METHOD OF CRYOPRESERVATI ON OF Tl SSUES OR ORGANS OTHER THAN A BLOOD VESSEL
BY VITRI - FICATION Abstract: A method for vitrification'®fPH209¥sue or
organ other than a bl ood vessel includes imersing the tissue or organ in
i ncreasing concentrations of cryoprot egt ant solution at a tenperature
greater than -15 Cto a cryoprotectant "concentration sufficient for
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average rate less than 30 C per mnute to a tenperature below the glass
transition tenperature to vitrify theft tissue-or-organ. After the
vitrified tissue or orgarBAGKGRGUNS OFEAIE fINEENTSGNe or organ may. be -

removed fromvitrificati warm ng the tissue or qQrgan at an average |
rate of from zdb‘ifbllc ﬁéﬁrﬁ% %["@”‘t“%?“égastae?ﬁﬂé’ﬁlﬁ ﬁ?@%?‘maﬁcm@o&@ BEd the -
gl ass transit i : : LG - gan at a rate
of - f?om 28@&8‘8‘“&&%?&%8%? t,:es {og%&lg%tgﬁgge{raét ur eepg%f(])‘%/ezég&}]g;%?{ and reduci ng
t he concemtasanitdatenns bhproeidgd by chertrandf cdoperfive hgré’_ﬂﬁ&ﬁl\}o. _ '

7ONANB7H3071 awarded by NIST.

[0002] The supply of viable tissues and cells for autologous implantation
- and heterologous transplantation-(hereinafter jointly referred to as transplantation) and
10 studyis limifed in part by the time a tissue or organ can be maintaiped in a viable -
state. Increasing the length of time that a tissue or organ remains viable may
drastically rih.creasc the likelihood that a particular tissue or organ reaches a recipient
or researcher m a viable state. 7
[0003] | The transplantation of tissues, natural or e_ngineeréc_i, ri'ncluding
‘15 | vascularized tissues and avascular tissues, fnciuding, but not limited to, |
musculoskeletal tiSsﬁe, such as carti]age,'ménisci, fni;sc]es,‘ Hgameﬁts ahd- tendons, .
) skin, cardfova_scular tissue, such as heart valves and mybt}ardiuni, neuronal ti:rssué, :
| periodontal tissue, glandular tissue, organ tissﬁc, islets of Langerhans, corﬁea-, uretgr; g
- Aur,etl-lra,. breast tissue, and or_gané, intact or Séctiéns thereof; such as'rpancreas,- b.laddef,f ‘
20 ' kidney, liver, intestine and rhéart, may all Be benefited by increasing the lchgthl of ti@e-
that such tissues and organs remain viable, | | | - |
[000'4] Vascularized tissues and orgahs, both human an‘dr aﬁimal, may bé_
sﬁccessﬁllly stored by iiitriﬁéation for tranéplaﬁtaﬁon. _Pro_vidiﬁg that signiﬁéant o '
_ 'immuﬁoiogical issues can be overcome, animal-derived grafts may, one day, provide.
25 an u'nlimitéd_éupp_ly of vascuiéri_zed tissues and o-rg-ahsftha_t could Be_ stored in a j |
. vitriﬁgd state prior to transplantation. | | . h - | -
' ' [0005_1 Av‘ascular lissues m;iy also be used for transplantation. 'For:cicample,
on avefage, an orthopedic Surgédn specializing inrl‘mee surgery will treat between 10-
.2(_) patients per yeaf who have sustained tfaumatic, full-thickness _artiéula.t cartilage
30 | 7"_injur.ie_s.‘ Thcs¢ patients may all be candidates qu cartilége impliantat,ion.r :
R Approginiatcly 30% of alI.A_n_t-erior Cruciate L_igément_ (ACL) tedrs have an associated
 full-thickness cartilage defect that often is und,éteétéd, év_f_:n' after sﬁrgery. For



METHOD OF CRYCPRESERVATI ON OF Tl SSUES OR ORGANS OTHER THAN A \7803 VESSEL
BY VI TRI FI CATI ON BACKGROUND OF THE | NVENTI ON [0001] The U. & Aed@Phnent has
- a paid-up license in this invention and the 5 right inlimted
circumstances to require the patent owper to license others on reasonable
terms as provided by the terns of cooperative agreerrent No 70NANB7H3071
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Sjointly reéwickes 199 '&Sretdﬁﬁdiaélleﬁfﬁratdaﬁﬂagoaﬂiﬂ)lanlo study is limted in part by
the time a tissue or organ can be maintained in a viable state. Increasing

the length of d046]t Haverdims, saapefudk-thinkgess de&‘iﬁﬂﬁermroba@d ms;ze drastically
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tissges, aifhdaiihg 6f patigi tﬂﬁkh@ﬁ,defeﬂﬁ;hﬂdifﬁ@.ﬂt Ih cﬁﬁﬁﬁﬂ'f@ﬂltm@ﬁne@k asfes and
~avascul ar tissues, 1ncluding, but not lLimted to, muscul oskel etal ti ssue,

such as cheye tha@@tenﬁ@lrfpspmahlnp@bnosvhem teghmﬁm@uahas tbragiomarthroplasty .

cardi ovascul ar as, heart val ves di um. neur onal

tissue, PSrIoR) é% ’tlfo gmﬂelyg]l' WeYsh- dhese P§°§u§ure%%‘§ﬁaq( YIS s ets of
ALangerhanﬁ,ecgmmgmféhg}gbmuslgéﬁg hra,, breast tissue, and organs, intact or
sections thereof, such as pancreas, bladder, 20 kidney, liver, intestine

and heart, may [e4o7] beFrbgnesteachendsyl allqgraﬁabﬂvﬂgprphm tOebfgitffrcof'e andre t hat such.

tissyes a renma L ab 00 ues and organs,-
bot ﬁHhumﬁ”r&ﬁagajﬁsrrrﬁ?mpiﬁﬁVY’Bg H-Eﬁl:'h"étggfu‘l“ 8?5&5 al 5Pt i on for

- transpl anhawk e, n&’éé%l’thfélsﬂ&ﬁs@%‘l‘o&b@ﬁnédlﬁadmbgrm gqaf R)ﬂk—tél%ﬁl@?ﬁ gan be’.
over cone, ani nal - deri ved grafts nmay, one day, provi 25 an unli m ted. .~

supply of Altheugh epprestrvatinsuinyolaing fcgands a p@femdhbofcgtsmrm tisauea

vitrified st, ans ntation 00 a i ssues ma |
al so be ugad‘a ?68?34 Fglﬁveﬂfgﬂfllftr ? g%‘ﬁs F—%‘P“ &%ﬁ%‘l Fsy- &%@é\?ﬁ}w@ ‘gﬁ?cﬁlﬁ hopeél c
Surgeon speEHahigeitdghd EkIH0EIRISIIHSET Hubhd lcetféﬁ?dtlohe%@'ﬁelx@me@tgl qRdckents per
year who have sustained traumatic, full-thickness articular cartilage 30 -

i nj UPi es. arptibe majreebistacles preNenting Sll‘;écﬂ’g‘ﬁﬂ&llﬂ!&tﬂe@lttlme cYati¢usstyli¢sysingnt at i on.
20010 by S et A S TR BT ERBS RS e
after sur ﬂﬁh)ﬂo%:ﬂfonaﬁycw \ldiblB@%llowmg conventlonal cryopreservatlon procedures, ;. :
: employmg either dimethyl sulfoxnde (DMSO) or glycerol as cryoprotectants Such
| results greatly limit the possnbﬂmes for transplantation or graftmg harvest_ed c.art;lage. ‘
20 - [0008] Low témperoture'preservation of‘biologioal tissocé and organs, ie, |
- cryopreservation, has been the subject of much research effort. Cryopreservatlon can
_be approached by freezing or by v1tnf cation. If the organ or tissue i% frozen ice
‘crysta!s may form w;thm the organ or tissue that rnay mechamcally disrupt its
structure and thus damage its ability to function corrcctly when it is transplanted into.a
- 25 rec1p1ent Organized tissues and organs are partlcularly susccpnble to rncchamcal )
‘damiage from ice crystals formed durmg freezmg |
_ {0009] Even when all cryopreservatlon variables are controlled there is a
limit, which is largely a functlon of tissue volunie and geometly (mcludlng any SN
assocxated fluids and packagmg), beyond WhlGh trad[txonal cryopreservatlon methods )
30  donot consmtently work For example in cryopreserved allograft heart valves the . e
leaﬂct ﬁbroblasts survive well (70-90%), but neither the endothehal cells nor the

smooth muscle cells of the aort:c nssue assomated ‘with the valve survive.

o C_ryopreservatlon can also be effcctlve for 1so]ated islets of Langerhans, but



2 exanmple, it-was estimated that 20.4% of the 392,568 pat| ggﬁ recei ved
cartilage repairs in 1996 were candi dates for a cartilage W 5 [ 0006]
Over tinme, nost full-thickness defects deteriorate and cause S|gn|f|cant
joint inmpairment. Since cartilage is ascular, the recruitment of cells to
aid healing of partial thickness defects is difficult. In contrast,

full-thi ckness defe

t echni que?reéﬁ‘e’ﬁ“%og‘ﬁfeass’l“ Vgea't[gﬁ%?'(%afcg&’ S cﬁ?g Eﬁﬁtrl é/lgﬂdl t‘Lefrlll:l .Wgegl Y, .

however, té]m Fy&ezs@gtesavgse@druaé biing @84 at sudBeAMEAsLY. tapgedor fibrous
. scars. [0007 osteochondral allografts have proven to be effective

and 10 f ¢hat thaoviag of sinn-thd(arpsqtduaht bavwayer, cainbe tdachinically diffadultahicltothe of fresh |
al l ograft tissues, wever, necessitates .the.use, of ostB%?art icular :

al | ogr af t “B‘éﬂ%“ﬂad% OF ST B PE ARG yRUtsida of wﬁtfancecw ESWHPE R o
i nvolsvi ng E6REETGe on Beddk SfBAIl @mee%tetasqgteerm@gwags b A5LR ickinti | needed,

conventional protocols result. in death % of the chondrocytes and
damage t ofémetienteitherelithinahe omlsy the exiectlalar setrhg theatapsule, oFhasde thitet r i nment al

~effects 15 ar the mai.n, opstacl es preventing successful clinical outcone..
Var i ous sERtHUBRLY ﬂ'gegﬂt’wﬁt?lﬂaﬁﬁoemgaﬁwearetlteqa'asﬂ b therassagiae cartil age
bi opsi es havemrlgo(;@jl g fcdRh by tdiRs2Atas\nd ffestr&? axmﬁgtagt MviftRlit OW ng

.conventi onal eservation proce uf es, enp oyl ng eit di net hyl
sul f oxi deideliB@31 fonn:gicyx;éﬂmlprmm pmﬁemtcmrwewesdumwnr dxubtallygtheat | y

I|mt the possibilities r.transpl antati on fting harv ted_ '
car ti0 age °p“2‘?§t ff@wsﬂ]tumﬁ@ HPB?@%FM?QPEW ‘%ﬁﬁ?ﬁt 88 & ti ssues and
organs, i h@mogerﬁ%ﬁ? Hﬁ(ﬁéﬁfo\‘i%ﬁlﬁ&mu?@ﬁ, Q?@chhgﬁgéét?‘u%:fce ersgﬁclgjc'i e%%ce arc h

effort. Cryopreservation can. ‘be approache reezing
vitrifi catndgrow,fnd hergstajbme silidtis fsomed fiont ﬁmzse}mtioncéhtrxfrcymbraicﬁum form

wi.thin th org or tissue that y me ni cal I,Sru Its. structure and
t hus damage VG1g a%t‘-’o‘F?‘tst%Pnt‘SmPEﬁﬁ‘Bt‘? # %aﬁw@etmwrﬁﬁ%mﬂtﬁo&e VirhespPhnt ed into
-a 25 reci Bé&ﬂﬁﬁamg(z&l?ﬁﬁﬂlink 8151 SO whiiho BORASH A B SR drysiguscept i bl e

to nmechani cal romice crystals formed during freezing. [0009]. Even
wher5al | grqmb;m;«eerffmtwdm 1mpossd:'d¢ &5 veater roalatuled toedign fowesrestalfomnatianmi t

. vvhichislar afunc t.isgue vol une .and et r i ncl.udi ng any
associ at B TRt EhEA bRRN! oy 3PP RoRE ST AT ALYCCLT SOBRERE: Vat i on
met hods 3{, g Jak 4aARELS t&t}&etatuaent#m ehur®r8BLSre T)) afd Y&%@E@M@d .
all ograft heart valves, the af1et fibroblasts .sufvive well (70- 90% but
~neither t becwstddtlbiemakts xtehptsssfmdﬁ totthfy theool ttionu $i belec & ingkeofuchhe aort ic
ti ssue assolm at ed t h .t he val ve SULy 5
utions use lin the preservatlon of bio oglcal materials by vitrification, it is
- 20 therefore necessary to change the properties of the solution so that vntrtﬁcatton occurs -
instead of ice crystal nucleatlon and growth. It is also important that all v1ab111ty and
tissue. functton be maintained by the entire v1tr1ﬁcat10n process.
[001 1]' While it is generally known that high hydrostatlc pressures raise T
~and lower Ty, vztrlﬁcatlon of most dilute solutions by the apphcatlon of pressure is
25 often 1mp0551ble or lmpractlcal In partlcular for many solutions vitrifiable by the
o application of pressure, the ;eqmred pressures cause unaccept_ably severe injury to .
" unprotected biomaterials duting vitriﬁcati'on' thereof. While it is also known that
many solutes such as commonly employed cryoprotectants like DMSO, raise Tg and
E 1ower Th, solutlon concentrations of DMSO or sumlar solutes high enough to permit
30  vitrification typlcally approach the eutectlc concentratlon and are generally toxic to -
| blologlcal matenals , o o
[0012] One type of damage caused by cryoprotectants is osmottc damage

Cryobiologists learned of the osmotic effects of eryoprotectants in the 1950's and of



but | 15 April 2005 3 preservation of islets in bioengi nectochprddp#ul es can
be technically difficult. Skinis relatively easy to preserve because of
the thin; flat structure of the tissue. It appears that thaw ng of
skin-1ike products, however, can be teﬂhnically difficult due to the

narrow w ngdow for. eryor ri m ng, outside of which ice growth
resul ti ngqﬁ?}“?eﬁ?@ﬁféc’ﬂﬁgﬂgﬁ% H%éenwgfg‘??&ﬁ% asyty, PEﬂ"F‘_“tﬂ%“%aB%QE"%@ﬁﬁg@élPﬂt he
probl €S 3§ rEthBydI O bBprot QiR b Wbifibd blls Mi'shids! SitniffidsSonsidfe
extracel lular matrix, tﬁe capsule, or, as inthe case o %ear? val ve
endot hel i degrnebwheresiybbiolagists evddumetn safdidshed vadsdoaigat pafiaidnesriyh [ 00101
Vitrification, Htgré?contrast, nmeans,solidificatjon, as in a glass, wthout

i ce cryst SYPHREREN ATPROPhPiARIeoe! smasisryeaeiseriak feindied - known.
CGener al |y yo16hR8ce &P Liah SRR sol ution can possibly supercool to
W t hout fr%ezi ﬁ% i%r&%&htghogeﬁg%l}goﬁguc ‘eation tenperature Th, at which

t enper at ur e i cq0@I3]st Bespitaeffbeatosconaolbithg delsteriwnsl oaneticyediealsldfne solid is -
formed fromthe solution. Vitrification solutions, have a glass transition

t enper at uFEOPEPeiantGAiralts eidplsEnss tr@yemetesdntsage shilkohserved, There appedsnes a
i e » : g fy s o
orom 1 16 bt BEaA iher AR Sitelolf B Ina U ifRpefilaPGfinel V2

crystal ftmngitit@smott cffectpef thtsercheminatbgdmed. ow Tg. In. addition, on cooling

nost dilute aqueous solutions to the glass transition tenperature, Th is
encount er ed bel¥Hdl TStudipgby the Prisertanysninrs apd ethess haye pxamineckmsthiods

I mpossi bl Wt rJ £y (o} ' _ c S i ons usef ul
it he pr Ene g dob S B iR okl B Lo Syl ImedBl' 7% 0™
t her ef or eindivacethaegeyertabtechrdq@s chibe pifapietaliae 20fl it bambiaktitn. OMheg® t hat
vitrification occurs instead of_ jce crystal nucleation and growth. It is
" al so i npotichide (@Mhe usg of sppaific pombinatieps aficevopecteciprttwhose peatnsancel eid by t he
~entire vigrifl g > 1 i Lf. er.al.l nown that high

hydr ost at%hﬁlrﬂgegétlﬁér%gcslﬂgéa)i?@;&?éuggéon%y%%\%%r&a?ﬁ,m\Q/'f@(ral}fsf)@lgto ?{Soérﬁlao?rermst dilute
sol ut i onsoptimizbe farphddepattictlar ofyopfod&tdms (€)the 88 ¢ffdopenbiRAmS ARk AtsOr
i mpractical. In Ba_rti cular, for many solutions vitrifiable by the '
appl i cat i §at @0 sybuiyigler a perion efjilcPenetptiog agentpthervise ngededcbps abl y severe
injury t t . Dl or L.al i vitrification therepof. Wiile it
Is al so. % S\I\Aﬂlg Pﬁa‘%ﬁhﬁngﬁg&g%?%ﬁe%’?p%ﬁ%ﬁo3@‘%88%’%%6?1?@0%2“1 %gfgg’ ﬁ?@op'r otectants
l'i ke DVS@d) mithigtizihg e gime kpune ivithih the ebidenaBtiGPROEALT Abidaite-8EpdaEBR Or '
simlar stol_u_tb?s hi gh enough to permt : '

oxicity.

[0015] Some of these techniques are in potential conflict with need to
control osmotic forces. For example, reduced temperr{tureé also reduce the influx and
efflux rate of cryoprotectants, thereby prolonging and intensifying their osmotic o 3
 effects. Similarly, minimizing .exposure' time to cryoﬁrotec_:_tanté maximizes fheir
‘potential osmotic effects. Thus, there must be a balan(;,e reached between the contro'i
of osmotic damag_c and the control of toxicity. Means_ for obtaining this balance are
described in U.S. Patent No. 5,723,282 to Fahy et al. However, this patent does not
"describe a particular method to be used for cartilage. or other tissues for which
' vitrification offers a potential technique for imprm.red crypreservation. In addition,
this patent does not discuss any protocols for cooling or warming the organ or tissue.

