in recirculation node at a
20c onpeifosmimtégdradel pivith andidmit detbgentdPo sadiuvrasiodeeyt-sulfate (SDS),

[ 1 ul . ter, t i bl e,
SucebiedingeiRROf Mhiudphad i fieetito RESComtanh oo
of Jaymtibh ?P@.E‘lh@ aAd theoR WedsPlerffbdinBdePd Y ith @GlohABBic detergent

Successful preservation of vascular structures was
asg é%s'ﬁl@mb?gyb@@)ﬂg seropvarhe SDSangnaessnBbljetopenasuretthe

e dBRrTE i SRS D TP oGt e b avpppipoce

25  retrogradely with phosphate buffered solution to clear obstructed capillaries and

oD

small vessels.

Example 5—Evaluation of Decellularized Organs

To demonstrate intact vascular structures following decellularization, a
30  decellularized heart is stained via Langendorff perfusion with Evans Blue to
stain vascular basement membrane and quantify macro- and micro-vascular
density. Further, polystyrene particles can be perfused into and through a heart
to quantify coronary volume, the level of vessel leakage, and to assess the

distribution of perfusion by analyzing coronary effluent and tissue sections. A
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perfused antegradely with an ionic detergent (1%

sodi um dodecyl -sul fate (SDS), approxinmately 0.03 M
wale@sobzasl i n dei oni zed H20 at a constant cor OPEF/YS2006/033415

perfusion pressure and then was perfused antegradely

with a non-ionic detergent (1% Triton X-100) to renove

t hecogb@nagiod of theseienitiotiy ateassessest and sotmiparedyto isndated ndrar

[ E ins, | . I he_h
perdeehEh BT a5 SO AER e paaeles 21 on
t 0 sigrifi¢an®Bisdnkl 61 RAkiGadiat bithé RVeP3)dnRFtMabcuilfsiabisy.
Exanpl e 5- Eval uation of Decellularized Organs To

.denonst rEb& orientatien jsassessedt bisthe polagizedlighl misspssgpy technique

S L LNRE A088 Eipe SR L AL S PR e LR o cor
Y asttssmarAmlewmgltEﬂgg BiO( H)gﬂ 22ﬂ63)} u\&ﬁclth' éafl beeepiplied ﬁl?tféall-time to
m Cro-vascul ar ens|ty. UIt r, (0] ene arti cl e
carf BEPYETIRiRstad tp H@Xﬁ%&r ?lﬁmﬁgﬁssg Pﬁﬁ?g i@%&ﬁ@ﬁaﬁf quﬁus?on,
Cor&%rdecﬁ&{i%[?)}r?ﬁbe?@esl STV déefsu\psﬁs%%' E(Eﬁaifé‘ orded to

assess the d ution of perfusion by analyzing

c or(ovraplanct fdlastinity,dmdst prassure) awlotoimgrased tddoashiyrisdlated hedrts.
three criteria are assessed and conpared to isol ated
nondecel lul ari sed heart: 1) an even distribution of

pol ystyrene part igekién BZ)Dctelilaliz4A6M fmmge in

| eaki ness at sone Levgl S) M crovascul ar enS|ty.

Fi dixemsye bmmoemﬂamﬂwgég}aﬂm the pol arized-1i ght
m crosc t ' ower I 200 | b

al i gnm%@x%e&gé{ﬁ%g%z‘ﬁlﬁ?%gﬂgé@eﬁ 5% g%ﬂatn(eléat%f‘%%o gox?gflg 6

t i dadiasapoRisINBIGRI8Y] wWeng anesieliddd) usindihtragaritondal Gllectidn of 100
be apﬁlled iin real-time to a sanple subjected to

10

15 unimagie ketgming (Rapenix Shampsoutivgh iy, $talepepidvOh and 10 mg/kg
Gocdl PRTPROEE BuffRELaMCEE Ind BN ARG systemic

el dsparmitationlfAnstricpt PeanaegutiealdPatepaied Schalmbak) B)

i s ated hearts. Section B, Decellularzatigon (Part |I

Ex gﬁfﬁr‘gh ELGE%’% %@WQ}P‘?Y%MIP%WWMO%W P @r@l(eﬂfnm)

ol ghefidddivi %@?ﬁﬁnﬁggggé F@rogt%ﬂlah-?é?%og}? Qagﬁ?ém?v%a,z gie ascending

I ndi anapol i s, , were anesthetized usi

20i nttherpeic nodmwas dissgctadtandnits btantBes ligptddy Reetcanalemd pulmonary

