METHOD FOR PROCESSI NG Tl SSUES [ 0001] This application clains priority under
35 U.S.C. 119 to United States Provisional Patent Application Nunber

61/ 234, 6880 2hi/ek3esas fil ed on August 18, 2009. [ 0002] Hecmrusand/oasTesral

ti ssues can be used to produce a variety of tissue products for patient
use. The tissues are often processed to renmove certain cellular and/or
non-cel | ul ar conponents , = Q) Oﬁggirs esent in the tissues.
In addition, during processtiic Stotage S By be frozen and

t hawed. RY [0003].Accar.di.n Q. certal enbo for
decer 1 ul RAOHS o ¢ S@haagghﬁté’\ SReonau ur\fdﬁf?hr%n%rm{%ppaﬂ?ﬁ. g a
ti ssue sanple conprising a manmal ian soft tissue in a |liquid, and applying
a pressuPtles Rrﬁé‘slqr&bPét‘%ﬂt Application Noipthe(sd /234681 ’tW'h*EhMﬁSfﬂ@ijé’ﬁ‘t to
destroy substantially all of the native tissue cells within the soft

ti ssue, whigust h8dedi% oyi ng substantially all of the cells includes

di srupting the cell nenbrane of the cells such that washing the tissue
sanpl e i (0@02Jal i ne soHumaarardd Aol tieswyatambe aiseteaprod® alvatibly dfat i ve
tissue cells. [0004] According to certain enbodi nents, a nethod for thaw ng
a Ui SSUCHSAIPbRAUPIOR afieh udhli The GS5REL §r%sof%rpwdae§9e@té IeAYee safmhe

conprising a manmalian'tissue that is at least partially frozen in a

| i quid, 1 e frozen
ti Ssue 32%'9'“9{%?88%?&&%8@%? Koeshebl aﬁﬂﬁ*r%d%%’nééfﬂgé h%?h&?,e“# i

decel | ul ue sanpl e is provided, which co rOV|d|ng a
tissue sg’hepf%s F‘| Hé’na%ﬂgﬁ%r‘? Sﬂf?%%%toﬁgea%éﬁ%%sd Eg%%“ Andlg

liquid; and applying a pressure to the liquid for a tine suff|C|ent to
destroy $um¥edntially all of the cells within the soft

SUMMARY

[0003] According to certain embodiments, a method for decellularizing a
tissue sample is provided, which comprises providing a tissue sample comprising
a mammalian soft tissue in a liquid; and applying a pressure to the liquid of at
least 200 MPa for a time sufficient to destroy substantially all of the native tissue
cells within the soft tissue, wherein destroying substantially all of the cells includes
disrupting the cell membrane of the cells such that washing the tissue sample in a
saline solution allows removal of at least 95% of the native tissue cells.

[0004] According to certain embodiments, a method for thawing a tissue
sample is provided, which comprises providing a tissue sample comprising a
mammalian tissue that is at least partially frozen in a liquid; and applying a
pressure to the liquid sufficient to thaw the frozen tissue sample.

[0005] According to certain embodiments, a method for decellularizing a
tissue sample is provided, which comprises providing a tissue sample comprising
a mammalian tissue in a container containing liquid; and applying a pressure to
the liquid for a time sufficient to destroy substantially all of the cells within the soft
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WD 2011/ 022369PCT/ US2010/ 045723 ti ssue, wherein destroying substantially
all of the cells includes disrupting the cell nmenbrane of the cells such

t hat washwogotihe23ebssue sanple in a saline solution all eas/useomwad72of at

| east 95% of the native tissue cells, and wherein the pressure is applied
at a ratg such that the tenperature of t tissue | g _does not ceed
30C [ OoBHLA: AR eR oY BRTSHER U st Fas o BeRERS fisrtp i e eSl b

bi oburden in a tissue sanple is provided, which conprises providing a

ti ssue sEeprasembiiscals ohehahaghingdhe tispye sample i 2 §ating felbtiednt ai ni ng
l'iquid; and applying a pressure to the liquid for a tine sufficient to
cause at allevesternotallod gt tezdt ©6%00af the natiwetisste celis. amhwbeataimthepresstitd n t he
soft tissue, wherein during application of the pressure, the tenperature of
the ti SSIS%[?I’_@E'&Q A0S sOEN tHRX 89S braférat WEERhETESNE SEmPlEdSERAMBINGS

[ 0007] Fi g. Is a phase diagramfor water. [0008]Fig. 2A is bioburden test
result d ol e porcine skin sanples, as described in Experinent 1
[0009]Fi§%§¥%P?gw%ioburden test result data for porcine derms, as

ggfglr lnge@‘glﬂm SEf(pg;l m?\ncgco%ding (t)g %:gltgfnge'ml?)’ociil‘?nebri’tg,ballJ %de?ﬁoé ?osrtrecrjgg’lqu t’théi ata for

bioburden in a tissue sample is provided, which comprises providing a tissue
sample comprising a mammalian soft tissue in a container containing liquid; and
applying a pressure to the liquid for a time sufficient to cause at least a 5 log
reduction in the bacterial concentration within the soft tissue, wherein during

application of the pressure, the temperature of the tissue sample does not exceed

30°C.
DESCRIPTION OF THE DRAWINGS
[0007] Fig. 1 is a phase diagram for water.
[0008] Fig. 2A is bioburden test result data for whole porcine skin

samples, as described in Experiment 1.

[0009] Fig. 2B is bioburden test result data for porcine dermis, as
described in Experiment 1.

[0010] Fig. 3 is bioburden test result data for porcine dermis, as
described in Experiment 2.

[0011] Fig. 4 is the temperature vs. pressure profile curves for the

samples of Experiments 1 and 2.

DESCRIPTION OF CERTAIN EXEMPLARY EMBODIMENTS

[0012] Reference will now be made in detail to the certain exemplary
embodiments according to the present disclosure, certain examples of which are
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described in Experinent 2. [0011]Fig. 4 is the tenperature vs. pressure
profile curves for the sanples of Experinents 1 and 2. DESCRI PTI ON
OF CERTAIWOBKHENRRIRY EMBODI MENTS [0012] Reference will ®mOoWUSeowmesy2s n
detail to the certain exenplary enbodi ments according to the present

di scl osure, cert.ain exanples .of which ar il lustrated, in the acconpanyi ng
dr awi ngs IUHHAFEVR NG BCeBPenying drauihgs, Wheisvet Phinb L samegerais

t hroughout the drawings to refer to the same or |ike parts.,&OOl?Jln this
appl i cat Nemberhwillkeused thieughewthadrawinoggde sefendo frausame @illike parts.
specifically stated otherwise. In this application, the use of "or" neans
"and/ or "[001i3¢ss st at dd tiis lapplicaten, fue ube oitheesingblar irsdudds thieeplted m
"including", as well as other forms, such as "includes" and "included", is

not |im gyhleds spayificaiostattResthebeideNen @i apblitatimh, tislassbpest hiedndcl ude the
endpoints and all val'ues between the endpoints. [0014] As used herein, "high

ny r o5t Ay SHREStalel HAEISE 0P A Bl ind BDCPRRIE ARGt Bs2"

obj ect contarned 1n a lI'lqui _ “being pressurized to ex force
on e ek b b A R el A DL S R 200D
OO A S b haret wil e tmdetetood T Include Shd eadboints Snd all values
between the endpoints.
[0014] As used herein, “high hydrostatic pressure” is understood to refer
to pressure applied to an object contained in a liquid, the liquid being pressurized
to exert force on the object. In certain embodiments, high hydrostatic pressure
can include pressures applied to the liquid that are greater than 200MPa.
[0015] As used herein, “bioburden” means the quantity of
microorganisms in a tissue sample, including, but not limited to, bac’geria, viruses,
fungi, parasites, chlamydiae, rickettsiae, mycoplasma, and protozoa.
[0016] As used herein, “tissue products” or “tissue-derived products”
means any product produced from a tissue that has been altered in any way (e.g.,
but not limited to, by removing cells from the tissue, removing certain chemicals
from the tissue, or sterilizing the tissue). As used herein, “tissue samples” include
both intact, unprocessed tissues and tissues that have been processed to produce
“tissue products” or “tissue-derived products.”
[0017] The section headings used herein are for organizational
purposes only and are not to be construed as limiting the subject matter

described. All documents, or portions of documents, cited in this application,

including but not limited to patents, patent applications, articles, books, and



m croorganisns in a tissue sanple, including, but not limted to, bacteria,
viruses, fungi, parasites, chlanydiae, rickettsiae, mnmycoplasm, and

pr ot ozoa.wpQotdp2®oused herein, "tissue products” or "t iPEIUS2@eNl7esl
products” nmeans any product produced froma tissue that has been altered in
any way (e.qd., but, not limte cell.s fromth

omov, nraies; ArhaRpy S eRe e B relfrelBef g hirERelr BBV ey . A
used herein, "tissue sanples” include both intact, unprocessed tissues and
ti ssues RWAPSBave been processed to produce "tissue products" or
"tissue-derived products.” [0017] The section headi ngs used herein are for
or gani zgi0i0dBh!I pur podksiooslhynzamaad @animoal tissube caartst usestitogsroduget i ng t he
subj ect matter described. Al docunents, or portions of docunents, cited in

thi s appbrogiatisor treathd ghtienteUtFdreixahipie heflious tissteprsdudiat@nt

applications, articles, books, and 2011/ 022369PCT/ US2010/ 045723
treatis r entrrety
reat | ScnoRE R FIEYBERRT ISR BB 5 REAARRCFLARIT

produce rodu s, for treatin ti nts Far exanp various t.is

bt oduct GRS TRiiebFah e ReRR o i B SR G S A A I o
treatnment of human tissues that have been danaged or | ost due to various

di seasesdAAAID(C &t.fRID draaimay SwigRry( atrgphy.rangier leRanarmNgs@nd,  at r ophy,
and/ or | ong-termwear and degeneration) have been produced. Such products
can i ncldegsnefratiodxmvel kgen prosiusedaiStichgyoduds @antinglade - ive exaegplerr ot ei ns or
protein-containing materials (e.g., glycosam noglycans) that can be used

al one ortidsneanabicestanaromidsiealdrvedmbsingibspandihatortaiamgoaberial HELG] | n
certain enbodi nents, these products can be conpletely or partially

decel | ul g dseé?nhg K/bﬁhé*) fhiaB 848 b'éﬂﬁde'd%én@rorW&érﬂ%ﬁrd’u%%tﬁ bmwe materials

¢
to be useg for |ents For exanple, various tissues, such as skin,

|ntest| r nerve tissue (e.g., nerve fibers or dura),
I%ggapap EhbAfEss.

t endons, er  tissues can be conpletely or partially
deceIIuI dto pr duce fiss roducts usef for patients, In sone
cases. tROIETGec el LA LR Tal SPBAHRISMEcone RIRE PR Dot CHIRIS A o
exogenous cellular materials (e.qg., stenrcellsz In certain cases, these
decel | ul pattiaddpeernizedciaryield t%é@éﬂlawcﬁﬁ o exirgeeliuban tissugiroaistiglsdo ot her

sources to facilitate treatnent.
be used for patients. For example, various tissues, such as skin, intestine, bone,

cartitage, nerve tissue (e.g., nerve fibers or dura), tendons, ligaments, or other
tissues can be completely or partially decellularized to produce tissue products
useful for patients. In some cases, these decellularized products can be used
without addition of exogenous cellular materials (e.g., stem cells). In certain
cases, these decellularized products can be seeded with cells from autologous or
other sources to facilitate treatment.