SUMMARY OF THE INVENTION | o

In a first aspect, the present invention provides a method for vitrification

. of a natural or engineered tissue or organ other than a blood vessel, comprising:



30 , vitrification typically approach the eutectic concentration and are
generally toxic to biological materials, [00121 One type & ApE@8e caused
by cryoprotectants is osnotic damage. Cryobi ol ogists |earned of the
osnotic effects of cryoprotectants in the 1950's and of 15 April 2005 4 the
necessity of controlling these effects so as to prevent damage during the
addition and renoval of cryoprotectams to isolated cells and tissues.
Simlar |essons were |earned when cryobiol ogi sts noved on to studies of
whol e organ perfusion with cryoprotectants. Attention to the principles of
osnosi s were essential ({)dmnitedieerhe HOLRY, cryoprotectant addition to
or gans. [001?%)11 Desphte_(gjfort.s to cont rogpfgtg?lgﬂ‘gfaﬁ%q ghgﬁge%%‘ﬁﬁlaisﬁ"%ﬁects
of  cryopr ot ¥{HiP0E AYiRgincrrasing coscentrations ¢frrpyeREDt @CdcBRvsgar e stil |
observed. ThedfoRRRAaY -genwi ne, i nherent toxic effects of
cryoprotectants t hat atrcglt)ﬁ ep':'g'riS fea forpigicgtion, repls prlutinyrefishid sefiésarft s of

t hese chem cépll@gemﬂsdng:mmﬂ]:raﬁwﬂio%-mfc‘g he present inventors and others

have exam ned net hods (ﬁf %og@&%g ng non-osnotic, inherent toxicity of
cryoprotectant agents. VPHEF B RIFSuteecaoling thedissreair oialinzques can be
effective al ovlatiombasi @i dishrble - NC, th se of specific
conbi nations of cr o“pl)ﬂﬁgtect ant \Aﬁcca)%tg-ggﬁlgg%és}lJgﬁcgeéﬁg?%ﬂmgﬁ%?“@fﬁ’ér' s
toxicities; EB?"@X%@S“&%@“%W’&W@?QW@%#@M Ntenphiafirealivk Ui §opng ot hat are
optim zed fof L1 gprotectants; (c) the use of

non- penet r at ieﬁigﬂegggﬁtgs_ tﬁggtoa(?:g'?\é%lﬁggatsf o dymperues aush of t he
penetrating agent ot heliiijifegheresdat; thé Histe oSRBE R%n's eq%rm%ﬁrgae{ﬁi or
from exposur&rgtgn@tg i 'é)pal intracel Lular agents; and.” ( m nim=zing the
time spent Vi thin the concentrat rBHsPagen of0°Fapd thetglare rabesitiondent t oxi city.
[0015] Sone tohpthtsetotaenpiraasbahie e bR LENE Al ict with need to
control oan}s%c f%rces. For exanpl e, E?é"educed %@#ﬁ%ﬁ%ure@ %ﬂ‘reeduce t he
influx and ‘6ff1Ux s ate of cryoprotectants, thereby prolonging and
intensifying their osnmotic effects. Simlarly, mnimzing exposure tinme to
cryoprotectants maxim zes their potential osnotic effects. Thus, there
must be a bal ance reached between the control of osnotic danage and the
control of toxicity. Means for obtaining this balance are described in

U S. Patent No. 5,723,282 to Fahy et al. However, this patent does not
describe a particul dnasebibaipé theprednteftion i idds 3980k rQLhESvidd Ssues for

whi ch ;
a tissue or organ other than a blood vessel from vitrification in a solution

containing cryoprotectant, comprising:

(s) warming the vitrified tissue or organ other than a blood vessel in
said solution conteining cryoprotectant at an average rate of from 20 to 40°C per
mimiie to a temperature between -80°C apd the glass transition temperéture;

(b) further warming the tissue or organ in said solution at an average
rate of from 200 to 300°C per minute o a temperature above -75°C, wherein, at said
temperature, the solution is suffciently fluid that the Hissue or organ can be removed
therefrom; and

(c) immersing the tissue or organ in a series of solutions having
decreasing concentrations of cryoprotectant to obtain a tissue or crfgan na
cryoprotectant-free solution,




vitrification offers a potential technique for inproved. crypreservation.
In addition, this patent does not discuss any protocols fErAgddddhg or
warm ng the organ or tissue. SUVMWARY OF THE INVENTION In a first aspect,
the present invention provides a nethod for vitrification of a natural or
engi neered tissue or organ other than a bl ood vessel, conprising: 15 April
2005 4a (i) immersing the tissue or orgwn ot her than a bl ood vessel in a
series of solutions having increasing concentrations of cryoprotectant to
achieve a cryoprotectant concentration sufficient for vitrification, each
solution of said series of solutions having a tenperature above -15C;, (i)
under physiol ogi cal pressure, cooling the tissue or organ in a solution
havi ng sai d cryoprBfdtdzaspect Bispement invesionravides s wxthod Br virificeidni cat i on at an
aver age gratigsulbr SbABIRY il 2 LRBEVESH 2l S¥icGudat RMoPa1sBHPer at ure above -15C to
a tenperature between -80C and the glass transition tenperature; and (iii)
further VE55¢at9E cOMEI¥REsue or organ at an average rate |ess than 30C per
mnute froma tenperature that is between -80C and the glass transition
tenperature to a tenperature below the glass transition tenperature to
vitrify the ti ssue(r:g\m@‘?fg}aﬂﬂwlw Facgnodites e ta, blédier caleE RN lerdcH¥L£ Nt | ON
provi des  gimgdRady; i a.tissue or organ other than a bl ood vessel
fromuvit rigc{‘li cat ;ﬁon ﬁlﬂcé&gggh FGRTEORT 3 FYIREOIErisw P ssdeMeant , conprising: (a)
war i gt HEeKblertet cotloaniraBaresuiciont ot vieiziion, BAR BLBLRAAYPISEL of 0 Sald
sol ution &%HD%LEA‘Q g%]ogrfqt ectant at an average rate o rom 20 to 40C per
mnute to a tenperatur vEgbtGind the glass transition tenperature;

(b) further warm ng the tissue or organ in said solution at an average
rate of from 200 t qiiPO8HzL ppute to a tenperature above -75C, wherein,
at said tenperat u?e;jg theggﬁ%gtsg%%\r?rga"s‘ﬂﬁfnggéﬁW‘?ngmﬂ@wmmcmhe ti ssue or

organ carfFBesTafey adficiettdbefitrifioatiam sk dnGveraBRES b B8 iéﬁ@'g:&eg{ organ in a
e

series ofgp3glditd vi.ng decreasing concentrations of ctant to
obtain a ti s?ﬁﬁe r%r“%’%%é“ﬁ“’%ﬁ%“ '&F;}tﬁr@m@@mbmmm @lthe ZRsfpori | 2005

tragsition temperature;

(i1} further cooling the tissne or Organ at an average rate less than 30"|C

per minute from a temperature that is between ~80°C and the glass transition

temperature fo a temperature below the gless transition temperature to vitrify the

t1ssue or organ;

(tv) warmning the vitrified tissue or Organ at an average rate of from 20
10 40°C per minute to a temperature betweey

temperature;

-80°C and the glass transition

(v) further warming the tissue or Organ at an average rate of from 200 |
to 300°C per minute io a temperature above -75°C; and
(vi) immersing the tissuc or oIgan in a series of solutions having

decreasing concentrations of cryoprotectant to obtain a Ussue or organ
cryoprotectant-free solution. '

ina




4b In a third aspect, the present invention provides a nethod for
vitrification of a tissue or organ other than a bl ood vestefpri @805
subsequent renoval fromvitrification, conprising: (i) inmersing the tissue
or organ other than a bl ood vessel in a series of solutions having

i ncreasing concentrations of cryoprotectant to achieve a cryoprotectant
concentration sufficient for vitrificatéon, each solution of said series of
sol utions having a tenperature above -15C, (ii) cooling the tissue or organ
in a solution having said cryoprotectant concentration sufficient for
vitrification at an average rate of from2.5 to 100C per mnute froma
temperature above - fo0ql 0 dLEMRELALIl ﬁv&ﬁary]%sgﬁes%%emo}%ﬁ%@ﬁs
transition tenperatutd, FFIJ3 fur PRer coor € t1ssue or organ at an
aver age r af mathrelss etgisuercd i€t yéve tissuedoenpfisiogn a tenperature that is between
-80C and the glass transition tenperature to a tenperature bel ow the gl ass

‘transition tenperatute to vitki h ti ssue Qr_ofr . (1) warning the
vitrified tissue or r%ﬁﬁ?g %ﬁhgﬁéﬁ‘&ehsﬂﬁ]&a&Fﬂ?srog%]g@BO&thgbwg% per mnute

- to a tenpe{pidiifs balceRtfionSdGrpehtéidiat fl Afikvé b afiopilotcatint ébRAmibnr e; (V)
further vva;qr%n_gttfgrr%tjssue %’Bg%gag%%t an ag&@aﬁg}e _rat&%{ L‘om 200 to 300C

per m nut eS¥perguty Eiigetigne >  saad 7y R e tissue or

organ in a.spki:as. Afove0l4eti ons -having decreasing concentrations of

cryoprotectant to obtain a tissue or organ in a cryoprotectant-free

sol ution. 15 April Zibsndecpinpiolpgialpressugs prding theieapvalye fissupaent i on

provi des asoﬁiﬁfog%mrai?ilr{)#:;oit&%{- corlati R bn Qb ABMAGG fdohear t val ve

ti ssue, conpri sing: fl hersing the heart valve tissue 1n a series of
sol.uti ons dvemigagtc oiitoe &S tn g 0¢ G Tee mimde froms: tofpurfropsbovedsdnto 2o achi eve a

cryoprotectant concentrat}j ff.icient..for vitrification, each solution
of said semwn%%ﬁq%hg}%ﬁ%ﬂwétﬁﬂﬁmsﬁ%ﬁ -15C; (ii) under
physi ol ogi cal pressyfif firiRPtdoligg tetel® Rilve Mty et dn etige i=te IBss than

30°C per minute from a temperatare that is between -80°C and the glass transition

temperature to a temperature below the glass transition temperature to vitrify the heart

valve tissue.

In a fifth aspect, the present invention provides a method for vitrification

of natural or engineered cartilage, comprising:

(1) immersing the cartilage in a series of solutions having increasing
concentrations of cryoprotectant to achieve a cryoprotectant concentration sufficient
for vitrification, each solution of said series of solutions having a temperature sbove
~15°C;

(1) under physiological pressure, cooling the cartilage in a solution
having szid cryoprotectant concentration sufficient for vitrification at an average rate
of from 2.5 to 1'00"_(1‘ per minute from & temperatwre above -15°C to a temnperature

between -80°C and the glass transition temperature; and

(iii) further cooling the cartilage af an average rate less than 30°C per
minute from a temperature that is between -80°C and the glass transifion temperature
to 3 temperature below the glass fransition temperature to vitrify the cartilage.




sol ution having said cryoprotectant concentration sufficient for
vitrification at an average rate of from2.5 to 100C per ¥ Aptle200bom a
tenperature above -15Cto a tenperature between -80C and the gl ass
transition tenperature; and (iii) further cooling the heart valve tissue at
an average rate less than 30C per mnute froma tenperature that is
bet ween -80C and the glass transiti oM dtenperature to a tenperature bel ow
the glass transition tenperature to vitrify the heart valve tissue. In a
fifth aspect, the present invention provides a nethod for vitrification of
~natural or engineered cartilage, conprising: (f) imersing the cartilage in
a series of solutions having increasing concentrations of cryoprotectant
to achieve a cryoprotectant concentration sufficient for vitrification,
each solution of said series of solutions having a tenperature above -15C;
ii) under physiologic [ ess the.carti e jn.a solution
ﬁlaw) ng sai dpc?/yopr o'?ectalealnge %Hétr’]cen s eipéﬁse%d?‘fen%?rbﬁ?yk%&re\ﬂeglt(i?fnf} P‘% on at an
aver age r at e foofitrffieaimn?f Gsses, mﬂﬂmngemwmmmmﬁammmuﬁMavﬁeﬂmeﬁﬁkube above -15C
to a tenperat e the ass transi.tion. tenperature; and
(iii) furtherM'%%f%ﬁ%ﬁgﬁ%bggryﬁ Page aeﬂ%ﬁ a@é@ﬁ@@”ﬁ@?@“Wﬁ??tFﬁﬁﬁr30C per
m nut e from sorganperensinge that is between -80C and the glass transition
tenperature to a tenperature below the glass transition tenperature to
vitrify the cartilage. 15 April 2005 4d In one enbodi nent, the present
invention may be directed to a nmethod for vitrification of tissues,
i ncl udi ng vascul ari zed tissues and avascul ar tissues, or organs, other
than a bl ood vessel. The nmethod nay conprise i mrersing the tissue or organ
in increasing 15 April 2005 5 concentrations of cryoprotectant solution at
a tenperature greater than -5C to a cryoprotectant concentration
sufficient for vitrification; rapidly cooling the tissue or organ to a
tenperature between -80C and the glass transition tenperature (Tg); and
further cooling the tissue or organ froma tenperature above the gl ass
transition tenperature to a tenperature below the glass transition
tenperature to vitrify the



tissue or organ. [00171 'In another enbodinent, the present invention nmay
be directed to a method for renoving a tissue or organ ot heApili2885a bl ood
vessel fromvitrification in a cryoprotectant solution. The method may
conprise slowy warmng a vitrified tissue or organ in the cryoprotectant
solution to a tenperature between -80C and the glass transition
tenperature; rapidly warmng the tissue or organ in the cryoprotectant

sol ut i on cbuceatrati@sPd cobprodecdnd va utidivd; a engberate gieagr thea -6UDeeat r at i on of

‘the cryoprotectant b i mrer si the tissue or .argan |.n decreasing
concent r P°BIECGIN 8?’3}65%‘1%‘6&’5%5‘?“‘F@b‘l‘&fﬁ‘iaﬁ"%ﬁp'ﬂgfcﬁoﬂbP_g diheht, the
present imhagRb b@ams@a&i,&eoewemw: LR de rs?ﬁ‘ﬁ'nsﬁ)tﬂ{ni thpaLlRg (Fhosps of

organs ot her than a bl ood vessel such that viabi y Is retalrned at a high
| evel . Fdurtlex anging, the iesue nvergan matenmpeoaticiebbivathe gblsh trandtion ssue
functions are maintained. In particular, the present invention my be

di 1 ect od WP AUTRETRHICHISY tecless 5siop (ORraie o dE e e 70% and
nore pretgnglryrgneater than 80%of cell and tissue functions are

mai ntai ned relative to fresh untreated controls. BRI EF DESCRI PTION OF THE

~ DRAW NGS [ 0019401F] ‘Gn ahotiSh eMBodier XATRe@nOhvatiRehi s GRc@¥ & £m that can be
used in th&op%esent i nvention. Fig. hows a device that can be used for

2 s
rapidly &5 repQyigEdisyie op preamether thang bleodysssgliromy vitifeaittar y cool i ng
profile geaernapodcdi sBh@s The heBodn@dsSongkisdélblly HMabing ¥ vatifi®Qissmd deep in
precool ed 2-net hyl butane and then in cold air usi n%: t he device of Fig. 2.
Fig. 4 sROWEHA NSEBRBIoEEFIauHPRY AFFEPI e PEMErated By thi 2less HEPsitiee gl ass
scintillation vial in cold ai.r and then in gﬁm’xture of 30% DVBSQ H20 at
r oom t en{SEIPSIAGHE, T2PIBRTARTREE BEERIEAT CRATD PREPERIRESIIDVBIBINETS [ 0020] The

present JRvenhi09udve ¢54ceahe fbduling (Bt antf-a‘?fog‘éjfttﬁcj Jr%/(ﬁ?&){eg&n?{) a tissue or
an or su Yy

organ in a cryoprotectant solutio sequen rem)w)ﬁg the tissue
or or ganoimeatinyithe Gifsicat érgm in'dicsasiag conangandnsif coopebtbaasi n to refer to
any natural or 15 April 2005 6 engi neered bi ol ogical tissue or organ,

i ncl udi ng, but0CER) I yevintodur embodirast uhamresertinveniios mes baditectedas cul ar ti ssues,

' .nCl udi ngmg?ﬂ&ﬂ%lr 9%%%% ﬁgsﬁ%(a &'lo ggiHsecgh&"fﬁepl a oo%a‘rcgs'ef A9 that iitg(i:inretam[é&d €s,
Ilganents and tendons, skin, ardiovascul ar trssue, such a ear
: at a high level. For example, the invention may provide that cell and tissue functions are
- maintained. In particular, the present invention may be directed to a method in which at
least 50%, preferably at least 70%, and more preferably greater than 80% of cell and tissue

functions are maintained relative to fresh untreated controls.