(Phoeni x Pharmaceutical, .Inc., .St. Joseph, M) an 0
R RHROEAIAEH AR B ARorAEiE 0T §Rre isscoteg R (G heart
JosaRRemddd. fréth RS clieS £ PefillBE R & hiH Zoafié dhul dh63 Glass,
Phar maceutical Partners, Inc., Schaunmberg, IL) through

t h&ompyias @bwvas ingettef intp fire @scendingapria toajowegrograde
L O N e
25  PBS (Hyclone, Logan, UT) containing 10 pM adenosine at a coronary perfusion
pressure of 75 cm H,O for 15 minutes followed by 1% sodium dodecyl sulfate
(SDS) or 1% polyethylene glycol 1000 (PEG 1000) (EMD Biosciences, La Jolla,
Germany) or 1% Triton-X 100 (Sigma, St. Louis, MO) in deionized water for 2
— 15 hours. This was followed by 15 minutes of deionized water perfusion and

30 30 minutes of perfusion with 1% Triton-X (Sigma, St. Louis, MO) in deionized
water. The hearts were then continuously perfused with antibiotic-containing
PBS (100 U/ml penicillin-G (Gibco, Carlsbad, CA), 100 U/ml streptomycin
(Gibco, Carlsbad, CA) and 0.25 ug/ml Amphotericin B (Sigma, St. Louis, MO))
for 124 hours.
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thoracic aorta was dissected and its branches |i gated.

The caval and pul nonary veins, the pul nonary artery
w@pa70Ee33 horaci ¢ aorta were transsected and tPEI/O8ENE/033415

was renmoved fromthe chest. A prefilled 1.8 mmaortic

canul a (Radnoti d ass, Mnrovia, CA) was inserted into

t he ascesfierd20anintis borettolgtade petfusign adh ettheoAPEG, 1%
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dei oni zed water perfusion and 30 m nutes of usi on
Wi tmffllwllfmmt@@pl)((at(cgh@hﬁ costnarmﬁgmm\zm}essm & lehingdte).

e T I R
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otericin

106 Tritgu 00y Ps pedosionoBPS pRHLEPn mescst the %éﬁ‘lmtlal

100 SRR SREAIaE BTbuhion Bsh O 3o St i Bfdhyed by
?gsﬁd? ?X P 2‘mr € ggmrrg? I;igthEG (:pltdeg‘dl n og gﬂﬁ)egrl
transl ug[éﬂ’tlg &S@tgl%g S?ﬁ?ﬁ&ﬁl@ Fﬁeélt R%rlﬁggeg ﬁ‘%‘W {jssue, it Was
Ve sfagmHa: thiﬂ@ﬁﬁélﬁllﬁ’i%ﬁﬁé@ gvér%@é)ﬂsef\%e il o Q)Qz{ssmcomplete

remai ned grossly intact with no evi coronary
15r upn ot REG and tT titonv ¥ 1106 treatﬁdﬁlﬁarm Hw;atmh)ﬂm@suuﬂ-l&E)a

per f us. on const cor ana r f usi on

P g TR b oS R B R RE i elfiasss By isfet or
al lcohhscie ﬁra@téﬁesqb&e dbfetiablelil 8edtiohs bf §DSHePub&Bhdalts.
perfusion, then normalized during SDS perfusion while

r endasavlagstrusiiresand ECM fiber disactions boweyet, were peservigdiin the

3 nduced the highest initial increase in
aI c[%eg%’%gaggar%nary resi stance (up to 250 mmtHg.s. nl

201), fol ITenechody theribhierSDS o tho EZ0 afieiible ;ifidl 1) and
PEG (uggto 150 miHg.s.nr 1) . Using, histol ogl cal
se@@?@ art?faﬂ%éh%igém yenpe deiet minates witls driton-X100. In

dgﬁl%g raHH '&?Qnshfkaé gﬂﬁv\%g lvs!aléfl(ﬂft of Qi:l 'dQIEr aﬁlh E@gestaghsh a

observed tine perio s ‘I nconpl e
Tr iphgsiel gicfH tthe décetlulagiacd &‘gaﬂrlwapaxtyded rexEﬁslvéiy(vH&E)

ni ng .showed cross-striated filanents.
adé’ é"faterr?é‘dﬁ)ﬁg é? lg‘p contractile filanents were
5det ectable in sections of SDS-perfused hearts.