[0020] Since tissue products are often implanted on or within a patient’s
body, in certain embodiments, it is desirable to sterilize such materials, or at least
reduce the amount of bacteria or other pathogens that might be in the products, to
a level acceptable for the selected use. In certain embodiments, various tissues,

tissue-derived products, and other implantable medical devices are typically



[ 0020] Si nce tissue products are often inplanted on or wwthin a patient's
body, in certain enbodinents, it is desirable to sterilize such materials,
or at | ea®0waduew9t he anount of bacteria or other pathegens2ailatses ght be
in the products, to a |l evel acceptable for the selected use. In certain
enbodi nments, vari.ous tissues bi ssue-d?rived pr oduct E and oé{uer

i mpl ant abPRIZRSHISIDY PIRKASSES SHFR aSYBRERIPY (€ G JaMMAFREIASL A dsses such
as irradiation (e.g., gamma, E-beamor X-ray), treatnent with chem cals, or
heat . [ Cloeatpritt withecheamigalsi eubeakdi cal or surgical applications, tissues or
ti ssue products shoul d possess desired biologic properties, depending on

t he i nt ef@®2d] use. FoiFoexaeph earibus medligal od sotgicalspplitations, sisses egener at i on
shoul d generally be capabl e of supporting or inducing cellular ingrowh
and/ or rRERRIraHUSE sHOAWEYESseseidsakl Hiblogkproperrssiagei@aBhGHES can
damage sone tissues and/or renove portions of the tissue that may be

desi r abl iﬂ{érﬁfed?@éet. ar't@e%lﬁ@ﬁ;ﬁséd@ﬁﬁ&d%% usey forYidsmd ?eﬁgce%r{ér% &duld

enbodi ments, tissue e rization processes can | ude the use of

vari ous enz s, detergents, and/or chem cal hat may, dagpge or renove
vari ous %%’?E%QEY Bﬁgﬁpﬁ@%eé}tﬁué’?o&mge%ﬁn eg!pplﬁeipqurpﬁfbﬁe{@?ns desired for
regeneration or growth of certain tissues. In addition, in certain

enmbodi meifgeneEtian; | Howeyeyn CeRBINHISSUE ProceRING L CHAIRHES GAEERRRIB/OMan al ter
ti ssue products by causing breakdown and/or chem cal alteration of such

pr oduct stisfues zaididrerepraveeprrtidns of Hwutissuertbat tay beedésithbleformes@dssi ng

ti ssue sanples that naintain certain desired biologic properties of tissue

pr oduct shiplogit!Retions. NGop ELAMPRS, e dertainrerfibo@infire dissasatdecetitiarizatidrods
conprise a method for decellularizing a tissue sanple. In certain

nbodi i TRt i i le. |
enbo '”eﬁ‘r:?f%esé&ecé‘f?w&ﬂfb% ﬁ%@éfé SEVAIR gﬁmﬁ gb]f%p@ﬁ@, anliicseHEmMIG®! e. In

sone enbodi nents, the nethods conprise reduci ng the bi oburden

of atis I j S essi ng
(i seue BHorER Bafiens oF fetbols AMBuE FBRoeliRemites P ERPARILA ABET " 02
tissue. In certain odi ments, high hydrostatic. presspre. can he applied to
a t1 ssucPRIEP Eeser fordpagnaration oW PECERAR ToBues dIbadgRoRiiRi ng. a
tissue in a liquid. In certain enbodinents, pressure can be applied to the
liquid, eceréaiamgyniestimests,istryilizatonitesimniquesssprhag gammadrafiadion, ehpl e. In
vari ous enbodi ments, the pressure applied to the tissue sanple, the tine

t hat t healerdissueeroductp plyi cdisiranifeakdowe arat/er cHerpicekalteratiomof saste and/ or
decrease can be controlled to decellularize the tissue sanple, reduce the
bi obur deprddiicidhe tissue sanple, and/or thaw the tissue sanple. [0024]In
vari ous enbodi ments, the pressure applied to the tissue

[0022] The present disclosure provides methods of processing tissue
samples that maintain certain desired biologic properties of tissue products
produced using such methods. In some embodiments, the methods comprise a
method for decellularizing a tissue sample. In certain embodiments, the methods
comprise a method for thawing a tissue sample. In some embodiments, the
methods comprise a method for reducing the bioburden of a tissue sample.
[0023] In some embodiments, the methods for processing tissue
samples can include application of a high hydrostatic pressure to a tissue. In
certain embodiments, high hydrostatic pressure can be applied to a tissue sample

by placing a tissue sample in a liquid or providing a tissue in a liquid. In certain



sanpl e can be selected based on a variety of factors. In sone enbodi nents,
the pressure is selected based on the type of tissue sanple to be

pr ocessedwolzniignemyenbodi nents, the pressure is sel ect edCrwsadioows723
decel lul ari zation of the tissue sanple while maintaining certain desired

bi ol ogi c operties of the tissue sapple. In. nbodi nent t he pressure
is sel ec?’gbog'g‘%tﬁo%e?ﬁ‘éretqa&%aPBEEEngOt ﬁgvvé’d“(iﬁgﬁ'@%ff C}Oﬁtfg’ﬁwgstf‘ﬁe tissue
sanpl e above a selected tenperature and/or to allow thawing within a

sel ect edPrepfwre aied]tpAhg Hssur sa@piso dinniaiiosls ambogimenttidhePrestd!gr esent

di scl osure can be used to process a variety of different tissue sanple
types. Exmptieldaoythetissmd sample, tbe Emesthapthespiiessltedis, applied aard/oothd iaté t ed t o,
bone, skin, intestine, urinary bladder, tendon, |iganment, nuscle, fascia,

neur ol 0ghfprebSgredncreadeandigaidcreddéndan b @oakoll6@d HeedRilardecthertisetiger
manmal i an tissue. In certain enbodi nents, the tissue sanple can include a

manmal i ttd Syl [ %%m@ J I i ts, the
ti ssue g%ﬁ%ﬁ%’ggﬁﬁ%ﬁgFude ﬁgﬁﬁgfpgﬁ erﬁ%gnwﬁhgﬁé&?g%ﬁﬁgﬁggélnents, t he
derm s can be separated from surroundi ng epiderm s and/or other tissues,
such as %ﬂﬁeﬁtaneous fat. In certain enbodi nents, the tissue sanple can
include snmall intestine subnucosa, In certain enbodi nents, the tissue
sanpl es 09841 ncl ude HuNaHOWS erbRdinaRES m;?r@&ure@m\ﬁdéwbe tiggi@ abl e
non- human ti ssue sources include, but are not Iimted to, pigs, sheep,
goat s, rsdyhplescamips kelgsiedapaliast onahariehoof fagtais. hmsoelesempodipgntartheus
types of high hydrostatic pressure application systens can be used to
process prcssue is3gudtsd BaSEd dhnbe typeof fistiue KiMvIdi ot Frocksserk Indddmne
enbodi ments, a high hydrostatic pressure application systemw Il include a

rigid Ve&%ﬂgbdf?ﬁerﬁ@,%%gﬂ@ésJr@ﬁé‘%@le‘&}ecﬁ{oﬁ&kw@&e@élﬂﬁérii%‘bﬂldf%é'ii:bs"the In

certain enbodi nents, t1ssue sanple e treate pl aced i n the vesse

di
al ong wi flud (¢ : .l rt.al j : j e sanple
may b peaRBseutte g Bt et BioRuR sPBEHERT e tholie barhBlet T e
fl exi bl e package may be placed in a vessel containjng fluid [In certain
embodi Mo SOMS P0G REN (s 436 Press U isRalewiP 0 PHiaw Pe disaue inBr dhaied | ui o
pressure is applied to the fluid in the vessel. In certain enbodi nents, the
pr essur ewigheutieisijhinedissus semplpipbovera selgstedremperalvse @ndiad te allewi n
enbodi nents, the pressure can be applied using a pneunmatic piston to
conpr essthalend mithoh a selected/ssel , or a punp can force additional fluid into
the vessel until the pressure in the vessel reaches a desired |evel.
[0027] I njop@sy ai N enboglivEROLS endddirieHS, SR Rlcthd®s @ﬁﬁl@gﬁ@@lentrui@cléélﬁé! bl e
container containing a liquid, and pressure is applied to the container. In
sone enbadi pENn i ] i ackd L r r.Zation
containé%gtgﬁfgéﬁﬁﬁé&%.ilgt?%mgksfgﬁggéure ﬁ%ﬂﬁﬁBpkgxg?% FgéH%$ﬁ2id in the
rigid container. Jln sonme enbodi nent the tissue . sanple is.packaged in a
{1 exi bl SMEBHTaTa He B RS e 1 it FRaSp e R, Seh e o
placed in a rigid pressurization container containing, .a |liquid, and
pr essur eliirAry HAqds, endoReligamant mysdedassigi BRI tasue. ey, ieddtus
enbodi ments, the pressure can be applied to the fluid by conpressing the
f1ui d uslung, kifloey esaitifpge, and/or sthar mamnigliapuigsiueg ladertairembbdinentsnt o a
container with a fixed volune. In certain enbodi nents, when the tissue
sanpl e itheptaskagathple canfiheyddlaemanmialiaresoft teier shrple. t Fer éxagpib| @
container is sealed so that only the fluid inside the flexible container
cont act sedifin tnfisoime AR tike tiEOR28hMpIAEARINEIRTe Maftthdfarsasrhig. ysed to

contact the liquid during
certain embodiments, the dermis can be separated from surrounding epidermis
and/or other tissues, such as subcutaneous fat. In certain embodiments, the

tissue sample can include small intestine submucosa. In certain embodiments,

the tissue samples can include human or non-human sources. Exemplary,



application of high hydrostatic pressure. For exanple, various agueous
sol utions can be used. In certain enbodinents, the liquid can include an
aqueous swabti1vm2mertai n enbodi ments, the liquid can i necCuas2@osssene
sol ution, such as a phosphate buffered saline. [0029]In sonme enbodi ments,

the tissue sample can b rocessed.t estro ubstantially all of
the nat; SUIAHE BoB-LETE leue peuters irduds Huk e Rl Bulea i ReDGNEREN: s
determ nati on that destruction of the native tissue cells has been
acconpl i 96ig, tahbitsempakeys, rangl/oRothas RpRduman exrmalgnpl e t hat has been
treated with high hydrostatic pressure with a liquid that does not danmage
t he cel | POA6Yni f i cantVarious.tgpes BBRighdwydrestatiy pressutd applicgticasystendet er m ne
how nmuch, if any, of the native tissue cells remain. For exanple, in sone

enbodi nep4s beafdedrto fﬁr@&béﬁiﬁs@étmme@w%mﬁg id&@darm Rindsdiments. an cel |'s,

simpl e washing with a saline solution can renove cell remants, and t he

washed sgoplis é%ﬁl@oé?ﬁe%\’é"a%pﬁ%yﬁfo{iﬁﬁ@é@sﬁﬁré %gﬁl!k%l |8ﬁ'sly§ ¥R B moved,

t hereby I'n |cat|ng destruct n sul abIe ne o s for
eval uating. the s eter | een destroyed and

r emoved 5{89 P‘gp%ﬁﬂiamﬁh m?dn?fnosze?l (gb%rnlfﬁ@ aér&’ﬁ%% imted to,

|l i ght m croscopy of frozen or fixed tissue cells, I n certain enbodi nents,
the pres@fvodsnents| adissye sample knbaieatachis Maced, i theressakalagd Mithg@nt s t hat
indicate that DNA is present, for exanple, PICOGREENO DNA quantification

ki ts canflbid (egedwatefD mmrmeamemszmmmmpmeme peokdgldirei n,
destruction of substantially all of the cells will be understood to nean

that at hélesibl®edntahel040alsd ebHIHiMOIGiocand trofiéfibleqittkabk i@y BeNt ages
bet ween those end points, of the native tissue cells of a tissue sanple

that hasppieed ik bed) drhincfhily 9 eégémé}newmt@ %tpe%eggéw.@ a sal i ne

solutlon are not pr al ua usi ng conventional histology (e.g.

