DECELLULARI ZATI ON AND RECELLULARI ZATI ON OF ORGANS AND TI SSUES TECHNI CAL
FI ELD This invention relates to organs and tissues, and nore particularly
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exhi bit a vascul ar bed that allows for effective reconstitution of the

organ or tissue. This disclosure describes nethods for decellularization

and recel lul arization of organs @ECHNCOMSFIEUWMARY The invention provides
for methods and nmaterials to decellularize an 15organ or tissue as well as
met hods and mat er i &S iByentiag gglates torqrgansand diswes Andrmoie pagicylanlyde ti ssue.

I n one aspgect ' L ' -f- J.ari zed Lan heart.
A decel | ul%gr [ Izng{: ﬁg%ﬁ?{fﬁ%ﬁ{@é?ﬁ@%ﬁéa@d%@%@}l%’%ﬁé Prz’“!éiss e! XH Er1 ga%(t:lé'l ul ar
matri x of the heart that has an exterior surface. The extracellular matrix

of a 20 decellularized heart substantially retains the norphol ogy of the
extracellular matrix prior to deceB&ﬁ%ﬁ@%@N@n, and the exterior surface

of the extracel | ul Biold@&Edllydekived HRBIRIhAR bebn'dREAGhed for tissue engineering

and regeneration. The matrices developed to date, however, generally have a

10  compromised matrix structure and/or do not exhibit a vascular bed that allows
for effective reconstitution of the organ or tissue. This disclosure describes

methods for decellularization and recellularization of organs and tissues.

SUMMARY
The invention provides for methods and materials to decellularize an
15  organ or tissue as well as methods and materials to recellularize a decellularized
organ or tissue.

In one aspect, the invention provides for a decellularized mammalian
heart. A decellularized mammalian heart includes a decellularized extracellular
matrix of the heart that has an exterior surface. The extracellular matrix of a

20  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

25  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

30  vasculature, a pulmonary artery, or a pulmonary vein.



Representative hearts include but are not limted to rodent hearts, pig
hearts, rabbit heaht anotheraspeet, lieainyentionipeeyidésfar & soliborgaanidnmlid@agans .

Anot her 25representative .heart . is a.h n.heart. .The.decel |l ul arized heart
can be cadavefi e.SCIF%‘ Sty ?’éenqe,cgﬁgnﬁgg’éwgpifﬁbf B°NEAE 4 s a portion
of an entire peafldtionF e HRARVE celfs M@ERddARerefo. 3R sEME iefboliR@dnts, @& 1 ncl ude,
w thout limtation, a cardiac patch, an aortic valve, a mtral valve, a

pul nonary val Yegeneative eells gresplyzpatent cglly. j lgtsomgtemhodiment] e regenetativg a ri ght
ventricle,z a t Vv jcle u L 0 ulature, a pul nonary
artery, or5 a %)egfsrfaf)engl%&(?gcns?eﬁ ?ﬁisaﬁ?c%) ﬂ%rapéa})g% %1 S,’ a{(@é—ﬁ?rhx(;g r‘?%f’in%ﬂr provi des for
a solid organprofesitdricdllgbgasmagovedtived eelld)blovdetined el smeichymal

decel lul ari zed heart described above and a popul ation of regenerative cells

attached t her 8% cellp (Msf skelstmmssiederysrecalls ganliipgtent eduleprpgenitos
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progenitor ceftbm, celanh svare aubaimentedhe slgeseratineoseils deer davdide fibtobiasts,

mesenchy stemcells (MSC), skeletal .nuscle-derived cells, multipotent
adul t progeni ?365238311?@"%%%}‘? Cégﬁ» at %TI%F%‘%H&%’I*‘&GH(SCSC), or nul ti pot ent
adul t car di ac- der i geflerifi$hé RlmhBer ofthSRIEAIRRLENEM hed f09nE €gENET at i ve

cells are cardiac fibroblasts, 1lOcardiac mcrovasculature cells, or aortic
endot hel i al cé4oeularized hea@dmet labdt phoutt D0t some Embbdinrentss thermimbee of el | s
attached to the decel |l.ul ariz heart. i | east, about. 1 | n sone
mbod nent 5,  PRaSHIRBGY® SRR s deephundaRi neb e 0P8 oeflue

decel | ul ari zegsshe@wét Wweigb st prﬂe,dé@amﬁﬁea/wm%ﬁt) fosdhRut YEH00eOmEIIs/rhg €.
pre-decel | ul ari zed wei ght) to about 10, 000, 000 cel | s/ ng 15 tissue %wet

wei ght). 1h sbhife énefotieiekii B sompeembogimentatthe eegersrptivessedls lgea er ol ogous to

t he decel | ul ag i t {0 I i rgan is to
be transpl ant%%éﬁﬁotééﬁg{op%fe %ﬁ@u&a&g&?ﬁ%&?%@ﬁér ac{%?sleem%%ﬁ %81!3,(@(338 (gl ogous to
the patient. omgalyédtodratdngplaedansd a pofient by tRtregehclioy celksara met hod of
making a solid 20 organ. Such a nmethod generally includes providing a

decel I ul ari ze¥plogeys tadhepatient.-ped herein, and contacting the decel I ul arized
heart with a popul g{i&849n i . . ﬂ]?j i Lo which the
regenerative cells e%gr a?‘%l?{%gﬁﬁﬁg %ﬂ\éﬁt&%éljog}#?g?{eeﬁl?l a erfl\éfl\n&?%?lrsl&é% on the
decel | ul a0 zedrgheaBuch 4 method gendyeldly mehides ploeidiege devclavieed hédrisasar e

i njected or rfused into the 25decel lul arized heart. .
J pgescn ed herein, and con acgng ﬁle deceﬁfu‘lanezed eart with a population of

regenerative cells under conditions in which the regenerative cells engraft,
multiply and/or differentiate within and on the decellularized heart. In one
embodiment, the regenerative cells are injected or perfused into the

25  decellularized heart.

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.



In still another aspect, the invention provides for a nethod of
decel lul ari zi ng a $Sedrd methodhlsa caeitvhatlei pecfuside shqanuilkdieddeart Indtird |

cannul ating the heart at.one.or re than one cavity, vessel, and/or duct
to produce a %ezﬁﬂl?fﬁfe&{%dﬁ%’%ﬁ’qqmgg;ﬁ“‘ﬂe‘??ﬁ’finﬁ%relﬂ?@%w pPSheart with a

first cellul ageRQait, thdHpist SNuIRHHPDIENEARMQAR b 'an ARIBid AR Such
cannul ations. For exanple, the perfusion can be nmulti-directional from each

cannul at ed cass ¥ anétheekecondmellvler digntptiomyysidoumn kgn be sreioni datérgentdiigr upt i on
medi um congr i . st _one.det ergent. such as SDS. P Triton X
Such a net odgsgf%tghggﬁﬁi Sﬁgﬁﬂﬁgwgi&’rtﬁgBFIE'EH%%aniDaeﬁﬁﬁ%uég%égﬁlf’miﬁ/ip?ﬁ a second

cel lul ar di srpggain @ret MRiEhY BN Heart tiduenor e t han one cannul ations. CGenerally,
the first cellular_disruption nmediumcan be an_anionic detergent such as

SDS and the secondUBksss etharviss definse; dlhtephracal ane seenitficdarmupged hgeeinr gent
h 5 Tri i . f 2 to 12
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defined, all #tretohwhichlthiaiteatiorebdlofigsc Althongh ueedhdbandmatdralssimiler ganme

meani ng comonly understood, by one of ordinary skill in the art to which
this inve io?ﬂ%@ll%ﬁg%t. 08¢ S7GTIRT HRIFIH SR b Herc A s Prapticoardestiag opfhe

10equi val ent  §8sdnbRR8nEGS ShitdMEImABL8S erﬁgteﬁgls%@@eshﬁbéml&%?ﬁfi ce or

testing of the present invention, suita met hods and materials are
descri bed bel alditiam theddateiias, methedsyandexanipdes areilhststiveaondy endinpld es ar e

illustrative gnl ot . int ed.to.be limting. Al publications, patent
appl i cat i ons, mgegﬁgﬁz)gl?enlgﬂ&n& ﬂf?%?&?ﬁ&ﬁcgﬁemgﬁ%ﬁ%& WQWB*Sna"&f %tger

i ncor por at ed kferékshRAGSnddherdifiate iBBpEB by rRfelaiedSR tHelr AR i, the
present specification, including definitions,” will control. - The

det ai | s of5 onerseef eaadlicteiig paesaelrrpscifrationeinchiding defimitians, wilt cdnguol.h i n t he
acconpanyi ng dr aw fgs t description hel ow, Qt her. features,, objects,
and advant ages of edelqér;i\f/georﬂ% |%8r?rvr\rnlqrff Q%éoﬁglﬁgésé’\rﬁ/lthefl%?ﬂt Oﬂear%?%&?%? and
detai | ed descthe pédopipansing draveitips Bied G AestBiptidh) BEOWROHdr Ethdes, [FBMBINGS
Figure 1 is a schematic showing the initial preparation for the

decel | ul ar i za#MdAdvatagesiod e Inveronawikbe appaentiiemyhadiewings aaddetailpdr i or
caval vein ar I . respectively), and the inferior caval
@es%ﬂgﬁﬁé M EfHotAne Fl’gﬁ%.

vei n, brachioce artery, common carotid artery, and |eft
subcl avian artery are 25ligated. Arrows indicate the direction of perfusion

n oot earaic and et gt e pescrp g AEpEVISERC T < O ore
reference synbol s Figufeheiswathanisticbhawiniae inidalgaégaratidnefoetement s.
decellularization of a heart. The aorta, pulmonary artery, and superior caval vein
are cannulated (A, B, C, respectively), and the inferior caval vein,
brachiocephalic artery, left common carotid artery, and left subclavian artery are
25  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
30 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

3



DETAI LED DESCRI PTI ON 30Sol i d organs generally have three nmain conponents,
t he extracel | ednaponeatsiwhile(sE@ntiatlylpreseamine thd edtrodedinbir matda (EGMY aad ul at ur e

bed. Decellul garization of a,solid organ descri bed herein re nost or
all of the ceﬁ%ﬁY F‘%ﬁu'la(%‘%%ﬁ@'n ?elﬁﬂﬁq‘%%éﬁﬁipﬁg@%% Spnhedised 8 ?@Cq‘?% _
extracel | ul ar foreddeil¥lafifsdn. MsbR ¥GHe WHicH 818 oPEfhs chh §E66talneliar i zed solid
organ then can be used as a scaffold for recellularization. Mammal s from

which solid oighide, wihpubdinvtetion.mederits pigsdebbits, chttlet shepmidogs.iand, rodent s,
pigs, rabhit ttl h do and 5 hu S. . ns. and.ti ssues used
in the metSI hods gegbrclﬁgael% af%gr%giq‘ur\esglg%dlggg%gﬁ%\?g? ?%S.cn%gﬁerel%qafl(?eor gans as

referred to heidavetrid. ncl ude, without limtation, heart, |iver, |ungs,

skel etal muscles, brain, pancreas, sgleen, ki dneys, uterus, and bl adder. A
solid organ as usePClibEans asaeieried i %fﬁmd?l@%e»t“ﬁélouhh@ﬂatlms@B@ﬁadmeraal ly

cl osed” 10 v " apti " urg system
W eh respect TaChacar LA brefh, pRHASAE LA, KnEE O, T AR A 1

maj ority of tdvdidlorgan a$ vissd heminaefeedtovint drpan thaehesal ‘istbstargatly @lvdedtoes not

| eak out of the slol id organ assum’,nﬁ%t he mmj or vessel s are cannul at ed,

ligated, oF oYASEHATERSYSE: r‘f\é‘f“@?f.tanﬁ_é Floge ’é@F%‘éat%re"sé’ﬁfB@t‘ﬁﬁ}t‘ FegPesf 121 osed"
vascul at ure syS4ea mERRYhe IIB ?gﬁi"q“’%gﬁglﬁ]ﬁﬁ?%'ﬁﬁﬁft ELday g def i ned

“entrance" and "exit" vessels are use oduci ng and novi ng
the |iquid theostapesivithindhesodidrorgar anmiglase nétuisaloout of the solidrorgatdi ti on to the

solid organs descrig d aboves gt her tﬁﬁfsc‘l ff Y scu&arized@g&a S or tissues
such as, for BRANPES BT JPSFEAT FHE S or RS C8 O TV RALEY C'houl ders, or
hips), tracheBesp@tt hapinpal“seatahtiaBP cloSedeasdulathdrdy#es, HahparifaoR@ met hods
di scl osed herein. Further, the methods disclosed herein also can be used to

decel | ul dfi zeoragusdistadabore baveedsfingd fienteance” oamdeknitpyessels awhidh axgusafnl cor nea.
A decel lul ari r j ibed herein (e.q. eart or liver)
or any porti o%? t@rd g@ g ?{éd é{.o?/ﬁ%ﬁhggﬂ&ﬂiﬁ@ggl@o&t g et ‘glllm%l?%ﬁ',smél‘ pul nonary
val ve, a tricuspi dnvaldition ta thptsolidRegans dedchibe@ atiiile/®har typed 6£ry, coronary
vascul at ur e, ZSS?Etum aright atrium a left atrium a right ventricle, or
a left ventrisehlarizgdioreans offisgss sucheaselor grampleall poridens aidointsda-ghor

a0 ) o eyt Mo ASELS ot ARG R0, O
under goi 8 dithétbodndisaosed horei/ Burtehethe aicthadadisologadheteiniats cah ban or gan or
tissue. used to decellularize avascular tissues such as, for example, cartilage or cornea.
A decellularized organ or tissue as described herein (e.g., heart or liver)
or any portion thereof (e.g., an aortic valve, a mitral valve, a pulmonary valve, a
tricuspid valve, a pulmonary vein, a pulmonary artery, coronary vasculature,
25  septum, aright atrium, a left atrium, a right ventricle, or a left ventricle), with or
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.
30
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

4



30 Decel lul arization of Organs or Tissues The invention provides for
met hods and maf &f b1ghs of fissiieeal baitamnilatedausimpmethbdsandrgatarisls khowsue. The

initial step in decellularizin organ or tissue is to cannyl ate the
organ or tissﬂ’@,ar‘i-foﬁdseé"FﬁPlé!n‘%‘igT‘%‘égﬁg§?°¥ﬁ?r€t°§:‘15%‘ﬁd96’rpeé ?ti%s of an

organ or tisseg,naﬁa@e&&gg@wg ! 5t YSdeNBlaFBisRPHESn 2Rt PEIRlicn in the

art. The next step in arizing an organ or tissue is to perfuse the
cannul at ed or gaorgan cen be umiltivdirbctrnele(el g4l antegriderang rétorgradedi um  Per f usi on

t hrough an. organ can be ti-directional. (e..q. nt egr ade, and. r et yogr ade)
SLangendord - perf uSRBRGPT LB L 1RA s fbifl i A aG R FuTg0RRhT

physi ol ogi cal paidiaiSlald KndtaQs kg Whambed WollkintpAFESHerMRIda) NS edToke
perfusion). See, for exanple, Dehnert, The |sol ated Perfused Warm Bl ooded

Heart Accor di pxpoerle | Retmeridbha ksolafad Reatised ¥ arm-Rinpdad Heart 4rcaplipgitel ogy and
Phar nmacol ogy: ,Bi ol i I SUT . | . Bi t ni k- Verl a
o e anbr 1B B AR SE R SR P oa an B RRERRPRANT (VO 0 e

aorta i s cannBliglbgigalaViehsatdntdh FecHnigirs Ve BadnedstechitiRt Vdritig aie |G ribiy
di sruption medium_ A cellular_disruption nedium can be delivered_in_a

ret rogr adt di Wt Sermanynh93Sh Brgfht sordiangendostt pariagaa,the o iswanpilged

del i vered, f%nc%t%ﬂ&?}onap%s hoi@r@&ﬁtﬁfﬁﬁc@ é%ﬁl%l%?hls rptiBHrH?e Ve.géf’xlgelfﬁ%“am

hydrostatic pressure. I nst ances, e aortic va are forced
shut and t he gdeniptionamedidmican bsddivesxitiad retmdgradddirectivn dawy thssorte (t her eby

perfusing the entire ventricul ar ss of .the heart), which thep drains into
the right atrP’lﬁl'!‘ﬁr\%éc?"llﬁéa”ééltoéyr}'&ﬁfggl"?fﬁg’.foﬁ@far%@?da})r?& lﬁgﬁgnﬁgﬁ’ ion, a
second cannul fuiyf of 89A%ehath 9N Pdsedtt! hBbATBREL Y8 Afkig 9mvBe changed

fromretrogra o} tegrade. "2 ds are known in the art for perfusing
ot her orghn oarctfossdebut aBy thvayerbifsiomxthrig issdirected ifitol the vdmgaryekta Ehereby

descr b, e Beh o8 hed Wl S5k b8ty DA PR g 2 1o0
-7”7?2)8 IOI657I ErSIEL E ﬁﬁzﬁ%fﬁ?iﬁgﬁa@:d&&g OSA{MSB}F;% %ﬁ)%gg anbél S %tlf;mgii’cu;%&% ner 25et
al ., '2003, J cagnuja i@cg@m@;ed@ e 1;@@9@ and perflis’ion can be changed om g
retrograde to antegrade.
20 Methods are known in the art for perfusing other organ or tissues. By
way of example, the following references describe the perfusion of lung, liver,
kidney, brain, and limbs. Van Putte et al., 2002, Ann. Thorac. Surg., 74(3):893-
8; den Butter et al., 1995, Transpl. Int., 8:466-71; Firth et al., 1989, Clin. Sci.
(Lond.), 77(6):657-61; Mazzetti et al., 2004, Brain Res., 999(1):81-90; Wagner
25  etal., 2003, J. Artif. Organs, 6(3):183-91.
One or more cellular disruption media can be used to decellularize an
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

