; e3e& &bbc\ e| ed<i 6ri Ti ! WD 02/ 32225 PCT/ USO1/ 32415 METHOD OF
CRYOPRESERVATI ON OF Tl SSUES OR ORGANS OTHER THAN A BLOOD VESSEL BY '
VI TRI FI CAWOOKM/B206KGROUND OF THE | NVENTI ON [ 0001] The U. S. mowesemiests has
paid-up license in this invention and thejright in limted circunstances t0O
require the patent owner to license others on reasonable terns as provided

by the terms of copRErHRODUSE ERYASPRESERY A TIONOBTIHNTES preotedany NI ST.
[ 0002 The supply of vi ERITISANE ﬁi?fbﬁq}éﬁﬁLoﬁYa\fﬁtT%?ﬁ?ﬁldﬂpl antation 10
e y re

and heterol ogous transplantati on reinafter join erred to as
transpl antation) and study is |limted in part by the tinme a tissue or organ

can be nmaintained in a viable (s:t te.. lncreasing the length of tinme that a

stissue or organ renains vi ab@—%mm the |ikelihood that
a particular tiss kOl | hj:ent : i abl e
cthre. [0003) Tho W TR0 BRROR M BT RIETD ik SEHRL HIERIdLA KL

«i ncl udi g 15 riht irclfniskdeiraattdncsstoasquiretha patsntdvater td Bemesothersalnudi ng, but
not limted to, rru?cul oskel etal tissue, such as cartilage, nenisci,

nuscl es, | i g&sRsAnableiepms anproNided by the tepmy off (PPREBUYSRLESBAUNO. such as heart

val ves and %ﬁ%%oﬂ%ﬂi@b)ﬁﬁﬁsﬁwe, peri odontal tissue, glandular

tissue, organ tissue, Islets of "Langerhans, cornea, ureter, urethra, breast
ti ssue, and or gang0002)t dftie swppladiviablstisshey anlfcells tehuasogoan dmplagtatibh adder ,
ki dney, liver, intestine and heart, may all_ be benefited by increasing the
|l ength of ti @edhptgrolegpus tapsplapiation hersingliasioptlygetsrrod ibhasetransplopiggion) and
Vascul arj zed _t | . . l . . 2
succeszlfdul I ysé'{dg?%gﬁgg&] gr} ﬁr??}f‘@gtt?xge}??%pg??g%ggF%ﬂg%@%@ﬁ_ rlg\eﬁ\ﬁi?%la t hat
signi ficant istsdnategdicgtheilsmiiess Gan e adiarec Biganadmaimk vildid meg grafts
may, one day, provide an unlimted supply of vascularized tissues and
organs that deastigalbeingreasedhe Jikelthopd that pipagicylas tissusor e78an geachama prciment i on.
[ 0005) Avasc%k%searicﬁé?[ilﬁ’ﬁv eﬁ!ﬁgo be used for transplantation. For exanple,
30 on average, an ofrthopedic surgeon specializing in knee surgery wll

treat between 102Q0g03]i €THSIrfRplaiRtion BHtsshes/ Batatis bAabnpetbetdd iivRidi
full-thickness articular cartilage injuries. These patients may all be

candi daldes f oRscatarized Hewies g aypsaitlardissusspineidinga bl npt Houtedfio.al | Anteri or
canc: g . g4 A
uci ate Liggirntioiidded &ésg&f Su aa‘éecaﬁﬂa%?ﬁgﬁls@ﬁ ﬁg;s&gé_, 1%@5&%'38@%@@}%‘ age

defect that often i S un eéted, even rsuarger 2225 2

PCT/ U S01 / 33kih]tardioaaqeuiyr tissuey@ih @s hedravatdestdnd tmyddardteon®fnelifmhaBisiub,68
pati ents who received cartjl aqe repairs in 1996 were candidates for a
cartil age i mpeepdontyldisery glondylag tissae, ofgax tissug. isletp pElangsthans fcomes, ureter,

avaccul o, ARpEEHER T 1 @hnd, Bl of GRAGATRRLor RO Sl MiPkE

def ect 20 s dikidriegUler, ihtesthendridarehct, thay hH b bedefiegichydatreadisg hevengdnef time
potential for partial healing when techniques such as abrasion arthroplasty
are enpl oyed thayspely Bsshes ad\preds ieain Viathese procedures generally result in

mechani cal 'y i nf er[gﬂ‘%f i‘pﬁsgﬂl%rigé‘tfiﬁs%uei aglg%@argf @(ﬁﬁ' hgﬁlﬁﬁgﬁ’tpgﬂq{aﬂlmzﬁj geogr afts

have proven to be ctive an
successfully stored by vitrification for transplantation. Providing that significant