light m 1.1ln i be treat ed
w h b g anaL g&e[t&s‘%éé e T R v B R PR T AR R %ot The
cells in the tissue sa and tﬂé ti ssue sanpl e nmay be tregted further
Wi th ot h¥FSSS o&'ég%'é%'“t %ﬁ‘i’ﬁ\%‘t?é .pwwreéﬁﬂsbem"esxa@pnw 85%hot ed
above, in varlous enbodi ments, various enzynes, detergents, and/or other
cheni cal wayse Fos edample, dmeedaineembodimsants, thepsesswatcanshappliest using @ may
alter tissue extracellular matrices. Therefore, to reduce the anmount of
t r eat menpnaurmiatie pisforety compergetheSluidimtihervessbior almimp &hs fotcessue sanpl es
may first be treated with a high hydrostatic pressure treatnent, thereby
r emdvi NQa8QiBn AN fiLid Ritd A veéééa udil th@fprteaguethtﬁe vasskitrBachdsa dgesiaapl e may
be treated further with at | east one additional decellularization process
to removg,afditional cells, if any are present in the tissue sanple.
Sui t abl e reagent s and net hods for perform ng decel lul arization include, but
are not ed to, those descrl ed i.n, for exa
5 326, 618808°T, s ey NERTalN ST BRIRIT IS B 85 us SRR IR RGBS 1 BolR o1 o
may be processed to produce an acellular_ tissue matrix. | n sonme
embodi meR@RIAINGA COREANING aRlALIg sanbPrassHIsiscarplicAdp e cantaingrr desomea ar
matri x. For exanple, in various enbodinments, the tissue matrix can include
a col agemhmdimésxtsderﬁsseelsarrmbésplace@bﬁryamrgicupfefseuémtiommairwm sof t
tissues. In certain enbodinents, the tissue matrix can include

containing a liquid and pressure is applied to the liquid in the rigid container. In

some embodiments, the tissue sample is packaged in a flexible container
containing a liquid, and the flexible container is placed in a rigid pressurization
container containing a liquid, and pressure is applied to the liquid in the rigid
container. In various embodiments, the pressure can be applied to the fluid by

compressing the fluid using, for example, a piston, or by pumping addition fluid



WO 2011/ 022369PCT/ US2010/ 045723 one or nore additional extracellular matrix
proteins and/or nolecules, including, but not limted to, various GAGs,

cel | - si gnabizog/oredeecul es, or ot her chenical s desired forcefifSeemiongy2yari ous
bi ol ogi ¢ functions, such as cell binding, adhesion, growh,

differentiation, and/or remgdelling., [0033]In sane enmbaodi nents, a net hod
for decotapsoniaing wth p 1588 SlimP o brgan b SRR A e Tededsanpl o
conprising a manmalian soft tissue in a liquid and applying a pressure to

t he |iqwamp@rlsavapka@ecbw\raﬂ@mblﬂcqr&a@@gtgwrglbbéfﬂ%ﬂemglel@p ainepfs t he native
tissue cells within the soft tissue. In sone enbodi nents, the pressure is
appl i ed se¢aled sbrihatonlp thesBuiddnside dies flexiblesctrdsimet cahiagtsathle tssuehe nati ve
tissue cells within the soft tissue. In various enbodi nents, the pressure
is at |egghpR00 MPa, at |east 300 MPa, at |east 400 MPa, or at |east 500
MPa. In various enbodi nents the pressure is between 300 MPa and 500 MPa. In

vari ous iments, phe; el | d ! ielent to

dest r oy @l?g??anti al | ﬁ g%l'&g???ﬂ%‘aﬁgtgp\é}jééoﬁegghoggé:néﬁéthgﬁﬁﬁﬁﬁ%@@esoft

tissue. | n var.ious,enbodjinents, the pressure is applied for at ast 30

i at o6 PPIEAIPRAL PR RRIANE Presrely B AxamblvagniS 2oy bel iR
applied to the liquid is at |east 400 MPa for at |east 10 mnutes. In
certai n exbbaiusert 4n cerainprabadimenipghe dguidcamimciudgiaandeqis sahskh 400 MPa
for at least 30 mnutes. In certain enbodinments, the pressure applied to

t he |i qucettais embddiments;dide Npaidfoan inclube assalide sdlutiare such msveaphesphate

enbodi nents, the nethods of decellul arization are perfornmed w thout causing
excessi veyfigatigagnef the tissue sanple, as described below. [0034] 'In

vari ous enbodi ments, the methods of the present disclosure allow

appl i cat iagb&eﬁf hi gh hr%( @?ﬁ?éﬁwbﬁdﬁﬁ&ﬁé“t{h% tsQué shhiiié ah B Bclbidpy causi ng

significant heating o tissue sanple. In various enbodi nents, heating

of certajn.tissue s e ' IS . trix
or ot of nedstteySiTe 287585 ABER BRI Subl B Bl PSR sl Pea

bi ol ogic functions of the tissue, sanples when us for tissue r ir,

r epl aceng®ftain GMbagBis delrimingiontat desttyction ?lfe'gﬁﬁl?&'ivﬁé'ﬁ?%e ﬁ@ﬁg ﬁﬂs can

al low tissue decellularization, tissue thaw ng, and/or reduction in tissue
bi obur delbeen ererRmplished ¢an beperfosvad byarashing adissuesepwiathatdrasrbaan a tinme
that may damage tissue extracellular matrix proteins. In certain

enbodi metnéstednwithhighdnasdstatic preggsess with a Bqug phatetbest nat deabagatit tallsa

maxi mum pressure such that the tissue sanple does not reach a tenperature
greater &ihamicdRfly (4.§., FBS)2ant 8AR9ShgRRé Sanidles tEd@eralnd oW aRfch) fargxceed
25C. [0035]In certain enbodi nents, application of pressure in a hydrostatic
pressure : i I QMY LO .o | RN t he
vessel (?@?ﬁt%‘{gq‘%gﬁ %ﬂé %%L %aus@@hémtéegnr%éergggﬂl%ﬁgb@f %g}%:h%r essed
mat eri al 0_jncrease. However,  certain essurization vessels. all ow sone
neat 11 anOr iR R e e e pe fy AGe SR IG ARSI WRBRESAdcn oy st ens
are not truly adiabatic. Therefore, in various enbodi nents, the anount of
pr essur eSPIHEPR 38 reove (call saMngnis @nddhe Washegianerleiceh e ewalualeddesyr e
increase) and heat transfer to or fromthe vessel walls. In addition, in
vari ous defeouinesiftiss cellsasavecheen eamoved, libersdydandigating destecticsssfdhecan al so
affect the tenperature within the vessel. Therefore, in sonme enbodi nents,

t he tenpesi UCertaih suitabramptididfongvaluating thasamplisao dutdmaintat ¢ellspr essur e
can be controlled by controlling the rate of pressure increase in the

treat menhayepash debNORM hRd 76Mmodbd RENRMIKRANS andNRcilitié $4eexAPleebut | qui d
contained In a
are not limited to, light microscopy of frozen or fixed tissue cells. In certain
embodiments, the presence of cells or cell remnants can be evaluated using

reagents that indicate that DNA is present, for example, PICOGREEN® DNA

quantification kits can be used.



pressuri zation vessel, and/or pressurization equipnment can be cool ed before
and/ or during application of high hydrostatic pressure. In sone

enbodi mrenwe,20i10e23say be placed in the Iiquid contai ned POTIU$2010/045723
pressuri zation vessel, and/or the walls of the pressurization vessel can be
cool ed. 011/ 022 69P US2010({ 0457 037],1 n. v

prevent Eq\agg e damagé! e(éi'll%r@\% SSHYFHeN b?ﬁ%?%ﬁ'a@ %W%ﬁhelcp ”EB?en
desirable to freeze tissue sanpl es during processing, transpor and/ or

st or age. umqlerﬁmqou@sm@mb‘mtraémasst 98 tn 0S8 Yeh sdudding tfpﬁ@e@@,@n&garbiahse t he
tissue sanple is thawed. But, in certain instances, thawi ng by heating the
ti ssue spegketayes bkwage thcb%end emtritsa,aﬁlthelhaﬁverﬁssue(cejtsmfmwﬁsme and/ or-
pronote mcrobial growh. Further, in certain enbodinments, thawi ng tissue

sanpl es s4dple that ﬁésb@éﬁtl‘é@%d w&ﬁdnghﬁ rostatid pressiae aref WISl #N Or j ust
above the freezing point of water in the sanple) can be tine consum ng,

especi al éé(hr{ §olhﬁr5r9§|re ﬁé@ﬁ%geméﬁévalhg%’b%élﬂ %85%81’1&&??%% a‘ﬁﬁl o

met hod for thaw ng e conprises p ovi di ng I'ssu

corrpr|S|. a nammllan tissue that is at least partially frozen in a liquid
and appl ngﬂdmgr?ﬁp@%hre to the liquid sufficient to thaw the frozen tissue
sanple. In some enmbodi ments, thaw ngtpoccurs wthin al|limted tinme and/or

with onl [PO3Tki ted el d0&oMsnemPoditaents stisrlessamples eapbe degied Witbdiah) Fig. 1

provides a phase diagramfor solid and Iiquid phases of water. As shown,
t he mel t hydroptatictpresswearto cermove sopieasesubidantellyedl eftthaicghein ihedissuees.
Therefore, in certain enbodi nents, application of elevated hydrostatic

pressur esamples aMaltAS tisSié saMpig mayehe RBakAUBRhEOWIR IoBh@proteddes 8ol i d state
water to liquid wthout significant heating of the tissue sanple. [0040]In

various figh F@ﬁénﬁmgacélfssslitﬁ e%g%WEBI@ SSRRANUEHVE, E‘P\P&fodé”@h b&mﬂéHté' ally or

entirely so state I'n’ various enbo nts avm ng the
tissue sa e af, b t he
sol 1 d-st g%*@%%@% tcf?éec@% S RMECH b Bl 3 e oty Bhe
enbodi nept s, .t haw frozen tissu 0 | Ses causing greater
t han 50%4'8f tﬂ??é‘e%{;&to&éc?‘éf? tants may Q%F?é tis %%@étrggﬁw%r m@ﬁlﬁ%er go a phase
transformation to a liquid state. In sone enbodinents, thawi ng the frozen
tissue cohpreferss te ramdiioadhe @vseunttaf dleajmant with enremes| detesgents, aagdlr in t he
ti ssue sanple to undergo a phase transformation to a liquid state. In
vari ous etheocdheriidals, tisstesam@Eedniay fifOBe dleatdtbwith @ hightlydresatid e under goes
a phase transformation to a liquid state.

pressure treatment, thereby removing some or substantially all of the cells, and

the tissue sample may be treated further with at least one additional

decellularization process to remove additional cells, if any are present in the tissue

sample. Suitable reagents and methods for performing decellularization include,

but are not limited to, those described in, for example, U.S. Patent No. 5,336,616,

to Livesey et al.