5



One or nore cellular disruption nedia can be used to decellul arize an organ
or tissue. A BErqenzymes g uprotespe mBHHign, geeleasalinhibitors) andéw catlegepasst one
detergent sucfpfgionyS, PEG or Triton X A cellular disruption nmediumcan

i ncl ude water sucfh hat the nmediumis osnotically inconpatible with the
cell's. 30 AlternatInvedripin @nosiimehtara dinsiluRtiossinediskid GAbeigeefussle a buf fer
(e.g., PBS) for osnotic corrpa,gfi bility with the cells. Cellular disruption
medi a al so caffPfidiallyevithpymdileenteeliidar digrantionmmeding Fert ¢xemplae fee st mor e

col | agenases, i : Fan iR ) [ r ase such
as trypsin. I%&lggarrrgqsi s%%n@%%@ﬁ??ﬁg% agi Sr up‘ﬁléc?ér\\&%@cﬁugﬁgff glggc#&%e

al t er nat i vel ysecomd ¢alellardiésriptivinbedine cafi invhelean ionio ideteegeny Bt dsLrion

r ot ease i nhii s..nucl gease i.phibitors, and/ qr coll egenase inhibitors).
IIon certain eng'o?l%pr@ﬂn@,peé éﬁﬂﬁﬂaﬁtz SB?@&W%&BWW@“&%@H@ der f used )
sequenti al |y stinhilatedQrsid el caﬁ@e'ﬁéﬂﬁéedg.:fo"‘rregﬁlg%fé[‘w%%ﬁh ggl%ioﬁ@(a”p' e, the

first 5 cellular disruption nmediumcan includ anioni ¢ detergent such as
SDS and t he s@ddn@olsions fentaidingronpof mereretiymes sach dsrthdsedisclosed haiem.

det er gentypsuch as It or Fal | .ow rfusion with,at | east e cellular
di srupti olr(l)s nedi umlgé%lgﬁﬁhgtdgad opgogﬂnegﬁm{)p i%%eafvbvsgraﬁ%%ﬁra ©) $3r
exanpl e, Wi t hhelmaheffeetivély@aselRneize thesaitivd 51288 of A5l DeBAANE a8bn 4P' €
enzymes such %s t.hose di sclosed herein. 10Alternating the direction of

per fusi on (e.¢pscribgdthersin gesentinllyrdecelbyarings Yhecorgam&bp the instdeanti vel v

decel lul ariz I : ! . cellularization as descri bed
herein essenﬁegﬁﬁnf{;&%ﬂlﬁ[%agét({ ﬁE%an Y& ?ﬁéss}lﬁg?lbo%e out, resulting
in very |ittl|decelanmgsedtad atshieabROMmpSRAHGE Bafiveeh 4tdnd S10eC C BRpbHRI fd ul arized

at a suitable tenperature between 4 and 40C. Dependi ng upon 1%ﬁ’@he si ze and
wei ght ofloan 8% 8i&n apd Welght pleangrgan pictissue and-the pertivatos detergent(y) dd

concentratio : kR | ul.ar di sruption nmediu an organ
or tissue gerr?g?gﬁrﬁl%h?é gg@% %)gré 1“nrrl glﬁé]c%ﬁ{élﬁf d@r@gog%e@{m&,?nh%g%o er gram of
solid organ dissud gemamliyiis berfiesked oar abdus? UPiiod 1 PRGInd Fer gl siciolig Washes, an

organ may belﬂgerfused for up.to about 12 to about 72 hours per gram of
tissue. 20Per¥ &t Fisgunwihcelulardisryplien madiva. Jrglyiimgsashess endrganons

i ncl udi ng pul i I I i ndi.cated herein, a
decel I ul ari zen?i%i)]?%glgerﬁfdgrgavﬁrs@&ga@%ﬁé?ﬁg%é%g%%to}]ras'lqe{/é%fﬁ {}ﬂ{éscsg%t racel | ul ar
matrix (BEM Reofrpiongenerefly ilddjustedrio physielggiorsnditiohhichidggpulsatitd ssue,

i ncl udi ng ECY conponents of the vascul ar tree. ECM conponents 25can incl ude
any or all of %h&FSPLBIGSES fibronectin, fibrillin, lamnin, elastin,

nmenbers of the colAsiggRafedMeteihn, @Rebeliulfel 3 or ftis%del con&9d ek \thiw .
gl ycosam nogl ycans, ground substance, reticular fibers an t%ro ospondi n,

whi ch can re®aihe wigesiuadmaisx (BEM)edmponent biink sr swstregions bftheasgdn | ami na.
Successful d | arizati is defined.as the. absen f detectable 30
myof i | anent s,%?gg%%thghﬁ g]%ng c§,mp§%'§§ RE ﬁ’ﬁé’@?"éﬂ%&%%@\ﬁ(@m%@ts in

hi st ol ogR§ can include any or all of the following: fibronectin, fibrillin, laminin, elastin,

members of the collagen family (e.g., collagen I, ITI, and IV),
glycosaminoglycans, ground substance, reticular fibers and thrombospondin,
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 procedures. Preferably, but
not necessarily, r€siffuctivetieteceltidimiiesndlgsncrhtasnivegam oraivewegdk ifr om t he

decel | ul ari zed ti . To. ef f ect. | | yl.arj d
qoner ate an. Pt el wk s biilogxand e pRRFC bR A MM FmerHhnd e
architecture ?J‘e.,tréiﬁaiﬁ%mltﬁﬁwﬁ@&t @6kidd arfdl foll6WTHR the prRe4sL i al |y i ntact)

during and follow ng the process of decel|lularization. "Mrphol ogy" as used
her ei n ref er sdacgllglpazasipar sMorphelpey” ots usebhageinrglers torthe peerald shape of thehe ECM

while "archit ¥ i .k ef -he exterior _sur e, the
interior gr fgljgél,&lagtﬁsé?ﬁt% Hﬁg%ﬁer‘é’%‘@ v\agge}iﬁteg%Ié a ufﬁiE%Wﬁgqr%{f?ﬁgnd

archi t ect ur e efteridreuifedd, ganinteeioe naficoemhdthsBEM theasbdtvasenhi st ol ogi cal I'y. For
exanpl e, the basal_]am na on the exterior surface of a solid organ or

wi thin the vascul alBf @otholpgysmgarchiectreseitee Shbliran brovxaptinedviswadly 10 or
significantl yaf&gdﬁﬂﬁglogg‘rill%.onge&&H W Afd %R51198ina! tﬁg%ﬁ?ﬂﬁr?ﬁg ?fé brils of

the ECM shoul d be sim o or signrficantly unchang of an
organ or ti ssipdidtongan dragithiothdremouldimeed i anl agarr@diss@shontd natribe re@opalinds can

or cabrve Tthe AR ReRAHEREEe Qi 0 (L lseRRAr b RHGomHsaIBPaFz 04 or gan
or tissue forgeRraoutd B difdiht RordHMantlf uAdHh %]dc Elgitflétbmflaﬁto?%aﬁledrl s during

the recellularization process. Such conpounds ut aré not limted
to, one or nolisugthahhis fohbeor deceBulgtizedVEGF, DI CK-1, FGF, BWP-1, BMP-4,

SDF-1, IGF, and H i mune nodul.at i agents (e.qg., cytokines,

gl ucocorti coi ds, ﬁéﬁoﬁlﬁl%eg‘boﬁ]?@[u?d? ‘é%cq%ﬁpgﬁﬁciemaéﬁoé’gap‘?ﬁcgﬁgl ,Z‘girﬂf/gfﬂ % actors
that 20 nodi fsshdrfd, EQasempld, prese@s BRMRcEIRIfHzeddERIN, bfto fI8paE e bi ndi ng
proteins, and heparin). In addition, a decellularized organ or tissue can

be furthekd t rdssekbdanizadpraamer tissugir secellplatigation) and/or éo gesist oi/stimulaiea) t o
g o _ t i : ) |
or i a tdecel TP hfind i sBESREALRGLpA0ks. KOG, ComMie? RIAR Bt By ane Sor

Ti ssues linthed iopuraidl Moregrowittfastofsle. gy BGE ADKKanOF GE Boms] ,f or
An _organ or tissue can be generated by

ti ti .
Goncrat g anGLSR G e, Bifo Qe 00 LLSste car ne gercrcice vy
popul ati on Ofglﬁc%@ﬂ%ﬁsﬁi@ﬁzﬁhﬁg}n@ggﬁaﬁfi&%!aﬁ&g&gilrségg r?ﬁg/royiﬁgorpg{a?' h are any

cells used to 30 rece ari ze ari ze I SSue.
Regener at20ve medifstheanagdatiot ¢ascrderi¢. gs espin, heparin-paidary prowiss andr

rnultipotent cells, .and,can be upconmtted or commtted. Regeneratjve cells
al so can be ot @li“g) 1ng g’é@“@e&?%ﬂulﬁﬂzmgﬁ Friisspeeans '%tr‘??éffc{‘é’lt an be

undi ff erenti afopekam@ilb Srradi@fibn &8 yUd Eélil‘lﬁfnﬁﬂo' REER dr@libinat® fhefﬂﬂedégﬁ%e n%f

differentiated cell's. Regenerative cells as used herein inclu ryonic
stem cel | s ( sanydpdd efadichyorginasmiaerainiag onrs in & deeellofaridedbtgdan ONtib§ue. see, for
exanple, the 3 ossary at stentells.nih.gov on the Wirld Wde Wb).
Regenerative cells also include progenitor cells, precursor cells, and

"adul t" - 2der | ReedlighApaisH dfOrehRd SOTRGeynDbi I ical cord cells and fetal stem
cells. 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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5Exanpl es of regenerative cells that can be used to recellularize an organ
or tissue i ncitemeellsashiefihed byriedfstional Iastﬁutpmﬁ&fsahhéniﬂ&)elsbes forunbi i cal cord

bl ood cells, tissye-derived stem or_pr. enlt e Jrarrow deri ved
step or progefit &g? {}QOSS‘HV gbiterest lgg ‘%’gﬂéé&#ﬁgf*ka |'s, _
nmesenchynal SR@g’en%PJtﬂvé célﬁ@@o inei@b %Fc%'em%isc‘éh@ PRk 0R delBE hh @ ¢ F&'lt”-”“' t1potent
adult progentitor cells 10 ( MAPC). ditional regenerative ce | s that can

be used i ncl udl@”l‘@érsmna@elbtlmlndme Illtrzbll(oaS@rd cpild fmdpf@taé semabllist
cardi ac-deyived st ac f m.crovascul at ure
endot hel i g cells, E%?’m%ﬁ ?f rceg%rhea%t Vﬁecleh% haE%a} eusﬁ‘gﬁ reﬁgﬁl}%%eaa@r?r\ggbl stem
cel I's such asobiisege Rtudeywithe\@ Miutit=gidh, éeirkonit B\, wabidiesinwtd Bloo@r

vascul ar stem ord&ogenltor cells, and peripheral bl ood-derived 15stein

cel I's such asc@lddisHerprivedsien enprogeniies|cells, pppoynagpyodeisdsip®ied as
regenerative 0 V.

I ntroduced i n@g)%lﬁgfrgﬁltlsdbg;ggecgﬁw?@ ST Jré)(%@%?lﬂg{]@etﬂﬁ Iglreg%ﬂlﬁghggéﬁ%kg e an
organ or ti SS(MSC}:, sﬁdpﬁhﬂﬁﬁctle-danmddblltsh&rmﬂgpdftelﬁt@,dglt,prdﬁunatbr@élgﬁn t he size
and wei gh th or. tissue, and_the 20 type, and deve oprrent al stage
of the re @é{t@ 93 gggj)t@nalmegqr@}raéwp cellsybat ‘@Pbéé'ls% eI Rer ent

t endenci es ascetlB (E8E) R E@@eh@d@iuﬁ%ﬁﬁ%&?érﬂ@&@t ﬁ‘?éél% %’!fréhlac Fﬁﬁﬁﬁﬁhstss' mlarl y
di fferent organ or tlssu be cel arlze at er ent nsities.

way of exanpl egrdiac ﬁecmivaasmhmrz endathejmhcdalls, o1 msticersmthdbial ¢adlsedodt wit h at

| east about 1, 000 ast ,10,,000, 100, 000, 1.000 0, 000,
or 25100, 000, BEGY ™ E5iLsEn <Al gt @08 el RO IR UM NG el | o/ my
tissue (wet wgidbHolial orSrascusr Bém b@g@%@ tdrebR, 'aﬁ&bél%ﬂerél%lo%m&ﬁnv%@ 000, 000
cells/nmg tissue (wet weight) attac t her et 0. Regenerative cells can
be i nt r odikedstemgelsiguthys iendasheliad prageniterapelly €2P Qrajencasrbetissg ae by i nj ecti on
i nto one or ti In addition, nore than 30one type of cell

(i.e., a cocﬁgg?ér%ﬁ% ﬁfs) can be introduced into a decellularized or gan

or tissue. For examhdgumberadekdenblatiod calBltha iC@robecddih®cdndbngd amul ti pl e
positions in a decellularized organ or tissue or different cell ty es can
be injected i#cslivprizedggm }?d?rti?rdﬁ£e’é€ffatﬁ g OELAN QF|tispyels depenyspt @y bathssue.