BRIEF DESCRIPTION OF THE DRAWINGS

[6019] Fig. 1 shows an example of a perfusion system that can be used in the
present invention. |
Fig. 2 shows a device that can be used for rapidly coeling tissues or organs.
Fig. 3 shows an exemplary cooling pfoﬁlc generated by placing the g]asé |
scintilation vial 30 mm deep in precooled 2-methylbutane and then in cold air using
the device of Fig. 2.
| Fig. 4 shows an exemplary warming profile generated by iJlacing the glass
scintillation vial in 6016 air and then in a mixture 6f 30% DMSO/H0 at room
- -ferhpc;a’ture. - |
| DETAILED DESCRIPTION OF PREFERRED EMBODI'MENTS'

[0020] The present invention is directed to a method for vitrification of a
. fissue or organ in a cryoprotectant solution and for subscq@éntly removing the tissue

~ or organ from vitrification. "Tissue or organ” is used herein to refer to any natural or



val ves and nyocardi um neuronal tissue, periodontal tissue, glandular

tissue, organ 5 tissue, islets of Langerhans, cornea, urettrApni2efhra,
breast tissue, and organs, such as pancreas, bl adder, kidney, breast,
I'i ver, intestine, heart and sections or pieces thereof. [0021] As used

herein, the term"transplantation" reférs to any type of transplantation .

or |rrpl antati on whether or not autol ogous, honol ogous or heterol ogous, and
whet her orengoteeietl bidogiealftiasneor Qigaﬂemcnqdnrg, betuias émumdtto,tmsétuamieér 10

pr_oceSS| ng.of th tISS e or org‘?} g002ﬂ} u ed hereb F: term

PUTEri T cdisuspand avesalar gupiitstrdip lo fEsueeHC ra§>§ agfor mati on. As
used her eiflenigeil MAKUR, ligarkibdts hid @Hdd/ﬂ@eéihd ‘i:arrdﬁﬂ'ﬁgt%?arttﬂgue AR hEg@nS' tion
tenperature (Tg). The process of vitrification involves a marke i ncrease
in vi scosntaglfvesfand ha’ocanylupn,oteeumamsssqIpunmdnmtaslssdeegltaad\rnmrtmsue ergm | over ed .

such 15 that IC eatlon and -.growm h are iphibited. I'n practi

vitriti cathshe e‘@Pf *’ a“éri%‘ﬂf%egré?e&’d{r?tgﬁ H’&?ﬁé’sé‘t‘,ﬁm? B2y, 8¥F1) ?F t he
presence an@reﬁ%izldder?ﬁqd’n%?fﬁrbé‘si qﬂ'e@mbﬁ& e%h%ﬁd swioﬁpot‘é e!:&%ﬁerteﬁlan an .
anount - t hat causes I njury to the tissue. [0023] used rein ‘gl ass
transition tenpé@f2tjur A% usef Bereint the tdrm 'gﬂaaqﬂantﬁticmﬁsefersan ahengpelofit ure of a .

sol ution under the conditions at %IE“ ch the process is being 20 .conducted.

I'n gener alransplantaiien axicnp)pntption Whetherar "Pw’éﬂf’sfaﬁ Qmelogatteled at _
physi ol-ogi , rg;}ﬁ.‘r as long as
t he tlssuemromgglgsg#fghﬁ%{ép %ﬁ?tfllsgé nt ,i‘i@ggag%a’% here%ﬁqom%ﬁ] As used
herel(n, miy&sﬂhggfﬂﬁlusmmwgzms refer to pressures that tissues or
organs undergo during nor ngl Heli;ltion. The term "physi ol ogi cal pressures’

25 thus incl udd803dr néf ussdhpRatRE terg YHTIEIFSion. refersipsplidiBcation hi gher

pressures e rgo A
under di as‘% 0 (t:lc\g% S@Z‘?H@%&{c?ﬁdﬁ t&?gehrgﬁ X?gsggéﬁ% k?? us%iaéﬁgr?%#ﬁémﬁﬁe term
"per f usi orglasmansnedn&:rﬁﬂemmr@(ng Bhd proceds bhvm@mubhm\tdlmuenﬁke@r gan. :
Techni ques for perfusing organs and tlsoirges are. discussed 30.in, for

exanpl e, UNGEaPAR ¥ispoNy ofghgoroprgirctapts I asthe lempeigiiiens lowerade®Bor at ed
her ej1 1 thdeSccldafibi and SRR aRSinHHALL " fhlice! VAR of LRBLO! eC! ant "

nmeans a chem I mzes I ce crysta
when t he’ torpopueservation geay. bosachrauécbdzeiﬁn Aprprese2Q0 a/smdlh os tdstermtcﬂi t errper atures
and results in atnlncreﬁseln viabi l'ity after warmng ‘ ,
_ amount of ice, which is less than an amount that causes Ijury t the txssue _ ‘
[0023] As used herein, the "glas‘s transrtlon temperature refers to the glass
transrtlon temperature of a solution under the conditions at which the process is bemg
20 conducted. In generai the process of the present invention is conducted at

. physiological pressures, However, hlgher pressures can be used as fong as the tissue: .

- Or organ is not sagruﬁcantly damaged thereby. - - _ B Py |

[0024] As used herein, "physiological pressures' " refer to pressures that
trssues or organs undergo during normal function. “The term physrologlcal pressures
-25- . thus includes normal atmospherlc conditions, as well as the higher pressures that
‘various tissues, such as vascularized tissues, undergo under diastolic au_d systolic
‘ ‘cond_i'tions., . o , | | , - -
[0025] As used herem the term "perfusion” means the ﬂouving of a fluid
through the tissue or organ. Techmques for perfusing organs and tissues are drscussed
30 - im, for_example, U.S. Patent No. 5,723,282: to,Fahy et al., which is incorporated herein
| in its entirety. - o ' | . '
| [0026} As used herein, the term "cryoprotectant” means a chemical that

" minimizes ice crystal formation in a tissue or organ when the tissue or organ is cooled.

ormation In a tissue or organ .



conparison to the effect of cooling w thout cryoprotectant 'EEL\OQZY As used
herein; "approximte osnotic equilibration" neans that thet®Apiig0d% nore
‘than a 10% di fference between the intracellular and extracellular solute
concentrations. A difference of no nor¢ than 10% neans, for exanple, that,
If the extracellular concentration is 4M the intracellular solute
concentr at| | d: 4., 4 - Abky, .5 .00 nore than
o 506 di 1 & Sl GRRUBRR. kil re @i WL 0t PhfuhS. B

concent r akbmparison| 100RSB4{Tedt bf ddblis@ivithoutaayoieteatali eved using a variety of

. cryoprotectant 10 mixtures and cooling/warmng conditions. The key

vari abl es shoullB0%d opt P et oRPPredERte RNt SaUibration” geany atdiers pe and

sampl e i 48no Hife HIRLGBYOSIREINODRN EEL AR nid NI £3 Ailcdiifer SGtid | Dration

steps necessary tor cryoprotectant- a i'on and renova hout ™ undue
osnotd ¢ ' shkofdenshionsd Aadiffepinceb2acmbasthan W meams,Sor thniglaahatCi thd :
cryoprotectant perneation_ in tissue sanples., Cryosubstitution can al so be
enpl oyed E5tracsliikayr cogceptigtionig AM, ﬂ@énﬁ?fg@e}a&aefmrvon%tlla@@ws@t@ﬁwmﬁf or a
given probogQam! BASkul nERIORS oA thhE 5BF BFRAnCL BUSRE Bllind fGNLIESE O
organ is imrerséd "in Intreasing concen Fations o0 cryoprotec?ant Sol ution

at a tenpepdtuiseltRat@icedthaions.- 5C. Organs and tissues containing bl ood
vessel s may be g‘erf used, instead of, or in. conjunction wth, inmersion.
The t enper at ur d0928] pr ¥itkicatioy ceebercdicved using aMatety 20 cpvpetestatter abl y

bet b ik O%iﬁﬂlgesl&g'cog{irféﬁg%lng t:?&cﬁlt?or}sl sﬁutléei(é E«ar%b?%%&é@ﬁd%f%%hpﬁ%% g&sed W t,h

t he 1'ncreadsing concen I ons~of cryoprotect ant. e.in

concent r athéipariculiedetiioniksneagrdinds@dplesize. SIRRhYIcE ©f ciyBpid@ictanthat is, -
cryoprotectant is added to the extracellular solution to achieve a’ ,
parti cul amiztessndribe eanlibspticly sensmeeessanyder coppnrateciant addiinsaadiremovah | evel
i's obtained;, 25 the n ration,ef the.sqlhuti is_ then,suhstantially

mi e, nod g utdie SRIREMIR AR BL b2 bl UBop Ine SR RIBRESRE ' P %) i
general | y chmpritedtardefridatian sfisu€ bnyled. | OBobbstifiibAichn alap bexinfkly@dosnot i ¢
equilibration of the tissue or, organin the solution. To obtain .
apprioxi matevesifirhatdcetien Prisration hias bess achisvedhior atgivm nrelgedl i s general |y

e o e o oS AR R DTS, B GRS Tn
I s repeat gflinefeabinB\cohdei®StiAAB of DGO sulutibn bihetefipaRkure graesithai | on bei ng
sufficient for vitrification at physiological -pressures, particul arty. :
_under nor n¥C. dPresapprd tissuessentaininmblood yessslsapay be profised instead of, orin”
- conjunction with, immer_s'iqn_. The temperature is preferably between 0°C and 15°C,
' ,20 : rh()re preferably betweeﬁ 0°C and 10°C. Preféra‘bly, the tissue or orgén is also
perﬁjs'ed'lwith the increasing conceht;ations of _crjzoprbtectam. | _
{0030] The incréase in concentration is preferably conducted in a step-wise .
- manner. ;Ihat'is-, cryoprotectant is added to the extracellular solution to achi_é?e a
B particular cor_xcentration.of cr&oprote_étant. Aftér this concentration level is obtai_néd,-‘
25  the concent_ration_of the solution is then substantially maintained for a period of time.
B In parti-c;_ﬁlér,‘ the cbncentratiq-n levéll‘ is gcnérallf maintainéd for a sufficient time to -
, pérmit approximéte osmotic eqﬁilibraﬁon of thé tissue or organ in the s‘c)lutic_)n.‘_ To
obtain approximate osmotic ,eqﬁilibraﬁon-, the éqnc_:Ehtr_ation level is generally | __
mai‘ntained for at least 10 minites. Irllla preferred embodiment, the concentration level
30 is _mai_ntainéd‘fof at Jeast 15 minutes. This process is rep’eaie_d as'many ‘time-sr as
| neceSéar_y, with the final concentration bemg éﬁﬁiqient for vitriﬁcatic-)n'lat, :

physiological pressures, particularly ufldcr normal atmospheric conditions. In



addi tion, the tissue or organ is generally maintained at each concentration

| evel for no nore than an hour, preferably for no nore thdhApdl 200&ut es.
[0031] In general, the tissue or organ is first imrersed in a
cryoprotectant-free solution. The ti ssge or organ may al so be perfused with
the cryoprotectant-free solution. Thi$ cryoprotectant-free solution can be
any type of _solution that majntains cel]lylar integrity under in vitro
condi t i onsadgitigny giertissue Wrgywta%?rf@ @ﬁ%l%eidl at gagtrcopcentratinp leyg| for no

t enper at ur n j tq hypot herm ¢

t enper at ur%??e tﬁ/@@?gﬁ%f B‘%Fﬁ"?ﬁﬁ?"i n?ttﬁgljé# jé)ﬁ{ng‘b'r?e%'t ectant-free sol ution
will. be the spoBijas i benevaththe lissug @k viganis fiuseidhhersalid aand renove
cryoprotectants in the 10 tissue or organ. For exanple, the ‘

- cryopr ot ectrapprofecwat-gee salpden. cHhie thisusorqrean may plse ge pardisgd AW thehi ch i s an-

campotnammg R BRRREL BT TP kSRSt lned Kitor i tad ot
NaHCCB100. SfutickBthitkiRtatns cellalat Intashplader inyvitrd Bon@6onsdsltypisiedbyal 15 Apri k

2005 9 O her ex‘anB[B‘e;s of suitable aqueous solutions are discussed in Tables
2 and 3 behwietic papial bufferial pegpakemperatyicp Hif @rapRgreseaien selutionss32. 43

K2HPOAT. 21y, ZRlShete fiperkur b T8 18cdlf, B thiBbINPAEokeR-free solution will -

be the same as the vehicle solution used to add and remove cryoprotectants in the-
10 tissue or organ. For example, the cryoprotectant-free solution can be a Euro-Collins

solution, which is an aqueous solution described in Table 1 below.

TABLE |
Euro-Collins*
Compound™ - | mM ] g/l
Dextrose - | 194 | 3496 |
1KHPO, | 15 2.06
K;HPO, ] 2 | 740
KCl T 15 | 112
INanco, | 10 084
*pH=74

15 - - * milliosmolality = 350-365 milliosmolal



Adeni ne HCI 10.17 CaC1210. 111 MCl 220. 407 (Note: RPS-2TM solution is

nmodi fied RPS-2 without Cad 2 and al so without MyCl 2) TABLASAPNGOEi ed UW
Sol ution #1Modi fied UW Sol uti on #2 Conmpoundmrg/ 1ConpoundnM | |

NaH2PO4H20253. 45NaH2POAH2(253. 45 K gl ugonat €10023. 42K gl uconat €100. 23. 42 My
gl uconat e10. 21My gl uconat e10. 21 gl ucose5. 0. 90gl ucose .152. 70

gl ut at hi on I

HEPES102. 33%&%%%%8’ }%q’ggﬁ %@ﬁn%f%‘f Lfﬂgﬂ@b g’%ﬁi#ﬁgd%g?q?ﬁblgg ﬂ“% below..
(hydrochl ori de(hydrochl oride ri boseill‘.pGSIJEm boselO 15

- CaCl120. 050. 0056Cad 20. QAQ-0056_—HES(g).-- S0 Not o Mnd ified U\NSoI ution #2
does not contain HES b | fi ed UW Sol uti on
#1) 15 April 2005 10 [ (632i-AfFter—betpog—trmpfsedin—ea—erypprotectant-free
"~ solution, the tissue orf rqj’z?i‘P‘i@dl mmer sed™h a dol &1 onf cont ai ni ng

cryoprotectant with ordlvbémgé pertusion. 1§An aqvaptagd of the present
invention is that perfysion is_not ne¢essarily rdquifed.) A cryoprotectant

concentration suffici e]ltl{{}mo,,w trifichtion7generdll yzson}t ains from6.0 5 to

9. 5M cryoprotectant, pr blyv from -0 AM cryqgprotect ant , nore _
preferably from 8 to I\K@ryoprot ectaht. THe2 crycpr%ﬂéct ant sol ution may -
contain any conbinatio yoprotegtantssuf-f r vitrification.
Cryoprotectants incl ude,ﬁ?}ﬁ?bére not {limt :lgd to, §%t hiy| sul foxide, .
formam de, 1, 2-propanedi@tatidogs DUt ang¢di ol ,s0Tycqgrol 53~ i : '

Ademine HCI | 1 0.17 -
CaCl, 1 | o1l
MeCh | 2 0.407

(Note RPS-2™™ solutlon is modxﬁed RPS 2 w1thout CaClz and also wnhout MgCIz)

5 ; R TABLES - |
| Modified UW Soluti_tan#l‘_ R Modified UWLSOI}Iti(_Sn #2 .
Compound mMi g/l _ Compound | mM | .' g/l -
NaH,POSI,0 | 25 | 345 |NaHPOB,0 . | 25 | 345
K gluconate .| 100 2342 , K_"glqconate_- - ‘100-_7 23'.42: |
Mg gluconate T T | 021 | Mg gluconate’ R 021
| glucose ' -1 -0.90. élixcose. i 15 7 2,70
ghutathione 3| 092 | glutathione 3| 092 |
| adenosine. -5 1.34 | adenosine — 5 7 1;34,
HEPES ] 10 | 238 |HEPES | 10 | 238
~ adenine — _ 1 0.17 '. :adenine‘ R 1. | 0.17
' (hydrochlond_L | ... I (hydrochloride) . _
~fribose . _ - 1L 7015 |ribose I 0.15
- [cac, 005 | 0005 [CaCh | 005 | 00056
HEs® - s |- =

(Note: Modified UW .Soll';tioh:#2 does not contain HES but -
contains more glucose than modified UW Solution #1)



. conventi ona

et hyl ene gl ycol, n-dinethyl formam de and 1, 3-propanediol. 10 [0033]

| nper meabl e cryoprotectant agents such as poI yvi nyl pyr r ol i #@Aerilc005

hydr oxyet hyl starch nay be nore effective at protecting biological systens
cooled at rapid rates. Such agents argyoften |arge macronol ecul es, which
effect the properties of the solution to a greater extent than would be

~expected fromtfghs 2 Rt b&ggﬁﬁﬁfe&gresmaé%smﬁe‘cténhﬁ%@smﬂorp%mhe Bg

cryoprot ectant agen ave rect protective effects on 15 the cell
menbr ane. bi(gmisammdrkfﬁl ipra sohrtipnroeatamimgsary girowctaniowith ppwitheuttperfoson.he

i nduction of extracellular glass formation. \Wen such cr rotectants are
used in efdnaheniaesphihe Py ’é‘ﬂf‘?’%ﬂt*(’Br‘\%ﬁ’a E?éf“FWPHﬁP?tJWC??é%}qgé“B’Ithnat ed

entirely dHfdiihro@Ath BcdfrafOfl Wl fr LR ATHQERALIy EGHERRS AL €0

| mper neabl m cal” enonstrated cryoprotective activity include -
agar ose, ded.s5MnSyorgbeciase preférablydronxy &t Syl syeprotectantnnwire prieferdtdy frose,
met hyl gl ucose, ponV|nylpyrroI|done sorpitol, sucrose and.,urea. [.0034]

Ina parti c B laP MeSrpaapieeiant. okb et%"ﬂf?@%‘é‘ﬁtso YPB MaySAntaThany combiptenats ant - .
sol ution Cﬁlazg OQ%tag{er%w!ent%Hll 1%&ﬁon f@ﬁ%gmt&‘?amﬁﬁg]uﬁe AniebRaedi ol . For

exanpl e, ryopr ot ectant T'Uti on may ‘bé a solution called VS55. VS55 is
a 25 sol ut hﬂllite@mti&hﬂhﬂgsufféxﬂ% furmafiBle] Mp-plopaatdipl, 253bitendditd, glgcBob w/ v

(2.2M 1, 2- propanedl oI and 0% 1M faotmamde in a vehicle

sol ution, sWiinag! )’Eﬂrﬁ‘ iy} %§“"§'6‘(I)' taf‘ﬂﬁ R?ﬁﬂ%“e%fﬂg sol ution contains about
55% wl,v cryopro t L get hyl
_sul(; Xi de may bgﬁ rﬁge%églocq@;%g@maggﬁ@%?%g t eoglf#gﬁ(%]?ﬁof