[0032] In some embodiments, the tissue sample may be processed to

produce an acellular tissue matrix. In some embodiments, the acellular tissue

matrix can include an extracellular matrix. For example, in various embodiments,

the tissue matrix can include a collagen matrix derived from a variety of different

mammalian soft tissues. In certain embodiments, the tissue matrix can include



[0041] I n various enbodi nents, the anount of solid state ice in the sanple
before and after application of a high hydrostatic pressure treatnent can
be det er woedim2meveral ways. For exanple, in various echascomniz23the
presence of ice in a sanple can be determ ned using snmall sanples for

differential scanning.calorinet (DSQ).. For larger s l.es,. i,n,various
erbod mepe or PATe At Bidrvaibiar gt nubfins ShEBhAIESRIES, ionileitd |
insulated liquid at a known tenperature and supplying heat to the system

I n cert abut RofJBaifarkior yariqumCas, cali-signalinggnelssules pr elherncheawsals n an

adi abatic system and the sanple tenperature or the tenperature of a fluid
medi a sudesitedifangffebbng sapdes bmtodie furedisns eslialuas ogll biodmge adhesionSanpl es
that have no ice will be expected to increase their tenperature in an

adi abat i growth! giffepéntratioRNSH@BE rérmbgelliggated to the pressurization rate. In
certain enbodi nents, for sanples containing ice, the tenperature of the

sanpl es pl at eau | By ; jce. In
sonme enb (ﬂér%nts, if I?tﬁgﬂ%ée%@r%gﬁhﬁgbggﬁtgbgﬁ%{%é%élﬂlp%@ﬁiﬁgg%%% sanple is
measured, the fluid tenperature. will increase nore slowy.for | es

cont ai ni STPECY RS Prvidig adisthe s somesiting  Ratimelad sprAFRUE i
sanpl e tenperature and/or decrease in the rate of tenperature rise wll be
dependent? dHavidanghaRRlYingra pressyretodhe liquishios a time seificiei de dreley, the
tenperature of a tissue sanple undergoi ng high hydrostatic pressure

t r eat mensubhsiantidliy all oidtiebeitive tisaue gplis withini the doft tisswe. dnisotierent s, t he
upper limt is based on the initial tenperature of WO

2011/ 0228hPBdIMsIR30HHY 482 ishpptiednrit 8 mmrhusxpriEsgkene tordestidy enmbodi nent s,
the thawi ng of the tissue is performed w thout increasing the tenperature

of the tEé@é%ﬁnﬁé\IWéIPoFmé%attiUé@iﬁéggcehé‘vﬁtﬂﬂ?th%”@lﬂﬁié%%&%nlvtahéué hawi ng is

performed w thout” 1 ncreasing the tenperature above . I'n sone

enbodi ne \ hawi ' rf ' ug, | ' t rature
above zsemopgiigneafi bshiheS AT R00 Mal hyeRst A ML R E IS

i ncr easi t he r re of the tissuye sanp| e, above between abo 25C and
30C. [OO%Qvﬁréfgsgﬁng%nﬂ%yaf'ﬂ‘és £ H’@gy@‘ He PFERSER '%/\AF?W” #ﬁﬂ:r easi ng
the tenperature above an upper limt, and within a certain tinme. For

exanpl e, MRa 8add08MBai e xadous pakiodgnerisuthe piesklie is@prlindfesa time cert ai n
enbodi nents, thawing occurs within 60 mnutes. In various enbodi nents,

t hawi ng suffivient todéstoyrsubsibotidlly20l of thetredivatidsad celis ¢ithim thetsedt tigsded44] | n
vari ous enbodi ments, the high-hydrostatic pressure treatnment is perforned

to obtai h garkfid @nbBoligveits OtheHEUSIIRAS abpliSAra £ I8RO ARUtes W atikaspl e, in
vari ous enbodi ments, high hydrostatic pressure nmay be applied at a pressure

and ti e il e dafRbRBoRIMERSS RGN gBpRbitke Ralid' ARE at

| east a I'og reduction, a og reductl on, og reduction, or an 8 |og
et ogoh b5 A% 1 e In AP ol RS B AP i
reduce tthhee l?c;u?g lilsr gte Igatsto 4610 R/!alga;[ %o?lélt Elieraslt %%er%i'nutes. In certain embodiments, the

pressure applied to the liquid is at least 500 MPa for at least 30 minutes. In

various embodiments, the methods of decellularization are performed without

causing excessive heating of the tissue sample, as described below.

[0034] ’ In various embodiments, the methods of the present disclosure

allow application of high hydrostatic pressure to a tissue sample without causing

significant heating of the tissue sample. In various embodiments, heating of

certain tissue samples may damage various tissue extracellular matrix proteins,

10



[ 0045] I n various enbodi nents, the bioburden of a tissue sanple can be
nmeasured by extracting m crobes froma tissue sanple and culturing or
qguanti f yiwg 2a11peeiebcul ar type of organism A suitabl e mpCha$2dion4s2s racti ng
m crobes froma sanpl e i ncI udes washi ng a sanple with a sterile liquid and
cul turin OI‘IIOJ’] or of the.l] us to wash t or der
Co quant eyeX HenaRstie Seredhiiofdia lllions A Beoe Bramrire Boen tred Tolnmpi .

I n various enbodi nent, the washing fluid can be sel ected based on the type
of ni cr olissuerepairgepacament, angrasneraioi: elkerefaraneedainerbedimestiie. In sone
enbodi nents, the bioburden reduction is perfornmed w thout increasing the

t enper at he;eirabawall@@(ﬂsshe decettularatitinytiasse tHavand, ard/odeductdoat tissud s
performed wi thout increasing the tenperature above 25C. In certain

enbodi rrebb@urdérﬁwhh@hxu{éé@mgrtﬁdtﬂeéu@@amlésetrof@fém retGreQittfol AGiRRAEHARY t he
tenperature of the tissue sanple above between about 25C and 30C. [0046]In

nmb f
appl y@eng”%”%% el PR Tt EORIEE Mo erl CHERm BB CRBE™ T o
par il 1 D oeaRge PRe- i PRRIFF 1 ko e A R That

sterilization process can be perforned to further reduce the bioburden in
t he sanpihe, tlawewlemlnﬁéﬁ%ch airmperaturg grgateihpp o98ss IR s8Rl a
termnal sterilization process that is perforned just before or after
packagi ngmbotinssnts, thartehperdisireisods net exeged28%.eril i zati on process" can
i ncl ude any process that reduces the bioburden in a sanple, but need not

render tjo03sanpl e absplcetaln/embetinénts | ASichGoh bR pFesXed ahydRistaRsses
include, but are not limted to, a gamma irradiation process, an e-beam

I rradiat ?t’%’%s@@%&%& cBusePsdiabhlit E&Mg?@és@c%ﬂoﬂfh%gfer%se@th?nztﬁe'\/égs&r ocess,

and a peraceti c acl treatnent proce varil ous e nments, such

{1 cous Mg AL, whtiea g i e BRRRIE o tﬁ%@ﬂ?%#@@ﬁ%&% B

the tine or intensity (e.qg., radiation dose or P of the steréllzatlon
process. mICFPaLS@rt ‘P‘He\é?ﬁaﬁﬁ ABrRIESSUZAtORMESSRISAION PRI ERRSIEE pressur e
to a sanple to partially reduce the bioburden can therefore reduce the dose

substvaesh tha walls phthe assph angdbercfore guch syslems/areanetdsily ed | evel of
sterl lity. Suitable sterilization processes include, but are not limted
t 0, thosedidbatic.i Hhdrdfore, irovamoxuenpingodichéhts Phiccarhoffotdfi pressuwre irease is
2006/ 0073592A1, to Sun et al.; U S. Patent No. 5,460,962, to Kenp; U S

et S e e e L SR
provi dedg it #grveR8eNQNE In addition, in various embodiments, phase changes of the
water within the vessel can also affect the temperature within the vessel.
Therefore, in some embodiments, the temperature of the sample being treated
with high hydrostatic pressure can be controlled by controlling the rate of pressure
increase in the treatment vessel.
[0036] In certain embodiments, the tissue sample, liquid contained in a
pressurization vessel, and/or pressurization equipment can be cooled before
and/or during application of high hydrostatic pressure. In some embodiments, ice

may be placed in the liquid contained in the pressurization vessel, and/or the walls

of the pressurization vessel can be cooled.
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skin with hair intact or as dermal |layers that were isolated fromthe
epiderm s and subdernmal fat |ayers. The dernmal | ayer was isol ated by
cutting twe2subdesspal fat and a thin layer (1-2 mm of trhe/useswn4zies m s
fromthe derms, and by cutting a thin layer (0.25-1 nmm) of the epiderms

and uppe ms fromthe derm.s.. Hair s mechani cally_renoved, before

ol Aty riPRRL "ser m o KBfR SRy es. KR LBR B B e D ERRd | o

i ncrease the bioburden levels in isolated derm s tissue, all of the tissue

was st or 8ad/ppueIeeial gipihe itk Piien dgsirabledp dedetissys spaPleeduiRg days after
t hawi ng under refrigerated conditions. Each piece was individually packaged
usi ng a PEREFSINYhganspdat; ahdiar stanage. dewiadeus Eadiodiineots, @agngeal ed wi t hin

t hree vacuum seal ed pouches to prevent exposure of porcine tissue to the

pressuri Qwémewepﬁ@essiﬁgQ)r&@@pﬂﬁﬁtiyweesa?ﬁplﬁagﬂﬁiawéd.hBat,mi\ gerim anount  of
fluid in the seal ed pouch such that the package closely conforned to the

sampl e. {QPRLA ﬂ%ﬁﬂ%gg&@?ﬁﬁé e ﬁ@édé’@arﬁé@@dﬁ qﬁgﬁg@ﬁs@@@%ré&elwar ch,

I nc (Al bany, NY) was or~the experinents. ystem had a f1 xed

vol une ap | i r.essure b i.ng. . fluid jnt e . The

t enper at ﬁﬁg%hﬁgﬁgqgﬁ%ﬁ%ﬁ 9@"@%?&6’&%@&9‘@“} h@‘t"t"E%oi/”r é%i%hf romthe cap
of the vessel _ into the pressuri zatl?on cl;anber_ to meﬁgsur Jbul k 1 u’iH?ﬂ

pr essur eSMPAgIMeNts, e RSt RPORES selptvaly cq F?mﬁt'%e SfUMR'h whol e
skin and isolated derms were tested first (runs 1 and 2), and | arge

non- dehalefégerptien @ juss ebors tus Feezingtraintsfiwatevindihei sempley oar be tamel 4) .