Example 2—Decellularization of Rat Kidney

For kidney isolation, the entire peritoneal content was wrapped in wet
gauze and carefully mobilized to the side to expose the retroperitoneal space.
The mesenteric vessels were ligated and transected. The abdominal aorta was
30 ligated and transected below the take off of the renal arteries. The thoracic aorta
was transected just above the diaphragm and canulated using a 1.8 mm aortic
canula (Radnoti Glass, Monrovia, CA). The kidneys were carefully removed
from the retroperitoneum and submerged in sterile PBS (Hyclone, Logan, UT) to

minimize pulling force on the renal arteries. 15 minutes of heparinized PBS
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Vascul ar structures and ECM fi ber direction, however,
were preserved in the SDS-treated hearts. To renove

wao b@7iensx SDS fromthe ECM after the initial PCT/US2006/033415
decel lul ari zati on, the organ was perfused for 30
mnutes wth Triton-X 100. In addition and to ensure
c opetfesien weesh fulifowetl byl2 ~ tehaerrg efipe fisiuh with A &eSD&b(lindtrogen,
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of _decel lul ari ze nal .nmedul | a showed intact tubule
andrdnsy |viEsEe it & %‘i Selda o%enbr anes. SEM of
decel lul ari zed renal cortex confirnmed intact
gl omerul ar and tubul ar basenent nenbranes.
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and di st
25  submerged in sterile PBS (Hyclone, Logan, UT) to minimize pulling force on the

pulmonary arteries. 15 minutes of heparinized PBS perfusion was followed by 2
— 12 hours of perfusion with 1% SDS (Invitrogen, Carlsbad, CA) in deionized
water and 15 minutes of perfusion with 1% Triton-X (Sigma, St. Louis, MO) in
deionized water. The lung was then continuously perfused with antibiotic
30  containing PBS (100 U/ml penicillin-G (Gibco, Carlsbad, CA), 100 U/ml

streptomycin (Gibco, Carlsbad, CA), 0.25 ug/ml Amphotericin B (Sigma, St.
Louis, MO)) for 124 hours.

180 minutes of SDS perfusion followed by Triton-X 100 perfusion
yielded a completely decellularized pulmonary ECM scaffold with intact airways
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and gl onerul ar capillary basenent nenbranes within the
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25  Triton-X (Sigma, St. Louis, MO) in deionized water. The liver was then

continuously perfused with antibiotic containing PBS (100 U/ml penicillin-G
(Gibceo, Carlsbad, CA), 100 U/ml streptomycin (Gibco, Carlsbad, CA), 0.25
pg/ml Amphotericin B (Sigma, St. Louis, MO)) for 124 hours.
120 minutes of SDS perfusion followed by perfusion with Triton-X 100
30  were sufficient to generate a completely decellularized liver. Movat
pentachrome staining of decellularized liver confirmed retention of characteristic
hepatic organization with central vein and portal space containing hepatic artery,

bile duct and portal vein.
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temperature. Samples were sequentially incubated for one hour at room

temperature with diluted primary and secondary antibodies (Ab). Between each
step, slides were washed 3 times (5-10 min each) with 1X PBS. Primary Ab
against Collagen I (goat polyclonal IgG (Cat. No. sc-8788), Santa Cruz
Biotechnology Inc., Santa Cruz, CA), Collagen III (goat polyclonal IgG (Cat.
No. sc-2405), Santa Cruz Biotechnology Inc., Santa Cruz, CA), Fibronectin
(goat polyclonal IgG (Cat. No. sc-6953), Santa Cruz Biotechnology Inc., Santa
Cruz, CA), and Laminin (rabbit polyclonal IgG (Cat. No. sc-20142), Santa Cruz
Biotechnology Inc., Santa Cruz, CA) were used at a 1:40 dilution with blocking
buffer. Secondary Ab’s bovine anti-goat IgG phycoerythin (Cat. No. sc-3747,
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t W(yemti'lnbgof rafs G0 thakthe center area was approximately 5 mm x 5 mm and the

axes of the cross were aligned in the circumferential and longitudinal directions
of the heart. The initial thickness of the tissue crosses were measured by a
micrometer and found to be 3.59 £ 0.14 mm in the center of the tissue cross.