1, 2- pr opanggirkyettyd sn‘amhrmﬂy blemioey cfémtite mq;rmcm@bnmogrmsgsamlmotbﬁ atto 20%
w v.. However, the total anount of cryoprot ctant gl?g%e full str.ength
sol ution stepif Biese Syeh agsats 46 oftan Jargomaomplesules, i elies) e RSRPSEB L 509

WV to 55% f%-ng solhRo zli reagpéxtleé‘t/ t%gpég‘&‘ld\é%%ﬁ ORYd Bbahdeosshd ﬁr@gu}‘! th

cryoprote S an nat ur or synthetic ice-bl ocking
mol ecul es, Sb@e oema@h@] paﬁ&:tamig d@ppmg:aranwgentsl Igivadirect pretbameméfecaldnum n,
ammoni um acetate, anti-freeze ot ei ns, amd%{f?@ chondr0| nh sul fate,
chl odéf or n?heéﬁﬂmwr%cﬂ%‘ﬁ%% gipgmary ‘B?&laﬁ’ﬁ&( tipp prrears to be t .

cycl ohexanglyf [ @l Sor e?anqgéfﬁf;lﬁ tass %ﬁ'ﬁﬂ)ﬂ\ efihedl! sii@i%vyoﬂ‘of%{alﬁw aréG&laa de,

di met hyl for HEALRT: anol, ethylene glycal, ethylene gI ycol
nononet hy| egtdusaly h@hu:@ﬁ@@,tragbtys; ecra:ﬁonnatg;hyn@r pdipsiphtad entlxgl)ydmmgl .
rmnoace'F at soolignlg%g Idee wa?nla%x(éo rn? E:l%;oggmc temﬂe?:ﬁzret hYmpeSr;[n%zl;l)(ie chemxcals w;tﬁ
- demonstrated cryoprotectwe actmty include agarosc, dextrans, glucose,
| 20 hydroxyethylstarch inositol, lactose methyl glucose polyvmylpyrrohdone sorbitol,
sucrose and urea. 7
‘ [0034] In'a particular embodiment of the present in\(cntion; the
cryoprotectant solution contains dimethyl'sulfoxide, formamide, and 1 2—pr0pané'diol '
_ - For example, the cryoprotectant solution may be a solution called VS55. VS55isa |
25 solutlon ccmtammg 24.2% wiv (3 1M) dimethyl sulfomde 16. 8% wiv (2.2M) 1 2- A
B propanediol, and 14.0% wiv (3:1M) formamide in a vehlcle-solutlon, such as Euro- - -
- Collins solution. Thus the solutioh contains'aho‘ut 55% wiv érfopr’otc‘ctant or 8. AM
_cryoprotectant The amount of dimethyl sulfoxide may be varied from 20 to 30% wiv.
~ Similarly, the amount of 1 2-propaned101 and formamide may each be vaned from _
30 | about 10 to 20% w/v. However, the total amount of cryoprotectant in the full strength
solution 'sljmoul:d be between 45% wiv to 60% wiv, preferably from about 50% w/v to -
55% wiv. | -



inositol, |actose, magnesium chloride, magnesium sulfate, maltose,

manni tol, mannose, methanol, met hoxy propanedi ol, nethyl H%éﬂ@ﬁmﬂ@ met hyl
formam de, 10 met hyl ureas, nethyl gl ucose, nethyl gl ycerol, phenol,

pl uroni c polyols, polyethylene glycol, polyvinylpyrrolidone, proline,
pyri di ne N-oxide, raffinose, ribose, sHrine, sodiumbrom de, sodium
chloride, sodiumiodide, sodiumnitrate, sodiumnitrite, sodiumsulfate,
sorbitol, sucrdee3is|t r‘b‘BéB osg alsorbeetddifiehwithlcynanfiotalicrmiphit@mitn endioet at e,
urea, valine and/or xyl ose. 15 [ 0036 I n addltlon in, further qreferred

enbodi menmatusal qrgynthe WFr‘IS‘Pka.B rpol efrr 8% dorarwp! ASFIHRIdE ATRESE A BPAS: ni | ar
concent ratara%'r?e Tbu?n i AL ORGH Rbtated (L#rr reéiegprm emsneatba/éma%ﬁoﬂaro@@n Y be

repl aced by concentrations hyl ehe.” glycol or
conbi nat i Qﬂ&‘at*ehdﬂemforn{ @Aalidk, Iﬁmoheehnedicﬂs fo@c!ohhenedrqusr ofcbitteamtetgalsyt i on

- maybe any type of 20 soluytion. that maint |ns | ar | ntegri under in
Vi tro condiekirgifs diethyleng gl Y“é\(i;ldé'i“et t"rﬁ?eta% éil"@e‘g@intgffﬁ?m ﬁ‘ées sl ow y

trat Col | :
Sol ut | on Crgh ‘é.‘hﬁ*ﬂﬂf&%\"ﬁ%%ﬁé&@%@%E’%*ﬂ%égrﬁﬂr”%rhﬁng‘gbirb PP Cand may be
i ncl uded igr[yoampheﬁlﬁacd, igheenimionbacetare, gtidire] giypombf&ers drdgrethyl starckel | as no

buffer, may be used. Alternatlve vehi cl es |ncI ut are pot limted to,
the sol ut ilgesstol, Jartenes Bagaesiim ghiprde. suagpesinp, sul w OpyEEEMShe fi nal

concentrat ) of,0f ﬁad%r%&ﬁb Aﬁéﬁlo@r}n%tﬁ?;lsé&{ahﬁﬁeemeﬂéﬁ forMldniility the

ti ssue or organ. "{'-%weve’ gussed a e concentration of the

sol utg on inSetBylaed] h?,éthyﬂlghﬁ&&@dwtﬂybgl@cdsmla\phemdn Butoaicepalyqls, globyediyilgne n a
st ep-w se nmanner. particular, cryoprotectant js add%d to achieve a
§

particul ag mo&uewmx/lmﬂwqogee@o s, RYadine N-efle.gailmpss. cPaMe Seife to achi eve
appr oxi mat §%%§F?llolrrﬁd ?iuﬂ&ﬁ&ﬂ&nsodl iDLk LHLAL nitQle, %drur’ﬁ%ﬁné—o m nut es

and prefer m nut es hen further cfyoprotectant is added

to incr ea%ﬁdhhﬁsmfayaBbtbﬁl@l;fs&ctrbse(;trﬁbzﬂﬁﬁel; aterth.rienwﬁiycrdh trmethylamimaycetate, be - a _
~ level sufficient for vitrification.. If not, after maintaining the 15 Apri I .
©2005 12. co¥renehing aMomBlosuf fi cient tinme to achi eve approximate osnotic

equijq bration. hysdinel, . &hup r&ﬁ%@&e&&ﬁ%@,m@mhmﬁn@ jigps to

achi eve a conc i on su ent vitrification
pref err ed peojdiioh iiay bk re;biecerdrwenmrmntmfaeoasefz wntaﬁeaboy (ﬂlrmtaeltyt ant
concentr atdllrggthg)ri ?&lfeo?clrjdse 1?1?1; gé ?ep{a%gc(i: E)Ir ngm}arr] %or?r?err}?rgtrllénrs%&"lg ycero TT:)I tlet?nlyl%g% f or
-r glycol or combinations thereof. -
_ [0037] The vehicle for the cryoprotectaht squti_dn may be any type of
20 - solution that maintains celtular integrity under in vitro conditions. In particular, the
vehicle generally comprisés slowly penetrating solutes. In V855, the veiicle solution
is a Euro-Collins Sohrtion containing 10mM HEPES. -_HEPES i.s included as a‘buffer :
- and may be included in any _effective ameunt. In addition, othet buffers, as well asno
- buffer, may be used. Altemnative vehicles include, but are not limited to, the soiutieris '
25 . dlscussed in Tables 2 and 3 above. ' o _ ' |
| [0038] The final concentratlon of the perfusion solutxon is sufficient to
_ vitrify the tissue or organ. However as dlscussed above, the concentratlon of the
solution is gradually increased to achlcve this level, preferably ina stcp wise manner. e |
In particular, cryoprotectant is added to achieve a pamcular plateau, which is
R 30 maintained for a sufﬁcwnt time to achleve approximate osmotic equlhbratlon, in
| ‘particular for at leas_t 10 minutes and preferably for about 15 mmutcs. Then, further .
‘ eryoprotec_tant is added to increase the cryoprotectant concehtrﬁtion; which may or

‘may not be a level sufficient for vitrification.. If not, after maintaining the



vitrification. In this preferred enbodi ment, there are thus six steps, the
first step using a cryoprotectant-free solution, which is 12Apchd885by four
i ncreasing cryoprotectant concentration plateaus and then a cryoprotectant
concentration sufficient for wvitrification. In a particularly preferred
Si x step enbodinent, in step 1, no 10 é?yoprotectant Is used; in step 2, 5-
to 20%. preferably 10 to_15% . of the final cryoprotectant concentration is
used; in seésentratipg fppsuiBoentiingg Wraghjoye approwinBERgsmsttic eghidibrati, further
cryopr ot ecf.an t ratd S, ol ST 4, 40 to 60% .pr.eferably 45
o’ "Bs0g *orIPhsRPARER Bl Wbk e HERE ichioRichitye s sdtebPyibn suefiEataf s, 6
to 85% pretehaddloy. 70 to 80% of the final cryoprotectant concentration is
used; and in st'[eﬂp 6, the final 15 cryoprotectant, concentration, which is
sufficient for UI0BP] f lkapredured anbogimentof dhe invenfiopr berarafmurconcent rat i on-
step ks majntai _ ffici tkne ta.achi eve roxipmate psnotic
equi I‘f’brat {:rghpropeﬁgagi ?gunrc ? rﬁgaﬁoﬁrp g%tgﬁsggfoggnﬁeggl?lﬂ%ﬂ}e,copﬁeé'%}fg RN .wf?r“’f e or gan
i's perfuseditifitdiohhtnh & pitfendd ainbeaiiens thdte aleQRd dix Akp&ihd Hifdt biep BbiRg O
organ has been immersed in a solution containing 20 a concentration of
cr yopr ot ec? ayopstactangifien solpden,pyhieh is felewerhby foneincresging cotoportgetant which is
" mai ntal ned_i | ugl L.ning a ncentration of..cr r ot ect ant
suffici entc‘%l{(%ﬁgtr@%f! 3’?4‘%@3@? %El,%h%scr?cgjﬁ?%?tﬁn tccggf’eenfﬁmﬁ%n 3}'@&%@&& ure between
-80C and tVierifgdatiah. I apstitilony ﬁ&mﬁfdadixlﬁtep ethB6difRRi, th a6Pi MY rate may be
from2.5 to 100C per mnute. The rapid cooling rate is generally at |east
15, 20, 25cryppreECtapels used;in &ep ?hétgg@%a@réfeew'@m@ PWerafite finali ng this step -
is preferably frao 0.to0 80C .nore. pref I §om 30- 60 er ..M pute, ~even
ror 6 pr of eragp ERaeskCauton 1 Bl L 8eL A3 o 25 oAy 2005 2%y B e abty
from 40- 45Ge R diybptbRctant@nt&fiR@loatisiRd! @ 6P £R04H 0% Ex&w&a@l& @rgan is
cooled during this rapid cooling process is preferably between -90 and
-110C, nor&%pefdhe fiagliofydpeatoptant cogsendiation js Wsd.in 3Bp 5005 19 8%t prefarshlyt i ssue
or organ r s Ahis rapi li.ng process, the Ltissue.or - n t.hen
undergoesu'gttgg %j\%"e’cocgtct) elﬁfbal ﬁrpyggré)gé;&ﬂ\t cv\ﬂlegﬁm '?l'ystulsescgﬁ%é &t sst%? Sat&i'ei?é’g?cool ed at
an ayer agecrigprotecRBtcdnbaiiratios; Whichit sufficient¥optidmdakivn dt uadd. BRhage rate
| ess than 10C per minute froma tenperature above the glass transition
t enper at ur@yeprotectpgt gseentratign stepds mapieined fora splficisnt tims tglagkisve r ansi ti on.
tenperaturge NVitrify .. ergan. - Eh cqQal. ng .phOcess. | S
pr ef er abl yapé) %‘%’8‘&‘8 {eeocf Hé% it gﬁ““éb‘%ﬁgé%ﬁ 3@3%%5 145 ?rﬁeél nengﬁdb%&tfghﬁ EF%L.I‘@ OF. .
Pref er abl yorghh & pedfusedobitlc telsbR@iodut et stdp.s entire step does not increase
above 30C per S oL ' ,
B _ [0040] After the tissue or organ has been immersed in a solution containing -

'20 - a concentration of cryoprotectant sufficient for Vitriﬁcétioh, the tissue or organ, whiéhr |
.18 :ﬁaintained in a solution containing a corix_ce_n_tralion,of crybprptectaht suﬂicieﬁt for
~ vitrification, is rapidly cooled tO'a témperafure between -SO?C axid.the glass transition " N B
“temperature. The rapid cooling rate-may be from 2.5 to 100°C per minute. The rapid "
cooling rate is generally at least 15, 20, 25 or 30°C pef minute. The average cooling
25 rate during this step is preferably from 10 to 80°C, more preferably fi'om 30-60°C péf - .
. minhte,- even more préfcrably from 35_-50§C per minute, and even further more
preferably from 40-45°C per miriute: Thg: temperature to which ;he tissue or ofga’n is
'co‘éled duriﬂg this fapid cooling prpc¢ss 1s preferably b'etweeh -90 a’ﬁd'-l' 10°C, more
preferably between -95 and -105°C. | : |
30 - {0041]  After the tissue or organ undergoes this rapid cooling proéess, the’
‘ tissue or organ then undergoes a slow clo;oling' brocéss in which the tissue or oréé.ri is
cooled at an avérage fate leﬁé than 30'°C pe‘r-'frninuté,r preferably at an average rate less

than 10°C per minute from a temperature above the glass transition temperature toa



mnute, nore preferably the rate of cooling does not increase above 10C per
mnute and even nore preferably the rate of cooling does ABAPIIOBase
above 5C per mnute. The glass transition tenperature is generally about
-120C to -135C under normal atnospheric conditions. The tissue or organ
can then be stored for |ong period of IBime at a tenperature bel ow the gl ass
transition tenperature. [0042] The first cooling rate is generally faster

than the tmpsmiuiedwiaw thergless trangiion fegperasyre to MitaibeNFwa s orafe o cool i ng

t an be.th ne. [00 | ' ' it i the sl
et 4 NS e L T A
cont ai ner pegRaplyNitedatk BE co6lldsl dieMgithis Bh@etkp dobfind ip@tiseabbas 3@1Thsei nent ,

the rapid cooling rate is achieved by placing the container in a liquid, .
such as 2myiptthymbretaefsrabbhde rate of peadingsioes pefanwense gbove HBRer HHLWE bel ow 15

- 100¢, f bl bel t transitiont tur.e-of th

100 pr 1108 4, gL O L L e B 55 R o LR AL i

~container i3 lg[agggéﬁs]%igr{ QE@E&%W id géﬁbﬁii?@goﬁ(wi@@ to1 35 °gasRRH gAY | I onment
ure pel o r

at a tenpera w t gl ass ansftion:.. tenperature. [0044] The
present | awespheic éenditias. The dstuedr begaa cartifvadefstred fambuigpriad 2@ timessue or
organ fromvitrification in a cryoprotectant solution with or wthout -

per f usi onat FkEneEtwEdeloniielass rapytipn, SMPEANE a vitrified tissue or organ.
in the <cryopr a Mt : ; t he gl ass
transition tei%(gfl;t ﬁhéﬂfﬁ%dogp%aﬁagré%ﬁﬁgﬁggsg rﬁgﬁgg%\%%g?? gQ@e[%g’GJeSOC per

m nutoe. | Roades] ineimbodirhentavbe agecomdingiratgs catte tHesamg this stage is . -
general ly from 20-40C per minute, 25. preferably from,25-35C per- minute. In
addi tion, the (M- dn@nenthedipgs of thednveptiop, the é'a“tqog’ga%f%? 1%8%2%3 sl owl y
war med i s, preferably bei . : DI s | v s Aeen - 95
and - 105C.b 9f6‘8}% & %tegfﬁ%ﬁﬁﬁ&[tiﬂggggcﬂg}rm %U}lggﬂe@é&gﬁg%rﬁ%§ﬁgmp ﬁi‘gﬁ rSIE\%I\?V war m ng
process, I hpaticGRyembodiaiegqthd mpidwnlingpitelisyachizvetbly placiag tlen@ertainerr e above
-75C. The 30 tenperature should be sufficiently high that the solution is
suf fi ci enin g ligmd; spchrpg2-mpdylburags, thatdias BF%HCG&H‘GBZG-?&WF@%F“E ™¥rom  The

rapi,d war nj process. i s. ge 2 . 8QCper . ‘
m nJSe, p&‘ﬂgFaBﬁe%rg% \l}ga'%ﬁg)gogielrh%rﬁlaﬁgp g&ﬁ‘%ﬂ“@&%ﬁ‘%@%@%ﬁqﬁ%ﬁ?& g during
this stepchsled Thes, abhohiévertht 200- 0Ge prE, the Cotsineriv r@ndved Am the2005 14 .

preferably from 215-250C per minute. The tissue or organ is Erefe[abl y.
war med i nliquid and cooled in a gaseous environment at a temperature below the gI_as transition..