Al ternativelyy e Qbgdnle %d%lﬁéﬁ)&ggf& thOLiZE A PReighCHRRE bidahy 6r &l SnPlhe®

cocktail of ce |'s”can
20  type and developmental stage of the regenerative cells. Different types of cells

may have different tendencies as to the population density those cells will reach.
Similarly, different organ or tissues may be cellularized at different densities.
By way of example, a decellularized organ or tissue can be “seeded” with at least
about 1,000 (e.g., at least 10,000, 100,000, 1,000,000, 10,000,000, or
25  100,000,000) regenerative cells; or can have from about 1,000 cells/mg tissue
(wet weight, i.e., prior to decellularization) to about 10,000,000 cells/mg tissue
(wet weight) attached 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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by perfusion into a cannul ated decel lul ari zed organ or tissue. For exanple,
regener ati ve bepérfusiaminbea pamiikseidiacelfidarized ecgdn arltBBue etbrexgaplelisi ng a

per fusion nedju ich.can then_be changed.to an_expansjon and/ or
differentiati ]i?ﬁn’]r"%%l efls cambr s fspd Hip 2 BF /“Hfa”&P‘F P8 AFG 0t he
regenerative g, vﬁﬁ?ﬂ{édﬂ%ér?&-%ﬂaﬁ%&fﬂozaﬁtéxﬂ&s1cﬁ{‘arﬁyc9"{‘i‘%f8renﬁétﬁﬁue I's

mai nt ai ned under conditions in | east sone of e regenerative
cel I s can nul Begiun teriddue &1¢Wﬂ1andfw|déf@elvﬁa¢1hnnfmedeganeraiﬂe@eﬁsal | ul ari zed
organ or t4 ssue. TB ﬁ rec@ltlons in cru € gr%etat |don t he
appropri ate tenper ature andrgreasioBsE e gy éstﬂl? fsclﬁilm Admdtechani cal

activity, foremditidhe iRpichRit laabisoatsuMhere@bnddivt@i19 tanl@@Ebly adt/appr opri at e
anount of hum dity, and sterile or near-sterile conditions. During

recel | ul ari zadifigrentigieavithin and on thei deseilWariped osgant grdiseiee. aTh!JS@ prenditéesner at i ve
|1 ttach t t. F
ggamﬁl 2 ? ﬁee%ggugggﬁg??l@gﬁé FIE’ tﬁ%gﬁge%%u?g%k}ﬂ@r I%PI on %‘%g’gl emeg': (e.q.

nutri ent s andélectrieal aadfoo meshanicd astmfy aﬁc@kh&mpnawm&nﬂmf OoaiMmes or
grow h fagto and/or a, 1bpartic Regeneratjve cells can be

al | ogenei 892%?&?@??%?31 4RQpnG P ‘Hméiityt andstexile gr ﬁear'sﬁ%?ﬂ}ﬁhtlons

decel lul ari Zeﬁuﬁﬁ@%e@ﬁlaﬁiﬁ%Hethéﬁg(%qlasz‘ %’dﬂ%?h f8ah&t 1Je EnefdiveS) . Of
regenerative cells can be xenogeneic to a decel arlze an or tissue
(e.g., a pi g @é]@@ttmhedlthezdd apg gaintaned inssudalde ededonmdni. Emmnpé@ehner ative
cel | s) 20 "Allo erel c"..as used.herein reiers to | 1's obt ai neg/efromthe

sane speci es %8° fvefcieBWF%‘W"ieﬁenu&lW SHPP§a & 8 TR S8

rel ated or unggbat Reirdd ikl bdpiabsss), MbbdnBus KERRABHSE Srowal tRRE JRdfghn refers
to cells obtained froma species different than that fromwhich the organ

or tissuddoripfrieleadt. n sone mstances an organ or tissue generated by

t he nmet hods descri be tr tient. In

t hose cases, the rlgg rr]1§1r5a§§|5 \8/‘!:elps SaHg%e&le{C Oragi(?‘égf]f‘ﬁar%eafégaél (ggléélfel ul ari zed
organ or tissieg. @dmﬂmdﬂ@él&iﬂﬁh@ikdfdrgdﬁ dhiRsipadebet wih imbR adechB@tivegener ati ve
cells are "aut gll ogous" to . the pati ent Regenerative cells %rom a patient

can be obt ai EHSk PHFRECREALESGEHE can bekagenaipis deselwarized ergaer tisske or gans
at different (3 L%ragﬁ);lg %ﬂuia%z@&' otban oPE?é&@tsé‘édg}i nghe}ﬂﬂ%we%el}e%% dr(s% ellshr in the

perinatally, escence, usi ng

art. Al t @0nat‘iAlldgeneic’e geused hticiterefab tscalls ebtaimedriane Hieuslaﬁfei specids as that
decel lul ari ze orvgﬁrh ?’12’ ti ssue, can be s%({]%enel c (J froman identical
twin) to the "EHeh the ozganar dissureortsanat ﬁwlﬁ@twaﬁﬁﬁ%%‘ﬁi@ #nti gen

(HLA) - mat chedygigd -:&nbgdic” a@ bisRNRIRh Sefol 1 @él?st dpt6indd fbiS: %g&k? nt or an

HLA- mat ched i ndividual unrelated to the patient, or reg rative cells can
be al | ogenei differenhiaap that fom Whmhjthefmrgaremamqsu@ongmmd HLA- mat ched donor.

I rrespective of t sour.ce of the rege erative ut o] ogous or
not), the decel | ul'3rPPEd"EBIFY 2B LG ¥ ]r?s‘lfegeé}ﬁliagq%&@'o@é megli‘qdé(gi@?f’&b@g
xenogeneins Sthereéin RAfoiRansplanted 1ﬂtc5‘a Qﬁén%' th $hosd @d@@@%heﬁ SReal oAt | ZEd
organ may be recellul arized with cells in vivo %ter the organ or

ti ssue has bewed toaelbilanreadleceliydazed onginardissie) Qahlhw obitained &omlthell ari zat i on
may be perf Orﬂmgnt%ﬁclg far {hqugen%r%%ve cél?s agle “autologous” to the patient.

Regenerative 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
30  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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i njection and/or perfusion) wth, for exanple, any of the regenerative
cel | s 10descr thegdtibigir @i legendirdtbrercalls vaml be ablogambik toi thephtignt fiom, forvo seedi ng of
a decellul ari zed qrgan or._ti ssug?(&f;t h _endogenous cells may occur naturally

or be nedi at e ARP PaIBY Laempts G the recellularized tissue. ~ The
progress of regeneraish¥Qive@rhif afted? HEREIRISH QUM (.| AfSbbsMsa zati on.
For exanple, the number of cells on or in an organ or 1issue 15 can be

eval uat ed by BefkithgdeceBilapged salidomganoranrberastologems pdiogeneicl or xenggeneic

recel | ul ar%'/za%oi on... Ig addition, the ampunt of differentiation that
regenerative St P& Hhve under gone can be nonitored by determ ni ng whether
or not various narkeédtati MsRhEEENHedeluldriced drgdi ny BeRetelidRedwithel | S.

Mar kers associated with different cells t;i)ges and different stages of

di fferenti ati eflsfibriveege afiet theoygraor lipwiedgs Remitaasplapted igferan and can be

readily detec HSiNg | | @S I . e.. for
exanpl e, Cur r%ﬁgl 1&?%? olgimsd l%ggé“lu%ﬁrluzﬁ@ og‘é?gggé‘g?ﬁ%@%%&@éaﬁ&e @cé’ , John
W | eK ;& Spnsl, irﬁmd'phenﬁ/_oﬁpa}mid@ .vslzim,lﬁdrlemnplei,. m;a@&abyse@ﬁzmﬁ{ré cdls

nmor phol ogj cal _and/ o i stol ogi cal eval yati gn can be used to nonitor

recel | ul aly zaflgssHbedkereig, Aligrnaty kg FQ#IPB?IPYDB&’W §9e8i&9tfy and/ or

Recel | ul ari zi i : i J r,des for a
system (e.g. ,&%e@?lg%%g% og%@ggétglepg?%?ﬁgg? %égﬁg‘%&}/ %rr&uf%%gﬁa%?g??zi ng an
organ or ti ssmediatddiy facteysdedive®d tgtheeeallblarizattissies at | east one

cannul ati on devi ce,urgor cannul.ati n‘g an q%@gan or tissu erfusion

.. a
appar at us for per f G8F REPEFTS ObFegshetaive qelis fan baymg Wegﬁl&n’égnnul a(s), and

nmeans (e.g., fAcelhRialFRNFoSYenSiN, thoniiBboReAlIPorSéiShiahdredviriRenent for
the organ or tissue. Cannul ation and perfusion are well-known techniques in

the art. W casanbegviabrategidy tekingarbionsy lafyonawy mergding peintsslwriogri ate  hol | ow

tubing for ingr ci.ng. i nto a.vessel . duct d/ or,.caui of am organ or
tissue. Typi c%ﬁc?@? a%znaglo(r)lr &?T%‘?détl%?&eeﬁ?ung ﬁ]éfh?fére 13?1%]? ﬁ@&éﬁgﬂlg@h\éﬁ e
cannul at ed i ncély HavganderforRedah bsintohiteriddyadeusiniifing iwhethed 6r Aothatidiing
container for the liquid (e. a cellular disruption nediu and a

g., : . !
mechani sm f or MEEEr ¢ Presentin @icgllon p pepjHation efecels.gifarkass gssocigted iyl ai r
pressure, grayi i . : . il n organ
o T ssue dur distehy S R PR Gl BRGNP e bl R oY
mai nt ai ne2d uskmgvainthe agf shdofantbecbudilsdetected amingiantibbdiearid samelards
controlling and filteri n% the air flaow and/or perfusing with, for exanple,
anti biotics, 4HOPRQARAYSs S8 1Bk Fempie Gurigne Perealsin gy 12009 growt h of
unvant ed 10 nE6hoR 430! SAP, Tohn Wild) @X6he P BicACs 6hd Y1 ARERIcHM assays . -
recellularize organ or tissues as “descri’'bed” herein can possess tﬁey ability
to nonitor ceaswelhapmofphwilagicat hved/achistologidat evalwatipn,capbe ssed to, marmdtoune, f | ow
pattern, tenper re, .gases, pH), nechanical forces (e.g., ventricular wall
notion and st1E8SY a2 el ectrical stinulation (e.g., pacing). As 15 the
coronary aascul ar bed changes over the course of decellularization and
recel lularization iee. . vascul ar resistance, volune), a pressure-regul ated
per f usi on app&erirelied SystedvfanDegelblarizing enddoroRécatlglorkingctu@rgasme. The
ef fecti veness..of eperfusi on can be evaluated in the effluent and in tissue
sections. Per?’tﬁ%lf on volume, flow pattern, tenperature, partial 02 and CO2

pressures and The invention also provides for a system (e.g., a bioreactor) for
decellularizing and/or recellularizing an organ or tissue. Such a system
30  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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20 pH can be nonitored using standard nethods. Sensors can be used to
noni t or the shelawinbingfor instodneinginge p vasagl, diict Ared/oneayity of an oi gea.

se0d Lo acqut rets, TUECARIRTEE trs RSP B I RRE R R R R 7" °°

information retgahi Wepckfsioneppardiug caniicludeathotling oehtiaef F R 1afid ébg For
exanpl e, sensors (ian_be used to nonitor the pressure of a i g};i d novi ng
through a canhGfil@dligppiion pedivm anda meghanisip finoyiagtee iguwid &rpyeh he syst em

and/or theste f I I o gl : / e te of
Flow of 81 qubg e, Yt o Rl el B i hbe Rl einuldl” 718, N
bi ol ogi cal acstewlityyfeh osganareistue duringidecelmiageation and/sistgecllularizatioh taron t o
havi ng sensorﬁ for 30 nitorin S};C f.eatyres, ,a _systemfor .

decel Iul ari zi A GHAD ?%%W%W%YP feRfyuges SngA 18 the arkigh g cefralling i ncl ude

means for mai MEfiRimg tRE 2R HoWSidng pettEéing me&%xa&{Bﬁpéntfb?ﬂidg%ﬂf-ai ning or
adj usting such features can include components such as a thernometer, a
t her nost at, efuagels orether prteadupbialsdn pmvent the growtbwf vawemsd val ves for
changi ng e rate of flow of a liquid, valves for opening and cl osing

ltdq mgcﬁgortg%m%%fs’uti ons used for changing the pH of a solution, a

fluid conhectl

bal | oon, an exter nAlsysia@asakedliulang/afd redcRRBRLd B8R oL hIBESs delQithial P ensure
stable conditions (e.g., tenperature), the chanbers, reservoirs and tubings

can be wat er - pereiReeR gosssss the abilibetozaquiter seiain perfusiomgharacteristics feg.zati on to

pl ace a nechapi 0 mg h I at t.ached. .t hereto. As an
exanple, a b Ieg%%]e’ iklﬁfsﬁg}ef 218 i nttgﬁ?ﬂ%lq%g%?}evgﬁfg g’ip@em\%léanf% fqr‘é‘?st(e'%’ri um can
be used to pl eaeriowtatvedll mation hidsfesdNaral dledrital sAmpition e pYpacihfatAal | ows

adj ust ment_ of _vol unme and rate can be connected to the balloon to sinulate
left vent™ culbScomRply Yseulgrbed fhanges oyer the gourse piacelvlarizationdddi on and

stress, left fé@élhgélgz‘ré{iglg géé‘%!dasé{ﬂﬁljreﬁstﬁlfb%, Paifime)! 5%4;3{{”1{?%% agured using

m cromanonmetry an cronetry. sone 8 an exter nal
pacemaker canpdrfismorapparntd it advanfaigsdusiio pusip large finciuatitenss e hr oni zed

stinmulation wih _.each gfflﬁlti on oﬁ? th v%r' cular bal ] oon (whigh is
equi val ent t cCTHEVERPES B REFIUSIOD GAP KE L3¢ ugt rb%ﬁe BT BLSYS BRTeMe 15
hear t SurfaCGPér&sﬁJn'%%ﬁ@,rﬂcﬁv@ﬁatﬁ';‘?ﬁ,li%ﬁﬁﬂﬁué%aﬂﬁl?b?_gn& eld, 39&surkfgndroni tori ng

of de-and repol arization, and to provide a sinplified surface map of the
recel | ul &0 zipH car be wmenitorgd asing stinflrdmisthadschani cal ventricul ar di stention

can o120 e, T ol i bR R SLOT TR S G504 B o
organ or tissue. Sonomicromentry, micromanometry, and/or conductance
measurements can be used to acquire pressure-volume or preload recruitable
stroke work information relative to myocardial wall motion and performance.

25  For example, sensors can be used to monitor the pressure of a liquid moving
through a cannulated organ 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

30  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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20 atrium Simlar to the procedure described above involving a balloon,
ventricul ar depming dnorelesig Bwid¢omyectiond todgobitiohsihsbdrfovempging(the pH,ofpul sati | e

fl ow) through g‘gte cag’u a _can bte s?/nchro i zed, Wi th ellectriﬁal st | ati on.
Usi ng the met HoUS aAd*ndte T S1'Ed BEFBLed: %q/%ﬁ%?oﬁp}?&ﬁ?rﬁ hd8rt can be
decel | ul ar i zegklgBasur&sable ebaditis R eaNdem dJBihR cRAMBEs WS voitdhd
25appropriate conditions, a functional eart that undergoes contractile

function and ngﬁéﬁ%bﬁwa@&iﬁcﬂ@eé{i mul i and/ or pharmacol ogi ¢ agents can be

d.c Thi | ze ' . t d int
A and funat] o Fope Rt BleFkp IRl BR e BRI ST ot Oof

a system for kbedehthd egr amptharellwdttadhied theetd. UAain etangplarn ligen or tissue
(e.g., a bioreactaor), e%g(fq enmbodi nment sggwn,i s a bioreactor for

decel | ul ari zi RECTHdoSBe fafuveaiticls Wy the HHUD AR Se grgddaiphssmgohanic
adj ust abl e rafiRsapda VAW TR é)gﬁéﬁ Sl thaf aﬂéwpac('@tmleﬁinoﬁ@h#g% rQ]:llPr% %té @E{é’lﬁ and

vol unme pi ston punp connect to an intraventricular bal
adj ust abl e vobe egmected épthe belfoantd samylbictleft gerritwanahll patiemaké stréss) ; an ECG

recorder (D);.. a ptessure sensor in the "arterial_ linge' i ch equal s
cor onary it Fg MSPUGEALaoten 20d stxchslef menieiohlen Mall matioe N grRRaese e
(whi ch equal shEREARRD skl MErANARHWB) anldfor soRdiHicRorR&R. Omisé@el on bet ween t he
pacemaker and the piston punp (G. A’system for generating an organ or

ti ssue can becrabadimentsedn dxyernalpacempier ern beentabited ta vpistpm preei @m i n

conbi nati on wth. r | e .processor . ( e 8060 ter-r abl e

st orage nedi Yﬁgog%d%us e%g%@%%l sgmhuall 1qnh\g?$ 8%%‘%%@1%? 8#@8 %Pﬁg?glgﬁ&ﬁg Dcausi ng a
programmabl e @vifgebsquivaRnPRIthOsydle). tRegiph@tl BCER%h be r€ordefidhehe such a
storage nedium in conbination with a programuabl e processor, can receive

and procédss ikfegsusiarote allovnfon e adiustrpens of pacing voltagscihs sranitosgg ef de-st or age
o . . o _ J o
"o or mat 1 on o Yebdiazth kit B0 ATTRALRERG SGRRRMaR bl FRIILEAMEL

ti ssue. An or@ancdluldrized hieartnder goi ng recel lul ari zati on can be nonitored
for biological actjvity. The hiaqlogical activity can be that of the organ
or tissue 151 t sol Mgt Vel siPniian Gapia{sp Be ASRIRARA Y PILSREMEA 1 y,
mechani cal presstfig pump to a canula inserted into the left ventricle through the left