30  Crosses were also cut from decellularized rat left ventricular tissue in the same
orientation and with the same center area size. The initial thickness of the
decellularized samples was 238.5 = 38.9 um. In addition,the mechanical
properties of fibrin gels was tested, another tissue engineering scaffold used in

engineering vascular and cardiac tissue. Fibrin gels were cast into cross-shaped
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c aln%gfel andd to a?low quan‘éNtslcatlon of cell attachment and expansion. Images
were recorded under UV-light and phase contrast at baseline, 24, 48 and 72
hours thereafter using ImagePro Plus 4.5.1 (Mediacybernetics, Silver Spring,
MD) on a Nikon Eclipse TE200 inverted microscope (Fryer Co. Inc., Huntley,
IL).

The decellularized ECM was compatible with cell viability, attachment
and proliferation. Seeded mESCs engrafted on the ECM scaffolds and began to

invade the matrix within 72 h of cell seeding.
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25  underneath an intact epicardial basal lamina was retained.

To assess mechanical properties of decellularized heart tissue, bi-axial
testing was performed and compared to fibrin gels, which is frequently used as
an artificial ECM scaffold in cardiac tissue engineering. The normal rat
ventricle and decellularized samples were highly anisotropic with respect to the

30  stress—strain behavior. Conversely, in the fibrin gel sample, the stress-strain
properties were extremely similar between the two principal directions. The
directional dependence of stress-strain behavior was present in all samples in the
normal rat ventricle and decellularized groups, and the isotropic nature of the

stress-strain properties was typical of all samples in the fibrin gel group.
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25and the decellularized matrix, but not for the fibrin

gel. For the intact left ventricular tissue, the
st Exampls 8addcellylanzation of Ogher Organs or Tissues

In addition to rat heart, lung, kidney and liver, similar results were
generated by applying the perfusion decellularization protocol described herein
to skeletal muscle, pancreas, small and large bowel, esophagus, stomach, spleen,

30  brain, spinal cord and bone.

Example 9—Decellularization of Pig Kidney

Pig kidneys were isolated from heparinized male animals. To allow

perfusion of the isolated organs, the renal artery was canulated and blood was
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to the closest region of the host IVC to minimize physical stress on pulmonary

trunk.

10

After both vessels were sewn into the host animal, the clamp was
released and the decellularized heart filled with the host animal’s blood. The
30 recipient animal’s abdominal aortic pressure was observed visually in the
decellularized heart and aorta. The decellularized heart became distended and
red with blood. Bleeding was minimal at the site of anastomosis. Heparin was
administered 3 minutes after clamp release (initiation of perfusion), and the heart

was photographed and positioned in the abdomen to minimize stress on the sites
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Exanpl e 10- Transpl antati on of Decellul arized Heart
Hearts from F344 rats were prepared by cannul ating the
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obser vat| ani rral f ha at ej ve hepari
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hoSgere seeded onto tissue sections and co-cultured under standard conditions for 7
days. Myogenic cells migrated through and expanded within the ECM and
aligned with the original fiber orientation. These myogenic cells showed
increased proliferation and fully re-populated large portions of the ECM slice.
Endothelial cell lines showed a less invasive growth pattern, forming a
monolayer on the graft surface. There were no detectable antiproliferative

effects under these conditions.
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Supernatant was removed and whole hearts were washed once with cold HBSS

by vigorous swirling. Hearts were transferred to a 100 mm culture dish
containing 5ml cold HBSS, the connective tissue was removed, and remaining
tissue was minced into pieces <1 mm?. Additional HBSS was added to bring
30 total plate volume to 9 ml, to which 1 ml Trypsin (Reagent #2, Worthington kit)
was added to give a final concentration of 50 pg/ml. Plates were incubated
overnight in a 5°C cooler.
On day two, the plates were removed from the cooler and placed in a

sterile hood on ice. Tissue and trypsin-containing buffer were transferred to 50
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retained within the heart. The heart was continuously
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25 ti @st, Nen@1985-023) and stenle filtered before use. Amphotericine-B was added
as needed (0.25 pg/ml final concentration). This media was enhanced with 1.2
mM CaCl (Fisher Scientific, Cat. No. C614-500) and 0.8 mM MgCl (Sigma,
Cat. No. M-0250).