térnperaturc. - . 7 |
_  [0044] The present invention is also directed to a method for removing a.
' 20 _ tissue or organ from vitfiﬁcation in a cryoprotectant solution with or‘without '
| perfusion. The method comprises slowly wzi_rming a vitrified tissue or orgah_ inthe
'- cryoprotectant solution to a temperature between -80°C and the gias_s_ transition
.ftemperatu.re. The slow warmir-lg'r'att':'is generally below 50°C peﬁ minute. In addition,
the average warming rate dufirig this stage is generally from 20-40°C per minute,
25 | preférably from 25-35°C per minute. In addition, the temperature to which the
| vitrifiéd tissue or organ is slowly warmed is preferably betweén -90 and -11 0°C',. more .
" preferably between -95 and -105°C. - | | |
| ' t0045] After the tissue or organ has undergone this'slow warming p'rocess? :
the tissue or _o'rgah is then rapidly warmed to a temperature aboi}_e -75°C. The
30 terrip’éréture should be s_‘ﬁfﬁciently high that_thc soIﬁtion is sufﬁcien_tlj fluid that the
tissue of organ can be removed therefrom. The rapid warming process is génerally
condﬁcted at arate above 80°C per minute, prcferén_bly ébove ‘l 00°C‘ per minute. The

| ~ average warming rate during this étép is preferably from 200;300°C‘ per minite, more



this process to a tenperature above -75C, such as above -35C. However, in
a' further enbodi nent of the invention, the tissue or org&nApd 2885 nmed in
this step to a tenperature above -5C, preferably between -5C and +5C. 5
10046] In an enbodi ment of the invention, the rapid warmng rate is

achi eved by changing the environnent i K whi ch the container containi ng the-
solution is _placed. In a particular enbaodinent, the slowwarmng rate is
achi eved bprefrally dgm {hieZ b htrer runute.nThe Hasve origrean is preferably watm%dg in

tenperaturg.above the te rature oMhich the ti r.organ has been
Loored T PRERIOR K PRLR e Faeluthlal font  SREE i@l ane> Do
placed in furlhefiethbodifidfilofthie BiveMiHe BiedisS@! sildrpth i9hanhed itkangdpro i net hyl
sul foxi de (DVBO), at a tenperature above -75C, preferably above 0C, and

- mor e pr ef eteatperatere ahoyms CaprefesaiticbitweererdSEraad db&e. [0047] After the tissue
or organ has be rned to,a,te ture aboye -.65C the concentration of
t he csyopr ot ect E@#Wnﬁﬁ%e@g?ﬂmegﬁ%@c ﬂ}vg%%’ ?{IV r?%‘ﬁd%%:lng 5 1 ef er abl y,

the cryopr giiasleanly chRNSRN He@hlddhmdht [PAHRAGhd SontaiddrRBnMrHSy RRABRKion! N an -
enbodi ment of the invention, decreasing cryoprotectant solutions are

achi eved bis plaaedelsa partichler embulimeny; thershom wiarmisg @t isachisfved by plaigng
cryoprotectant concentration, .solutions to facilitate elution of
1 yopr of ectERPUAHIEEIR 4 Fbepy e ayliompen ALa FomAytote Loy e LmBralie fhay al so be

per fused WyhRhithetisab df bRan hasThi@nSErd. | TR, & RO Heahpid mngddte,
tenperature, above -15C, preferably between -15 and +15C, nore preferably

bet wd8n OChemdntaiier is. pli@E48} lifihid, sichep aneeutoun solutiorced; forzxemple, s- pr ef er abl y
~reduced to achi eve a. ticular plateau, which is maintaiped for a
suf 11 i ent ST FUSERE @ﬁ%ﬂsﬁlﬁﬁaﬁfﬁﬁ%@l%%ﬁ-ff Copreferahige %Y?,J Chand
particul arf, for A PAST nokR 2l At et 8 S rid glgiably for-about 15 25 ' - .
m nut es. Trr?e%rprt@hé bSy?yonprotaect an@%{:‘o%e trrafeirson'i s further reduced,.which

may or may not [00RD)i dditer die tisser orapgat lesthenn warmel ©a tapenture hboveot , after .

“maintaining the concentration for sufficient tine to achieve ap roxi mat e
osnoti ¢ eq%Sf’%ha@?wmr@w ofdh gyepyolsctanhin the solutien isgreshially redysedy fur t her

, red“??-d ! ”ll%%%??}gf IHPE%OP%IK&PEEH Eéheefifai¥ny@tddhc @Va' i AREL RGant - T ree
solufion. 1n addition, the tissue or organ s gerteral I'y-1mersed i.n each
‘sol ution fanbstimenngahe invantian dbwetsingurpipeoteblayt sotutions gerachizaed BP i nhut es.
[0049] To decrease the. cryoprotectant concentration, the cryoprotectant -
. solution, n‘&}m?fémﬂit%ﬂsw ChORAB Y] 89T15H OBflecae%sy}:gé”lé‘?ﬂ’i?tF‘étht‘i?nf’%m“O""-"---"

cryoprot e%o"l‘lﬂﬁdng rt@?ac?iﬁat’%‘@fJtion%@gg'dﬂvétectan'ts_from the tissue or organ. The tissue or
' - organ may also be _perf'uscd with the solutidhs. The solutions are generally at a
20 temperature above -15°C, preferably between -15 and +15°C, more prefer:ably
between 0°C and 10°C, - B
~ [0048] The cryoprotectant concentration is pfeferably reduced to a;ﬁieve a
particular plateau, which is maintained for a sufficient time to achieve approxir'nafe , -
“osmotic equilibration, in particular for at least 10 minutes and preferably for about 15
25  minutes. Then, the cryoprotectant cor_lcentratiof; is fuﬁher reduce'c_l,_r.which may or rﬁay -
- not provide for a cryoproteétant;free solution.. If not, after niaintaining the . o
 concentration for sufficient time to achieve approximate osmotic_-eq_uiiibration, the : ol
_cryoprotectant concentration is again further reduced in one or more. éteps to '
eventually provide a cxyoprotectaint-free solution, In addition, the tissue or org_an'is '
30 ‘generally imm_erséd in each solution for no lronge-r‘tha.n an hour, preferabiy no lohgcr _ |
| ~ than 30 minutesl. _ . - 7 | _ o - .
- [0049] To decrease the cryoprotectant cénc_ent'ration_, the _ﬁryop_rotéctant 7

solution may be mixed with a solution of a typé similar to the cryop_rotcctant_-frée-.



solution utilized in adding cryoprotectant to the tissue or organ. The
solution preferably conprises at |east one osnotic bufferﬂﬁ@ﬂ%@@ﬂﬁ. 100501
~The vitrification nethods of the present invention typically result in a
greater nunber or percentage of viablegells in a tissue or organ sanple as
conpared 5 to conventional cryopreservation techniques involving freezing.
The net ho f r t | y | tissue or organ
sanpl es h%@?“ﬁé’ ngﬂﬁﬁ%da@taﬂgﬁ&c%oﬁg@%@g? l@;ge'}?géﬁé (ér rgﬁfm :!so,lmf%le nmet hods of

t he presenjreferbBnédniptisesatubdst bife dsnsRi¢coudferin@again. sanpl es having at | east
60% vi able cel'ls, for_exanple at |east 80%viability, such as at_ |east 90%
viabi lity. The IBP38enThq vitrefinatiommegodsiod ierpessnt inpentipn typigally reygitin 20
preferably I t 9 lel - functd ons,. raft functions being
mai nt ai ne r‘?atet raq%?iioégr §€é@ r?é?lféasg%%tg H{afrbevea(fetga "&gﬁl ruglog ° %6@‘{‘2 SR8 QIR er ei n,

"osnmgic bblf:f)@d‘ejnHGnél@%?ﬁes&Em @chrfuarinilging firetiag Uiraé metiddslof the . _
non-penetrating extracellul ar solute that counteracts the osnotic effects
of the grduesent inMentinsaenerably rashiam dssue A€ efgan sampled hedng atdeass 19%of :

: . ' h ffl . 0052 d
et orn  noieBerdEy 49 ERP AR S YERb RS e Sl e YR ER T Inidiee "o e

chem cal  dRgditdanipenaial it 162860 eiabRI defis,Gbr &:ehld STt B0%0H RN Ut :
instead remain in the extracellular fluid of the tissue. [0053]." As used
herein, "Isuoh apatdeast % weabglity. dberprasentbayendipn Gap algerrsylt in a0eashvV8%m rel ative

put 1841 ng BRgeeD 7L BT TR Nanf 3R Rt o5 el gl s s8N oo

‘sodi um fr yg FRsIeudir&itedi phgsrhat e, pot assi um and sodi um | act obi onat e,
potassium and sodi um gl ycerophosphate, nultopentose, stachyose, ‘mannitol,
sucrose, gl ucod8051]mafs vsedihserin, "espigbaliet ingotzants imeangh lmwvwpahigh sodi um and

pot assi um gl,ucgese 25, .6-phosphat e, and ffinose. |In a preferred..enbodi nent,
Phe T ow moTEar R B P pShainE B so B B R LS DSBS or |
.manni tol, e$6ts F theatehtérahiradeIaRy tHaAQRGheeltuldl 868beARARIHR of cRIcpFotBRhMCUl ar

wei ght cryoprotectant and osnotic buffering agents" generally have a

rel atd ve oriag thearyopeisciont fiflexpigeesst er than 1,000 to 500,000 daltons. .
B e g e
raf fi nose myeleqgassTRhééRniieal HoHPpairlra@Talo 1BBEeIl Tahe tidsuk 8AbManbvgn 1, 000 to-
100,000 ‘daltons). In a preferred enbodi nent, the high nol ecul ar wei'ght -
“osnoti ¢ buitstead ragaindg dh extracelidar fhrad ef fredissvabl y having .a nol ecul ar wei ght
of about- '45_0’- 0?9053]‘ As used herein, "low molecular Weight osmotic buffering agénts" - '
20 have a fél_ative molecular mass of 1,000 daltons or less. Low moleéuléu* weight
osmotic buffering agents include, but are not limited to, maltose, potassium and
sodium fructose 1,6-diphosphate, potassium and sodium lactobionate, potassium ahd -
sodium glycerophosphate, maltopentose, stachyose, mannitol, Sucrose, glucose, ~
~ maltotriose, sodium and potassium gluconate, sodium and potaésium glucosé :
25 67phosphate, and raffinose. In a preferred embodiment, the low molecular weight
- osmgt’ic bufféring agent is at least one of mannitol, sucros¢ and raffinose.
o [ﬁOS{I] ‘As used herein, "'high molecular weight cryoprofectant and osmotic
| buffering agents” generally have a reiativc molecular mass of from greate.r than I,-O'OO
'fo 5_00;00(_) dal_tonS. High molecular weight osmoﬁé buffering égent_s inélude, bﬁt are
30 not limited to, hydr_oxygthjf! éta:ch (HES), polyvinylpyrrolidone (PVP), potassium :
raffinose undgcaacetate > 1,000 daltons) and Ficoll (greater than 1,000 to 1‘00,000 B
, dfciltons_). In a preferred _emblo'din_aent, the high molecular welght OSmotic buffering '

agent is,_HES, more preferably having a molécula: weight of about 45 0,000.



- 15 April 2005 16 [0055] The cryoprotectant-free solution preferably
contains | ess than about 500nMM of an osnotic buffering agtnpri2ede
preferably from about 200 to 400mM osnotic buffering agent. As the osnotic
buffering agent, preferably a | ow nol ecul ar weight osnotic buffering agent
is used. Most preferably, the | ow nol eé¢@l ar weight 5 osnotic buffering
agent is mannitol. [OO56[ In a particularly preferred enbodi nent, the
cryopr ot ect ant [058kndhedryoprotentantiresiseiution preferably poethmsdes tearbabdutrent , i n
step.1, thg,cr ot ect an concentration i.s 40 to GO% eferably 45 to
Sst of ¢ nRGERYG B SR bt R R Pretatly g drout 280 BB 17 ot ep
2, the crysmidicasiRihg 60H CALRY dPRbtichudRrihg aftoprdfrablyed RivithloYecafir t 0 40%
of the cryoprotectant concentration used for vitrification; in step 3, the
cryopr ot ecweight esomdieriuffgting agard islGed o M3Bprefarafiprthblow 20ldcelad®ghof t he
cryopg ot ect antt. (‘bogﬁentration use{j for vitrification; in step 4, the

cryopt? ot ectSHitic RtisERG pelt ISIRARITIOL o 2004 preferably 10 to 15% of the

cryoprotectant GRBEENIH 2 ;Lrﬂeulawg%fér%d Sthiddihbfeine @ 'roggcflgaé&tigtgp%vg/d the
. 9

cryoprotectant concentration is 2.5 to 10% 15 pref of tﬁe
cr yopr ot ecinsavenceense i thetpirefiarrad eshbbdiment, tim step d athe @ryoplotectaditese st eps, the
remai nder of the solution s a cr tectant-free sol uti on contajning
osmoti ¢ buf¥PEYIHY At qoﬁff%%r%’?y %ﬁgg’eﬁo};eﬂflt@e gy pPPigfectRbeicisttnect ant
I's removedygsed forRiNSfion; iD8 sRPP et é&%&m&o%&maﬁlbﬁigﬁ@w . In.step 7,

the osnotic buffering agent is renov Al'ternatively, steps and 7 can
be ctirbi ngueferabdy 3% mgtSe stfdhe crivhpriote2Gint soncentnatiomarsed far vitificetiomdn agent can
be renoved at_the sane tinme as the. renﬁjjndgryof grl% crgo‘?é 0tec‘%ant. In-
addi tion, 4P hdhGEHBRTOECET FUICERYALOIIR L 13 cretirably 2 fo 3Q%nptther enpyed,
step 7 ca g ! , c [ S.k.S Mai Nt ai ned -
For o suf F ! A PR o0 [o05 7y
The t enpercancemgragbn istetosi%.guefefabdpl Utd ¥4, dfshgenyepmldctanhboventrdtsdd , 25

preferably between.-15 and +15C. . and nore preferably between 0C and +10C. '
Phen' st op U564 Sraticatian dnd (368 5 o GRRRIPULAN SpocsnliaREbiSg: Uil Bhove - 75
pr ef gy abl )brefé%]@eS 1FPS%, fgf‘ﬂﬁ%1er'cfprc§t9_@£aﬁt%ﬁﬁé'€vxﬁﬂag%§iuéﬁd, fobGilifiSaig. @h organ is

bel ow t he ‘tenperature of the solution in ‘ is inmersed in step 1,
t he ti ssudbese stapgathe rendinder o thesolutiog is o ceyopetpeatiisesohioneontbiiinglur i ng
an maybe

Fur t her prORBUEEUCHE GeaC o S GressrPpaly PTG s BRE EFatias PP Hicat ] on.
- For ex a”p|I%Wéde?,&ﬂ@&rﬁéﬁc%tﬁﬁ?ﬁg%%@m@?r_ertﬁﬁéd. Ani 8, the osmotic buffering =
~ agent is removed. AltematiVély, stepé 6 and 7 can be comi)inea in a single rs't_g':p. That
.- 20 is, the osmotic buffering agent can be removed at the same time as fhe remainder of |
-the cryoprotectant. In addition, if no osmotic buffering agent is used or if itis nét- |
~ removed, step 7 can be ¢liminated. Each of thesec’oncentratioﬁ stéps is maintained *
for a sufficient tirﬁe to achieve aﬁproXimate osmotic equilibration. . |
o [0'057]‘ The témpcrature of the series of solutions is generally _abm)e, -15°C,
25 preferably between -15 and +15°C, and more preferably betw,een 0°C and +iO°C. .
' Whéi_l sfep lis Begtjn, the tissue or o‘r’gan_i‘s‘at a temperatufe above -75°C, preferably - o
above -65°C. Tﬁus, if the t‘empé.ramre'-of ‘the tissue or organ is below the té’mperature '
of the solution in which it is immersed in step 1, the tissue or Or_g_a‘n.‘is' ﬁrthefwémicd :
to a temperature above -15°C _dm;ing“ stép 1 of the crydprotectant,removél. -
30 © [0058] The tissue or organ ina'y be further processed before or after
vitriﬁcéﬁon and/or devitrification. For example, tissues or organs can bé revitalized
before and/or after vitrification and dEVitﬁﬁqatiori by perfusion processes such as -

those described in U.S. Patent Appiicafion No. 09/645,525, the entire contents of



before and/or after vitrification and devitrification by perfusion
processes such as those described in U S. Patent Appli cat1ofpiidi0s

09/ 645,525, the entire contents of 15 April 2005 17 which are hereby

i ncorporated by reference. Tissues or £ gans can be genetically engineered
before vitrification, and/or can be re-engineered after devitrification,

for exanple by the cartila 0 ¢ on |
. processes “éllé%ll:l‘rl:h@t? l"hncoﬁ’?lgtte‘tlgylg—eefse fi] ’ﬁiggl.?)l%gl l’-lgglg’recr?gé%% ElgtliD(%i E',Yaeger PC,
‘McPher son \T}P’%ﬁ&%’g E[%)re %ttl@%ﬂhﬁsa?ﬂd%} c@h béresé@ld%reﬁrdﬂeﬁﬂéwatnfﬁanbm |fage

. Phenot ype out Evi dence of pertrophy by Adult Human Artjcul ar
Chondr ocytezample byithe oirtilage Gigentagn Ré%ce“‘a’&ll thf@ atiqgpprogessesodascribitinst one BB,

DeFranzo BE, D Cesare C enn CA,
G osman JI?‘“"@@»%F@B@&% %h%@%’i@ Etﬁd;ﬁépéggl)llljage ?{hrﬁ/\hutol ogous
Chondy ocyt., anlaciiabe BRnbyps nudbutlbvibeeteiofg of Soci ety
for gyobl %xg@éI&EB%S%éeSm?ﬁe ent |l ?ﬁée cor[lt g'r%tes ofuv\/mlch are herEby

i ncor por at}etﬁpehyopl@ﬂngdeHumlau drtienlin/Shandracytes de it & (G HHY

trified bstanti al | ft
bt e i Yogs< Lok ot Bk pErPLS DR P Bk Sy Rp SRR BRCT |
vascul ar | 28y five3iRint Y5 Wrelip OO Crtar JT5, "Urfspiesertion eemu&nmmlsylat om of
Fig. | may be’use he perfusion si/stem conprises a re(§erv0|r | (a 60cc

syr| nge) oOstikigaifargAmeldgoss Chondsotyie mplasae@ﬁ‘ri@e%eé@dtab ?hénagdlnula 2 with a
st opcock. The reservoir, .l . is. S} gessure. The

ti ssl:Qe 3 |1§Iegnr&ﬁf(§3ch%?% ryebiglog, July %dé 19@'2(8;1)%/?8]k m11’)8 h (Q:l(r)nt ai ni ng

per f us Id Onhﬁ jéﬂg&hgﬂgé rated ﬁ?&édéel Mteﬁmuuayonssﬁes Jt doginlg can s eiuified 1 and

petri dis

pl aced in iubsaf@liyAiectynftacharyrst pad/ouicinsplapicd susdantipBy gopct

vitrification solution used is VS55. The full strength VS55 solution is .