20  atrium. Similar to the procedure described above involving a balloon,

ventricular distention achieved by periodic fluid movement (e.g., pulsatile flow)
through the canula can be synchronized with electrical stimulation.
Using the methods and materials disclosed herein, a mammalian heart
can be decellularized and recellularized and, when maintained under the
25 appropriate conditions, a functional heart that undergoes contractile function and
responds to pacing stimuli and/or pharmacologic 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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contractility, and/or wal| stress of the organ or tissue. In addition, the
bi ol ogi cal ac? Pigssuye ednsohia the(artsrial lirec (Rbich oquaiecaoyay aderyt pressuse) can be

it d, f le, for i transpert/exchan activity, cell djvision,
andl or cel 1 Edor Prep ssaor iR feBARY Bhe (EER RReMs SFbnibsbies Sresseral omy: and
Physi ol ogy (2®ﬂandzs?nmeﬂizatﬁ’drewms@ﬂﬂabhaenw1@r SAH the Pstdl eGp in Cell
Bi ol ogy (2001, Bonifacino et al., Eds, John Wley & Sons). ‘As di scussed

above, it may be uldpEEMIgr senamtmean HeRitiseny ademntinliestigan during
recel | ul ary zldiiort o LOHRLLBLE ARAAN f SLHAARPH YD bAgmErvent on, in
ep D 0

conbi nati on w tnﬁﬂla prograrrmat‘l[)alg rocessor, can be us rdinate the

conponent s nemesssacny(etg) ammpuddr-rantibRStoragainadinness wed heeid lged on an or gan
or tissue. . I n one engodi ment, the weight of an organ or tissue can be
entered into BSEHH9nE storgddhergen for spging e dragimymable paResssor feperfdiei n, whi ch,
I n conbi natio&ﬂ%’ la&ﬁﬁl? : ure tinmes
and perfusion pre&sl%usﬁeé@'?gé t ha iegglﬂh%gsﬁ%gé%?ggﬁl’g?k |ts’%h§0r?é§§% a storage
medi um can r eprogngiabie ptoseston wan rctize hudproctdsanformation foinefneroe neore af t er

perfusion, respectively d the rate of flaow. Jn this enbodi nent, for
Ecarp! . 1 coTIER FHPisn BHER & ot HadR ERTIFB I HADRS P ERSs
programmbl € R6eRESEA50 CdtraAdiniShokhSi RLHIURIARLBAESRINS thd BiSredithect | on of
perfusion, and/or the type of perfusion solution via one or nore punps

and/ or val ve @@Mmrih¢ ergan ortissue. | n accordance with the present invention,
there may be enplo conventional ol ecul bi ol ogy,, m cr.obi ol.ogy,

bi ocheni cal , and c‘é‘ﬁgr%l oqr§15§/uet@?ﬁﬁoaﬁergciﬂﬁzﬁu rhga\{’s]?ﬁ Iflf’mg e‘?h’é’ art. Such
techni ques ariokxgfthbadtigity! The bidlegiéd actiiiyt @hdeuhat-of ThSorighty 6Ffidsee Wil | be

further descrjibed in the follow ng examples, which do not limt the scope
of the i nventifsSH syelas ¢laetticalactiviy, meghanical B ERclsnied] pressure,

Decel l ul ari zat r @%gﬁ;m - Pr ti . 1d Organ for
Decel | ul ari chf[o;ngﬁctﬂﬁ?, &%&g‘\ll%fl)s e g?l#haﬁiogﬁg% ' Elggqﬁﬁ%lﬁtﬂg%lg ﬁorgtl)c i, a
donor rat wasactiysy efitheaklly atteehed iorthe eckawiok Hsshe@atbe inonépasd fkkg of donor.

Fol | owi ng hepari ni ti.on, the hea{lt and, t.he aflj acent |large vessels were
careful |y rerfgo@g!le, forion transport/exchange activity, cell division, and/or cell viability.

See, for example, Laboratory Textbook of Anatomy and Physiology (2001,

20 Wood, Prentice Hall) and Current Protocols in Cell Biology (2001, Bonifacino
et al,, Eds, John Wiley & Sons). As discussed above, it may be useful to
simulate an active load on an organ during recellularization. A computer-
readable storage medium of the invention, in combination with a programmable
processor, can be used to coordinate the components necessary to monitor and

25  maintain an active load on an organ or tissue.

In 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

30  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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The heart was placed in a physiologic saline solution (0.9% containing 15
heparin (2000 U mM) and held at 5C until further processing. Under sterile
conditions, the cot}lnecti Ve tig@ e Wwas r.em)néed { romthﬁ hea{t nd the | arge
vessel s. The i nf er PGiCCORSANGs with e prereptivenyop, thste may Re emplogfary vei ns

vere | i gat ededhiveiitédnafl meMachiRebiolddit midebibRigl, BibEhdATtAS AlicdHSokY -
non-resorbabl e |igatures. 20 Exa [e 2-Cannul ation and Perfusion of a Solid

Or gan Tisehmi@ugstwithin theslil efithe Arta Saetiermaees are exmlainad flyan dke f or

per fusi on 4 Fi ) c i I: cannul.ated to
al l ow ret rségr%g%ﬁg%'r gﬁg?{;’eggﬁﬁg ?%%ﬂ’ﬁﬁ?%%e?'gﬁ%%ﬁ%ﬂé%%% exlaﬁ%’l%sl’ anches of
t he thoraci c whickdy ndblimitghe sdupaoliiedepndbn deddibed id ®iktcla@snon carotid
artery, left subclavian artery) were ligated. The pul nonary artery was
cannul ated before its division into the left and right pulnonary artery
(Figure 1, Cannula B). The superior Em gy@ was cannul ated (Figure 1,
Cannula C). This configuration allows for both retrograde and ant egrade

coronary perfusion. 30Wen Sedioni AcDpcadhdarizntivas(Pappl)i ed to the aortic

cannula (), perfysion,occurred,.f he corqQnary arteries through the
) xamri%‘l—g%rie%qugtggn ?,Féc‘h%‘ﬁgia é%n &0 L%ce‘:lﬁ@”??t% atrium and the

capil l ary "bed=to

superior caval veiTo bfdid W BRANRKH $post RERATMoTBIBSHIP kit §hst O t he superi or
caval vein cannul a (10), perfusion occurred fromthe right atrium the

coronary si nu¥steavepllylepeadrissrawith ¢80 Hsoftheparingkg ofidorpapFbllewingbed to the

coronary arter] . t he ;aqrti ¢ .cannul A) . Ex | e 3- el lul arization
5After the hgge:p?ﬁ r\llxlfggs't(fior?rbit}lﬁathé:’ gﬂ&lﬂheea%baésl@]l%#gﬁ?ng%;ﬁ cﬁrﬁgﬁfydieﬁ]é’ye nt egr ade
perfusion was st arTiechestttwasqiodd ifle pBysislbgie dalireadotititn 0986) ddpesnhat

buf f ered gol tion gé)nt aining 1-5 mbl adenosine per L perfusate to

r eest abl ilsh i (4000 /g hand hald ol 5 Combh Siriher pragessing. ddedes sisdleoy measuri ng

the coronary Qgkidhlafe BRBOMRM A Rnld\ B iroRN e fok? bh kBT Onar Y

resi stance. Afte
vessels. The inferior venae cava and the left and right pulmonary veins were

ligated distal from the right and left atrium using monofil, non-resorbable
ligatures.
20

Example 2—Cannulation and Perfusion of a Solid Organ

The heart was mounted on a decellularization apparatus for perfusion

(Figure 1). The descending thoracic artery was cannulated to allow retrograde
coronary perfusion (Figure 1, Cannula 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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10 mi nutes of stable coronary flow, the detergent-based decellul arization
process was i fiomithe gight atrium, thélverahetyasitus, aid the eopmegevdhinsethraugh thiescri bed
bel ow. Briefl v heart sed an r.a y with a detergent.
Aft er erfusﬁyﬁPﬂlilatr\AE ﬁé’atrh{: CBQHW%GEWE& af"fji a?aﬁlgflf‘g‘g ‘(e.qg., PBS)
retrogr adely. The heart then was perfused 15 with PBS contai ni ng

antibiotics and then PBS containing DNase |. The heart then was perfused
Wi th 1% benzaEkampledrcheesllubteization educe ni crobial contanination and to

prevent future mcr cont am nat e rfused ith . PBS.to wash
t he or ganu‘%f any ré‘gﬁ%ﬁu he%%“iaﬁin%? tgr%‘ ﬁ%ﬁ?ceﬁu@ﬁge[}%’sapp :i’e%“?é‘?%&%‘? 20
Exanpl e 4- Decpdrfusicar waedtaresd with Eadahﬁénﬁlz@fcaldﬁﬁlﬁlﬁ%e hosphatetfedfet&l wer e
isolated from8 nmale nude rats (250-300g). |nmmedi ate[p af ter dissection,

the aortic ar ﬁ%umcqa%wagét%@nwl@dwémﬁw Lyerfasate ﬁoelleﬁiidﬁ?l&hépystﬁérf used
wi th the indi r sed
25decel | ul ari %E’ﬁ%ﬁqg’?’gt%@gﬁ” ;Hsz) gy{lss{/gé) g&ﬁ#gﬁ%%rrp ?fégg(\g}mro{l%@r espect to

t heir feasi bi j)@l‘ﬁ;Sl(BTpi'eSEflfd anddite flow( ajd afakmbatmg@ouﬁiatwfeerstmoerpAﬂemm and (b)

preservin vascular ctures. cel | atiqn,general ly included
the follo ngméliuéi)sso gareRaty flow. gTe‘geFFég% ddfe(j%\lﬁl a@@@@nrpmcagﬁ zation of
the solid orgfnsiigfad urati on and/ or 30 neutralization of the solid organ,

washi ng the solid organ, degradation of any DNA rensi ning on the organ,
di sinfecti on of thé&hedeails ofathdptwn@us&asﬂssc@foed helowr @mﬂy, hypwever, a

Decel lul ari zafi on Prot co G tswe 0 M PBS

cont ai ni ng 18](% A s Ibeé G ‘I‘rftf’g}'gg%y% tergf[;r}te 101?31 akicCan

tigl/ mlArmhot ebd ﬂhéherWthtd'lbliﬂbrr(@ i !PBSb ?éﬂdgfbdeﬂearﬁﬁééﬁrtﬁ‘eﬂ\b%‘péilﬁ@EM ularized
with 35 pol yetlg\énceneglycol /m) for 5 up to 30 mnutes with

manual r e’cﬁ r cwitad Onmngﬁgfdﬁouﬁsmﬁﬁ S pertaipingiDNes hiThedgattor up to
24 hours "usi ng .2 .y ﬁ@rﬁ%ﬁé@ﬂhi%(ﬁéh&ﬂ( W%ﬁr@z@teﬁ%gﬁﬁﬁoﬁﬁf repeated at

| east twi ce for at ours eac were exposed to 35 nil
DNase | (70 UsHtgminatiordénd t@@ﬁévein hitwe nvitfobialBontaminagioh ! Midl théd pdifusddhe or gans
wer e washed agal nwth 500 PBS for at |east 24 hours. 10B)

Decel | ul ari saVitB®’ Hsrtﬁt"b”éblth%%gﬁ Pf anyrfestdeH getylgheqmoncpisefZymgsr® washed i n

200 nil PBS C@&é@éﬁl‘. ng 100 UmM Penicillin, 0.1

20
Example 4—Decellularization of Cadaveric Rat Hearts
Hearts were isolated from 8 male nude rats (250-300g). Immediately

after dissection, the aortic arch was cannulated and the hearts were retrogradely
perfused 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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ng/ m Streptonycin, and 0.25 gg/ nTLArrphot ericin B for at |east about 20

m nutes with no reAL@&Q@ﬂMMQMen decel lulari zed with 0.05%
Trypsin for 30 m n.followed b rf sl cont.ai ni ng 5% 15
Tri ot x and o 19 Hrtvam rRrREans TS eine Dl O neari Btk e

perfused w t hm@ahOstketsh ﬁea[ndfOOZS ;@gmlmpﬁwﬁ mmqtﬁﬁl&fb pedhtged w th PBS
for 12 It I—|eart§§hwere thzﬁ Wwashed 3 tines for c24 hour s eacch linme in 500 ni

PBS usi ng a pﬂﬁgtsr\mrerﬂ@m desellelatized witthdS méaelysthykoneglyeolf(BE6H 1 \@/mbh 85

DNase | h Wt rcul ati on and he tvvlceln
500 m PB 20 c?zﬁa ué%is's‘?{e%glgmt'aq ﬁ%%ourlgn ei%?lortgiawaﬁnl? %S\ﬁa

recircul ati on500Gn1 PBSebt wh &2 428suirOusirky @pmﬁplfoﬁBCﬁ&ﬁ/atﬁlﬁS)The washmgfd&@r ts were
washed in 200 nil PBS contal ning 100 U Penicillin, 0.1 nmy/m

St rept onyci n, Vahigpeatod 126 15286 34 Ipurpeachine Jdeartsyeie eompsed ns wi t h
no recircul at g 25

cont ai ni ng 1%0(28% igfragf P{ east a@o ggtﬁéﬁfﬁﬁ@ﬁﬁm%pggggm%?ﬁﬁﬁg

recircul ati omrgiﬂmheamashe&egamvvithﬁomms for bhleaeti2dhionsd wat er for about 1
hour and shed w BS for, abo t 12 .

times with 500 ni Pidacgilulasisatign Frotaeol s i me using a punp

for recircul ation. gIjg W&@Wasﬂ@%ﬁn@@@@nl%g Hﬁﬁ&lniﬂg 1@03(%?1»3%@% ¢.1(70 Uni)

for about 1 hour using 30 nmanual recirculation was ree times with
500 m PBS fomg/cml Stecpéamypdinyand 242 5higimé AszpbiotericineB i atdeaat ghowp26 or

recircul ation, eIIuIarl ti Pr ot ocal #4 Trlto Heart s
wer e washed vﬂ ?Ovﬁl Pe relgggulfaﬁ ;ﬁ?ﬁr{w’v %6%1 B@?‘H@BIWI}}}\O 0871 my/ nd .
Streptonycin, T@Pﬁn%ﬁ@ i foTlowRay Peusich Witk 5‘0©rm1811>13$ e&sthinffpossh, 20 16 mns
with no recirculation. Hearts were then decellularized with 500 nl water

cont ai ni g 59tionch apd 886 ammmmiamrbydrakida feir abelitie hous. Htealrtwsxe 6 hours

using a punp Ik C rt.s e the erfuysed w.t i oni zed
wat er for ab q?ﬁlf&}flg)ﬁt?l déngyt ﬁg"nat‘%?ﬁa a@gﬁf%&u 3‘5(2[5{%11?5%{?%6@%@ ﬁgg&?rs wer e
washed by 5 pEh.i Heargwedettherb®8shed 3 FitesJIot 241Bsurk ichaimé BASI0 MAPBOUr s each
time using a punp for recirculation. Hearts were then perfused with 35 m

DNase | (70 \WHYE % BRmBfeyueciculsion. dde hgartsawergiperfasqd- with 35 i Nasgd washed
three tines i 5981

experinments, (?he e&ﬁﬁ%&% %ﬂé‘?l?%‘ﬁha’%‘g%@g#{@ a\%gyhgg%c{rﬁ%cg\nﬂ{%dmflgﬁa | am nar
f1 ow hoo®0 Hefar tisleast nboyt@Afhosescbaalh timeasingrrpumpor fretcatatipnessur e of 60 cm
H20. Al t hough not Eegui r@%;the eart esgribged in the experinments above
were nmounted in a i 0 conpl etely subnerged and

perfused with PBS Hé‘cﬁ%s%&le %s@éﬁtlhab@trﬁl@%g afntﬁgm%g@b%/h‘{? IP%FEilﬁﬁ;LU ption rode
at a continuous flow of /'mn to wash out as ny ce ar corrponent S
and mg/ml Streptomycm and 0.25 pg/ml Amphotericin B for at least about 20 mins

with no recirculation. The hearts were decellularized with 500 ml water
25 éontaim'ng 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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15det ergent as possi bl e. Successful decellularization was defined as
the | ack of nyafsi Wi&hrnmte;:iram]dtimmcHe:irtsi werh rdmnoieogihdaliwdtvi/idnéoo Blwetssf ul

preservation of vasc I 5, as asses erfusiaon with 2% Evans
Bl ue prior to° Oé%lé]a‘é%r(aﬁ? 3{1 cﬁ@i{ H“S‘m% ?%/fdgl gﬁ’ M5 ul ari zati on
t ook place whgginga b@lﬁptfom&réuwtﬁn 3eaPS e Ben potregdaciel Jeivhizéd whtet ONi C

detergent (1% sodi um dodecyl -sul fate ﬁ_SDS approxi mately 0.03 di ssol ved

in dei oni zed fora@beit lhawas ﬁmlW‘,lﬁ?BBl& %fabéﬂtfl?sh%ﬁs pHé@’SﬁW@eaW@hQ was
erfused te t. (1% T on 10 0 renove
Phe gE)S a?#; pﬁ%@%ﬁl W%EQO ﬁ‘é%ﬁé %@? %%?glqogf 8 E"us"tgl':zdl%]m}%rotei n\s{.

Intermttentl fo;fréd‘neutmaﬁt Heass wefefthaesbriied ﬁfith@@ﬁﬁﬂ]ﬁl\msd/\]! bwbﬂ)smhat e
buffered solution to clear obstructe caplllarles and, snmal | vessel s.