In Vitro Culture Analysis of Recellularization. As a step towards

30  creating a bioartificial heart, the isolated ECM was recellularized with neonatal
heart-derived cells. Completely decellularized hearts (made as described herein)
were injected with a combination of 50 x 10° freshly isolated rat neonatal
cardiomyocytes, fibrocytes, endothelial and smooth muscle cells. The heart

tissue was then sliced and the slices were cultured i vitro to test the
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four weeks. Pressures, flows and EKG were recorded for 30 seconds every 15

minutes throughout the entire culture period. Videos of the nascent bioartificial
hearts were recorded at days four, six and ten after cell seeding.

At day 10 after cell seeding, a more in-depth functional assessment was
performed including insertion of a pressure probe into the left ventricle to record
left ventricular pressure (LVP) and video recording of wall motion as the
stimulation frequency was gradually increased from 0.1 Hz to 10 Hz and
performed pharmacological stimulation with phenylephrine (PE). The

recellularized heart showed contractile response to single paces with
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correspondl ng 1 ncreases 1 n P. After a si ng € pace,
t heinhidaxrto thsihrapetied Forewatsrsaat mm@@ud;umo rﬂndaﬂteh@lrrsellaqhdnotype

st R hinhath@restord Rind b Gupdh S e e

CalCefid;ighi BSIWRSRANMIN thﬂibﬁgl@cﬂﬁ ¢hd dhtikd/BradHicRness, 1ndlcat1ng
recordabl e QRS conpl ex possibly indicating the
f orhiicienf oxygey and nutrlent supply through coronary perfusion.

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in
conjunction with the detailed description thereof, the foregoing description is
intended to illustrate and not limit the scope of the invention, which is defined
by the scope of the appended claims. Other aspects, advantages, and

modifications are within the scope of the following claims.
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devel opi ng stabl e conduction pattern. Once stimulation
frequency was increased to 0.4 Hz, an average of two

W@ p@ninzmnedbus contractions occurred after each PEOUS®A6/033415
contraction; at a pacing frequency up to 1 Hz, only
one spontaneous contraction occurred; and at a pacing
frequency of 5 Hz, no spontaneous contractions
oc ; X] ture rate was 5 Hz, which is
com“fgﬁ%% refrractory period of 250 ns for
mat ure nyocardium After perfusion with 100 nM of PE,

regul ar spont aneous. depol ari zations occurred at a
frequendy of 4 dgcallplagized mapEnalign orgs@, ceraprising
correspondi ng, A j | St I S
5at day 10 re%ggﬁggﬁgéﬁﬁfﬁﬁg%%ﬁgFg%ﬁéﬁépgﬁg§%¥?ﬂg%¥%ﬁ%Md
t hreastrgdedlutar trimdrize normpeses lan ektessssunfact,hund véfetein said extracellular
ventri.cul ar .wal 0.5-1.2 . di onyocytes aligneq .
B et e R R R g A T
Of cHBAGHulP HiAM BAGY B'REIRILBIAODahd WHERENERA exterior surface
myocardi um and | ess dense immature grafts sim i(ar to
devesubsiangaltyistast.di um | nmrunof | uor escence staining for
cardi ac nyosin heavy chain confirmed the cardi omyocyte
phenotype. A high capillary density was maintai ned
t hroughqut t lEherRBENM1AEEE LERAGIRIGAT FherBidid offn is
aver age di stance between capillaries of approximately
20 CA$AVeHRi ch is similar to that reported for mature
rat myocardi um Endothelial cell phenotype was
confirmed by i mmunofl uorescent staining for
vonW | | ébr and'ieaieteltuldri ¥ brgagaificlaith abivhiteyn ¥® organ is a heart.
mai nt ai ned t hroughout the entire graft thickness,
i ndi cating sufficient oxygen and nutrient supply
t hr ough 4coro ' ENBCH Ilgﬁ{\%l 1St
be undelr4 st oo?{eﬁlg?&%#ﬁg@? f]geaﬁ)l-[)r'f]'gie%}]rﬁ on has a?%héarfﬁari?dent
debeat, lagug heart, anpbivichéaot a Wb vine hbart, deshady Iedrigesa carid lodart.
thereof, the foregoing description is intended to
illustrate and not limt the scope of the invention,

whi ch i g, def imgdetiluldiLe8 6RRA é)‘?f:laﬁrﬁfq, ARBRNOSSH fbAf 15

O her aspects, advantages, an ifications are

w

15

nodi

20 i hwmanhpat.scope of the fol l owing clai ms. WHAT IS
CLAIMED |I'S: 1. A decellularized manmal i an or gan,
conprising a decellularized extracellular matrix of

sai d organ, whedetdludized 6ah d¢ €latrd BawhBRl daXd heart is a
conprjses an exterior surface, and wherei n said

exPPHEI0f gn gRtitedierttx, i ncl udi ng the vascul ar tree,
substantially retains the norphol ogy of said