i nt r oducedd§vHrigFaIer i al st eps. Inthe first step, the tissue is perfused

with, 25 EEXRT\MIJES”S soluti-on, which is the carrier of VS55. In steps two

to five, respectrvely, theé ampunt of full strength VS55 in the solution is

as fq)5l ows: 1/ SEx/sbple 12N&s¢\vmﬁ-ﬁed'ﬂtm_V855 and 6/8 VS55. |In each case, the

renai nder of "the solu uro- Col.l i nse sal t ¥ida. step, the

Mqrfuge E@rﬁfﬁlﬁe { %gogstl:lﬁrhftl:lé] 1 lh%r 6L 44

perfusion sol ut[¥8%) s ure at —eac
m nutes. “The perfusion system comprises a reserv01r 1 (a 60cc syrmge) containing perfus;on )

‘'solution 5 connected to the cannula 2 W1th a 3-way stopcock The reservoir 1 is.
‘adjusted to phys;ologic pressure The tissue 3 is placed ina petn dish 4 (Dla x H,
g 20 - 50x15 rnm) contammg perfus:on solutlon 5. " The perfusion solutlon 5 in both
| reservoir 1 and petri dish 4 is the same and i is pre-cooled {0°C- 4°C) and the petn dish
4is placed in ice (0°C—4°C) durmg the perfusmn Process.
[0060] The v1tr1ﬁcat10n solution used is VS55. The full strength VSSS
solution is introduced in six serial steps. In the first step, the tissue is perﬁ.xsed with
25 . Euro-Collms solution, wluch is the carrier of VSSS In steps two to five, respectlvely,
. the amount of full strength VSs5 ln the solutlon is as follows 1/8 VSSS 2/8 VS55;
| l4/8 VS55; and 6/8 VS55. In each case, the remainder of the solution is Euro—Colhns -'
solution. In the sixth step, the perfusmn so]utlon is ful] strength VSSS Exposure at -
" each step is for 15 mmutes . _ | |
30 | : [0061] After addition of the v1tnﬁcat10n solutlon the tissue is rapldly cooled '
| using the dev1ce demonstrated in F1g 2, The tlssue 3, together with the sﬂlcone tube, -
is placed ina glass scmtlllatlon v1al 6 (Dia. X H, 25x60 mmj) contammg 1 ml of

pre-cooled full strength VSSS solutlon 7 to fonn the sample 8. The top of the

sanme "and i s pre-cooled (0C4C) and the pet{ dish 4° is
er

step, is for 15



30 [00611 After addition of the vitrification solution, the tissue is
rapidly cooled using the device denpnstrated in Fig. 2. THeAwril260® 3,
together with the silicone tube, 1is placed in a glass scintillation vial 6
(Dia. x H, 25x60 mm) containing I m of pre-cooled full strength VS55
solution 7 to formthe sanple 8. The tbh of the 15 April 2005 18
vitrification solution 7 is covered with 0.7 m of 2-nethyl butane 9
(i sopent an‘etflﬁoﬁﬂe’ezq’lngomﬁ|1m0\’ereﬂ6?0d)0aeﬂs)lfflynetby}bgyanaﬁ (BGOpentankC t o pr event
direct co wWith a ther s inserted into a my sanpl e
11 of the Wsceinerfeist ; 0o e 50 210G tétoocerﬁbmt e iOheeOvah g o
di gi tal thermpRE&ipld 20 is ﬁge?ea@ﬁt%emhﬁn,r e&gne'?ﬂo?tﬁew.euﬁmw 90! 1 ng
process. [0062] The cool ing apparatus I's t up Inside a 13% reezer. The
. cooling radats caxt]mtasjmostt@dd by agligital thgrhbreewaidl '(Eemperatmntreadnéed 13
contajnin recool % nmet hyl but ane 14. The cooling rates could be vari ed
depemdi ng ‘01P4e ‘é“tdg‘b?‘ﬁ’ ‘c‘ﬁé’r?f%éfl was placed in 2-nethyl butane (30 nm
generate a cool ra : 3 [ R
Tamn . ey QoL CHRe Gl pldius Aol U M ASETR  LePlry A S0P o
432C/ m reptes are ddpasted Hmplaezagﬂimn@teantahﬁntmeﬁwycomaﬁhﬁgllpr@mtﬂécage rate =
30 2C/ mn)_ to 5C b Ki n% t he sarer etﬁout f the container 13 of
2- met hyl bL& athy 48 Fesgepld

cool i ng %ﬁf% | e T t he
t echni que of p?%gllﬁgg?%@y%g%\g?gss scC ntlréyat(lgbgﬁlg\f{&glﬁztg CATﬁ%’eepH'?f}\ -
prechdl ed gentate@ookngedtt i Hirtmme ByTthes techmipiecthic Sainples asd aotd rapidihe - 135C

freezer for at least 24 hours. [0063] After being stored for 24 hours, the
tissue i s (REHARGSEE T 63%/%‘12@%5100 CsiTaasumpkss g then slepbsoolsddanegrase at e= -

3020/ m n) and r N Wao] verage | at n)e The slow *
war m ng raf"‘g |§p¢:?oed>%e@t§ lé C—bS' %lﬁé% nch‘s?arrl]i:j){l Z—E‘ezgotnhal%rma c}& the -135C
freezer amdmehfithasie Wdalamguﬁ@gtleehﬁlﬁﬁﬁem@fréaﬁerw Aﬁ]aefﬂkteccghﬁaﬁs vial
“in a mxture of 30% DMSQ H20 at room tenperature. Fig shows an~ -

exenpl ary Pregass. anlng ghoweaneiemplary pgoltfmhnﬁmlngtbemhnﬂiheof/s@&ng the-

yst bin of 85 sSpuliE ol s AR IR et S LS Tk BRI GE? heon petri

25 di sh 4 dagpldi@ 5 Rord@%h ike -PIPCRRLETof ATeAbDaRold the petri dish 4 is
placed in |ce (0C to 4C) during the perfusion process. Thus, during t he

first step t he [Dﬂé;ﬂueAjﬁsr baing kteredviar 2vbbiors, the tlmtpes mmed)etlmmestam and
ac.. Slow warming to -100°C (average rate = 30:l:2°C/mm) and rapid warming to -65°C
(average rate = 225:I:IS°C/mm) The slow warming rate is created by taking the
20 samp}e to the top of the -135°C freezer and the fast warmmg rate is generated by
placing the glass vial in a mixture of 30% DMSO/H;O at room temperature. F1g 4
shows an exemplary warmmg profile usmg thls techmque .k *
[0064] The VS55 vitrification solution is then removed in seven steps, usmg
~ the perfusion system of Fig. 1. The perfusion somtlon 5 in both reservior 1 and petn
25 dish 4 is the same and is pre-cooled (0°C-4°C) and ti.le;p'etri dish 4 is placed in ice '
(O°C 10 4°C) during the perfusioh process. Thus, during the ﬁrs't_step the tissue is
further warmed to a.t‘em_peratm_'e between 0°C aﬁd 4°C.. ‘ |
| [0065] Inall of the stepé except the last step, the sbfution contains, in~
. addition to the cryoprotectant solution, 400 to 200mM mannitol. ‘In steps one to ﬁve'
_30 " the amount of full strength VS55 in the solutxon is as follows: 4/8 VSSS 3/8 VSSS
_ 2/8 VSSS 1/8 VSSS and 0. 5/8 V855, with the remainder of the solutmn bemg a

manmtol -¢ontaining Euro-Collins solution. (The 4/8 strength VSSS solution contams

400mM mannitol and the cryoprotectant -free Euro-Collins solution that is mlxed

depanding Qe depth Mgl et e t he



[0065] In all of the steps except the |last step, the solution contains, in
addition to the cryoprotectant solution, 400 to 200nM nmannid 8pril 2085 st eps
one to five, 30 the anmount of full strength VS55 in the solution is as
follows: 4/8 VS55; 3/8 VS55;. 2/8 VSb5; 1/8 VS55; and 0.5/8 VS55, with the
remai nder of the solution being a nant@tol-containing Euro-Collins
solution. (The 4/8 strength VS55 solution contains 400nM nmannitol and the
cr yopr ot eahasivithite orbithe dvedr Ic'r)m@raectmmti @ncdrit@ation solaiomeotind@00mM005 19
therewith to formthe Iovver cr ro ectant con entration solutions contains
200mM el This as te apyqun 5 prdegrsased; e gmepptpfaprnnigbisanpunt  of

manni t ol r Bt a Col l'i ns
sol ution chen glgeglil l%%‘g‘%'omwatﬁgg?w )I iS}Psl}%Qg, %r))sdtdgh&ﬁ&tﬁjg%r nﬁ%ﬁ)ﬁ?l ns

sol ution tz‘mtnl\d@mmrtchsm@e‘& anetepﬁaerﬁdmtcdnsnmbnionEmpdew:mtabmeach step is
for 15 m nutes. le 2 Cartllae[006 cartllage was used in this
study’ Thenaumpl é‘ésgg-eE%“‘(i’aﬂ‘F@"d‘ fleR i fen bl and >300 ng. The
experinments in Hoede E_r@glma%gnt'rol and vitri f [ cat i on groups. The tissue
viability was tEsted ustng Al anmar Bl ue assay.. 10 [0067] Qutbred pigs of

‘ei ther sex, weijgbeslg Biy-cafilkg:, waensediekidsttady.i Thd fantple izt ofs shrigdy. The
ani mal was_ wei ghed and 't hen anesthesia was induced with 33 ng/kg ketam ne

and 1.1 ndren 18859P srgand a3 0hmg- i1dsrexpramentidnsivded figeh eontrol aB‘lygen via a
Lareans s vifiticRliod BloHBRHHe e BNRRKIIES, A 05 URNEWMMEHISLAGy. S0 | uT ane

delivered 1'n Knee carti’l age was veste ibsequent

studjgs: 15 [00[08157]Pr Oberéd)prgslbﬂﬁﬂQrGﬁQMd\gungB@Gcﬁgtwd:r&geletﬂe8$m3n§ar’rp| es
were exposed to .the cryoprotectant mixture by adding the vitrification
sol uti on \mssiudy.sThe angraglavaspygighedsand then @sesweﬁ Wawdiueei with33 mgkgs was

accom | sheg . 3,@h A5 RE Lk BHhE W Blnurk Rl e P e 0

cont ai ni. ng I'i ns S successi ve S eps easl! ng t he

concent r atfag@magk. CARefinebsatdng abesthtslah@asshintaied, usivgtisdflurhe ddiveicddge 20
sanples were imersed in full strength VS55 at 4C. The surface of the
vi trificataxygen-sRigdneeeariige wagbagstad forculpagren stadigs. of 2- met hyl but ane to

prevent direct ac n) to
400 f ol | oned, (ﬁggglsl %’G\/Or tégg |eﬁ%cfg%ﬂ§e}% iggc t%g%eglﬁrﬁ% \qnalﬁ&gése%frped in a
freezer: atthe &@5&0&@&1@&1&@&5@ AHing e natrificaton solutionfVESH kasix blepgdosanpl e
was rewarned in two stages,. slow warmng to 25, 100C (27C/ m-n) _ and rapld

war m ng -t o Sapimugssiegell onyee 35C). (mg@%aﬁgommhm in gglass scmtrllanon v1al s

(Dia. x H, 25mm x 60 mm) containing Eu_ro-Collms solution, ‘with successive steps

'~ increasing the concentration of c':r'jroprotectant in the solution, until the cartilage
' _20 samples were 1mmersed in full strength V855 at 4°C The surface of the vrtnﬁcatlon
solution was covered at 4°C with 0.7 ml of 2- methylbutane to prevent « direct contact
with air. Samples were cooled rapidly (3 1.°C/m1n) to -100°C, followed by slow
§ ‘, coeling (_2°C/rnin) to 4135°C? and finally stored in a freezer at -135°C‘for at least 24
hours.” Each vitrified cartilage sample was revtémned in two stages' slow warming to -
25 | 160°C (27°C/m1n) and rapld Warmmg to approxrmately -35°C (]69°C/mm) After the
| samples were rewalmed the: VSSS was removed Ina stepvwse manner (seven steps
15 minutes each on ice, startmg with full’ strength VSSS and decreasmg the
: concentratlon of cryoprotectant in the solution in successive steps) to mlmrnrze
osmotic shock to the cells.. '
30 [0069] The Alamar Blue assay was émployed as a. non—cell Spec1ﬁc v1ab1hty
| assay This assay was used to deterrnlne cell survival following procurement (fresh)
f and vitrification treatment It mcorporates a water squbIe ﬂuorometnc viability

' md:cator based on the detection of metabolic act1v1ty, speelﬁcaliy, an oxidation-



sanpl es were rewarnmed, the VS55 was renoved in a stepw se nanner (seven
steps, 15 minutes each, on ice, starting with full strengthAn$380%and
decreasing the, concentration of cryoprotectant in the solution in
successive steps) to minimze osnotic shock to the cells. 30 [0069] The

Al amar Bl ue assay was enpl oyed as anon2@el|l specific viability assay. This
assay was used to determ ne cell survival follow ng procurenent (fresh)

and vitri flieda@tiamr(mmdicatdrtwlﬁmbmbﬂnalteecz;-s andwehasgesallotingespoosertonet ri ¢

Spaci {1 cal SR FRCHAE Bh e Bovine B sauan bY el ebal R ra b RENGHi cat or
whi ch bot hinfifdir 8ae@e aﬁ&moﬁm&mﬁﬁa@fq&mgﬂm&ﬁﬁmg&aﬁ.cttg celtGRIRR! reduction

of the growth nedi um caused b tabol i sm "The REDOX. i ndicator has
“the add| t | dhays radhna}ﬁtagetmlbe bfefqnglemomﬂnmdahy tisone speclmeoewlsluatsd)ft his allows

rrultl l e tests rfor 0 ue s ots of 5
nedi u f r oftf ’ugk %msfﬁ ?fc‘ﬂ?)‘g{aé% ‘V\Aﬁ}‘ﬁﬁmaéﬁz‘r‘e ‘ﬁ?‘% mf‘rHOH °% 91 ut ion for
3-6 hour ShdHré ?ﬁoﬁte b@ﬁig&gadahaﬁﬁdcrbﬁteﬁbrafeowtse&erelr@afd%nvsﬁlntc%otw&a{eead on a.
mcrotiter spectrofl uoroneter at 590nm The data was nornalized to~

t he wei ghtsp@f:tr@ﬁtsgmeetesamﬁﬂﬂam afte daxpweswanalizedgentbewtightofitiseuerean | se
Al anar Bl ue fI uorescence _.intensity for 11 or, nore i cate sanpl es of

unt r eat ed LOMRISANG expEssiedgn peroepsths eanthe Alpgar B(“Ie HOEPHdYCar e
sunmar i Zedin’ké?lsx-{_flﬁrjrqz(iyr L?é’ﬁhcal\c[s%ggick BYuﬂt&a@ﬂQroﬁ §l‘§d as relative

fluorescence units relfative t he wet weight of the cartllage ,
(Meab®EM . Fl uojoaselendhe wesalts ofithisuslongtutlp erefsimumnarized apTatle, bedawler . wi th. an

excitation wayel ength of 544 nm and an em ssi gn_wavel ength of 590 nm’ ‘
N=15, fresHiabgHy ﬂscﬂxgreSﬁedﬁ relptive flpprggcensq unts (REL) §~°é@thvetfﬁa'@e Wﬁfewwbtr age cel|

survi val tﬁé %;éﬂltaﬁb e Ve nt I\g} l( 288%:&%6?\89%&1 d %Bﬂ? tt}éfgﬁnaéc/ ?nG&Z 436 64)

conpared wt res |s S em)nst ated that the
i nproved aehcﬂerwadmmgcltamﬂ wevelerigtli bf 543thmandl b e:gfssmlno;vmzetehglm dfi5i98 appr oach.