immunological issues can be overcome, animal-derived grafts may, one day, provide
25 an unlimited supply of vascularized tissues and organs that could be stored in a
vitrified state prior to transplantation.
[0005] Avascular tissues may also be used for transplantation. For example,
‘ on average, an orthopedic surgeon specializing in knee surgery will treat between 10-
20 patients per year who have sustained traumatic, full-thickness articular cartilage
30 injuries. These patients may all be candidates for cartilage implantation.
Approximately 30% of all Anterior Cruciate Ligament (ACL) tears have an associated

full-thickness cartilage defect that often is undetected, even after surgery. For
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10 functional for transplantation. The limted availability of fresh
allograft tissues, however, necessitates the use of osteoarticular

al | ogr af twipanjsereg for | ong-term storage. Although cryopresarvesiioRi1s
involving freezing is a preferred nmethod §or storing tissue until needed,
conventional protocols result in death of 80-100% of the chondrocytes and
damage to th i i i hessy pent al
effects 15 a?ﬁﬁﬁéﬁﬁﬁ%#}l&%@&tao g‘szbb%\?grrtl}ﬁ %%%56:?2%@5@?3{’10&% ni ca%ﬂg%%%gne.
Vari ous st udiepairsifi IpGameraebndiddtéscol acartitapeiilnplget.nodel s and hunman cartil age

bi opsi es have reveg] more than. 20% chondrocyte viability follow ng
conventional cr yog@ggr &g‘f‘ﬁr Hﬁ’epF’BEtefHﬁTtE%ﬁ’é‘??ﬁaf)%F% Jelsriorts ang Gagshy |

sul foxi de ( : : r limt
the possi bi 1 1B S 7P SERBInER, SIERAAIREIONaSoul AL IR EETRER LAY ' 20

[ 0008] Low t edpjeabngiofpartidskickstss defects isdifficnlti dabontiass fidbtacichesy difests i . e.
scryopreservation, has bheen the subject of ¢ch research effort.

Cryopr eserva ?‘@ﬁhﬁﬁﬂteﬁ‘é‘ﬁéﬁﬁ‘b‘?%@a‘@@%’lﬂwﬁ%@ﬁ m@ueé,su%yaqubﬁsgqq FHYORIASLY | £ t he

organ or tis i dq0 16 IMoNederS tHEBY plols | FIRbAI rgan or tissue
t hat may rrecﬁ%ﬁe{ﬁclgﬁy mr?u%t?ﬁf’s struétur epgnddntrﬁé glgn'gg%uﬁt"g ability to
functi on cor mechdnycallgdnferior filrotis svamspl anted into a 25 recipient. O ganized
ti ssues and organs_ are parthi cularly susceptiple to nechanical danmage from

ice crystals for miP0dlr ibsgphrasteeshargral plogrefys kayeproyraro ke effgstivsndser vat i on
vari abligs ar e b m whieh 4 nction of
tissue 1gol urrgl ngﬁgﬁ%géﬂrﬁe%glta%%@?'u’g?%gﬁlg%aggsé@g@?%%e#ﬁdy? gytzitﬁcsi&ééac kagi ng),
beyond whi chhéwexsdr} necessitates thepise sEostetartomnlaratlbge & bafkidg ferdong-ammi sseragd.| y
wor k. For exanple, in crg/opr,eser v?d al | ograft heart valves, the |eafl et

fibrobl asts Qvghecryepresarvailog dyolvipg frepang fset prefesred methedsior soripg fissenor

the SmOOth mysgieeel bonvhibli pRRELErebliFfHRaBSSIALL RIBH ML RnblifoAby e

survive. Cryopreservation can o0 be effective for 1solate et’s of
Langer hans, gt damaie t0 2c3sk2eAbel REGE/nbithi dB toditd fadmaties.e Thaskiderinéntal ffets 1 n
bi oengi neered capsules can be technically difficult. Skin is relatively
easy t ddpresaievhe pBipeRstaclss proyening shccesshl clinicq] ouigomen rVarioys studies gsingy
appears that t. i {02 LA : i y
difficult du%ﬁ‘[}%%ﬁ%“ﬁg?éﬁ\l/%@%hﬂrﬁgﬁe‘?ggﬁg’%ﬁ S?QE%?FE‘JJ’SWE?%V%Y&%‘@ gg’lréof
whi ch i ce gr thahl20Pechdndroegtei viathlity ifsidareind aomepationdl cowpugservatiomplocedurehese

exanpl es, the proble are due to ice fo tion either wwthin the cells,
the extracel PHPRYINER R‘?‘“ielaﬁ'?é‘é}gg‘t'ffee(}”éé, quslyrerphas yuoigetapigsapick gl ve
endot hel i um i i b i

U tri 1 cat] o TRyERER A e pASINIE fotorbPnARae6t Bufihedahithita il
ice crystal fornma{00d8] Toev enipecityrt peesafvanon of iologicabtissagseandalrgans nosn.