25 7. The decellularized organ of claim 6, wherein said portion of said
entire heart is an aortic valve, a mitral valve, a pulmonary valve, a tricuspid
valve, aright atrium, a left atrium, a right ventricle, a left ventricle, a cardiac

patch, septum, a coronary vessel, a pulmonary artery, and a pulmonary vein.

30 8. The decellularized organ of claim 1, wherein said organ is a

kidney.

9. The decellularized organ of claim 8, wherein said kidney

comprises a substantially intact glomerular structure.
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extracellular matrix prior to decellularization, and
wherein said exterior surface is substantially intact.

w@200Thzs28kecel | ul ari zed organ of claim1l, wherePCT/BE81006/033415

W

organ is cadaveric. 3. The decellul arized organ of
claim1, wherein said organ is a heart. 4. The
decel lul ari zed organ of claim3, wherein said heart is

a rodent hear , A, pig heart,. a rabbit heart ine
enr t ol Choch shik P oprsingnl rasiiyla s orar OF clatm 1,
deca%h'a%o?ﬁlaﬁ@ﬁ’ oft HerQlﬁveCéeﬂb MidhediREGHN Sai d heart is
a human heart . The decellularized organ of claim 3,
wherei n said heart is a portion of an entire heart. 7.

The dec IIuI ize or.gan .Cl i sai d .
por ti on gt saps i arahiai D) Pl B Ga qomprises
m trﬁﬂklpleailstﬁlog&apwdéﬂﬁéi cMaingblodl Hdstelgispi d val ve, a
right atrium a left atrium a right ventricle, a left
ventricle, a cardiac patch, septum a coronary vessel,

a pul mongayy afc}{ otid o & cpa%rf?n@z%reﬁleéa?d dgcegi[ﬂﬁzed organ is
decel | ulari zed organ cl I'n sal

a Iqlwaﬂyakﬁlneﬂaehmcmlalluhgrl zed organ of claimS8,
wherei n said kidney conprises a substantially intact

Ogl onerul ar structure.10. A solid organ, conprising

15

sai d decgl | ulgfd s%ﬁﬁlo?é&%c mg'oa{zvﬁbx%m %ﬁkﬂcll&efllﬁfékig%f dlqun is

of regenerative cells attac thereto

or gareadgf cl aim 10, wherein said solid organ conprises
mul ti ple histological structures including blood
vessels. 12. The solid organ of claim 10, wherein said
decel | ulgay i zetheyo§adr dga‘h oF @, wﬁeﬂéhﬁﬁ%’solﬂ drb¥PExhiBiks
a lung. 13. The solid organ of claim 10, wherern said
deceniragtide activdtyor gan is a heart. 14. The solid organ
of claim 13, wherein said solid organ exhibits
contractile activity. 15. The solid organ of claim 10,

wher ei n 1tshe nchEaelid OfgmdfdldiRdenehadein/iBe aehlbsr @ﬁgafu:hed
to said decellularized organ is at |east about 000.

16.reganerasiye cellortigshedo Séqdaleﬁf?lmanmﬁ@r&anns ehlsas @hmtrl 0.

said

20 16.  The solid organ of claim 10, wherein the number of said

25

30

regenerative cells attached to said decellularized organ is about 1,000 cells/mg

tissue to about 10,000,000 cells/mg tissue.

17.  The solid organ of claim 10, wherein said regenerative cells are

pluripotent cells.