Exanpl e 5- Evattfdf | Subesimmaenyal resiicysomagd eash qdotha?@ﬁaﬂ%%mépe I HBY ¢
vascul ar st rugf-up&s H8ldy V\%a@ﬂtﬂfé cellularization, a 30 decellularized heart
I s stained via Langen or perfusion with Evans Blue to stain vascul ar
basenment nenbrane Bowiniishatpeiiymemts; the-deagithlarisation ggmeathawadsst sip twithid-ur t her
pol ystyrepe parti.cl es can erfused int nd through.a heart to quantlfy
Cor oy Vot blamifarcio faed rEalsater prisiied gE8 Copnpiat il gresue 51

di Stribution g cRELIISARRA R RUELN IRl iR lex ARt SUe
sections. A conbination of three criteria are assessed and conpared to

i sol at ed nonddmeyb Mdr@moge@drmealdecellu)anamm@anﬂtesmd deompletalyofubmetgedt yr ene

ticl |
P et ovaccul 2 “BLfReod SR B R o BoRE Be 22 b80H Th ittt wofs e 1 § ght
m croscopy t eghindoatifudusGiow 678 il @hindb wallPOR%s nlnh eIkl &iiiFdHenisiBEI NY

during mechani cal testing of soft tissues, Ann Bionted Eng.,

30(10): 12181 - 3®tergm|&§h?0§%webe applied in real -time to a sanple subjected to
uni axi al or biaxia f | hani cal
properties of the g‘é%%% ?@Idaef&{ﬁéﬁ]%&&kﬁg’fqgagtg%egr%g@g%‘81?0?{}1 8ﬁ%§1€%§{5§1§t icity,

bur st pressurgcléng hﬁ;wm@e géttioas.f S@sbisyulipsakpiadon bEadscalar dituchiaes ivan B.

Decel | ul ari zati on é Par t
assessed by perfuswn with 2% Evans Blue prior to embedding tissue sections.

Highly efficient decellularization took place when a heart was first
20  perfused antegradely with an ionic detergent (1% sodium-dodecyl-sulfate (SDS),
approximately 0.03 M) dissolved in deionized H,O at a constant coronary
perfusion pressure and then was perfused antegradely with a non-ionic detergent
(1% Triton X-100) to remove the SDS and presumably to renature the
extracellular matrix (ECM) proteins. Intermittently, the heart was perfused
25  retrogradely with phosphate buffered solution to clear obstructed capillaries and

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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Examml e 1-Decel lul arization of Rat Heart Male 12 week old F344 Fischer rats
(Har| an Labs, cqabiBatiorpe e crithriarrapadsessed id eB2®@4d tovieoletedmest het i zed usi ng
intraperitonegl i.njection_ of 100 15. g/ ket ajmi ne ( Phoeni x,Phar maceuti cal ,
e, 7s Sossr MR iRAne D Fisved A Rn T pRb R e eb Lt | cal - I ne.
St. Joseph, Mnifibhit@haSssh ebkencbeRIOMBISA] BPMidrévREhaAdeBRRr Mmaceut i cal
Partners, Inc., Schaunberg, IL) through the left fenoral veln, a nedian

st enpt ony was per f Bibgeerieniaiiontis agsessed By thapnlsvireddishh sdcroxinpyteshnisgieenal f at
body was rgno gﬁﬁ)?d' t I i ed and its

br anches Isﬁga%{gg(?w‘glrhrkga@ va ,gﬁgr%} i m}%g%é@g%ﬁ%%g&&%cﬁgﬁgtﬁ% %f%tog[ry and
the thoracic tissuts AneBiomebBsg£30(¢0): 22d-3Pewhieh cin bespplRdan eshl-tibeot he
chest. A prefill eci 1.8 mmaortic canula (Radnoti, G.ass, Mnrovia, CA) was

i nserted i nt o®bHRPlE SERdehtp uaial or Saxnal siesse DBl d e sensiost Resfusient usi on
(Langendor ) basklifclifich i ficdF hiaeciMaled'BPR hilirealaaP PBS (Hycl one,
Logan, UT) containing 10 1 adenosi ne at & coronary perfusion pressure of
75 c¢cm H20 f or (coBipiiamse; elastfoity] bwstthreysudeymsd dormpardd ttefrydhl pisbfagddeheaiIOS) or 1%
pol yet hyl ene gl ycol 1000 (PEG 1000) (EMD Bi osciences, La Jolla, Germany) or
1% Triton-X 100 (Sigma, St. Louis, MJ in deionized water for 2 - 15 hours.

Thi s was fol | owed by 15 ni ngd@nd, DeleRRiASMAHNR PArIIE] | USi on and 30 30

m nut es of perfusion with 1'U7<fFrT_fWX_('S|g_n&_Sg._m¥s, MO) in deionized
wat er. The heBxamplgdreDedednlarigationefRat Hearter f used with

anti biotic-containj S (1 . peni ci | 1. n- €] | sbad, CA), 100
Wm streptonycin %@EWG%&B#Q%E@? rgﬁqéh@ﬂ%%é’t&/ ﬁ@mg% cin B
(Sigme, St. Lodighapdfs) N #6229)2der@Q@ésthetized using if¥abefitoes] iffeblibiest 10D
retrograde perfusion with either 1% PEG 1% Triton-X 100 or 1% SDS, PEG and
Triton- X P00 pefkelstastne Rhoseir Bharmerstieadulse., ShdossphaMidandd0ang/lgi | e SDS
perfusion res } . %Hﬁ? h NRJ AL rly
t ransl ucent g%sg%zﬁg%gﬁgglgg%grenq%nen a}%&éfgﬁgﬁ%gkﬁ,;ﬁwm%fﬁeégy%ﬁﬁp Heart s
exposed to alhepatinizetiqar @tmeridan Pharmedceeiicall Pasisdry, Thél] ScHaumibety, Mo) evi dence of

coronary rupture or_ aortjc valve insuyfficiency throughout_ the perfusion
prot ocol (at %‘691@?’%‘? 16@511‘3’6‘9 yelﬁeaméxaaﬁtem%g@m’@swfwn@ﬂ #g$. Coronary

fl ow decreas {cArdih r r i i ) f
ber st on. -t rrlclrdinh WAlCREn THITAIRAML Bhdd e rpbyah o BREL| e
in 10 Tri20on-tHoko® awrid WeEGigsertédisndits braRBeptipitad.i The tavdiiesbpulheniiyghest

initial increase i.n cal cul ated cor,onary resistance (up to_ 25 .S.m-1),
ol | oned by THLE HIPICBNES 56 RHhies GORPICHO G TPl Pessod 2086 et
mHg. s. M4) . was renldvbd Gofi th @hé(}g' %Eﬂrefglﬁ;‘atl';?ﬂﬁn Abriichentlg (RAERRIGRSY f ased

heart tissue, it was determ ned that decellularization over the observed

time period wdenfovis kgevas in®ried ingo the PE@dimgiacttai tb @oX ré@ogradeat ed hearts;

Hemat oxyl i n- EQsj .stai ning, showed .nuclei and.cross: stri at.e
filaments. | n%o%%ﬁ#aﬁ g‘és%@m?‘}loaﬁﬂ%? Prtﬁ‘ wﬁ’c?rhe?é%mefeé)eﬁulsﬁ‘fr%’ emzegi_et ect abl e
in secti @ss WPBSQEydlend, Usgsh, NEBIdositainkds €O LB adehbsifié b £8orafsty Beldibher
direction, however, were preserved in the SDS-treated hearts. 20To renove

the ionic SDPrEFsHIA Qfiye Qfferl5 miitesfollowed bed¥ sodivm dedacybsulfatthe or gan

‘ " . . . ' I e .

sms perfused 01610 L 5L 0 enl LGRS SRS,

](czlecelllz zl ﬁr i ZeGeratag@)yoMits Toiesrd-KSHX (Signe) St.Meduys, MO indRicHiketiedatéefoer and PBS
or .

— 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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25 Exanpl e 2-Decel lul arization of Rat Kidney For kidney isolation, the

entire peritoneal adet 420 mivageswfappadaddpentisiopavitieeitied 19aPEGUIYy nobili zed
to the side tgo expgse the retroperitoneal space. The nesenteric vessels

were |igated afEPrKARE 08 L SDTHEGpad AT XdOPpsrfiteion Jrslucedsa ed and

transected be B?@;{; ' t j rta was
transected |j ué%%@%égﬁﬁe gf’éﬂ%ﬁ# 8%’%% caﬁg{fgsﬁé%%éuslltér?&ﬁf ‘?8‘58‘%‘%8 %tgc?t iC
canul a ( Radnothangt &mdinglbamealatrarGhjcentTgreft ks dpays clenetcweefsidwly r enoved

fromthe retroperi.toneyum and suhnerged in sterile PB | one, Logan, UT)
Lo m i i 2o, pUPTIEHGOF of EECGHPOT 1 el aes P DL s e SR Bt Wi | ni 2e
PBS perfusi ofo wWaEShdeQIflcoMBEryRMpitire orlRriiOviIve RkuflRidnEs HRBuMdupint¥ SDS

(I'nvitrogen, Carlsbad, CA) in deionized water and 30 m nut'es of perfusion

with 1% Tri t operfesicsi pyatcolSiat canstantgorpyry perfasivmpressde 0BT 34 mimHg).| i ver was

t hen continuo erfused with ibiot]c t.ainin . 100

U mipeni ci | | |§8J’(‘i¥‘f‘% f%%%?ique%ﬁgﬁ gl ,eecﬂ{f%°°9%81nuﬂf‘ﬁ%‘esﬁﬁs€§fﬁ‘ﬁﬂ}g%°fi G bco,
Car | sbad, CA)per@usin, itieg/notmANARb dufht SDS PRriSiod WhileTbmalndtd Bicrddddd)inf or 124
hours. 420 m nutes_of SDS Eerfum_on fol 'owed by Triton-X 100 yielded a
conpl et el 1P detBiongXdPP 2ad PEGrnerfugiom SO pesfugioniindnaed thechighess tnutialt ure and

organ archite . i i intactiv re

ol Tar to 10TRtaSs Rt Re MFolEd LRl SR A S AL N BB oAb
decel | ul ari zeTritoard|(ugs tr 200xmsiived] )nha PEGHupren 80 immHgd.spildxi mal and di st al
convol uted tubul e basenent, nenbranes w thout any intact cells or nuclei.

Stai ni ng of decel | Lisgihslogisplsectinng of the dotggey Perisgdiheatimissus, Hiveps

col l ecting du Hossyius) : I t ex
confi rmsdgi ntg%?ﬂgﬁgdr@%?ar 1ang 15ntO§ u gfrOb as%rrtjrlsﬁr%aérﬂé rggnglg%pfew

Char act erist i in totl BEGuand<IritoiciX H3) tBoatedehelagts;ddqnatbeyliteEosin &) t he

gl omerul us frgm surroundi ng praoxi nal and, dj stal tubul es and oner ul ar
capillary bas%?r‘@rﬂg Sﬁ?@Wﬁ QH%EI %?Sﬁ'q%e‘bg Pﬁti ﬁ%?tEasbP@%g{?éﬂlf SEM

i mages of decedntdbieiAfHerteWate RIUDIA NSRS JFRIDACherfREG bty loyr2 gm ds

reaching into the renal pelvis with intact collecting duct basal

menbr anes | ea¥psvylar gmeturss endEpp iberadirethors hoslever werapesarved inrthst r uct ur es
of the ki dneyS re J'[e th%ct after decellularization. Exanple

3-Decel | ul ar i 2aPi ORoF RAY Lung The lung (with the trachea) were carefully

renpved fagom t he chegémendheonsiHIDE faesltheECNIaIfiel thefBBal Hycl one, Logan, UT)
to mnimze pulling force on the pul nonary arteries. 15 m nutes of

hepari ni zed Pissehdarizationnthpargansyasqweidsaslfop 30 niputeewith Toftomet Fsilon with 1%
SDS (Invitro i ' 1 anj ] .es _of
perfusion w tg‘ﬁﬂ 1%%(1? g %ﬂ&m%@na#&fe@s%ﬁ%oﬁf@%%enﬁqu]tﬁ 1817 o
physiologic pH, the decellularized organ was perfused extensively with
deionized water and PBS for 124 h.
25

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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dei oni zed water. The |lung was then continuously perfused wth antibiotic 30
cont ai ni ng PB®r{ikim \tdémtﬁp)ldxrwm bjin-l@h@ﬁisbﬁ‘qmrf(iaoﬁ siihd,% SBS, (Thofirogemil

t t i b d, [ m t Sig St .
foLieg O%C') nfé?ﬂs%ég ﬁgﬁ m@lﬂ@ew%rawé?@r ﬁ?ﬁﬁ%@ﬂ%ﬂ'\%ﬁ Y 'Do%ﬁ
Triton-X 100 @gghisstonoms, @M@?@h @el&%& \%t@f yr}?@ﬁ%rws%érz&ﬂuﬂwdggnary ECM

scaffold with intact airways vessel s. Movat pentachrone i ni ng of
hi st ol ogi c semrﬁlsn@mﬁlmblotlheomams@ﬂ%s &OOEGZMlqmnmdhm& Gibpo,l ung i ncl udi ng

maj or struyct uxa I, O s .col l.a al so sol ubl e
el enent s ?ﬁché iSb%fl’oq:&iaﬁgﬁﬂﬁs %Mgp%&ﬂ’ﬁ ﬂ?:rl A? 2)?% Ils were
retai ned. Airnayhotsich B(SH avdeBﬁ@mU))efdifmhém@ronchus to term nal

bronchiole to respiratory ronchi ol es, alveol ar ducts and al veol es. The

vascul ar bed from mwéfPS)Pf@rDSeWr@@lWﬂHOW@i by éritepX| HOeryeld@l/@I and
| ronar e f | | un
g ﬁowed p?/e\s/elré\g%ﬁlgggjn&% ']h%?ﬁ v%?ﬁ?rg l\?ﬁ fgogé g}éﬁtﬂ iptagt agag ?lyrr%‘rglb g%}as vmgt h

no evi dence odrchigdcairacBvasl lse pdhgictedhfinned @kacelastiaturasihiletd cul ar fi bers
maj,or_ structural_ support to the interal veol ar sept um as

10 providjng e
vel | as thfe ‘iﬁ??lé‘ﬂla’aé“éje"r?ﬂﬁﬁc ReMbr Mioxat peptachyomecstaining of dgseliglarized dense

network of c SEM

m crogr aphs ?&hﬂ&wgg?éw&f%ﬁcgglgnl?wé{crﬁg?rxﬁ gﬁémts%%? &E’CQ,W%(% cbu ecture

wi t h decel | ul lzasement rhgmbnanes wﬂhcbutlaagmtaqt nglds @noickei.r Stagting ofri nal basal 15
menbrane w t res r i e 4--Decel] ul ari zation of

Rat Liver For‘?qcie]\;'élfm ‘ﬁ%‘?ﬁfﬁ €° %{ﬁ&?ﬁ%@ﬁ e\ﬁ&é"@ﬂ%’é‘éﬁ“?ﬁ%ﬁ‘&ﬁ“a medi an
| apar ot ony,  dingHBined 9@1@1 cﬁfﬂébélhﬁéhdéé'ré}ﬁl BorfBUSALRALA irﬁa&?f&ﬂéf‘ul ot |

G ass, 20 Monrovia, CA). The hepatic artery and vein and the bile duct were
transsectléd mbultahbasemeirmmbramas eChdragfenistivstredtufas suelt ércBeboienten and
subnerged in ste

portal vein. eﬁlulﬂlée §8é E%e%gﬁnfw %%%w%‘@rdﬁ.%ﬁ%glj%ég? @14%\9@ 1%§r (2:e 22

hours of perfmﬂ @emwtulldy ci 1 dsérdnttoh @tsRnesGRithia BRdslofauli Werdel oni zed
water and 15 mnutes of 1% 25 Triton-X (Sigma, St. Louis, MO in deionized

wat er. The | iRreservigss SEMnm@s@ﬂqfrdq@qlblﬂwpérwémdum shosvediintaeitmedudlent ai ni ng
U Uj
P (100 L8 B A0 SR ga oL

for 124 MOur smerhBfines leadiag toharGOhepapiilds Thns, 0l theowrsbrhtrazatbiusds@T thd t h

Triton-X 100
kidney were intact after decellularization.