Table 1 summari zes these conditions. The pressure vessel had no tenperature

control syrsgupningsespdutallyefior mrget ¥syuer sarmipleswas dependant mainly on the
initial tenperature and maxi mum pressure. The rate of pressure increase was

at a singjogggpeed of |328rRH &pB6dinfdits! a MiRod fettHading 88sSi@sampleces of
tissue that were exposed to high hydrostatic pressure were exam ned by eye

oo Cucfir AR RSB PR AN Rl 5P 202 o

4. Tabl ele%\:s’( pRgrrt]iaﬁ:y?ﬂgizé% ?nng Iigﬂ% :iu&néD ES&%rgea rlze%ls)ure-r itonﬁe( lga-uri]a sufficient to
thaw the frozen tissue sample. In some embodiments, thawing occurs within a
limited time and/or with only limited elevation of the tissue sample temperature.
[0039] Fig. 1 provides a phase diagram for solid and liquid phases of
water. As shown, the melting point of various ice phases decreases at higher
pressures. Therefore, in certain embodiments, application of elevated hydrostatic
pressures to samples containing ice can cause conversion of the solid state water
to liquid without significant heating of the tissue sample.
[0040] In various embodiments, a tissue sample can contain water that
is partially or entirely solid state (i.e., ice). In various embodiments, thawing the
tissue sample comprises causing a portion or substantially all of the solid-state
water in the sample to be converted to liquid. In some embodiments, thawing the

frozen tissue sample comprises causing greater than 50% of the solid state water

in the tissue sample to undergo a phase transformation to a liquid state. In some
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Start Tenmp (C) Max Tenp (C) 1 and 3 60,000 5 27.0 and 25.3 38.7 and 38.8 2
and 4 75,000 10 26.8 and 25.7
WO 2011/022369 PCT/US2010/045723

embodiments, thawing the frozen tissue comprises causing substantially all of the
solid state water in the tissue sample to undergo a phase transformation to a
liquid state. In various embodiments, between 50% to 100% of the ice in the
sample undergoes a phase transformation to a liquid state.

[0041] In various embodiments, the amount of solid state ice in the
sample before and after application of a high hydrostatic pressure treatment can
be determined in several ways. For example, in various embodiments, the
presence of ice in a sample can be determined using small samples for differential
scanning calorimetry (DSC). For larger samples, in various embodiments, ice can
be identified by placing a sample in a thermally insulated liquid at a known
temperature and supplying heat to the system. In certain embodiments, samples
can be compressed (pressurized) in an adiabatic system, and the sample
temperature or the temperature of a fluid media surrounding the sample can be
measured during compression. Samples that have no ice will be expected to
increase their temperature in an adiabatic system at a constant rate related to the
pressurization rate. In certain embodiments, for samples containing ice, the
temperature of the samples will plateau at a temperature near the melting point of
ice. In some embodiments, if the temperature of the fluid surrounding the sample
is measured, the fluid temperature will increase more slowly for samples
containing ice than for samples that do not contain ice. The plateau in sample
temperature and/or decrease in the rate of temperature rise will be dependent on
the amount of ice present.

[0042] In some embodiments, the temperature of a tissue sample
undergoing high hydrostatic pressure treatment is maintained below an upper

limit. In some embodiments, the upper limit is based on the initial temperature of

13



39.9 and 40.5 [0052] After exposure, the tissue sanples were stored in
refrigerated conditions (1-10C) for less than 1 week. Sanples of the whol e
ski n and weabatee3sder mi s and were submitted for bioburdeaTtusseiongs723he
sanples were agitated in a PBS solution to extract the bacteria fromthe

sanpl es and the PBS saol utian was plat nd i ncubat ed.
Bacteri aﬁ St‘ﬁrBRI efW@"}PA%HP&?me(gW%ngm%&ﬁp 8\”‘ (?fttg'ﬁ B3¢ sue (both
i sol ated derm s and whol e skin ‘%Were al so subj ect ed to the sane bi oburden
testing B%ﬁf%ﬁ“ée%WHB%tr'@CEG@Stﬂgg erpanesatare ef tt\eet@uﬁéantm@mwtt\an
refrigeration, some remaining isolated dermal tissue sanples were al so
subj ect eti0%o [DSGDmE)@@bmﬁmsets‘, dherthwisg g pedormedwithoof incka@sing the

2011/ 022369PCT/ US2010/ 045723 sanple on a TA Differential Scanning

Cal or i metegfipdrature bove BINCS In MewicCamibbaiméms avertawirglie pérBineledr den t est
results are shown in Fi gs 2A and 2B. The data is shown as col ony form ng

units (Cﬁ%omhcrtéa%ﬁ'@eth? %rat F%éﬁ@é’ﬁ@' fh cgrlt'% re%%’d&nﬁtgﬁ@cg\ | east a

1 to 3 LOG o reduct alred ti ssue an reducti on

| onger ol Eadnd & ﬁ%‘f%r‘*tt%ﬁyﬁﬁh%tﬂﬁ%%%itwttﬁsisﬁtgﬁ%@f o B el RaMHE "5 1 over

pressures and shorter tlg%gq:\l a[nOOSS There was a reduction in bacteri al

deact i vaBPoe Retveanriqut d 30

[0043] In some embodiments, the thawing is performed without
increasing the temperature above an upper limit, and within a certain time. For
example, in some embodiments, thawing occurs within 30 minutes. In certain
embodiments, thawing occurs within 60 minutes. In various embodiments,
thawing occurs in between about 30 minutes and about 60 minutes.

[0044] In various embodiments, the high-hydrostatic pressure treatment
is performed to obtain a certain level Qf reduction in sample bioburden. For
example, in various embodiments, high hydrostatic pressure may be applied at a
pressure and time sufficient to cause a pressure and time sufficient to cause at
least a 5 log reduction, a 6 log reduction, a 7 log reduction, or an 8 log reduction in
the bacterial load of a sample. In some embodiments, high hydrostatic pressure
may be applied at a pressure and time sufficient to reduce the bioburden to a
particular level.

[0045] In various embodiments, the bioburden of a tissue sample can be
measured by extracting microbes from a tissue sample and culturing or
quantifying a particular type of organism. A suitable method for extracting
microbes from a sample includes washing a sample with a sterile liquid and

culturing a portion or all of the liquid used to wash the sample in order to quantify
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tissue, conpared to isolated dermal tissue at each pressure tested (60kPSI
and 75kPSl). Therefore, for dermal grafts, cutting the tissue sanple to
renove nowederimekiceonponents before high hydrostatic pressmseonesesrent can
provi de inproved reduction in bioburden. [0056]In this work, the

i nactivati on dat howed .excel l.ent results for the short periods tested.
Hoacver HeAmEael o aRLPAHEHS, BicTibe CE sebtohesth SR, JarBHOUS e ( et o
ti ssue damage. For exanple, sanples subjected to either 65kPSI for 5

m nut es embediopent, the washipp dlvidkeambg selratedibased en thatyresofgnicrsiee ihat

indicated a high |level of denatured collagen. Therefore, experinents were
per f or nebe poantfikss and/oe t@pfevent damaiggHoipel tissuat Incsgme esnbadiments, the
decel lul ari zation, thaw ng, or bioburden reduction when the processing

t enper at pippukidsh RO e rfd RSy Withemiheredsirgoertempetatbroaesse 3emper at ure
[ 0058] Porci ne skin tissue was obtained and dermal tissue was isolated as

descr | beﬁm é’&ﬂé%rﬁ%ﬁ’ﬁ% %he biobtfddn RRHRLBATs Péﬁ&%@&itﬂéﬁﬁn@@a@@i 0 use.

The sanpl es were en thawed 1 n a convective I'ncu d at or up to
36 hours | of the sanples re cut into .approximately 7 cmx .7 cmsquare
i eces.  MdemsPrahis sBEURP R br G AR RRES ShEI P diedn MR DNy

TM Magi ¢ Vac packaging to closely fit the dinensions of the tissue.

[ 0059] Ti BeURMMWitisuhaecEeasing b tereraiyrref hadissiersamrle abgye hetwages. PBS
was then added to alnost fill the package (at |east 50 nL on average). The

PBS was degus2¥@ and 30°CG.o pl acement in the packages using a vacuum pul |
down with agitation for several hours prior to use. Degassing was

consi der pg04sprpl et e Vhepni embodhests\\& seeriigation gedceseroanrtse pedorted he
stir-bar. As nuch air as possible was renoved fromthe package by squeezing

o oEkB9ers TP 00D RS 9 SHAISHRkSAR 9126 el e et sealer
example, in some embodiments, application of high hydrostatic pressure will at
least partially reduce the bioburden of a tissue sample, and a tissue sterilization
process can be performed to further reduce the bioburden in the sample. In some
embodiments, the sterilization process can be a terminal sterilization process that
is performed just before or after packaging a tissue sample. As used herein, a
“sterilization process” can include any process that reduces the bioburden in a
sample, but need not render the sample absolutely sterile.

[0047] Certain exemplary processes include, but are not limited to, a
gamma irradiation process, an e-beam irradiation process, a supercritical carbon
dioxide sterilization process, and a peracetic acid treatment process. In various
embodiments, such processes may damage some tissue components, and,
therefore, to produce tissues having desired biologic properties, it may be
desirable to limit the time or intensity (e.qg., radiation dose or pH) of the sterilization

process. In certain embodiments, application of high hydrostatic pressure to a

sample to partially reduce the bioburden can therefore reduce the dose of
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Approxi mately 50 | bs of ice was required for a total of three runs. The ice
was added to the vessel prior to pressurization, both above and bel ow t he
ti ssue. TWe anme23pessuri zati on system descri bed i n Exampirastomassased f or
the experinents described in Exanple 2. [0061] Tabl e 2 sunmari zes the

conditiong for each .run. of Exanple 2. 1ce was not us equal | v..because
Chere. weihseyRaEs RriidAtio Ere SR el it A Sesleq el Bt iSomer
tenperatures. Mire ice was used as confidence in the vessel's integrity at
| ow t enpevitahle stariizaticrs prpcesres didhide, bubare pak limited tathesedesadibed iBach run
was | ower as because nore ice used. Table 2: Run Conditions for Experinent

2 Run # fer ezampie, (PS| Palentd oticaliorSNar 20Tei00788p2MixtoTeumpel &); U.S50, 000
Patent No. 5,460,962, to Kemp; U.S. Patent Publication No. 2008/0171092A1, to