18.  The solid organ of claim 10, wherein said regenerative cells are
embryonic stem cells or a subset thereof, umbilical cord cells or a subset thereof,
bone marrow cells or a subset thereof, peripheral blood cells or a subset thereof,
adult-derived stem pr progenitor cells or a subset thereof, tissue-derived stem or
progenitor cells or a subset thereof, mesenchymal stem cells (MSC) or a subset
thereof, skeletal muscle-derived stem or progenitor cells or a subset thereof,

multipotent adult progentitor cells (MAPC) or a subset thereof, cardiac stem
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regenerative cells attached to said decellularized
organ is about 1,000 cells/ng tissue to about
wa 000252800 cel | s/ng tissue. 17. The solid or geeir/u§2006/033415
clai m 10, wherein said regenerative cells are
pluripotent cells. 18. The solid organ of claim 10,
whereBs (CIG) a asubsst dhcacafyer weltipsteat aludtrdardiac derivedestam cells or
cells or .2 S set thereof, unmbilical cord cells or a
subfBpsE et bone narrow cells or a subset thereof
peri pheral blood cells or a subset thereof,
adul t-derived stem pr progenitor cells or a subset
t her eof ,1% i sskhe-solidovgan of ckaimnd0, phengdniaibregersrptivagella are
su . ther h I mce . Qr. a.
Scueifod 8685, FRAFCARISTnalbaI SRUBHHLGT, Gaotic
pr epdotheldal celdd.| s or a subset thereof, nultipotent
adult progentitor cells (MAPC) or a subset thereof,
cardiac stentells (CSC) or a subset thereof, or
mul ti potygnt | &1 | a0 i1ye .
subset tnﬁ'er eof . S&)B&% eaog‘g,fﬁi?rg l\gfg/gﬁlteg{gagﬁglfg?ﬁm%t}% cells are
wh etlegenesairkenegmer tatshidelecel lularizad ergaar di ac
fibroblasts, cardiac mcrovascul ature endot hel i al
cells, or aortic endothelial cells. 20. The solid
organ ofyicl aiThelBlid WABIGIFRIa3R119, HBASRALRL doff d?rgéﬂ R t8h€
al | ogenei ¢ or xenogeneic to said decellularized organ.
21 trampdanged indo e pataent ehd wihetein said reghmarative ils drespitoldgous to
or gan i tto be transplanted into a patient and wherein
saird 8Yeher ative cells are autol ogous to said -
patient. 22. The solid organ of claim 10, wherein said
solid organ is to be transplanted into a patient and
ISwher ei n 22ai d Tdeselid gregniof etpim rl§awhersingaidspdideirganis to be
Xe@&ﬁfﬂ]ﬁt&d o gght‘fien? ahd g}ﬂ%reirgssajid @e %ﬁﬁ]{&ﬁ? (f)(gr gl?? aDedikic or
organ,” conprising providing said dece (T arPee oréan
of xeh@geneit to s4id paigritact i ng sai d decel | ul ari zed organ
wi th a popul ati on of regenerative cells under
conditions in which said regenerative cells engraft,
mul ti pl yaand/ i f4f : ] Lt R on said
decel [ ular 2 camon il bifonthd doloBilgn?, T3
20wher ei n sai d pregdingsaitli deeclbddrized arganiof jcimeld and tentseting

decel,l ul gari zed ,organ.. 25. The. net hod of cl aim 23,
coidte i a SL iy ¥ parklgiaget rpengrative Sellt dider

conditions in which said regenerative cells engraft, multiply and/or differentiate

10

within and on said decellularized organ.

25 24.  The method of claim 23, wherein said regenerative cells are

injected into said decellularized organ.

25.  The method of claim 23, wherein said decellularized organ is a
heart, a kidney, a liver, spleen, pancreas, or a lung.
30
26. A method of decellularizing an organ, comprising:
providing said organ;
cannulating said organ at one or more cavities, vessels, and/or

ducts, thereby producing a cannulated organ; and
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heart, a kidney, a liver, spleen, pancreas, or a |ung.

26. A nethod of decellularizing an organ, conprising:
w@e@vioehi2eg) sai d organ; cannul ating sai d organ BET/OS®06033415

nore cavities, vessels, and/or ducts, thereby

produci ng a cannul ated organ; andperfusing said

cannul at ed orpeafusingtshidacafimulsted oedah ity a fiiss celptlaradisruption

medi um vi a sai,d one or nore cannul ations. 27. The

o TRGHE VL A RPOE mRREABRHUE ant i al 'y {he entire

vascul ar tree is contacted with the first cellular

di sruption nmedium 28. The nmethod of claim 26, wherein

sai d or ¢&n i sThe hethed of elainy dheyherein|esseatiallsihesatire vascular

S Seufiieui 38 BT FRARRBRAERE ™ Tom cach

cannul ated cavity, vessel, and/or duct. . 30. The
nmet hod of claim 26, wherein said cellular djsruption

medi um cpr i Stssmathod efeleing 36, Wasrein gaidtorean is afeart, a kidney, a
met l.a] or WigLi n said detergent is selected
fr&mh}%?,ﬁgfegiﬁ,(}%%@gg%&rstll j of SDS, PEG or Triton X