.to cryopreservation offers an _encou solution to the | gng-term
st orage of“IEaI?It“héfj’é PP%‘EQ]%é‘“HABEﬁ[“@g 321513“’3363’[@@‘7‘?2&1‘?\‘?%6 %eila-“}'ﬁﬁ}”éfa usi ing a

7 noveis vit roff Jlﬁﬁﬁﬂ%ﬁﬁﬂ?éyt%gﬁ@wﬁ%%gl t5‘9'a(t27q 346.64) compared thh fresh

controls (29.65%3.04). This study demonstrated that the xmproved cell recovery in the |
v1tr1ﬁed cartilage shows that this approach to cryopreser\{atlon offers an encouraging.-.. o

so]utlon to the long-term storage of cartllage tlssues

| TABLE 6
20 | -
Viability of Cartilage Segments -
Using Alamar Blue
40- o | L
= w0 Fresh
. .g.’ , - @ Vitrified
25 = 307 |
E
= 20+
>
E
D 10-
| o
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[0071] This example, using anovel yitﬁﬁcation, approach, showed that a

d_ramatii:_ally improved cell survival was achieved by employing vitreous



dramatically inproved cell survival was achi eved by enpl oying vitreous 15
April 2005 21 cryopreservation of cartilage. In marked coHifApid2003t has
been reported by other investigators that conventional cryopreservation of
cartilage reduced the nunber of i abI?ﬁ cells released fromthe tissue by
col | agenase/trypsin digestion to | ess than 20% of fresh control. tissue

(range 0-209 These resul.fs Gl earl nsttat.e t hat ed 5 cartilage
o kediepbirsErentn pE et oA RIRIOb PG b afbor b LS Tni e
exanmpl e sh'\%ﬁ%it&sttm BhehRbnAoptRERuRY of darfilafertudddithe Hhiber@dr ti | age is

a direct resul avoi dance of ice formati on, and corroborates the known.
mechani snwiabfle eallsotlepsedfraom thetissuec qollngenass/ B‘xmﬁ@sdlggtmﬁp desgthand@P4 i onal

Ti ssues 10 721 Pi re s as an an r.ce of o
Tar et L ERaL ol Raeiig® BT oknE rFiti Clofy pfPRiraledha AL S O L o)
" storage OfcakilfRUS Marldily S@RRHbEt &h@tiﬁﬁﬂ]ﬂ@?bﬁéscﬁe@@aﬁﬁ@& MHis@RempR0- 300 -

ng. These pil ot experinents included fresh control and vitrification

groups. Tlveggdstsshehighebicll mwmntiete@t@dtloémml&@ inagmeet Bpulicofassay. 15

[0073] CQutbred .her n selected in |
this ) oxpapionenotationalinkiond SRy i dad ¥ R et RET SRR A nalceo
with 33 nghlifeelk@iraidbne. and 1.1 ng/ kg acepromazine, and isoflurane was
delivered in oxygen VI aa_ . face mask. After intubation, anesthesia was

mai nt ai ned usi rgkangpdd Busdms isgBesed in oxygen Pig heart val ves,

ocardi um ski orneas har e 20 s bse ent studies.
L0078 “pr i or t'Ogﬂﬁzefl@savasq ﬁ%ﬁe‘?“nﬁ@n# ol 2 sSUEE BT IS T e
cryopr ot e%ﬁgattu{rg e %aelbttyty%@ditngcgttae féﬁ' Ibﬁgitérﬁaétbage §szééﬁé50”1‘h¥§§§t jen six
steps, for nutes each, on ice (40 . This was acconplished |n a gl ass

scintill atsnzanvasnahe@ Dioan <300 Mg aad - ﬁﬂ@mgndﬁl)esemmtaxmrngeﬂfmmhﬁodil i ns

sol ution, ]%h su SLV? st eps |nc aS| ng éf’%ﬂtthe ntratb 3‘

cryopr ot ec,f’feé fonptrp taﬁ vy ﬁ‘t‘tf%’rgro'fﬁ‘?t © PHRUC VI AR SIRE B T ¢ he
full strenghb,Nap5 at .4C. The surface of the V|tr|f|cat|on sol ution was

- cover ed at 4C Wth 0.7 nl of 2-net hyl butane-to prevent: direct contact with
air.15anpl es. j8023] cOoibect pigpoikithef RACHMeighing H)-60 kYGyeré otlcwedh tbys sl ow
cooling (20 mn

135C d. tored 5c f t
Foast 4. roerrumbraDhe sl etk Be% natiesntritded et i Suaghe, sfow
war m ng t‘?(efamggax(@p@/xﬁéfﬁé ad Mo Bdthed aH\ﬂifsﬁﬂﬂﬂme was delivered in oxygen viaa '

. face mask. After intubation, anesthesm was mamtalned using 1soﬂurane delivered in
- oxygen. Pig heart valves, myocardium, skm and cornéas were harvested for
20 sut:seqt:ént studies. | |
| {6074] Prior to subzero COoIin'g, the tissue samples were"exposed to the
cryoprotectant mixture by adding the v1tr1ﬁcatnon solutlon V855 in six steps, for 15 :
minutes each on ice (4°C) This was accomphshed in a glass scmtlllanon vial (D;a X
- H,25mm x 60 mm) containing Euro-Collins solutlon, with successive steps mcreasmg '
25 - the concentration of cryOprotectant in the SOlutIOH, unul the samples were immersed i in
 the full strength V855 at 4°C. The surface of the v1tnﬁcat10n solution was covered at
- 4°C with 0.7 ml of 2—methylbutane to prevent direct contact withair, Samples were
cooled rapidly (20°C/mm) to - 100°C followed by slow coohng (2°C/mm) to - 135°C
‘and ﬁnally stored in a freezer at - 135°C for at least 24 hours. Each vitrified sample
30 °  was rewarmed in two stages, slow warming t0 -100°C (26°C/m1n) and rapid warrmng
'to.approxitnatély -35°C (216°C/min). After the samples were rewatjrned; the VSS55 -

- was removed in a stepwise manner (seven steps, 15 minutes each, on ice, starting with



to approximately -35C (216C/ mn). After the sanples were rewarned, the VS55
was renoved in a stepwi se nmanner (seven steps, 15 ni nutes Eokpril 20606 ce,
starting with 15 April 2005 22 full strength VS55 and decreasing the
concentration of cryoprtoectant in the solution in successive steps) to

m nimze osnotic shock to the cells. [4075] The Al amar Bl ue assay was

- enpl oyed as a non-cell specific viability —assay. This assay was, used to
det er ni ne fulbstrength YiS§aland dedrensinggho eencanteaiontof chiopapgctamt inythg solutiont i cat i on
treatment.. Aliquots_ of di um fraomt.i ssu | i ncubated with Al amar

Bl ue wor ki’ﬁéucscgfsb‘fcl 5Py {c{fmﬂu?]bzefgmﬁ%ﬁ?@oc%rt?g'rrgpctegg'bei ng placed in nicrotiter
pl ate wel I s wer{go7RadTRNA Rt ®16Y dsk8f wid @hflofddetta hldellispegfieviadilitho0nm
The data was normalized to the weight of tissue sanples and expressed in
per cent asssdye Thissassaylwes used sdgtermripecql] swsyinaldeHewingmrenssrnent(Geshy or nore
repligcate s l.es of untreated. 10, contr.ol s 007 T |ts, of, this
Loy ar o r Tyt G dabboR R ol RES L8l R Gl O

f1 uor escengamdpPiBhie wétklds soRitidhifde ton4 Rsiry\sior1e ibeik phiced itmidresees -
(MeanSEM . Fl uorescence was read using the Fnax micropl ate reader wirth an
exci t at i orplatavelle mgrdrcad 0B 4miciotites plpte spesirpBedromelgn ¢l nn Thsrdatoyanm | ¢
can be 15 seen that, the @%/%ra e via iliby of vitrifie tithssues Yas about
73 % ( r angWTPRliFRAEe das weIgRR! 1S sad Expreset] R BHPFE RS DR S Ranpl es
denonst r atﬁaﬁﬁﬁbl&eﬁﬁxo‘r&@é&\é?ﬁenﬁ@%r 6 BERVES splichtd Bnpléd éfinb@steli Ssues shows
this approach to cryopreservation offers. an,, encouraging solution to the
| ongkd er meghtroege of tissues. TissuesFreshVitrified% Fresh nMeanSEM '

nMeanSEM ( RFU/ RFUY/ m Heart_ Val ve6567104415 ' 79 ocar.di um Ti ssue .624 '
712 21 3. 66 A0V he e Of i3 SWEY AT Heden T3S SN P Hndar d or 1 or

of the meqn, disa BIORETe Blors IR EshiksRFY relative to the wet weight of the tissues
(MeaniSEM). Fluorescence was read using th_e Fmax microplate reader with an |
excitation wavelength of 544 nm and an émission wavelength of 590 nm. It can be
15 seen that thg_averzige viability of vitrified tissues was about 73 % (range from 61%to
' '88%) compared with fresh céntrois. These examples demonstrate that the improvéd
cell recovery in the vitrified tissues shdws' this approach to cryoprcsefvation offers an

encouraging solution to the long-term storage of tissues.

Tissues " [Fresh Vitrified [ %Fresh
' n MeantSEM |n MeantSEM
- | REUM) | | RFUMmg) |
| Heart Valve 6 567 10 4415 |79
Myocardium Tissue |6 | 24£7 12 - |21£3 |88
Comea - 6 - |13x5 . | 6 8+1 . '62-
Skin 6 1848 12 1n+7 |61

200 SEMis st-andard-error of the mean
" n= number of samples tested |
| % Fresh= avérage viabiljty of vitrified sa;rnélcs expressed as percentage of fresh
cbntrélé ' | '

RFU = Relative Fiuorescence Units -




% Fresh = average viability of vitrified sanples expressed as percentage of
fresh controls RFU = Rel ative Fluorescence Units 15 April 12608 2285 CLAI MS:
1. A nmethod for vitrification of a. natural or engineered tissue or organ
ot her than a bl ood vessel, conprising: (i) imersing the tissue or organ
ot her than a bl ood vessel in a series of 5 solutions having increasing
concentrations of cryoprotectant to achieve a cryoprotectant concentration
sufficient for vitrification, each sqﬁution of said series of solutions
“having a tenperature above -15C; (ii) under physiological pressure, cooling
~ the tiSSﬁngg%grgan in a solution having said cryoprotectant concentration
sufficie vitrification at an 10 average rate of from 30 to 100C per
m nute from a .enpekatethod fabawticatibfCof onaturat enpemetrad dsdnebmneean - 80C and t he
I t] erature; and (iii) further cooling the tissue or organ

glass transitjon te
at an ave?@ﬂé%ﬁ@”%gﬁs?%%W%er mnute Froma tenperature that is

‘bet ween -80C and U’(@ ifinREsing fhRRShid @brednOIRS Hiah WoddOvedsel RIPRIRE Uf € bel ow
the glass transition tenperature to vitrify the 15 tissue or organ. 2. .P.

~met hdd f oolwtionshivige Wcrepsing eonsentgatipan cbererotertant 1o aglied vessel from

.. . t . f . . . . . .1 . . .
var i g (e Etatlealh SERLELALE Aufioker BT AR SR IR (L
sol uti on sphutioas hivige £ teynperadbire @bawt -1a%C;an average rate of from 20 to 40C per

20 mnute to a ten'pt at ur betlwee -80C a”d;-thﬁi | ass transition
tenperature; (b) fiﬁi.ﬁ‘é ?@?@Wéﬁsﬁfs’sﬁa"&ﬁ Sﬁﬁsélﬁ"frﬂrg?éf‘}jasol ution at an

average soRitRnbhvibg edi $8@piotectf) Compnibtionth fidieit Rr VRARE L Ut #1 above - 75C,
‘wherein, at said tenperature, the solution is sufficientl] é'tfl uid that the
11

tisdbe oraveregarrieah o 3P 20 d00K ek it Hrm atsEPFEtURIbavEnECitAg the ti ssue
g; organ ti:;ﬂg@raﬁx?erﬂé?:&eéi‘f-sﬁ‘@ 4id tﬂgglagéﬂé:ﬂﬂl- I fion GRS ERRNghconcent rati ons - of
yoprotectant to obtain a tissué or organ in a cryoprotectant free
solution. 3. A net odl fixtrer voalivgfthe tissue nr arpamattan sseregomtcdegyaherniW€r t han a
bl ood Vesiasa.lelnﬁute from a temperatﬁré that is between -80°C and the glass transition .
temperature to a temperature below the glass transition témpex‘ature to ﬁtﬁfy the
15  tissue or organ, i -
| 2. A method for remioving a tissue or organ other than a blood vessel Co . ; N
From vitrification in & solution containing cryoprotectant, comprising: |
(8) warﬂiing_the vitrified tissue or orgaﬁ other than a blood vessel in
) said solution containing cryoprotectant at.an average rate of from 20 to 40°C per
: 20_ - minuictoa tcmperauuc between -30°C and the glass transition te‘mi:erénue;
| _ o {b) further warming the tissue or organ in said solution at an average -
tate of ﬁom 200 to 300°C per minuie 1o 8 temperature a_bo_ve -75"C, Wh_erein, at said
temperature, the solution is sﬁ.t_‘ﬁcienﬂy"ﬂuid that the.tissue or org?.n can be removed
therefrom; and | D
25 - . © iﬁjmcrsing' the tissue or organ in a series of solutions having
decreasing concentrati p!lsz of cryoprotectant to obtain a fissue or o;'gan ina
c:_-yomotectant-ﬁ:eersoluﬁén. a
3. A meﬁod’ﬁr ﬁt!iﬁCﬂﬁOH of a tissue or organ other than a blood vessef
aﬁd subsequent rémoval from vitrification, comprnising: B | o
‘30 , (i) immersing the ﬁ@e-ot organ other than abldod'x.résselin a series of
solutions having incressing concentrations of cryoprotectant to achievea
cryoprotectant concentration sufficient for vitrification, e_:aéh s_o[uﬁon of said series of .
solutions having a temperature sbove -15°C; ' .



and subsequent renoval fromvitrification, conprising: 30 (i) imrersing the

ti ssue or organ other than a bl ood vessel in a series of HoApili280E havi ng

i ncreasing concentrations of cryoprotectant to achieve a cryoprotectant

concentration sufficient for vitrification, each solution of said series of

: sol utions having a tenperature above -15C; . 15 April 2005 24 (ii)
cooling the tissue or organ in a solution having said cryoprotectant

. .concentration sufficient for V|tr|f|c§t|on at an average rate of from 2. 5
to 100C per mnute froma tenperatur 4above -15C to a tenperature bet ween

-80C and the glass _tra tlonte erat ure; her coaling the
"tissue or organ at ;ﬁ'r‘j’ Z'Pﬁétgtfsﬁ?e %@Tﬁéﬁ%éﬁha% fgw? ,
t enper at Ur@nédnbtidSsuPBEiBREDBr viiKeatiog of AbGivEdags fatd 6%12!5% wtmmr ature to a
t emper at ur e, bel ow the glass transition tenperature to vitrify the tissue

or organ; DY g AtHRPIHBIOALETS t10eH 1t r ke briyemm ACaAmdtherale rate of
from20. QbR+ mnute to a tenperature between -80C and the gl ass
“transition . tenper tjure;’(v) further warm ng the tissue or organ at an
aver age rate of fror(iiizmmanc@ﬂﬁetpeﬁssubnmrganumatrenmgemlgssethaba)ﬁv’éi 75C,

and (vi) immersing the tiss n _in serles of sol.utions havin 15
' decrt(aas? nd’%ﬁ%ﬁ?}%@ﬁ%ﬁ?eﬁfmﬁﬁ% %E?’:"Pa Ci89d s SIRSF ROPNET e of orggn in
a. cryoprqwﬁéﬁmeﬂoraqsmﬁaw&émawtﬂaglﬂamﬂaﬁ fcrzﬁﬂha'tdﬂrl wer ei n. cool ing

the tissue or organ froma tenperature above -15C to a terrperature bet ween
Z80C and tU§BICHITPEBAN r ansition tenperature is perforrred at_ an average rate

of at least 10C per ¢ @%ﬁmg%@e Vitrifd8is w(ggg%ﬁf E%% oz ool i ng:

the tissue or organ oma “tenperature a terrperature bet ween
-80QGNd 40§ exg snitiwta s i témprerattnshstyesn uBBCingd ferglass madsition an aver age rate
of at Ieaﬁt 15C per mnute. 6. The nethod of claim3, wherein cooling the
ti ssue or % foma tenperature above -15C to a tenperature. between

.-80C and the gl ass {(¥)dafhérveimigbtht GEINE0ALIAE al dh Hefde B Ef Rbm@OOAVEr age
rate of at least 20C per minute. 7. The_net hod of claim3, wherein cooling

_the tiss ude 3P0 GIRGRRITHG I & temperature above -75°C; and

_ (+i) immersing the tissue or organ in a series of solutions hnvmg
) 15 dacreasmg c.oncemmhnns of cryoprotectant ta cbtain a lissue or organ in a
cryuprotectant—ﬁ'ee solution.. '

4. -The method of clalm 3, w}mem cooling the tissne or organ from 4
tempsrature above -15°C to a temperatre between -80°C and the glass transition
-tempara_t&g is performed at an average rate of at least ld‘C per fninute

20 5. = The method of claim 3, wherein coo]mg the fissue or organ from a
| temperature above -15°C to a temperature between 80°C and thc glass transition
temperature is performed at an average rate of at least 15°C per minute.
| 6. The method of ¢laim 3, wherein cooling the tissue or organ from &
temperatun: above -15°C to & temperature between -30°C and the glass transition |
25 tempemtu_re is performed at an average rate of at least 20°C per. minute,
7. Themethod of claim 3, wherein cooling the tissue or orgaxn from a
temperature a]:ove -15°Ctosa temperature between -80°C and the glass transxtion
" temperature is performed at an average rate of from 10 to 80°C per minute,
'8,  The method of clzum 1 or 3, wherein cooling the tissue or oIgan from a
" 30 | temperature above -15°Ctoa temperatu:e between -80°C and the glass transition
- temperature is performed at au average rate of from 30 to 60°C per minute.
9. Themethod of claim 1 of 3, wherein cooling the tissue ororgau from 2
temperature that is between -80°C and the glass transition temperature to a |



tenperature above -15C to a tenperature between -80C and the gl ass
transition tenperature is performed at an average rate of 15 Aprh2005t 0 80C
per mnute. 8 The nmethod of claim1l or 3, wherein. cooling the tissue or
organ froma 30 tenperature above -15C to a tenperature between -80C and
the glass transition tenperature is perforned at an average rate of from
30 to 60'C per minute. 9. The method of claim| or 3, wherein cool.ing.the
tissue or organ froma tenperature that is between -80C and the gl ass
transition tenperature to a 15 April 2805 25 tenperature bel ow the gl ass
‘transition tenperature is performed at an average rate | ess than 10C per
m nut e. 10temipeeature bhiod thé glabsirasition tenderaveriepafoomed anm dvemct 851e8s Or or gan
froma te er%;;lre that is between -80C and the glass transition

t enper-at ur 8283 ¥4 BEE A Sr at ure bel ow the glass transition tenmperature is

performed at a. ghowerhd @bMod BAAaint N6r 3,341RediR Eo AR hd Ehshd8r dr-8SHEMQ" OF gan
froma tenperature above -15C to a tenperature between -80C and the gl ass

transit i ontemmepdyrs that & bepyeen THE CGradilericlats transifion Bmpgratireitha cool i ng t he

" tissue or @pli;r R.a ~ qr@% r hat .i.s:b N,-.80¢ and_ ¢ gl ass .

t rans?st I on %grrperatg%gt?%glggl Jgﬁ%ée%% Ut e be %*v?/%sﬁ%algﬁs%“smrtr?tg i on

t enper at ur theirste ardooling thel tiaguetoh ergam fom wismpagtird gbove -13fCtefa0r cool i ng t he
tissue or porgan . froma t rat ure above.-15C to a tenperature 15 between
-80C and t%ﬁm%ﬁ?‘?ﬁ%%@@ﬁn SiEFpsonfemperlure ot hod of claim| or 3,
wherein the i Myansi oThesheRod bi clifiMWheASn cod INERSsR8: &Redd #&HE O organ in
a cryoprotectant free_solution: inmersi -n(% the tissue or organ in at |east

one sol uti WE@HF&MW&’%’Y%&Q??@@@W%@E e emprauTeiP 4 ess than said
concqp! ' al epiesiict bab&the ¢10l: dalftiod lehdofdn21d Wionfillf o SREISlG ld'e U1 ssue
SO ant at sal d concent.