Cook et al.
[0048] Example 1: Reduction in Tissue Bioburden
[0049] Porcine skin was used. The tissue was provided either as whole

skin with hair intact or as dermal layers that were isolated from the epidermis and
subdermal fat layers. The dermal layer was isolated by cutting the subdermal fat
and a thin layer (1-2 mm) of the lower dermis from the dermis, and by cutting a
thin layer (0.25-1 mm) of the epidermis and upper dermis from the dermis. Hair
was mechanically removed before isolating the dermis. Both sample types were
previously frozen, and to increase the bioburden levels in isolated dermis tissue,
all of the tissue was stored together (whole skin and isolated dermis) for several
days after thawing under refrigerated conditions. Each piece was individually
packaged using a DENI™ Magic Vac food saver device. Each piece was sealed
within three vacuum sealed pouches to prevent exposure of porcine tissue to the
pressurization vessel. The samples were packaged with a minimum amount of
fluid in the sealed pouch such that the package closely conformed to the sample.
[0050] A 13 liter pressurization system made by ElmHurst Research, Inc
(Albany, NY) was used for the experiments. The system had a fixed volume and
applied pressure by pumping fluid into the vessel. The temperature was
measured using a thermocouple that protruded from the cap of the vessel into the

pressurization chamber to measure bulk fluid pressure.
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10 11.1 23.9 2 50,000 30 8.6 21.3 3 75,000 10 6.7

WO 2011/022369

[0051]

PCT/US2010/045723

Small pieces of both whole skin and isolated dermis were tested

first (runs 1 and 2), and large non-dehaired pieces were exposed to the same

conditions (runs 3 and 4). Table 1 summarizes these conditions. The pressure

vessel had no temperature control system, so the maximum temperature was

dependant mainly on the initial temperature and maximum pressure. The rate of

pressure increase was at a single speed of 350 PSl/sec. After runs 1 and 2, the

small pieces of tissue that were exposed to high hydrostatic pressure were

examined by eye and touch for obvious signs of degradation. No obvious signs of

degradation were seen, so the large pieces of tissue were processed in runs 3

and run 4.
Table 1: Run Conditions
Run # Pressure Time (min) Start Temp Max Temp (C)
(PSI) (C)
1and 3 60,000 5 27.0and 25.3 | 38.7 and 38.8
2and 4 75,000 10 26.8 and 25.7 | 39.9 and 40.5
[0052] After exposure, the tissue samples were stored in refrigerated

conditions (1-10°C) for less than 1 week. Samples of the whole skin and isolated

dermis and were submitted for bioburden testing. The samples were agitated in a

PBS solution to extract the bacteria from the samples, and the PBS solution was

plated on an agar plate and incubated. Bacterial colonies were counted. Control

samples of untreated tissue (both isolated dermis and whole skin) were also

subjected to the same bioburden testing before exposure to high hydrostatic

pressure.

[0053]

After refrigeration, some remaining isolated dermal tissue

samples were also subjected to DSC. DSC was performed using 12 - 23 mg of
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25.3 Run # Pressure (PSI) Tinme (mn) Start Tenp Max Tenp (C) WO

2011/ 022369PCT/ US2010/ 045723 (C) [0062] After high hydrostatic pressure

appl i cat iwo 20hie2e3essue was stored under refrigerated comdirttisens/§sr210C) for
no nore than 24 hours. To control for effects of the PBS solution on tissue

unt  ogt SHREBIS 0P aplere G neing CRRMEREr (PRI RIS aNaMTRe R (¢ cat ea

sanpl es. _The sanples were cut after high hydrostatic pressure exposure
under stB@elawarebndi ti ons, which may have affected bioburden results.

Bacterial contam nation was assessed as in Experinment 1. [0063]Bi oburden
testing [00S4per f or nedBiakurdesdestyedulitharxainghe iNLFigs. 2A and 2B. The data is

shown as colony forming units (CFU) per tissue sample, in LOG1, scale. The
results show at least a 1 to 3 LOG reduction for non-dehaired tissue and a4 to 5
LOGq reduction for isolated dermal tissue. The results show that higher pressure
and longer pressure hold times reduced the overall bioburden more than a lower
pressures and shorter times.

[0055] There was a reduction in bacterial deactivation with whole skin
tissue, compared to isolated dermal tissue at each pressure tested (60kPSI and
75kPSI). Therefore, for dermal grafts, cutting the tissue sample to remove non-
dermal components before high hydrostatic pressure treatment can provide
improved reduction in bioburden.

[0056] In this work, the inactivation data showed excellent results for the
short periods tested. However, the DSC properties for processed samples
indicated some thermal tissue damage. For example, samples subjected to either
65kPSI for 5 minutes or 70kPSI for 10 minutes had thermal onset values on DSC
that indicated a high level of denatured collagen. Therefore, experiments were
performed to assess the effect of high hydrostatic pressure for decellularization,
thawing, or bioburden reduction when the processing temperature was controlled.

[0057] Example 2: Control of Process Temperature

[0058] Porcine skin tissue was obtained and dermal tissue was isolated
as described above in Example 1. The tissue was stored at -80°C prior {o use.
The samples were then thawed in a convective incubator held at 7°C for up to 36

hours. All of the samples were cut into approximately 7 cm x 7 cm square pieces.
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The bi oburden test results are shown in Fig. 3. Only isolated dermal tissue
was tested in this study, and the y-axis represents CFUs on a logarithmc
scal e. TH¥O28t/22368n i n bi oburden i nproved with | onger RETASIHI4SaHd

hi gher pressures. For exanple, Runs 1 and 3 were both perforned vvith 10

m nute hgld tinmes, but Run r\f at_h

resul tedﬁ?ﬂ(qgf?ér‘%%rsee'aag?38%@%%@&%8& Y%é g%@‘%%‘%{&gﬁﬁ%’eﬁzﬁ 2 wer e
both performed at 50 kPSI, but Run 2, which was perfornmed for a | onger
time, redimansiensofithetisa4ed bi obur den reducti on conpared to Run 1.
[0064]Fig. 4 is a graphical record of the pressure versus tenperature
during tI0850hree rundissuetsdpiesperemiacedindividieallyouithin pre-nddeExanple 1. In
the current experinent, the sanple tenperatures did not exceed

appr oxi npaciaged>EBS wd@<t&€13|a@déd td lémesifill thet rakayet(ar leasks@adedn 35C, and
even 40C for the higher pressures. The flat region at the top of each curve
is a coo a fhuid to

t he vesséé\fé}gv\gﬂ Tﬁurldr%%t%%?e%'égﬁé&ﬁ) gggf?r%léﬁgﬁ%%gli%eq{a%égt&egamv?a%I s of the
hi gh pre wal | s of
t he vess cﬂ{;.u?%\ﬁgg%bvg m%gg%%ﬁ%e&%taé&%%égg%%l &%/@%53 si nk or
source, de endl g on the ther radi ent le 2 has th cool i

pl at eaus® Bcogmleten\g enay ‘@?%WS%UHE@WE[fB%@P@é@ngﬁ ﬁ’é{ '9\%{ al so
perfornmed on each sanple using a TA Differential Scanning Cal orineter. The
DSC r esuf\s snugheais ag\possivlerwas degiovad s tiae padikagecby sguerdingithesanpl e i s

al so shown. In contrast to Exanple 1, the sanples in Exanple 2 did not show

| ow t her patkagges ahd\the vpeniendi afdhe packige oldsagaiedieithtzuheati sealerRat her, t he
t hermal onset values for Runs 1 to 3 of Exanple 2, were approxinmtely

59-60C, pgoedp IS Si mlb@Watqustéaeto%a frd h@ﬁm}oﬁestzh@beé&,nee véggdli cation of

hi gh hydr ost at | C pressure while controlling th e sanpl e tenperature was
col Féé'exﬁlé R 39 B, P e R R (el B . oS s P et
Denat ur af Ic? ee\;eastslé[ Srllcl;rr}o pregsa/nzatlon both above and below the tissue. The
same pressurization system described in Example 1 was used for the experiments
described in Example 2.
[0061] Table 2 summarizes the conditions for each run of Example 2.
Ice was not used equally because there was a concern that there would be vessel
seal leakage at lower temperatures. More ice was used as confidence in the

vessel’s integrity at low temperature increased. Therefore, the starting

temperature of each run was lower as because more ice used.

Table 2: Run Conditions for Experiment 2
Run # Pressure (PSI) Time (min) Starzg)emp Max Temp (C)
1 50,000 10 11.1 23.9
2 50,000 30 8.6 21.3
3 75,000 10 6.7 25.3
Run # Pressure (PSI) Time (min) Start Temp | Max Temp (C)
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Contr ol

60.47 / 59.17 1 59.84 / 52.32 2 59.92 / 59.83 3 60.05 / 44.43

WO 2011/022369 PCT/US2010/045723

(©)

[0062] After high hydrostatic pressure application the tissue was stored
under refrigerated conditions (1-10°C) for no more than 24 hours. To control for
effects of the PBS solution on tissue during the time between packaging,
treatment, and bioburden testing, untreated control samples were held in PBS and
were tested with the treated samples. The samples were cut after high
hydrostatic pressure exposure under sterile conditions, which may have affected
bioburden results. Bacterial contamination was assessed as in Experiment 1.
[0063] Bioburden testing was performed as described in Example 1.
The bioburden test results are shown in Fig. 3. Only isolated dermal tissue was
tested in this study, and the y-axis represents CFUs on a logarithmic scale. The
reduction in bioburden improved with longer hold times and higher pressures. For
example, Runs 1 and 3 were both performed with 10 minute hold times, but Run
3, which was performed at higher pressure, resulted in increased bioburden
reduction. In addition, Runs 1 and 2 were both performed at 50 kPSI, but Run 2,
which was performed for a longer time, resuited in increased bioburden reduction
compared to Run 1.

[0064] Fig. 4 is a graphical record of the pressure versus temperature
during the three runs in this experiment and the four runs of Example 1. In the
current experiment, the sample temperatures did not exceed approximately 25°C.
In Example 1, the sample temperature exceeded 35°C, and even 40°C for the
higher pressures. The flat region at the top of each curve is a cooling plateau
likely due to heat transfer to or from the fluid to the vessel walls during the high
pressure hold step. The steel walls of the high pressure vessel started at
ambient, and the mass of the steel walls of the vessel provided a massive heat

20




VWHAT IS CLAI MED | S: 1. A nethod for decellularizing a tissue sanpl e,
conprising: providing a tissue sanple conprising a manmalian tissue in a
| i qui d; amo 2011/02236appl ying a pressure to the liquid of a@&CThsasw/0203 MPa f or
atime sufficient to destroy substantially all of the native tissue cells
wWithin the soft tisgue erei estrqying sybstant | |1 of the cells
el udessiik BF SpuichgdeRendls on BraRemRAt et CERAEPIER ks Mits<ErdifGy "t he
tissue sanple in a saline solution allows renoval of at |east 95% of the
native tRlaeausas well, but they are lespprepaunsgdof claim 1, wherein the pressure

applied to the liquid is at |east about 500 Mra. 3. The met hod of
cl ai m 1,[0@B6} ei n t he OBE $asting wapbisedparfortied dn gachisampi usisgst TA00 MPa f or
at | east 30 mi nutes. 4. The method of claim1l, wherein the pressure

appl i ed Digfetdrtidl SadhfingSCalbriRaGt PHREODERArdsuits lre lspa®h i Table8l @¢s.
5. The method of claim1l, wherein the pressure applied to the liquid is at

| east 40%}14!}3% L‘jrﬂfeéﬁéd beARL! g&nﬁfquta% shown.. In g?nt;%'é‘? 1R BRPHICH, Hetl M 1,

wherein t qgui d conpri ses ah aqueous salt solution. 7. The met hod
of claim6, wherein the,ljqui onpri ses osphat tfer sal i ne.
5. The mARECd? ExPainl 2 dif Bef RERW RIS TS SEF VSR ARl | 2t on
process on the tissue,,

collagen denaturation. Rather, the thermal onset values for Runs 1 to 3 of

Example 2, were approximately 59-60°C, which is similar to the control sample.