32. The nmethod of claim 26, further conprising

perfusing saig cannul ated. organ with second .cel | ul ar
104i srupt i rnihﬁﬁﬁ@#é?gﬁ?ﬁn%%ﬂgm?ﬂﬁﬁa e CERG ithns.
33. c}iﬂé@ﬁoﬂ% Rafeh cﬁfnﬁﬂ%fb&; gaviféﬁ‘ﬂ%s@él,narﬁﬁd)rddlfct rst

cellul'ar disruption nmediumi$ an anionic detergent and

wherei n said second cellular disruption nmediumis an

ionic dejergept. 34. .The nethod of. clai m.3 wherein ..
t he ani offl'c ggl?eetpﬁtgﬂil ofglagbgaa‘g]aergmgp i(‘%hgéf dispupiop medium
det @ngRRbs hdeabt biddetetget®. The method of cl ai m 26,
wherei'n said perfusing is for about 2 to 12 hours per
15gram of organ tissue. 36. Decellularized vascul ar
manmal | L 3?%%&%8&8? Eﬁinqgg%ﬁérglﬁlsgfﬁqfe?eq ent is seéected from
extracelTul armatrix of sard tissue, Srern h
extthagiupldoasistivey ¢fi SDS; PRG;, ios dgit@nXext eri or surf ace,
and wherein said extracellular matrix, including the
vascul ar tree, substantially retains the norphol ogy of
sai d extgacel Los: DB _ fzati o,
and wher B oot gyPbE dinRek dehl GRERS RiERE A0
20i ntaahulated organ with a second cellular disruption medium via said more than

one cannulations.

33.  The method of claim 32, wherein said first cellular disruption
medium is an anionic detergent and wherein said second cellular disruption

25  medium is an ionic detergent.

34.  The method of claim 33, wherein the anionic detergent is SDS

and wherein said ionic detergent is Triton X.

30 35.  The method of claim 26, wherein said perfusing is for about 2 to

12 hours per gram of organ tissue.

36.  Decellularized vascular mammalian tissue, comprising
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37. The decellul arized tissue of claim 36, vv_herel n
said tissue is cadaveric. 38. The decellylarlged

wao e@3nes2ed cl ai m 36, wherein said tissue i s sSpP@EIS2006/033415
cord, trachea, or a joint or portion thereof. 39.

[1ularize scul.ar pl i an . tissye, conprising
522; I BI ari zecge %@%QWEP%T%WH% of saidfigpue, wherein said
whexahcelmidrthagot aaptided ad exfEBbf édfgx%e geavel ?ﬁgald extracellular
exteri.or. surface, and wherein said extrace

rratni“"ftﬂxslﬂ%‘fi’é‘ﬂtth%was9ulweﬂrm ﬂ@stdmaamlo quma:und; ﬂ@y?@ﬁ)ﬁslagﬂ 8f said
ul. ari.zat.i o
s Bt SfatfBE biionto Ul Hoide R S SHfais S gieriorauetace
540 is Stbstadtiall) intdear i zed tissue of claim 39, wherein

said tissue is cartilage or cornea. 41. The _
decel lul ari zed ti ssue of claim 39, wherein said tissue

i's cadawgri ¢ The decellularized tissue of claim 36, wherein said tissue is

cadaveric.

10 38.  The decellularized tissue of claim 36, wherein said tissue is spinal

cord, trachea, or a joint or portion thereof,

39.  Decellularized avascular mammalian tissue, comprising
decellularized extracellular matrix of said tissue, wherein said
15 extracellular matrix comprises an exterior surface, and wherein said extracellular
matrix substantially retains the morphology of said extracellular matrix prior to

decellularization, and wherein said exterior surface is substantially intact.

40. The decellularized tissue of claim 39, wherein said tissue is

20  cartilage or comnea.

41. The decellularized tissue of claim 39, wherein said tissue is

cadaveric.
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