: of organ in ution containing cryoprotect ration
suf fi ci ent rateofor wicling thectissiow. orgd fi8n a Whspanataeatioof -16f@taa tedpemaeei n, in

each of t ste I Jersion  ste i the tissue or organ i s imersed:-
in the sol ?W?ﬁ"?gg?dﬁgg%@ﬁ?%?@ﬂww eve approximate osnotic

equi libration. 1214. THeanemédeftich 10drd, Mbirkin 8 Ghfletion Sepf@nfphisédhe steps
of . i mersion - ' ' a )

;'mmersing the tissue or organ in & cryoprotectant-free _s;Jluﬁon;
15 _ immersing the tissue or organ in at least one solution containing
. cryoprotectant at & concentration It.tlss than said coﬁcer;tfaﬁon sufficient for thie
. i’iniﬁi:aﬁon; and , ' _ | |
7 Immersing the tissue or organin a solution containing myupmtectaut at
said concentration sufficient for vitrification. ' o ‘ | S ;
20 13.  ‘Themethod of claim 12, wherein, in each of the steps of immersion
step (), the tissue or organ is immersed in the solution for a sufficient ime fo dchieve
approximate osmotic équilibmﬁcn. . |
14 Themcthod of claim 12, wherein, in cach of the stcps of immersion
étcp (D), the tissue or organ is 1mm::rsed in the solution for at least 10 minutes.

25 © 15, ‘The method of claim 12, wherein thc- second step of irnmers_ion step (i) -
cum_prises innhersi;g the tissue or Srgan in a series of fuuf solutions -having _incfaasit;;g
conceéntrations of crynprotecfaht_ each of wﬁich hsas a cryoprotectant concentration
less than said coneentration sufficient for vitrification. o

16.  The method of claim 15, wherein the tissue or oréan is immersed in.

30 each solution of said séricspf fourfsoluti.ons fora sufﬁcie_:nt time to achieve -

 approximate osmotic equilibration. o
17.  The method of claim 15, wherein thie tissue or organ is immersed in

cach solution of said series of four solutians for at least 10 minutes.-



step (1), the tissue or organ is immersed in the solution for in |east 10
m nutes. 25 15. The method of claim 12, wherein the second18#efl 2905

i mersion step (i) conprises imersing the tissue or organ in a series of
four solutions having increasing concentrations of cryoprotectant, each of
whi ch has a cryoprotectant concentratin | ess than said concentration
sufficient for vitrification. 16. The nethod of claim 15, wherein the
~tissue or organ8 s iTheenghad ofclaiB0]l Rasid fowt inticaningéorsentttioes beisg &ftof our ,

sol utions f sufficient tinme to achigve proxi mat e .os |,C . .

equi 11 br ad¥hof s crmiroltERbto eI BP AR e AENARTRS: 15 8 A S8igan | s

i mersed idyo &E&aﬁ%ﬂ&én%ti&i sFRLRRBRE VRANSiohOsl tos@iepibf Q¢ for at |east 10
m nutes. 1 ril 2005 26 18. The nethod of claim 15, said four increasing
concent r atdrpopsotegamtgobeantrati@®03ufo£iestiod vitrifiopiont sk o 8S&neksaid at i on -

sufficient for wvitrifi ca%i on ]f? fo @5% oh said cryoprotectant ‘
concent r atFHPIGeRL SORFRNIANEN SHIPFIEPT EMIBHCANMS- ¢ o 60% of sai d

cryoprotect ant @ncel"iierrﬁ‘étii&_d‘ofséiﬁiiri ?io?B',twiié_}éi_n"siaidrér)icip?&&ét%?QoﬁE'éii_u@ﬁoii0 85% of |
said 5 cryoprotectant concentration sufficient for .vitrification. 19. Th’é

met hod of soffadient forodtrificatidreis detwesaibandry&dr ot ect ant concentrati on _
sufficient for ¥¢_tri i cat 'bocg 1@% .be%wegn\‘xg a'.ndh9._5M 20. The nmethod of claim
2 or 3, wherein“t'he hedugioof Grigha of 3 WATREdhGHsSUE AF GRpap Sowarmgdatof £ om
200 to 3006 RefaftRULLHEA 280 ke IDPTRIH HEnGR W § terdrtaturkGibéve -35R€. Mt hod of

claim2 or 3, erein each solution of said seri'es of solutions in step
(c) Mas a tenpéat urkheabobal ofldaim 2 2r 3, Wkerpmntdachisadfitian] fi smdxeoes 8 wher ei n,

in each i rsion of (c), said tissug.or organ is also perfused with -
sai d sol utPth .onﬁ@.mﬂ)ég ﬁ%t%‘&i!‘_l}&’fa“&fraéh?ﬁ_{ezﬁgrcs, ‘wherein the tissue or organ .
i s immersed ingnl5 eaeh&RAEF QRinP? of 8] Whaeil fSeallh irﬁn%leiéidn%f%téﬂ‘(tcit ep (c)

for a sufficient time to achieve approxi mate osnotic equilibration. 24.
The net hodaidftissheadrmr@arois aBp patfoset with baid solsioe or organ is i nmrersed in

01D 10) 102 Sl S 905 K SEBLSRR D COTEEMLL B LTS
The yzet hod,of slinBeadid 8AEJ GF Dhltlifhs bih Si8p c) Fbr LLdRGehSirhdTRIRfdel N €ach
sol ution 01gl sald series .of si-x solutions for sufficient time to achieve -
appr oxi matapproximate osmotic equilibration. o ' 7 C
24.  The method of claim 2 or 3; wherein the tissue or orgari is immersed in_
~ step (c) in a series of six solutions having decrgzising goncentiations of cryoprotectani,
. wherein the sixth solution is'ci‘ybprotgi:t_ant-fréé. | _
| 20 - ' iS.- ) Thé metliod of claim 24, wher_‘eiri the tissue or organ is immersed in
. each solution of said séri_eé of six solutions '._fo; sufficient time to achieve apprdxiinate_
~ osmotic equilibration. o -
26. - The method of claim 2 or 24, wherein the tissue or organ is immersed
in each sOiutiOn of said series of solutions for at least 10 minutes.
25 - 27. © The method of claim 24, wherein the cryoprotectant co’ncentrétion of - -
said 'six solutions are: 40 to 60% of said concentration sufficient for vitriﬁcatioh; 30 .
to 45_%_ of_said concentration sufficic_nt‘ for vitrification; 15 to 35% of said _
concentiation sufficient for vitrification; 5 to 20% of said concentration sufficient for. .
. vitrification; 2.5 to 10% of said cia_ncent:aiion Sufficient for vitriﬁcation; and 0% of _7 |
30 said concentration sufﬁc_;ient for vitrification. . , _ e
28.  The method of claim 27, wfi__er_ein each of said'six solutions i:ornprises _
an osmotic buffering agent. . | |
29. Tl_"iie_ method of claim 28, wherein said osmotic buffering agent is a low

‘-molécu'lar weight osmotic buffering agent.



osnotic equilibration. 26. The nethod of claim2 or 24, wherein the tissue
or organ is imersed in each solution of said series of s&bdapiic985for at

| east 10 mi nutes. 25: 27. The method of claim 24, wherein the
cryoprotectant concentration of said six solutions are: 40 to 60% of said
concentration sufficient for vitrificaZion; 30 to 45% of said
concentration sufficient for vitrification; 15 to 35% of said concentration
sufficient for 30t riThecedthahof dait2 R Gherdin sad dsre@ivdeifferiag iagentdsif f i ci ent for
vitrification, ﬁ 5 to 10% of said concentration sufficient for
vitrificatMB®oand 0% of 30 said concentration sufficient for

vitrification. #8. THE NBAOPOE Hinfd R iRk cor\‘i@ﬁs’iﬁg ﬂnﬁéﬁlhﬁ%ids@ésﬁe at X ¥
solutions conprises an osnotic buffering agent.” 29.: ‘The, nmethod of claim
28, wher eiongmuinc sesntaryopipattdtenttfing: \@heodd sdlgion, bivh doroh@icoh@min awei ght
osnotic buffer.i ﬁg agent.. 15 ﬁ:A]\tprj . 2005 27 30. The nethqd of ¢laim 29,
wher el n s &SWOHE hBtfeRnaRgerk pftefsalddatpersion mapidexrgprotegiant-ige solatioly g of cl ai m

28, furt h%hi&?ﬂ?e’sicﬁh%ﬂﬁéWB%&%%R@in&kﬁ e or organ in a second

‘cryoprotectant-tree vehicle solution, I'ch does not contain an 5 osnotic

buf f eri ng agent32. af tlhe msahal ¢fivlaenms? on3,i whesah dt legat SpYotfacheasuirddr ee sol ut i on,'

whi ch does, conprise said osnotjc huffering agen{. 32, The nethod of claim2
or 3, wher®pqiioRof thefissucengrain i malntained s ?mrgéf?%w ‘%?Shttﬁ%“eﬁ QT organ is

mai nt ai ned as Cﬁﬁpar?ﬁ’eﬁlgthBH%?BlaM?§2‘%§3,Ck|§hé?éi9§£l§6:r%o§3otecﬂ}ﬁ'sHﬁIt#B d of claim

1, 2 or 3, wherein said cryoprotectant solution onprises at [east one
nat ural - orcosiphisémed leasi @e rahoalke symbétéeciot blocBet. mdlbaleret hod of claim 1, 2 or

S, heein oo oL SNk S0 S0, SETBLSES, Sk T
oo PP MRRURGE ScapO CCESRUSLE eancd o
di et hyl enegspoye alginaié, rining, albomim mimteonivinrmetthy| arftiofreeeipdacing] met hyl '
S I TN TR RS N LR R
oo UL, AP, ol i il O
' . erythritol, ethanol, ethylene glycol, ethylene glycol monomethyl ether, formamide,. -
' glucosé, glycerol; glycerophosphate, glyceryl _mtqhoacetate, glycine, leCoprotéi;ls, o
hydroxyethyl starch, inositol, 1actqse?' m_agnésium chloride, magnesium, sulfate, - |
. maltose, mannitol, mannose, methanol, métho;(y proﬁénedio],_methyl acetamide,
- 20 | methyl formamide, methyl.uréas, methyl glucbse, méthy]' g]y.cerol, phenol, pluronic
polyols, polyefhy]ene glycol,‘polyVinyIpyfrglidone, proline, 1,2-propanedio, pyridine
* N-oxide, raffinose, ribose, serine, sodium brdfnide, sodium chloride, sodium iodide,
* sodium nitrate, sodium nitrite, sodium sulfate, sdrbitol, sucrose, ‘tr_ehralols-e, triethylene
| glycol, trimethylamine acetate, urea, valine and xylose. | |
25 35..  Themethod of claini 1,20r3 whéréin said 'cryoprote-:c‘tant solution |
compr.is_és?d.imetlilyl sulfoxide, formamide;:and 1;2-propanediol. 7
 36.  The method of claim 13, wherein said cryoprotectant solution
comprises 20-30% w/v dimethyl sulfoxide, 10-20% w/v formamide and 10-20% wiv
i,Z-propanediol in -a vehicile solution, ' "
30 37.  The method of claim 1, 2 or 3, wﬁerein said tissue or 6rgém is at least
one tissue or organ, natural or engineered, _v‘ascuiaxized or aﬁascular; sélectéd from the K
group consisting of musculoske]etal'tiséue, cariilage, menisci, muscles, li_gamentAs,l _

. tendons, skin, cardiovascular tissue, heart valves, myocardium, petiodontal tissue,



“mal tose, mannitol, mannose, nethanol, nethoxy propanedlol met hyl
~acetamide, 20 nethyl formanide, nethyl ureas, nethyl qucoﬁéAmﬂ§9W@I

gl ycerol, phenol, pluronic polyols, polyethylene gl ycol ,

pol yvi nyl pyrrolidone, proline, 1,2-propanediol, pyridine N oxide,
raffinose, ribose,. serine, sodium brom de, sodiumchloride, sodiumiodide;
sodiumnitrate, sodiumnitrite, sodiumsul fate, sorbitol, sucrose,

trehal ose, triethylene glycol, trln%&hylanine acetate, urea, valine and
xyl ose. 25 35. The nethod of clain1 2 or 3 wherein said cryoprotectant

sol ution ri ses d| OX|de de and ropanedlol 36.
‘The net ho&FaBaqﬁ“hsF‘r‘r? ik V\%ﬁ'ﬂg al cfncgf’)% efo "E‘n{aaﬂ Sﬁll 4%% conpri ses
- 20-30% W hﬁm}d&yﬂ,hﬁ@ﬂ fnesfiiteand H3ar20% W v f or mani de and 10-20% W v

1, 2-propanediol _in a vehicle solution.. 30 37. The nethod qof cI aiml, 2 or

3, wherein sai @i sgh“emﬁﬁh"éf’ﬁ%lﬁ‘n}Eza?r:*l Fhewein gidispre s =T is Bian, nat ur al

or engi ne%ﬁ?ms\égscul arized or avascular, selected fromthe group
consi sting o nuscul oskel etal tissue, cartllage meni sci, nuscl es,
| i garfent s, teamonsihcsmpﬂnodgéspleﬁml/azsan}l ahersinswidsisstrarrorzands gatlageyyocar di um

" periodontal tis ril ghandul i sl of :

' Langer hans, co s E’ﬁee{xﬁ?xodufé 5%8%§ncbl aﬁragh%fmabwe@e% br east,
liver, i ﬂﬁﬁﬁxbumrﬁﬂﬂgbﬁdﬁﬁsuaﬁréfﬂgm.net hod of cI aim1, 2 or 3 wherein said
tlssue or organ is heart

etlssue-39 The nethod of . aLml 2 or 3,
wherein said tf”ssueTB‘f’I‘B‘ihﬁ‘iﬂ 'flg‘mc%trfi“fﬂlleé Q‘ﬁ%“‘?ﬁe‘g '%?F‘é"'l?ﬁ 1, 2 or

3, wherei grg?ﬁ fh% fPWRkdisged W t hout perfusing said tlssue or

or gan. he meth of "‘claim 3, further corrprlsm storing the vitrified -
. tissife or or gafi2- aftéﬂu?}wﬁhyﬂaﬁﬂﬂmpﬁﬁﬂwww [hegriaplve Asygt hod for

S vitrificag ‘%‘ﬁ%‘%{ natural or engineered heart val ve tissue, conprising: (i)
| mer si ng dart valve tissue in a.series of solutions havi ng .
_inecreasi ng concent r(a)mgnﬁgﬂeﬂt;mp#ﬂ#eﬁtsaaindmmbﬂsahmmshmyr@rot ect ant
‘concentration . sufficient f vitrificatigon, each solution of said series

of sol ut i BHFE=REEFARFBIISnt SHBXPIR e A B fisyoprotectant concemtration

. sufficient for vitrification, each solution of said series of solutions havmg a
15  tempcrature above -15°C; |
Qi) under physm]oglcal pressure, coclmg the heart valve tissue in &
_ solution havmg said cryaprotectant concentranon sufficient for v1tnﬁcahnn atan
average ratc of from 2.5 to 100°C per minute from a temperature above -15°C to a
~ temperature between -80"C and the glass 1raus1non temperature and
20 | _ (iii) further cou]mg the heart valve tissuc st an average rate less than
30°C per minnte from & tmpemmre that is between _80°C and the glass transition
_ tempt:rature toa temperature below the glass transition temperamrs to Vlinfy the heart
valve hssue , ‘ ' A . '
| 43, Amethod for ﬁtri.ﬁcaﬁon-ofna_tu‘ra] or engineersd cartilage,
25 comprising; - ' _ - . _
_ () immersing the cartilage in a serjes of solutions having increasing
concentratmns of i cryoprotectant to achieve a cryopmtectani concentration sufficient
B fnr vitrification, each solution oi' said series of solutions havmg a tcmpc:ature: above
-15°C;. : 7 ' :
- 30 y (i) under physiological pressure, cooling the cartilage in a solution
o having said cryoprotectant | concentration sufficient for vitrification at an average rate
of from 2 Stol 00°C per minute from a temperature above -15°C to a temperamrc
between -80°C and the glass transmon temperature and



(i1) under physiological pressure, cooling the heart valve tissue in a

sol ution having said cryoprotectant concentration suffici eh® Apri2005
vitrification at an average ratc of from25 to 100C per mnute froma
tenperature above -15Cto a tenperature between -80C and the gl ass
transition. tenperature; and 20 (iii) further cooling the heart valve
tissue at an average rate less than 30C per mnute froma tenperature that
is between -80C and the glass transition tenperature to a tenperature
bel ow the gl ass transition tenperatuP8to vitrify the heart valve tissue.
43 A nethod for vitrification of natural or engineered cartil age,

. comprising. (1) inné?%ﬁﬁﬁmt%@héﬁﬂﬁvﬁﬁéﬁﬁﬁhmwn§gﬁpG@Bb$%@$uﬁp%h8ﬂhaV|ng

i ncreasi ng.:- qﬁﬁp oIS ¢ t eve opr ot ect ant
'concentra??%%ggu %%%gi ?gét§ﬁ¥rf#?cggpgﬁhﬂkﬁ%%gﬂﬂ? on 3 sard series
of sol uti dms tdreparatgredeloenthe phturansdioo Venperdr€o Atiffyithe)cantildge. physi ol ogi cal
pressure, cooling the cartilage in a solution having said cryoprotectant
_concentration sufficient for vitrification at an average. rate of from2.5
to 100C per m.nute froma tenperature above -15C to a tenperature between

-80C and the glass transition tenperature; and 15 April 2005 28A (iii)

- further cooling the cartilage at an average rate | ess than 30C per ninute

froma tenperature that is between -80C and the glass transition
tenperature H)atammaunebMOwthegHmstrmwmlontmmmauneto
V|tr|fy t he cartllage :