Therefore, application of high hydrostatic pressure while controlling the sample

temperature was effective at reducing the sample bioburden without causing

significant collagen denaturation.

Table 4: DSC Results for Experiment 2
Sample Onset Denaturation Temperature/Enthalphy
Control 60.47 /1 59.17
1 59.84 /52.32
2 59.92 /59.83
3 60.05/44.43
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9. The nethod of claim8, wherein the sterilization process conprises a

gamma irradiation process. WD 2011/ 022369PCT/ US2010/ 045723 10. The
met hod ofWOI2811/28369wherei n the sterilization process coRplilSael04#783 hbeam
i rradi ati on process. 11. The method of claim8, wherein the

sterilizatio k | €S a supercritical carbondi oxide sterilization
AWRADTS TG, B

process. of claim8, wherein the sterilization
process conprises a peracetic acid treatnent process. - 13. The met hod
of claimil, wher eiﬁ@%@%ﬁ%&?@i#%ﬂ%@“é%% AERE, LOOPISNT- ssue.

14. The nmethod of claim 13, wherein the manmalian tissue conprises skin.

15. The et hoproyiding aitissus santide epmprisignamammatian §ssue insz lkeUidodRd i ses
porci ne derm s. 16. The method of claim 14, further conprising
renmovi ng an egppleinged ptedgare for the lighid skatiepst 200 Mbaafpp bytinmg stffieiemt éssur e.
17. The method of claim1l, wherein the mammal i an tissue conprises at |east

one of ajiQRAPE,KHtantidiERINYf the native tidSue ¢OB WRAIRAHe @bftGlsaLE) Wherddter i n the
manmal i an ti1 ssue conprises small intestine subnucosa.
destroying substantially all of the cells includes disrupting the cell membrane of
the cells such that washing the tissue sample in a saline solution allows removal
of at least 95% of the native tissue cells.
2. The method of claim 1, wherein the pressure applied to the liquid is
at least about 500 MPa.
3. The method of claim 1, wherein the pressure applied to the liquid is
at least 300 MPa for at least 30 minutes.
4. The method of claim 1, wherein the pressure applied to the liquid is
at least 400 MPa for at least 10 minutes.

5. The method of claim 1, wherein the pressure applied to the liquid is

at least 400 MPa for at least 30 minutes.

6. The method of claim 1, wherein the liquid comprises an aqueous salt
solution.
7. The method of claim 6, wherein the liquid comprises phosphate

buffered saline.

8. The method of claim 1, further comprising performing a sterilization
process on the tissue.

9. The method of claim 8, wherein the sterilization process comprises a

gamma irradiation process.
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19. The method of claim 1, further conprising washing the mammali an soft
tissue to renove destroyed cells; and performng at | east one

addi ti onaWVOogetid2pi¢Pari zati on process on the tissue sanpP€T/US2010/045729), A
nmet hod for thawing a tissue sanple, conprising: providing a tissue

LS, o 15, AR e B B oA R e

frozen tissue sanp 21. The nmethod of claim 20, wherein thaw ng
t he frozé’ﬂerli’%%mé"@@?rﬁ?”ﬁ&c%éu& ng greater than 50% of the solid state
water in the tissue sanple to undergo a phase transformation to a liquid

st ate. 122. The nmathbd of ofairol&Giwhezoin thesteilizatioaprogpssieoniprisesa t i ssue
conpri ses causing substantially all of the solid state water in the tissue
sanpl e t gupsrdatic carbrbiexide ansfigation Efm:e'fsg. a liquid state. 23. The
met hod of claim 20, wherein thawing the tissue is perfornmed w thout

I ncreasing thept en?ﬁé%éivﬁd%ff cldi® & \it8inSRBIRErilFRiS o P@ébs%% mprises a 24.

The met hod of claim 20 erelnthavmngthetlssuels performed w thout

i ncreasin e tissue sanple to greater than 30C

25. The Rglaggﬁcgf%npt%%m%ﬁp e«??el n thawing the tissue is performed w thout
increasing th erature of the tissue npl e nore than 10C. 26.
The net hod of $%I ai m1e Metipd céc "T‘h%\)(ilhf‘del“r@etmé'gﬁéa'iaﬁ tisske SOMRIISESthout

i ncreasing the tenperature of the tissue sanple to greater than 30C.
soft tissue.

14.  The method of claim 13, wherein the mammalian tissue comprises
skin.

15. The method of claim 13, wherein the mammalian soft tissue
comprises porcine dermis.

16.  The method of claim 14, further comprising removing an epidermal
layer from the skin prior to applying the pressure.

17.  The method of claim 1, wherein the mammalian tissue comprises at
least one of a tendon or ligament.

18.  The method of claim 1, wherein the mammalian tissue comprises
small intestine submucosa.

19.  The method of claim 1, further comprising washing the mammalian
soft tissue to remove destroyed cells; and

performing at least one additional decellularization process on the tissue
sample.

20. A method for thawing a tissue sample, comprising:

providing a tissue sample comprising a mammalian tissue that is at least

partially frozen in a liquid; and
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27. The nethod of claim 22, wherein thawing the tissue is performed w thout
I ncreasing the tenperature of the tissue sanple nore than 10C 28.
The met hdoO0a@P1112336th 22, wherein thawi ng the tissue i s p&ETARAHA/IRhout

i ncreasing the tenperature of the tissue sanple to greater than 30C

29. Th th . | B, 234 i Nt ]

per formed i - PROVTErd pRfs hﬂh%'s'ﬁm?éuf’f@*e@l@’*‘oefrﬁw it Pkeyost PR ' =
claims 23-28, mher n t haw he tissue |s performed in | ess than 60

m nut es. ?H@eﬁﬁgrﬂ%d’ %d Arharetn thawingihe Ferenlisiieure applied to
the liquidis at Ieast 500 MPa. 32. The nethod of claim 20, wherein
the |iquedmposgs caesingigreatee than seltof4be solidatate water in3Be tigpee FEEWR of
claim 32, wherein the liquid conprises phosphate buffered saline.

34. The t‘(Btuh\d)e#gOfa phasenrafsfofruatitreto adigpidi stateg perfornming a sterilization

process on the tissue. 35. The nethod of claim 34, wherein the
sterilizationproceng ROMBEICT M ZRWRereliT Raliid #i2 PEAGEESUe 36. The
met hod of claim 34, wherein the sterilization process conprises an e-beam

i rradi at { y\&q{

sterili Zgﬁlﬁgﬁ%%%ggasmg SUbStan%Z"y -?I;h?tfjf)@er%ﬁ%téﬁ%t ngaepnt')of\h i OX1 és}p'(gel Pi zati on
process.

undergo a phase transformation to a liquid state.

23. The method of claim 20, wherein thawing the tissue is performed
without increasing the temperature of the tissue sample more than 10°C.

24.  The method of claim 20, wherein thawing the tissue is performed
without increasing the temperature of the tissue sample to greater than 30°C.

25.  The method of claim 21, wherein thawing the tissue is performed
without increasing the temperature of the tissue sample more than 10°C.

26. The method of claim 21, wherein thawing the tissue is performed
without increasing the temperature of the tissue sample to greater than 30°C.

27.  The method of claim 22, wherein thawing the tissue is performed
without increasing the temperature of the tissue sample more than 10°C.

28. The method of claim 22, wherein thawing the tissue is performed
without increasing the temperature of the tissue sample to greater than 30°C.

29. The method of any one of claims 23-28, wherein thawing the tissue
is performed in less than 30 minutes.

30. The method of any one of claims 23-28, wherein thawing the tissue
is performed in less than 60 minutes.

31.  The method of claim 20, wherein the pressure applied to the liquid is

at least 500 MPa.
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38. The nethod of claim 34, wherein the sterilization process conprises a
peracetic acid treatnent process. 39. The nethod of claim 20,

wher ei n tWe 2P114REWIsanpl e conprises a soft tissue. PCTAB2019/4¢573%t hod of
claim 36, wherein the soft tissue conprises derms. 41. The net hod

of claim 37, ere e r r 42.
The net hod of ~Cl ai W%bbequﬁ‘gf’tcf? rﬁ?é) Mf’ tﬁﬁ?flﬁg ?ié‘rqu%%%rﬁégu%?us[ east one
of a tendon or .|iganment. 43. The nethod of claim 39, wherein the
manmal i a$Alt Qe conpri ses small intestine subnucosa. 44. A met hod
for decellularizing a tissue sanple, conprising providing a tissue
sanpl e conpri8dng %hermﬁfhod@ﬁclatms’ﬂewheramdbﬂthaumer?ombrmesﬁ phaosphateiui d; and
applying a pressure to the liquid for a time sufficient to destroy

subst ant bafférgedadalinef the cells within the soft tissue, wherein destroying
substantially all of the cells includes disrupting the cell nenbrane of the

cell's such thgh vephé pgthbE of CRHHD S Amphét ddﬂn.@nss.eé b@ﬁoﬁﬁ Wﬁta @t'énﬁiétﬁiﬁs
renoval of at |east 95% of the native tissue cells, erein the

pressure i rate such that the terrperature of the tissue
sanpl e dd fé%e% %hetﬁgé'g% %0 45. The nethod of claim 44 V\,her ein the
pressure appl the ui_d he net hod

pressure applAed Pet bbb i 2 et B8Rt et ey
for at least 30 m nut es.
a gamma irradiation process.
36. The method of claim 34, wherein the sterilization process comprises
an e-beam irradiation process.
37. The method of claim 34, wherein the sterilization process comprises
a supercritical carbondioxide sterilization process.
38. The method of claim 34, wherein the sterilization process comprises
a peracetic acid treatment process.
39. The method of claim 20, wherein the tissue sample comprises a soft
tissue.
40. The method of claim 36, wherein the soft tissue comprises dermis.
41.  The method of claim 37, wherein the soft tissue comprises porcine
dermis.
42. The method of claim 39, wherein the mammalian tissue comprises
at least one of a tendon or ligament.
43. The method of claim 39, wherein the mammalian tissue comprises

small intestine submucosa.

44. A method for decellularizing a tissue sample, comprising:
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47. The nethod of claim44, wherein the pressure applied to the liquid is

at | east 400 MPa for at |east 10 m nutes. 48. The nethod of claim
44, wher eV 20HQ2p08ssure applied to the liquid is at | eRST/USQOONKH2F or at
| east 40 m nutes. 49. The nethod of claim44, wherein the liquid

wherei n the | BN 8YEre S Shmerise.n ratumeld FRROE £boftafigh 7,

met hod of cl aima44, further conprising performng a sterilization process
on the t$Y¥Y¥aRIng liquid; and  The method of claim 51, wherein the ster!ol i zation
process conprises a ganma irradiation process. WO

2011/ 022369PGIpRIBRg EOp@SSUESto the liquidsr aitee sefficientde destipyrsshstaptialiyei n t he
sterilization process conprises an e-beamirradiation process. 54.