Example 3—Decellularization of Rat Lung

The lung (with the trachea) were carefully removed from the chest and
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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30 were sufficient to generate a conpletely decel lularized liver. Mvat
pent achr ome s& Yeissgls. d¥lovaipenhtaghtgmiestaining vé histodedit sentigns shosveditber of

characteristi ' i zation.w t.h central. vein and portal .space

cont ai ning h rg%la:ig@éi;ﬁ g%,&%ﬁﬁneen B fungd CIB%Ptgé]?aJ\)/reﬁ _cmr%)pé 118 SBCOV hods
and Materi al scdilageh il dydintnt @ldohelubCebmentakhches prb@dil§cans. HokdestQ0! 0gy and
| mmunof | uorescence., Mpvat Pentachrone staining was perfornmed on paraffin

embedded dece B0 dfaqticedsweremrglaingdi Marvays Weshpresarved Gpm thestaiuct i ons
(Amer i can Vst 8hiRE Ry RGMERT bidnGn: [ iefl eparaffm zed slides
wer e stained using \rﬂ/oeF oe fbéﬁgwggﬁqggesggé?oggohﬁ%g}&s’ %lg?ofq%r%ﬁ{siaﬁed in 2%
ferric chlorialggoles. Mdedasplladed fiom piinsndiyarteries dowh i@atte capillagedvelbl ocked
in 3%glacial acetic acid, stai.ned. in 1@% al cian blue solution, rinsed,

stained in crBtd SRy Ves rempiner wirchsP RV micregaphsaf dsedlulaiizeddyizaci al
acetic acid, dRkapRatid brotfe Rl SMBLN ARPLALIBF bibenhPREMbIAed HiBCT A
acetic 10 acid, dehydrated, placed in alcoholic saffron solutron,

dehydr at ed, n®ideneelofrethineheelled The meshwérkmf ebkticardcsteraefisdrai ni ng was
per f or med on cellularized tissuyes. tigen retrieval was perforned on

par af f i nﬁé)nbégajrgggl %%B’@JWEB%W%F‘&W?&B ﬂi%i ’?Eeﬁé)’e?}ﬁrtseﬁ'ﬁlﬂn %‘Q’Pu 8W8 secti ons
(decel | ul ari zegtal bassheht MSmbnk Qs inbRE 3hdliding heSRekd RERONESE de-waxed and

rehydrated by 2 _changes of xylene for 5 mnutés each, followed by

sequenti al al @oHerieywihingdhe pamepnarhigtengfitium.col d running tap water. The

slides were then %@gqﬁ | i eval..sol ution (2.9 trisodi um
citrate, 22 m of 0. c‘ﬁ%%tgr??g{r}i%%%lql%}jzseglt{?fh?rﬁhogfélwé@%t‘l\da- pure
wat er, and adjrcisiteetiird with dpstlnfiarBe@hyai@d canilh@didgdrandQ rBhgh fugiSnal Aat A"

under  running cold tap water for 10 m nutes, 1 munostaini ng was

rinsing 213 ) at e

begun. Frigzerdneabiane withartresmyaisy epithalivan, par af or mal dehyde (El ectron

M croscopy Sciences, Hatfield, PA) in 1X PBS (Medi atech, Hendon, VA) for 15
m nutes at roomtenperature before staining. Slides were blocked with 4%
Fetal Bovi ne Bampie {FB%cclyiGtization of ®Bgahivet)T) in 1X PBS for 30 minutes at

room 25 tenperature. .Sanples were seqguentially incubated for one hour at
room t enper at ur e vae"trﬂfvatilP?ﬂtaE%‘l’ﬁqu CAYAYVEIm ¥ 28 sERnsehFfoush 4 Wediees (Ab) .

Bet ween each ash&@BmvSHis : in%“i‘% : ' ﬁ%ﬁm ' | x PBS.
Primary Ab a gﬁlstfn&lll %Eegvaﬁﬂ?a%%f?@ggfl%%ona e%glg%%&g‘lid.g( : slc%gl%B), '
Santa Crd2 BiMewmenioCAgy Thebepatisartery a@duzin @&)the Bidé Hagevert trinssemad

pol yclonal 119G t. 30 No, - 2405 Sant a uz Biagtechnolqgy Inc., Santa
Cruz, CA), Fi%gflé}%égl@felr N ag §6r£f“ﬁ'f¥ofr3§¥‘8r’%%§?m%%ﬂg§§%e.n Subergg8 3 stertlent o O uz
Bi ot echnol ogyH loRNLegdal UZ) tdAk 'nﬁigbd} } £, ﬁa&pd iRol | gG
(Cat. No. sc-ZOSIGAIl{Z%C,_ San?% Cru_% Bi or%lechnol%ggyﬁllr%c&{ Sarll?glﬁalﬁg{lm?:%% wer e
used at a 1:#§beparipized PBY pafusionckasfgliowued by 2 —S&cmuinofpeahisiontaith ne

anti-goat |gGo ' . SC; 3747 ant uz Bi ot.echnol ogy
Inc., Santa /gg?jgg%"}{%%ﬂbg%gd’al\?ﬁ l-nr%eﬂ)%}l%é%ﬁ%erpﬁclgemﬁuﬁ?sr?f?cgt . No.
sc- 3750, 2SantTaitéxr-Xz(SBirmd, €8¢l g 0¥0) Hcdeionbasdiwates, UPhe 1G4 wagHiRnused at a 1:80
dilution with blocking buffer. Slides were covered with

continuously perfused with antibiotic containing PBS (100 U/ml penicillin-G

(Gibco, 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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cover glass (Fisherbrand 22 x 60, Pittsburgh, PA) in hardening nounting 5
AK3 ¢ihoas aichilarerialsdpsedit diyhluaie[hing d ey, Vect or

Laboratories, Inc.:Burlin .l mages re,recqrded usi.ng hnagePro

Plus 4.5.1 (Medi ac%@@%@%g, Wﬁff’?}ﬁag“ﬂflﬁéﬁl VASe TE200

i nverted ni crpatoeprdohpreifiCembédded debdindrid tikdues BSliowang ROEPro Plus 4.5.1

(Medi acybernetics, Silver Sprin MD). 10Scanni ng El ectron M croscopy.
Nor mal and de’é’éF‘FfﬂPt&qu%’@étht%ﬂgmm@ MastettiedhoyeigntitiedLodit 6A). Buiefly,

gl ut ar al dehyd i . j , Leld. PA) in 0.1 M
dacody at e bulPar HEyEefidt (e ani cohEsaber Pk tunaibely’ tor 15

m nutes. Ti ssdi€®rentinted iy feiritsehdorideprisedpplated 8.5 bbdiamativsalrge,buf fer for
15 m nutes. Post-fixatiqgn s, performed with 1% osm um 15t et roxi de

(El ectron M c?%saeéo]ﬂ?g]@@i”éﬁ%@%l?mﬁéﬁcﬁl%ﬁ‘afl’ stained w1 % eloanhltesolutionssye sanpl es
were then dehyglieat @ginkdin IAg: C t s : % fior 10

m nut es, 70%fore.: 10 m nﬁt%ﬁéeﬁagd@?tmgﬁgg(%@éﬁﬁl ’?rlrpﬁg(%%;%%%%‘or 10
m nut es two taogtie acidodestained id 0% phimsplestungstic teidpdippedinsy elxiaiptai t hen

under went, Criti i n ryi.ng jn a.Tousimsg Sanmdri-780A (Tousjms, 20
Rockvi | | w[f}°?‘£§85f‘f%ﬁtﬁawﬂ§%ﬂé’?ﬁ199h@&? %? PP %gug‘?é"e Fydrged.adpwieshadadi um
sputter coal i&getad. t he Dent on DV-502A Vacuum Evapor at or (Denton Vacuum

Moorest own, NJ). Scanning el ectron mcroscopy images were taken using a
Hi tachi S4700 Fi el dupmiofBiomascdsastainine Faepenfomei aardsselbparifeditisadsi Hi gh

Technol ogi es I . sant.on . 2 chanjcal. Testing.. Crosses of
myocar di al tilg}s;[@% n\%eg?ngeélﬁ’?asfpre%@{l?ﬁ&% B?Iﬁﬁjgv]g?ﬂlﬁ?dgl%g t18§uer(56t°§H%18n%G?£t t he
center area Wissugyut axi otefredey sbotlois XddeeMland tishee) X ESl1dHs: WRaffih0SS Wer e
aligned in the gircunferential and | ofrégi tudinal directions of the heart.

The initildl t$resaEae de-waped pnd eahpdigfed hyckchoages ofsadeneder Hyniautes cr onet er

and found to i C . t:] e . . 30Crosses
were al so cutle r%ﬁ}ﬁ%\gg(@?féﬁq%@%g&?@gl %‘? gélgﬂtvaglﬁtrﬁgkgllgﬁgltﬁirg%&gg ?arli) t he sane

orientation amaemni The dlides warehaepibesd innedgai Reievaholitivnt @84 d fii-ckness of

t he decellul ari,zed sa S 38.5 8.9 pm In addition,the nechani cal
propert i esupfsolfi’rzu_ﬁ‘? plﬁrangkgnw\é?a@ﬁgﬁygpcg}p@pﬁ&d s(o,hggoae9lé$]|@1 HHErPHY scaf :‘ ol d
used in engi Rﬁ&éﬂ,aﬂd%@ﬁ&é’&%ra_ﬁigﬁfg?z%@ﬁoﬂéd%i’@oPﬁ%&%&.”ﬁﬁﬁ%@g}ﬁ%e cast into

cross-shaped nolds wi'th a fi centration o in/m The
aver age t2Ri ckmdssruphingteld tap miater ded ) masitebinRundTaitingwasAdeguis anpl es wer e
attached to bi axi al. mechani cal .testing.machi ne (lnstron Corporation,
Nor wood, MA) aﬁff’%\encﬁegm,wegﬁ ﬁﬁ%‘f&éth ﬁ%pg%@pna%ﬂg{er W@B%_@(‘ffﬁsﬁ?@ki ally to
40% strain. |Stiences Hatfel®DenI X PBS %R@Hiafe_cﬁﬁﬁéﬂnﬂ@n,@&rﬁﬂ'lg%inﬁ‘feg’Q@rt I es
accurately, the sanples were stretched in increnents of 4% stralin and

al | owed to répem temperatire bafprgi striniapgy Slidesrwere blasked with 496 FetatiBoviBer ces wer e

ted t ' ' b L Zi B | ith th
cross sect i onariin S| ARCRLE de e TP LB PR e S B e Fhb g i
thi cknesgy. Eagpsrarié. NSangilée®srowsguentibibylmtiBse@forbhs hdisahésaament

normal i zed by e )
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.
30  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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10 the initial length. In order to conpare the data between the two axes as
wel | as bet welais Gng Blogi’chnkpisgy hct, Sagar@mal CApshd bs/ineaticabbit[gsed as

follows: [T 40% —S(Vsral 4% strain where T is
engi neer i Lg(slfl} é?ggryﬁﬂﬂ? %Ioesr?gﬂﬁge ‘Fgrli@ ]g‘t) #Chl‘}‘i’f@gwg}cu faoém?he
tangenti al nDG'AP %ré"ﬁ‘sreﬁ afty ?r@Qﬁﬂtﬁﬂ%lt‘hQJM@bt%v‘@ﬁﬁestVk}@rether@& &athl o

(circunferential and |ongitudinal) as well as between groups. Exanple
6- Assessnent efveBglesofifiseitand 23/x 60, Rﬁdfellrglu [Psfy)iiz bardenigg motmtiagsess

e of 5t ardar B UNEATIER R dg dupT QRB VPR TwBRe daREh MPasakes YoRh am |
(G bco, Carl sbamat&%s M@%ﬁﬁh@m&%&&nﬁ%&%&ﬁ%@r@é@umﬂﬂ%&ﬁ ), 100
Um penicillin-G (G bco, Carl $had streptonycin (G bco,

Carl sbad, CA)Plus4eb(Medipcyhetneties, Selven Yorings Mdron NikostBalipsciF200 1 mol /L
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and o cont r o e FRGRoRERA 8 mac- Ml PO SEREdR BB At £ o or °"°

f eeder cell sm@ﬁadybeﬁleu& Bilaed Shring; RAPhenyl i ndol e (DAPI) was added to the
cell culture nedia_at a concentratlon of 10 gg/m_to |abel cell nuclei and

to all ow Juantifi caeanaimedilee HrQseePYeNPraH dnd deeailiilasized fippige ¥elter e
recorded und erf&/dn'f%:g ﬂ.g% agﬁ%fa?&g% EEI@& %rb&:%pygé veer% and 72 hggrs

thereafter us mage drracybernetics Spri ng,
MD) on a Ni koHatﬁeld Pag iT @204 cacodyidte bufiierd Ebestrop dMitfosy®ry Sadencks)c. , Hunt | ey,

I L e |_arj ed ECM.was conpatible with cell V|ab|I|ty,
at % achment agﬁ %Pfﬂ %\‘A’glf%ﬁ nu?ée&éﬁ“??&‘@%}é insefl &po Gmeg ieOtdl scaf f ol ds
and began to éa@M%@te%ﬂﬁeﬁﬁﬁﬁBhﬁhﬁe@' Post4ixBtih w%?t)(lzrf&%ﬁe‘a'vﬂﬂq 1%Esaphe

7- Eval uati on of cellularized O gans I ¢ val ve conpetence and.
i ntegritylSof tetrexide(Bleetrgn Magrosdopy Shiedcesf Haligld] P9I foubtmimues. rEissueeart was

assessed by L%nﬂ)? nsdv%r]:e fthetl)’le({eﬁll}'lfgragg in 1ncrea%1r/1g concentrations of EtOH (50% for 10

minutes, 70% for 10 minutes two times, 80% for 10 mlnutes, 95% for 10

D
F)

minutes two times, 100% for 10 minutes two times). Tissue samples then
underwent critical point drying in a Tousimis Samdri-780A (Tousimis,

20  Rockville, MD). Coating was performed with 30 seconds of Gold/Palladium
sputter coating in the Denton DV-502A Vacuum Evaporator (Denton Vacuum,
Moorestown, NJ). Scanning electron microscopy images were taken using a
Hitachi S4700 Field Emission Scanning Electron Microscope (Hitachi High
Technologies America, Pleasanton, CA).

25 Mechanical Testing. Crosses of myocardial tissue were cut from the left

ventricle of rats so that the 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

23



5 Evans blue dye. No left ventricular filling wwth dye was observed,
i ndi cati ng anmoidsarith a€inhli convaltiation MRE.6asgoffiteal/hny., Thé hveérage thfckhéss cor onary
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and | am nin, PidtentdM@V&ron trfiviae ANEwed tolrelak At 8ddAQE-ain fahed foRHEle it 607
contractile el ements including cardiac nyosin heavy chain or sarconeric

al pha actin. seconds. Sozeasiwaye edmvstiedip eriginestna pless bSmoymalizighe force

decel lul ari ze r.gi n t.41her ;ori.en i 0N .an
conposition V\garhg&p‘?fgggnre\%%g s%ﬁ&}a%gri{ ﬁ{rgé @/gtp% ngeﬁ%ﬁéa%g? (lhgec\@fl\t;ghrgéfl 'I%gfdll with an
absence of cethicknbdy).oBgFiaedridg¥resdWhd @lcllatéd ssthe displaekinesisoriaaialdiny ari zed
left and right ventricular wall retained ECMfiber conposition gweaves,

struts, cHi I sthedpifiablengthe dn pusier toagommargihs dptadietegaythe tamprestae Mgl moved.
Wthin the r ' aﬁéa\{é t 14 ' asal nmenbranes
of different e%?gvgngtgsér mﬁoﬁlggtﬂg%%gphfeﬂ)a u%th%%%%l tg%g%ﬁfew{%'el s were
observed. Furthernore, a[T(Ei=n40%sanindf TfenSé%eqraimi]/M%lstrhinber s 25
underneath an j nt agci egj car di al bg}%{;ll. | ami na. was r.et,P}i1 ned. To assess
mechani cal pr BP&Et] SESPIMCFINEAIET &G S8 FREBaring fiedy, e Theyvalugsifar theest i ng was
performed andiaesmal #ddhRs Weld AyerdRl Snd WthFated BetWeRA URNMboVaxdsed as an
artificial ECM scaffold in cardiac tissue englneering. The normal rat

vent ri cl eland(citesmfdrential andbbnginginay asveeld ahbefesn groupet ropi ¢ wit h respect
to the 30stress-strain behavior. Conversely, in the fibrin gel sanple, the
stress-strain properties were extrenely simlar between the two principal
directions. TRgaflhle@CLARMmMERBERURBAEBaMili S SeRthAkS ORARAVI Or was
present in all san;gl es in the normal rat ventricle and decellul arized
groups, and the i sb¢pessschipneqrupasibgityt H9,00meese smbayanipstomeetls es was

typi cal of al 01t iBLl . N-0r . are the
T ese- strai iBrSpor B b ok kP EReBP bR s LIGRLPE AMGUBREER T
pri nci pal2axeBulbbcdoeMedaint §Gibdo,l@ABBM, ICA), MO et BoaecSraml at ed at 40%
strain (see Exanple 5 for _the equation) i the circunferenti al

bot h d
"ongi tudi nal Gi¥dees dezansi D, AL npees inde GeepoRarshereCA) OB ar | zed
I R . " ! . | :
Sgg{)rﬁcggogﬁﬁ@gﬁ?ﬁ%@{bgg’m| %Kzécglou g‘.&nﬁer ei\%\%ﬁs1 a s‘%@mlﬁ?ggﬁt (rj?ffer ence,
however, bet wEaisbateCApdUl mniol1t Drenetresptodiliaact (Gibso, Carlsted; GA) wereior mal r at

ventricle and the decell ized matrix, but not for the fibrin gel.
seeded onto the ]lilélelr sect?ons and on control plates w1tﬁout specific grovvthg

25  factor stimulation or feeder cell support. 4',6-Diamidino-2-phenylindole (DAPI)
was added to the cell culture media at a concentration of 10 ug/ml to label cell
nuclei and to allow quantification 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,

30 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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For the intact left ventricular tissue, the stress at 40%strain varied 10
between 5 and 14 kPa in the |ongi tudi nal direction and between 15 and 24
kPa in the ci cum‘ er.e I dl r whi is in agreement with previously
publ i shed dat ey sue and the decellularized

rat ventricul ar tlA@ﬁmvauJeeco@ﬁﬂe%ﬁaé aﬁ&ﬂﬁégaityafﬂhe%bfﬁw\@a%cﬁwﬁéd%f than the
| ongi tudinal direction, nost I'ikely due to nuscle bér orientation of the

heart. Wile ®Re drep@blﬂar@s@ratélﬁmwa@nswmd@yianm@@ﬁ petfesiemivitk?8ss of t he
cardi ac tl588UE

d
circunferenti ayan(til rect ggﬁoalry?g ha C?ﬂ Wilft\ggfl g’ﬁs nﬁtﬁfvc?dbléldg g%%?%d to be
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intact tissue, This also wuld be expected since the extracellular matrix

is stiffer thioyrth a@mgspomé?&%@m@@neda\ﬁahwélg@éﬁﬁﬂmkameoﬁnE@Wand cells
20 ld lik | f
them?;ngen!ti :% rr%%tp %@éﬂhlfg% %? *u&?grruli %%E@ﬁlﬁgﬁgegee%g?ﬁh?%ag?ggestgey

are only sli gmusgqtgnﬂmtmﬁmhdrby\tadl flesreadentdref Foums hlue-staided veschilar bysat i fi ed
el astin ( prox tely 600 kPa) and |ess than Young's nodul us of a single
col | agen {"gaffyﬁa) pl aci ng the val ues determ ned herein within a
reasonabl e range @50@%{{‘13&%r&eﬁ?&?&f’rﬂéﬁf&a&@abﬁ@l\@fcoxr%){i%ntsg gans or Tissues
In addition to rat heart, lung, kidney and liver results were
gener at ed by mppumfh@rdsmtp@nmugoﬁwﬂéceﬂluimdEé?rl\rhscaffnidﬂwaml descri bed
herein to skele

st omach, spl e%% ﬁﬁ’lsﬁong ?fg e@qugnncglr?g r%ag% @%ﬁﬁ%ﬂoﬁp?ﬁeﬁ 1agus,

9- Decel | ul ari gghia Bolefgef Dartdd ﬂmﬂbronectm atitl BrkhidOUShyREEnd SAUAIRGST rom
heparinized male aninmal s. To al | ow & erfusion of the isolated organs, the

renal artery wiainedintackiusiel anaonrastily clementyinshdingwrdiag myosiBepey f usi on

over 15 m nut L of 1% SDS i n dei oni zed wat er was
performed for %g ?J%%e%gt e%la%rcéésure of 50-100 mmHg. Perfusion with 1%

Triton-X in dei oni gefnitgtetdctron itroigtdpht ESENY of SDB\RcStariscaruidine ECM
scaf f ol d. V%.Shl?/? and buffering of the decellularized 5 kidneys was then
performed by BeM denenstrafied that ibenermntationsmd sprpagtippwerepressredigur s t o

remove det er gentis walldnd BbAie Vafte Qb AP WP ah b Seriblof cells throughout the entire
20  tissue thickness. Decellularized left and right ventricular wall retained ECM

fiber composition (weaves, struts, coils) and orientation, while myofibers were

completely removed. Within the retained ECM of both ventricles, intact

vascular basal membranes of different diameters without endothelial or smooth

muscle cells were observed. Furthermore, a thin layer of dense epicardial fibers
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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Organ clearing was observed within two hours of initiating perfusion. Cear
white col or predonmetiedto t2mpargribe strase-siyainfpuctcntics tobeednl thésartiveogroups was
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region of the host WC to m nim ze physi stress on pul nonary trunk.

After both vedatal B yash thegetreniniauder ttissucrandithedéastinlariz¢rbrat venricwlas r el eased
and the decel J.ul arjzed heart .fil.led with the hos ni mal.. s; bl ood. The 30
o bl et ool g8 BraaRidily oot bl sl (ithe fRMund RedBPn, e The
decel | ul ari zeglokaikely @itdo aistR-fibkherielesedn of ths heed Wade thdfserme di st ended

and red with blood, Bleeding was m nimal at the site of anastonosis.
Heparin vids aemtAnationehaeges thiongh e thicknass ef Giesardicdissee, themngiosity oh of

per fusi on) , ad dule NERGLENET P LABLARNSHPRTLRA bl NEniflilffRoabdomen to
mnimze streSs™on the sites ~of anastonosi s. e ‘abdoméh Was closed in

steril e fashiwouldid ekpectahiortelstiffeni Tiey dstelwiarizedoiieed was Apnibidakibur s :
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expl ant ed forStg%él?‘aéléﬁ‘? WCt?F%leaﬁﬁﬁsﬁl%o vould bgiegpertrd sicedhe extracsirleh showed

a large thro gneéf’ﬁs ket MBarte %mhéﬁlgaggs% h@w@%ﬁ&ﬁ%ﬁﬁéﬁ%&?@?& i 098 vas

al so observed 1 n coronary arteries in erig eft sides of the
heart. 20 Wwouldtlikely ot baapbtiifits pxpthe B aknet Néhidd thopalvesoftheeased aft er

both vessels were sewn.into.the host aninmal, and the decellul arized heart
filled with cfaesRal many e Pt &0 Geestilaritit aksfiie NG i e B na
aortic pressuighiosrdalseanslues of the Young’s modulus for purified elastin
(approximately 600 kPa) and less than Young’s modulus of a single collagen
fiber (5 Mpa), placing the values determined herein within a reasonable range.
25

Example 8—Decellularization of Other 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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perfusion pressure. Coronary. effluent, was saved and cells were counted. The

ef fluent was VHRANtRIete and aitidngalgonfainmeRBS iyai2doues. die W& Was maxi mum
nunber of cel4 i i 10 repeated two tines. After the third
hened bl Buihatlin 0 100

passage, appro ells were retained within the heart. The
heart was2(cont i nuoAdange (287 o grarh hRBQratrivapprepareil fonreedptiog odxhegeni sed

endot helial cell_  cul.ture ia for 120 hours. The heart, was.then renoved
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venous resi dUuRsC hild @d@BQsthinah 8o M hosPiimiBloSenS@e idBiticnymt &8s ey 15

di spersed throughout the extravascul ar ECM

anastomosis. The aorta of the decellularized heart was anastomosed to the host

abdominal aorta proximal and inferior to the renal branches using 8-0 silk suture.
25  The left branch of the decellularized heart’s pulmonary trunk was anastomosed
to the closest region of the host IVC to minimize physical stress on pulmonary
trunk.
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 3-Recel lul arization of a Decellularized Rat Heart with Neonatal Rat
Heart Cells o¢fsaastbmosisafitle pbdzmasmatasociosetl im steriledostadmbnd the diimeait es. On day
one, eight 20 to, ten.SPF Fi sher-344 neonatal pups, aged.l-3 days. rlan
P55, 1 i anaoRiEd fpeodien ACTLIt Boa ey e S 31 sRbRtho bot
Laborat ori es, g¥oht BedNuRAIE hdde) wa e 10t bbserRitolt Phe apinthidthbAdmUd
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washed once wetthideobdthadBeemtby vi gorous swirling. Hearts were transferred to
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HBSS was add I; I Y : , ' m
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m conical tu j I lide- el i - nhirbi tor
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seconds by passi.ng ait over surface of the.liquid. .The t.issue was then
varned t o arcstiaf e tigionko Eud o i Hhosep et duhprifeReadh iR n o

Lei bovi tz L- 15q6@=n 3¢ 88tinfloNals od IR sitt$ Stsha¥@mobisaqee abforBen\Rhdn (370)
shaker bath for 45 mnutes. Next, the tissue was titrated ten tinmes using a

10 m pi plét tdosedie atstile fashior pndtheanivhal npamitosesicfonticowerst. (The anisal avased

through a 0.2 mfilter. The.tissue was with an 5 additional nms of
15 redta, (eRRHE AShpemtinpesd Puii it R el th a0
coni cal tube. TrhRgplafhtitn e &f cugiehllp ins S5hemo nilgwbadg@. at room tenperature
for 20 m nutes, and spun at 50 xg for five mnutes to pellet the cells. The
supernatant was gently renoved and the cells were resuspended in the
desi red vol une using Neonat al - i%in%wﬁ%é@l Mﬂ{.tﬁm Medi a and Sol utions. All
media were sterile filtered a rm-ed—rn-ﬁllre—

20  Example 1—Recellularization of Cardiac ECM Slices

To evaluate biocompatibility of decellularised ECM, 1 mm thick slices of
one decellularised heart were cultured with myogenic and endothelial cell lines.
2 x 10° rat skeletal myoblasts,'C2C12 mouse myoblasts, human umbilical cord
endothelial cells (HUVEC:), and bovine pulmonary endothelial cells (BPEC)

25  were 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

30 monolayer on the graft surface. There were no detectable antiproliferative

effects under these conditions.
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15 dark in 5C coolers. Wrthington Isolation Kit contains a suggested
medi a, Lei bovEkample R5,Réc@ilubnikitioneof CHndiac BEEM by WasonaseHerffumiorDay Two of t he
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streptonyci n £ @YpRIY laBeIFIMUVEES géngpﬁmie@ﬁl §0 Ml bt eRPAlial 8bg@wih ol / L

2- mer capt oet hanol (G bco, 25 Cat. . 21985-023) and sterile filtered
before use. Amshig) wereinfiseBaiscra dbOd-oaenane peréEsIqrOPIRSUL. NEoIPNTA|

concentration)eq Thi i s.€nhan ' (Ei:

Scientific, céﬁﬂ“e’&o‘§a3§§%f%ellgWc??eo‘?@%ﬁe}@} %ﬁ%fﬁgxg#% tregnedifflicd 0250). In
Vitro Cul turemﬂﬁgﬁrﬁsb@a@ﬁn Reddivetih Afakibin @0mbésofretls.CRedifoiddtida v creati ng
a bioartificial heart, the isolated ECM was recellul arized.wi th neonat al

hear t - der 1& edTepentpd twatimss.cA&FY thg dkied passage; spmiormately 99 ¥d@8 calls Wescr i bed

herein) were }nj: i j i : hsal.at ed rat
neonat al car d%égé&g%%‘gﬂlé%ﬂ,tﬁ??%fggﬁye%%en gtg ﬁg@&ﬁl@%@ﬁé@%%%@fgl@ cells.
The heart ti ssueculating beypesnised ediotiediat dedl cilturasnedie fer 120/ Hoursedlhierheaitt ro t o
test the bioconpatibility aqf thg dcﬁfcellul arized ﬁ%&ﬁed t he al‘})jli% of the
resul ti ng con¥ff Hepdemgy eGP e bR oS PBIRST | ECR ST HeanTushEd act i ons
wi thin the regylddigg veMes rdfiuls HRSEINMRFNEMEES P RicfBdt WePédilefy hours,
denonstrating that the transplanted Tells were 5able to attach and engraft
on the deti®l | dispersakttirdaghbutivhe exteavagiubaBGM. cel | s oriented al ong the ECM
fiber direction. |Immunofluorescence staining confirnmed the survival and
engraftment of cardi onyocytes expressing cardiac nmyosi n heavy chain Wthin
four days, clpgipe 30f ReNulaAGhtidiDoCEDbccRlagREs RUEH ErPRER NeREataR Athe
decel lul ari zed matri x, which progressed to synchronously 10contracting

ti ssue rings . At day 10, these rings were nounted between two
rods to nmeasure cont i force . di Q 1 | oad, condi L:ions. The
rings could be el e%@éim‘?me%&%?oﬁggf%ng&a? lmffg@?ﬁc&{egf%@éa}%d& reat ed
contracti2® faries SPF Righet-044 neonatal pups, aged 1-3 days (Harlan Labs, Indianapolis,

IN), were sedated with 5% inhaled Isoflurane (Abbott Laboratories, North
Chicago, IL), sprayed with 70% EtOH, and a rapid sternotomy was performed in

sterile fashion. Hearts were excised and placed immediately into 50ml conical
tube on ice containing HBSS; Reagent #1 from a neonatal cardiomyocyte
25  isolation system (Worthington Biochemical Corporation, Lakewood, NIJ).
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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3 inN under a preload of up to 0.65 g. Thus, with this in vitro tissue
cul ture 15 appterenl tibes oodtd uning Widgtherh pipsties. dbtypsie InhibsorReagembt ai ned

t hat generat |J: ffecti as .that gener.ated ptim zed
engi neer ed heap st Re oL R miB ey ffeeBPor 1 Rin ST Bl m?

Recel | ul ari zadanfnal bibeandgerly midi 78d tisRrWas\WxFziiRtddidl 80.90R8sRIdL vyari zed
(50 x 106 freshly isolated rat neonatal cardi omyocytes, fibrocytes;

endot hel i al RPSSAE 2 yst the sudeqeol dhg Fawd.s Thy fissug wvagshen warmedde 379C a

er f usabl g bi = ' . di ac iolo
!Oncl 3; ng%pu: zglglfcl% ?g%ngéétqa\??g)ﬁlpjft ?@{Lﬂ %?%lhg{t%ﬂ‘gl&%tr? @m@%t%vﬂggjt}is I"Vsiaﬁ%‘?deasi ng
prel oad and aflowelyl GRid t{ssiseywds placedlinadvadml(37 TaHhakaftagt fo8 a8 ndmitesmHy) |
pul satil e corstgna%_r1¥1 fl ow da}/ 1. 7 nm/mn), and electric stinulation (day 2:
1 Hz) under steri 118 isgiegasditaiedivn mes tipe 2dOmal nipeiie relsase dog @l (3 60% 1120,
37C). Perf USQﬁls‘ifeﬁ%ogyélﬂrtﬁeﬁ"%iﬁ@'c}gfgﬂ?g?%g tm $3€r t Phd Qe ‘f@@k.s'

Pressures, flows and were recor seconds” every m nut es
t hr oughout t Heashed with aoufl additeonpbmisoef L-V5 dedi, tifrate e soemdaihe, indar ti fi ci al

heart re recorded at da faur,. siXx, a ten afte ell seeding. At da
10 af f e\rNel((:) el |°°i‘8%"8ﬁ? H’g&‘eﬁaﬂ%sg nil copigpl tHog- E’ﬂl&et §Odign %fﬁﬁ% ?ﬁ%menwasg% d
per forned i nGheibard dt Bseh tdnir@iredoPs ®aSiss, eﬁ@i?@gi 750 x%{igg §i¢d Itn]iﬁ{ﬁ&t ricle

to record left ventricular pressure (LVP) and v 0 rec ng of wal |
notion as t hdopellehthaeslisn The suprrpagntweas sgntiyiteahdvigdiand theaslld werom 0. 1 Hz to

10 Hz and per o] | ogi gal st.i ati.on w.th phepyl ephrine (PE).
The recel | ul é’%ﬁ{zséﬁgﬁgéﬂhr‘%ﬁgl\%gvog%rﬁ? M e8n?t§‘§&36fﬂéoén§°8ygfiyl\4§&é- paces with
spont aneous cont r adediansd Selutions. NIl ihiReR Gt ROt Al Stovddtii the
correspoggi ng, increases_in LVP. After a single pace, the heart showed three

> : Y C .
spont anedds Q8 It G welerany orthingtalsoletion Kiteontains dyugepsiedbmpdier at e.
Simlar to tReqstioyl .l . epal.ari,zati ons caused
a corres pond?%é%%%eg%’ggﬁ cﬁlﬁ@l&{%ﬁﬁ%ﬁ%ﬁg v?%ﬁd(}%ggcgrﬁgasyqug% Itgﬁuepossi bl y
i ndi cati ng t Ipeodessinmbilkyn Fof phtidg\el aipinag: cldiheoamiwlug hieath watdsed,n.