The net hailobthecdells Within thihesfe tissid) avisdrein destadyiransyivsiaetilyciingfithe eslia
supercritical carbondi oxide sterilization process. 55. The net hod of

 ven ARy ey RSB T IEPIN hpgRpRERIe
tissue CQMHeSiﬁsa §éﬂn@' solution allows removal of at least 95% of the native tissue
cells, and wherein the pressure is applied at a rate such that the temperature of
the tissue sample does not exceed 30°C.
45.  The method of claim 44, wherein the pressure applied to the liquid is
at least 500 MPa.
46. The method of claim 44, wherein the pressure applied to the liquid is
at least 300 MPa for at least 30 minutes.
47.  The method of claim 44, wherein the pressure applied to the liquid is
at least 400 MPa for at least 10 minutes.
48. The method of claim 44, wherein the pressure applied to the liquid is
at least 400 MPa for at least 40 minutes.
49. The method of claim 44, wherein the liquid comprises an aqueous
salt solution.
50. The method of claim 49, wherein the liquid comprises phosphate
buffered saline.
51.  The method of claim 44, further comprising performing a sterilization
process on the tissue.

52. The method of claim 51, wherein the sterilization process comprises

a gamma irradiation process.
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57. The nethod of claim56, wherein the mammal i an ti ssue conprises porcine
derm s. 58. The nethod of claim57, further conprising renoving an
epi der malWP0H/022368m t he skin prior to applying the pre®Sifi32010/04573 A

met hod for reducing the bioburden in a tissue sanple, conprising: providing

cont ai ming | i a; Tapretid B CRETRY; AhelSlyine sitelch A RohoRses (i ne

sufficient to cause at least a 5 | og reduction in the bacteri al

concent r 30 BREAN MFAHAYPRPQSEESt i ssue, wherein during application of the
pressure, the tenperature of the tissue sanple does not exceed 30C

60. The net hod#.of Thematsod oﬁnbimiﬁi,wh@rginggeat@iliaQMm ptbaesstcorisgsi d i s
at | east 500 MPa. 61. The nmethod of claimb59, wherein the pressure

appl i ed & sup&eriticalwatbosdiexide atsrilization Phscdser at | east 30 mi nutes.
62. The nethod of claimb59 wherein the pressure applied to the liquid is at

| east 400 MPagd or Phe hRARG] %f)cmrﬂ@1‘?§vheré4QtRQ%ﬂérfﬁ%é’ﬁ(l@@Bd%Ee'é§%%Wr%§723_

63. The nmethod of claimb59, wherein the pressure applied to the liquidis

at leaﬁaﬁQ%&%@@ Jcﬂftr%&tglué?ﬁfptrod'gssm nut es. 64. The nethod of claim
n onpri

59, where F1mqui Sés an aqueous salt solution. 65. The

thod of claim 64, wherein the.liqui i ho, i ne.
rethod ot ¢ aéén The meertﬁclag o) cleaiml4 uIW e?gim{mlesrﬁaasmﬁma(ﬂgm%%e%gmp?{sgg saline

skin.

57. The method of claim 56, wherein the mammalian tissue comprises
porcine dermis.

58. The method of claim 57, further comprising removing an epidermal
layer from the skin prior to applying the pressure.

59. A method for reducing the bioburden in a tissue sample, comprising:

providing a tissue sample comprising a mammalian soft tissue in a
container containing liquid; and

applying a pressure to the liquid for a time sufficient to cause at leasta 5
log reduction in the bacterial concentration within the soft tissue, wherein during
application of the pressure, the temperature of the tissue sample does not exceed
30°C.

60. The method of claim 59, wherein the pressure applied to the liquid is
at least 500 MPa.

61. The method of claim 59, wherein the pressure applied to the liquid is
at least 300 MPa for at least 30 minutes.

62. The method of claim 59 wherein the pressure applied to the liquid is

at least 400 MPa for at least 10 minutes.
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66. The nethod of claimb59, further conprising performng at |east one
additional sterilization process on the tissue. 67. The net hod of
cl ai m 66,woherigizessbhe sterilization process conprises apgarusaoionszds ati on
process. 68. The nethod of claim66, wherein the sterilization

process conprjses an e-heam jrradiation prqocess. .6 he. met hod of
O o m 66, whebdi n Tk Tigliod of Slaih R, whes8bIRe Bhansuse epnict inheridtid &
carbon di oxi de sterilization process. 70. The net hod of cl ai m 66,
wher ei n @tHeast440 MPador ehlegsbé@sainbtagpri ses a peracetic acid treatnent
process. 71. The nethod of claimb59, wherein the manmal i an soft

ti ssue conpri®es skhemethod of clain SBhevhaeeindbe tiGuidl @mprides amageeoud he
manmal i an soft tissue conprises porcine derms. 73. The net hod of

cl ai m 71g5if sB1tifigs. conpri sing renoving an epidernmal |ayer fromthe skin
prior to applying the pressure. 74. The nethod of claim59, wherein

D SSE S LTS 3P R R L SRR pBole oy (e
manmal i atg]uﬁeorfegj S%iirslés.ue is derm s.
66. The method of claim 59, further comprising performing at least one
additional sterilization process on the tissue.
67. The method of claim 66, wherein the sterilization process comprises
a gamma irradiation process.
68. The method of claim 66, wherein the sterilization process comprises
an e-beam irradiation process.
69. The method of claim 66, wherein the sterilization process comprises
a supercritical carbon dioxide sterilization process.
70. The method of claim 66, wherein the sterilization process comprises
a peracetic acid treatment process.
71.  The method of claim 59, wherein the mammalian soft tissue
comprises skin.
72.  The method of claim 71, wherein the mammalian soft tissue
comprises porcine dermis.
73. The method of claim 71, further comprising removing an epidermal
layer from the skin prior to applying the pressure.

74.  The method of claim 59, wherein the temperature of the tissue

sample does not exceed 25°C.
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76. The nethod of claim 75, wherein the manmalian soft tissue is acellular
derm s. 77. The nethod of claimb59, wherein the nmammal i an soft

ti ssue i SWAGBIVAIRHP 78. A nethod for reducing the BCABPRUHEMR437E3 a

ti ssue sanple, conprising: providing a tissue sanple conprising a mammali an
soft tissue iy.a cpntainer contain.ng ligquid. and . | ying a
pressure to tﬂ% | Lﬁﬂ‘eétﬁo%f’P?'gg‘gg%%@eﬂéa,t %ﬂ@%’i“ﬁ“ﬁﬂﬁf’ﬁ@%ﬂ%ﬂ% cation of
the pressure, the tenperature of the tissue sanple does not exceed 30C.

79. The $RH®d of claim 78, wherein the pressure applied to the liquid is
at | east 500 MPa. 80. The nethod of claim 78, wherein the pressure
applied to théb.li qlnelimethed of elagn 780 wheReinftbe maminadisn sai tissnates.

81. The nethod of claim 78 wherein the pressure applied to the liquid is at
| east 408cHdarfdermid. | east 10 m nutes. 82. The nethod of claim 78,
wherein the pressure applied to the liquid is at |east 400 MPa for at | east

40 i nutes. 77 T3melis BPLARH 581 wheRSIIAB maIRBiAkR Sohgiskigw o corpri ses
WO

59
an aqueous salt solution. 84. The net aim 83, wherein the

liquid c ri.ses phosphate buffered saline.
2011/ 025688 Us2010/ 045723

78. A method for reducing the bioburden in a tissue sample, comprising:

providing a tissue sample comprising a mammalian soft tissue in a
container containing liquid; and

applying a pressure to the liquid of at least 200 MPa, wherein during
application of the pressure, the temperature of the tissue sample does not exceed
30°C.

79. The method of claim 78, wherein the pressure applied to the liquid is
at least 500 MPa.

80. The method of claim 78, wherein the pressure applied to the liquid is
at least 300 MPa for at least 30 minutes.

81. The method of claim 78 wherein the pressure applied to the liquid is
at least 400 MPa for at least 10 minutes.

82. The method of claim 78, wherein the pressure applied to the liquid is
at least 400 MPa for at least 40 minutes.

83. The method of claim 78, wherein the liquid comprises an aqueous
salt solution.

84. The method of claim 83, wherein the liquid comprises phosphate

buffered saline.
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85. The nethod of claim 78, further conprising performng at |east one
additional sterilization process on the tissue. 86. The net hod of
cl ai m 85,woherigize3sbhe sterilizati on process conprises apgarusaoionszds at i on
process. 87. The nethod of claim85, wherein the sterilization
process conprises e-heam irradigfi.o I OCess.. 88. . The .nmet hod of
Ol o m a5, whebasn The R of SRR, B SREking pedommiiizal ey e
carbon di oxide sterilization process, 89. The nethod of claim 85,
wher ei n agditiopalrsteiilizatip progesscsthediffieses a peracetic acid treat nent
process. : 90. The nethod of claim 78, wherein the manmal i an soft

ti ssue conpri 8és skhamethod of ciim 8fevheseindtie sterdization pbocesiserosnprigdse
manmal i an soft tissue conprises porcine derms. 92. The net hod of

cl ai m 903 dauirhBeiradiation beddegs! enovi ng an epi dermal |ayer fromthe skin
prior to applying the pressure. 93. The nethod of claim 78, wherein

the tenperatu of i BARHY : q The
met hod of cl aléfﬁ 78Th€\h?%ért2|6§l%fﬁe nar?‘re;ra I a%lngtg ts?%‘rﬁ%éﬁg@?go?esrsrﬁosmpr%s
The net hod 4. wherein the manmmal i an soft tissue is acellular

f claim,
dernms. 2" eQbeargér_ran%gb%{qﬁ?&sOf claim 78, wherein the manmmal i an soft

tissue is acellular. ) ) e s .
88. The method of claim 85, wherein the sterilization process comprises

95.

a supercritical carbon dioxide sterilization process.

89. The method of claim 85, wherein the sterilization process comprises
a peracetic acid treatment process.

90. The method of claim 78, wherein the mammalian soft tissue
comprises skin.

91. The method of claim 90, wherein the mammalian soft tissue
comprises porcine dermis.

92. The method of claim 90, further comprising removing an epidermal
layer from the skin prior to applying the pressure.

93. The method of claim 78, wherein the temperature of the tissue
sample does not exceed 25°C.

94. The method of claim 78, wherein the mammalian soft tissue is
dermis.

95. The method of claim 94, wherein the mammalian soft tissue is
acellular dermis.

96. The method of claim 78, wherein the mammalian soft tissue is

acellular.
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WO 2011/ 022369PCT/ US2010/ 045723 97. The nethod of claim 78, wherein
the pressure is applied to the liquid for a tinme sufficient to cause at
| east a Swbagiwmesésti on in a concentration of bacteria PaoTiUsSeow@esTRS i an
soft tissue. 98. A tissue product produced using the nethod of any

one of clal msg.}.- 9%he method of claim 78, wherein the pressure is applied to the liquid

for a time sufficient to cause at least a 5 log reduction in a concentration of
bacteria in the mammalian soft tissue.

98.  Atissue product produced using the method of any one of claims 1-

o7.
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