Once stinulati.on frequen was [ncreased to 0.4 Hz, an average of two
spont aneous é@ﬂ@?gc‘ﬁﬁﬂ'&?ﬁé&@ﬂﬁ'r@HF’QW&”%@YWMMGd@bﬁ@FO% j@adiaat a

paci ng fr equaGyictfal Rodndhuto® ik PISeHRMAEANS SRR | BELY By gecurred:  and

at a 10 pacing frequency of Hz,” no spontanedus contractions occurred.
Maxi mum é@pt wraslia eqngaing $4Gmigiml GAC1cH3.68 mpdmb MR Nindwi7t67 mgmelfvigst ory peri od

of 250 ms for,, mat ocardium After perfusi.o i,th 100 gM of PE, regular
spont aneous @é@%ﬁ’%?‘?ﬁ%?’&ﬁ%@(ﬁ@ﬁ?’l%ESCgf’ éﬁ\g?cgéﬁ‘gpmbeﬁ‘foliw%%nand wer e
coupl ed Wi t h(GilcbeSRONG mdomszs%@wfmmﬁé{ﬁed wihi1 90 Oh Q8 BRlind8@uysi s at day

10 reveal ed cel | dispersion and engraftment throughout the entire thickness
of the left {ntlanekilQp Ul perioillir-G (Gibav), 10040 ailstpptoytyein (@ibanedl with the

Fesenbl i ng meriol ARG AR e TR B S e e G R s "t o
devel opi 2§ muac NG 2UH85-03 NG st BBESN BEfosS WeNi AMphd¥ricine-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

e
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20 cardiac nyosin heavy chain confirnmed the cardi omyocyte phenotype. A high
capi | | ary denbiotympwaitbilngiorf e deeellulamized @ CMtant] lee ahdlifyyofdieaelsdpieg myocar di um
with an aver age g_{l%t n%re E)et.ween capi.llaries of approximtely 20 m which
is simlar to®M cf‘g’b VR 1Rigm B0 IWES myocar di um  Endot hel i al cel |

phenot ype was confhimmhl Byt RO tHarES f8Mting Habivee JRErvé@nW I | ebrand
Factor (VW) . 25Cell viability was maintai ned throughout the entire graft

t hi ckness, | n@igadcopigaliyipfter@denrs dgmensteatias that fiedransplapied gellhwerggh

' . : whi | h
mvent| on has e aresch A B R R Rt Red G MERE-BBR sifcccr i ot on

thereof, the btismegbilogs the BUNMAbep dirtGionn TaAaadltieresdehetsétsiatig and not limt
t he scope of the invention, which is defnmed hy the scope of the appended
clai ms. O her cdismed the sypNisaliang eagrafpenheldiariemyrones expeessingsridiache scope
of the follow ‘ ' . ;,IXE(% : 3 | zed
manmal i an or\é\%ﬁ,gs'lgg?rib icshf“ﬁ‘g ﬁhf ?géq_ﬁﬂ Fari 4ztéa og)%?r}tgtgéw é?lgﬁﬁangsﬁegé of said
or gan, wher ei obssaied oaxhe devellhlatiaed matrixi whivhpogresssd snsyexxh@nhbasly sur f ace, and

wherein sgjid extracel l.ul ar, matrix, _including the vascul ar tree,
subst ant i & | yCOERSEstsHe iRg: Prd#nty of said extracellular matrix prior to

decel | ul ari zati on, pagh ek Ring@hEbRIbPberRNE] ARPrddS toHRESADL T al |y

intact. 10 2. The decel lufarized organ of claim 1, wherein said organ

i s cadaveri c. contractile JorcT nndetal Ferent rreload domsligens. dthecings nould baher ei n sai d
organ is a heart,.. 4. The decell y ari.zed organ of. claim3, wherein
ani'd heart | SSRtiEHBHRcRbEP 5 o HomeR Lt 7 S E i Sadartle RrfpBY M heart
a sheep heart3 niN udde? aprél8ad\8BY to 0.65 g. Thus, with this in vitro tissue culture

15  approach of recellularization, contractile tissue was obtained that generated an

equally effective force as that generated by optimized engineered heart tissue
rings using artificial ECM constructs.

Recellularization of a Decellularized Heart via Perfusion. Recellularized

(50x 10° freshly isolated rat neonatal cardiomyocytes, fibrocytes, endothelial
20  and smooth muscle cells) scaffolds were mounted in a perfusable bioreactor
(n=10) that simulated rat cardiac physiology including pulsatile left ventricular
distension with gradually increasing preload and afterload (day 1: preload 4-12
mmHg, afterload 3-7 mmHg), pulsatile coronary flow (day 1: 7 ml/min), and
electric stimulation (day 2: 1 Hz) under sterile cardiac tissue culture conditions
25 (5% COg, 60% H,0, 37°C). Perfused organ culture was maintained for one to
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
30  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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5. The decel lul arized organ of claim4, wherein said heart is a 20 hunman
heart . fontEneowsaoatrhciions fdkaviog grrpacéd clndrianti@)s Wﬂtlecca‘raxpemdinlg heart is

a portion of an enti.r ea 257..The dgcel | z an of claim®,
Shbrei n_sad DEEERSR GVES dhtfrarmrge safte teu shough e anygeod o v o

val ve, a pul ngdadtioilay8 theéh dohbeainbd ﬂ’cﬁfill\éﬁ)ry 8tafd. Qﬂﬁmlﬁ% {0 U8 ktiRula®idt atrium
a right ventricle, a left ventricle, a cardiac patch, septum a coronary

vessel , a puI eRpAeonsy sp@ngane@rscﬂeaobuzmpyuwé aisorregRnding inkseaseliul ar i zed

organ of & ol ik ntlSE S T0R ARl el SRBr SR IBaRERR Y 2 220
gl orrer ul ar Stdldweldph%stabl@cdhcﬁl@ildndpaﬁfe@ﬂn conprising said decel I ul arized
organ of claim1, and a, popul ati on of regenerative cells attached thereto.

511. The sol i d or gaRneF steneatamisequgney wpninsesasrdsa|0i4itigs @weea@mf fees
i1 5Le. P el She b R ) B h g Konatliog dglbacol 4
a liver, or afréquegcy iPto 1 Hz, onlStBne iﬁmtambms:bmgammdccuﬁad nd@t awher ei n sai d
decel | ul aerI z egac?r{gg Qqulerslcyaoth 5e Z, no spontaneous contractions occurred. Maximum
capture rate was 5 Hz, which is consistent with a refractory period of 250 ms for
mature myocardium. After perfusion with 100 uM of PE, regular spontaneous
depolarizations occurred at a frequency of 1.7 Hz and were coupled with
corresponding increases in LVP.
15 Histological analysis at day 10 revealed cell dispersion and engraftment
throughout the entire thickness of the left ventricular wall (0.5-1.2 mm).
Cardiomyocytes aligned with the ventricular fiber direction and formed areas of
dense, organized grafts resembling mature myocardium and less dense immature
grafts similar to developing myocardium. Immunofluorescence staining for
20  cardiac myosin heavy chain confirmed the cardiomyocyte phenotype. A high
capillary density was maintained throughout the newly developed myocardium
with an average distance between capillaries of approximately 20 ym, which is
similar to that reported for mature rat myocardium. Endothelial cell phenotype
was confirmed by immunofluorescent staining for vonWillebrand Factor (vWF).

25  Cell viability was maintained throughout the entire graft thickness, indicating

sufficient oxygén and nutrient supply through coronary perfusion.

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in
30  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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14. The solid organ of claim 13, wherein said solid organ exhibits
15contractile activity. 15. The solid organ of claim 10, wherein the
nunber of saighi i ls attached to said decellularized organ is
at | east about 3%%§&miésol id organ of claim 10, wherein the nunber
of said regenerative cells attached to said decellularized organ is about
1,000 cells/ng tissue to about 10,000,000 cells/ng tissue. 17. The
solid organ of clal'm 10A derelfdarized manmalipEean, COBPESNES are 25pl uri pot ent
cells. 5 18. The sphi ' - ai aj nerative
cells are enbryonic st e?nh%:%lllﬁfsaggéh %Itgsag%lgdé?%%g?( \ggg {118192%‘}%1’ ikvglg e%ggarug cells or
a subset t hereuifacelbdaremateixroomipeietd 5 exterior S} aridwheaed, saiesxitpbelhair bl ood
cells or a subset thereof, 30 adul t-de{}i ved stem pr, progenitor cells or

a
subset t her eoPalr; Biclhdingthe yaspular e cubsiraipdyireiais deg metnbologyafisaid: t her eof
mesenchymal Sé)ﬁfﬁbélﬁiléﬁnémgho?fo @ec@ﬂﬂﬁﬁiatitoﬁ,e%ﬁ%h réih%hﬁ%%er[@é%ﬁfgc'ede” ved
stein or progenitor cells or a subset thereof, rmﬁtl potent adult
progentitor célsibstgmialintact. a subset thereof, cardiac stem cells (CSC) or
a subset 1tOher eof, or nmultipotent adult cardi ac-derived stemcells or a

subset thereof. 19. The solid organ of claim 10, wherein said
regenerative cellspare PradsleRalafibddl @BARST Qainf Bl vWHed6in FhiglRYASiEUl at ure
endot helial cells, or aortic endothelral cells. 20. " The solid organ

of claim 10, &Hayaicn sai d regenerative cells are allogeneic or xenogeneic
to said decellularized organ. 10

3. The decellularized organ of claim 1, wherein said organ is a heart.
15
4, The decellularized organ of claim 3, wherein said heart is a rodent

heart, a pig heart, a rabbit heart, a bovine heart, a sheep heart, or a canine heart.

5. The decellularized organ of claim 4, wherein said heart is a

20  human heart.

6. The decellularized organ of claim 3, wherein said heart is a

portion of an entire heart.

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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21. The solid organ of claim 10, wherein said solid organ is to be
transplanted into a patient and wherein said regenerative cells are

aut ol ogous to said_ patient., 1522. The solid.organ of, c|aim 1Q, wherein said
sol id organ is to Bo trAroHiaREcompasne $id el ulzriacd, prerR PHOLHR &

decel | ul ari zegh o4 14tnHfrO8RBRkGe PEIHERAMANRSGL 0 Sai d patient. 23.A
nmet hod of making an organ, conprising 20providing said decellularized organ

of claim 1, and contacting said decellularized organ with a popul ati on of
regeneratiye cell s, under, condjtions.i.n which said.re erative cells
erorart e ply Ahar oFnGRLERE St ah 6o SO Pl st R ear | zec
organ. 2524. ThmﬂméHi@d)l%ficaqls@hdﬂu%sincmgelblao@aesaelgegeneratIve cells are

injected into said decellularized organ. 25. The nethod of claim 23,
wherein said decellularized organ is a heart, a kidney, a liver, spleen,

pancreas, or a |ung, 301gby,fy %g&ﬂ‘%?ﬁ'cl%‘in P@%ﬁlekéé%@éih%ie”eq%lga%z%ﬁg%‘@nis

conprising: providing sard org nnul-at sai fgan at one

or nore cavitiBhéart, Wksdirlysa liagt6o4 igct s, t hereby produci ng a cannul ated
organ; and perfusing sald cannul ated organ with a first

cel lul ar H?sruption medi um vi a said one or nore cannul ati ons. 27. The

thod of claim 2645 whergi i alih: ] il
method of clalm 1%1 re*i‘ﬁé ékrlﬁcfrggﬁ gr?:!l&%iél%vl%%{a%zg%‘ﬂéééﬁhﬁﬂzeéto@aﬁ it s

contacted with the st ¢ sruption ne
a heart.

14,  The solid organ of claim 13, wherein said solid organ exhibits

15  contractile activity.

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

regenerative cells attached to said decellularized organ is at least about 1,000.

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

25  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,

30  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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28. The nethod of claim 26, wherein said organ is a heart, a kidney, a
liver, spl eencellsd@8Crasa subsetathbrent) or fifdPenoTent adwlt brvdiaofdedived stedGellsber ei n
sai d perfusion is |tiz directional fromeach cannul ated cavity, vessel,
and/ or duct . %ﬂ?bfﬁtgﬂ?f‘ﬁ?%od of claim 26, wherein said cellular disruption
medi um conpri ses at | east one detergent. 15 31. The nethod of claim
30, wherein said detergent is selected fromthe group consisting of SDS,
PEG or Triton X. 19. The giid orgen efaliioul &fwhsrein paid Gegeherativieceltsampr i si ng

per fusi ng $Sai ! naul at ed .organ w t h sec cel lul ar di.sruption medi um
via said rrsgr e&’tr%lg%ﬁgrn‘)@?aégshﬁ%rfhﬁfi%gﬁ%oy hscillafurg en%ggelﬁaﬁge%e%%cahﬁf cl ai m 32,

wher ei n sai d éddotieligkdellsl ar di sruption nediumis an ani oni ¢ detergent and
wherein said second cellular disruption 25 nmediumis an ionic detergent.
34. The nethod of claim 33, wherein the anionic detergent is SDS and

wherein said ioni cyglet exfelid Gedd bf G0, dreid Bd TEIROROL bl kD 26
wherein said perfusing i's tor abou to 1 ours per-gram of organ tissue.
36. Decel | ul aralloggneiascxdrageimacrtodaiddeceilslatiesd argampr i si ng 36

decel lul arj zed extracellular matrix of said tissue, wherein said

extracel 'l ar matrix conprises an exterior surface, and wherein said

extracel lular matrjx, ifgd Mdr&%%ﬂﬁé‘u?gfw’%e}éi‘?gaidw%%ﬁﬁge lye retains

t he norphol ogy of said extr matrix priror to l'ul ari zati on,
and wher ei n stangplertedintora mmtiefiteand wherein said regenerative cells are autologous to

said patient.

15 22, The solid organ of claim 10, wherein said solid organ is to be
transplanted into a patient and wherein said decellularized organ is allogeneic or

xenogeneic to said patient.

23. A method of making an organ, comprising
20 providing said decellularized organ of claim 1, and contacting
said decellularized organ with a population of regenerative cells under
conditions in which said regenerative cells engraft, multiply and/or differentiate

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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5is substantially intact. 37.The decellularized tissue of claim 36, wherein
said tissue is cadaveri perﬁﬂsﬁi@sa]&]ﬂnﬂelatddlargaIWithd firstsslielanflisoipsiom 36,
wherein said tissue is spinal cord, chea or a joint or portion thereof.
39. Decel | ul a2 By a8 lﬂnsrormw $sue, conprising decellularized
extracellular matrix of said tissue, \/\herel n said 15extracellular matrix
conprises an exterior surface, and wherein said extracellular matrix

subst anti al | y ret aBhs t Wbe mﬂpldcﬂf@wn@ﬁ, whenginessserdigdly ithe entirerescilarprior to

decellula L on, S rior surface is substantially
i nt act . ﬁ%e ]56988 aFﬁﬁthl hztb ﬁﬁ%ggl&ﬁ S@P@?‘H"@@ "Miherein said tissue is
20carti | age or cornea. 41. The decellul arized tissue of claim 39,
wherein said tissue is cadaveric. . o ) .

2 The method of claim 26, wherein said organ is a heart, a kidney, a

liver, spleen, pancreas, or a lung.

10 29.  The method of claim 26, wherein said perfusion is multi-

directional from each cannulated cavity, vessel, and/or duct.

30.  The method of claim 26, wherein said cellular disruption medium
comprises at least one detergent.
15
31.  The method of claim 30, wherein said detergent is selected from

the group consisting of SDS, PEG, or Triton X.
32.  The method of claim 26, further comprising perfusing said
20  cannulated 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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10

15

20

decellularized extracellular matrix of said tissue, wherein said
extracellular matrix comprises an exterior surface, and wherein said extracellular
matrix, including the vascular tree, substantially retains the morphology of said
extracellular matrix prior to decellularization, and wherein said exterior surface

is substantially intact.

37. The decellularized tissue of claim 36, wherein said tissue is

cadaveric.

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
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

cartilage or cornea.

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

cadaveric.

37



	Biblio.	(p. 1)
	Desc.	(p. 2)
	Claims	(p. 34)
	Drawings	(p. 39)
	ISR	(p. 41)