Generally, the 10 | owest tenperature a sol ution can _possi bly supercool to
wi t hout fr eeSYABIEPY VD, Raksga Mesoient il mugh teeardhgiéirht Gyapieservatgn G ch
tenperature | : ; QW [ |- d ol.Ld is
formed from %’ﬁg"@ﬁ‘%ﬂ’z f {él\%b gla# ?ycglpiqi%%hg}gl L@P%%@aﬁggggsgké% g(gzs&lf Jrcgnsi tion
t enper at ur e dystabtmayhfoein wigiip dreadrgareort tirsuesthhiiney wethdrfidallg dispipthscones a

non-crystalline solid. ing to the kinetics of nucleation and crystal 15
growth, it iémmfsépg wgﬁam%%gwﬂﬁ@@ neHAP SPTTRT ye‘@&ﬁ"e‘élstt@“éﬁ?’g‘ﬁgf%ﬁa a
cryst alysf or t a I o] | oW | bl .ol i ng
nost dizﬁutengé(ghg%hl}sbsr% uti J%E&{{S%ﬁg?eﬁgls%? mcg%srllytsiag%%ﬁ gfﬁﬁg%ﬁ: g%heu,gath is
encount er ed Bahageetrdrg,iceaergistals formedldaang feeingur s, whi ch makes it inpossible

to vitrify the solution._ In qQrder to make such solutions useful in the
preservation of biQﬂoggi ﬁenﬁavgﬁ[léngopmfevﬁlw Y*?rtagl‘isé‘FF, cqngroflgd,é IEke? ef or e

necessary topgh pgﬁcht'g?ar 10RSAdSS oPlisd RS 4 {dafdnf,i cation
,occurs instegﬁmg |cel crgs?al nulgﬁgatlison gﬁ‘@l‘%gr gﬁéﬁ.&%ﬁl@?‘glu\g}@on nport ant
that all vi abisbeinteddhads andlguaekdging)t beynndwhivhitratiitioneberpypredeevagioniniethods
vitrifigcatio rocess, [001 | VWile it is generally known that hjgh

hydr o_st3§ti c B? Bgts‘iﬂné’gef‘h?' _é”é’rlﬁ*g%%fﬁ&aﬁnﬂﬁefn FYORTeRATY @%8% ft?ﬁftdﬁaﬁﬁﬁsil‘gdi | ute
sol utions by)dafig; MRBbIaSE shN Qe P7OSYE bithefRerthé @ﬁhdtﬁ%ﬁ?@%ﬂlr{%r fe
inmpractical. In particular, for many solutions vitrifiable by the

appl i cati on shogthasesgtessells bétheaquicrtesdugprssssated withabs ealunswwedpt abl y severe
injury to unprotected bionmaterjal uri.ng vitrificagtjon thereof. Wile it
is also knomﬁwqii’é‘?seﬂﬁwnﬁ?ﬂ ‘E}f‘éé‘? e@?fg‘ﬁeé%fqé%ﬁ%mli}se ?W%H%E’S‘;‘bpr otectants
i ke DMSO, raise Ts and | ower Th, solution concentrations of DMSO or
simlar solutes high enough to permt 30 vitrification typically approach
the eutectic concentration and are generally toxic to biological naterials.
[0012] One type of damage caused by cryoprotectants is osnotic damage.
Cryobi ol ogi sts | earned of the osnotic effects of cryoprotectants in the

A NN AT 7N ST NSNS
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PCT/U SO1 /32-t 1 S the necessity of controlling these effects so as to
prevent danmage during the addition and renoval of cryoprotectants to

i sol at ed wel(282228d tissues. Simlar | essons were | earned WHERUS01/32415
cryobi ol ogi sts noved on to studies of whal e organ perfusion with
cryoprotectants. Attention to the principles of osnpbsis were essential to

i nduce tol er gRE@vaICENHISIBISGh BideAfihcdted tips@Ias E4h 1 @atifcallyRRLItDSERR ke
efforts to control the deleterious osnotic effects of cryoprotectants,

limts of toredativelyeeasytaprgsgryobesanseraf shethin, diat structiye of thedisstehdt apneprsear to

be genuine, |nherent toxic.effects qof cryoprotectants, th re i ndependent
of the transiBhiegeinErbkferpdhds Ronaid Bk Eaiadybeuiete bS5
Studi es by t Rgrdil QaRdw ForeRBdE Blifn@WamIhp VussiByBVIRKR merg%lmmfemglﬁ% B
controlling non-osnotic, inherent toxicity of cryoprotectant agents. The

resul t s5i ndi tssue dammage camvascal. Ihabiodithpse sxampies; ¢heafrbblemis\aee diedneaceand i n
.conmbi nation. .These i.ncl ude. t he .use  of ecifi.c conbi nati ons.o

cryopr ot ect afrmahion & gt e ghlIS G Beel bR Grars. GRRGR pPasic s,
exposure to g4s¥phedre el ERdot I BT bothPreSQbiin 1RO furhdiPdf tRE BssdSiaRkBtakelyzed for
those particular cryoprotectants; (c) the use of non-penetrating agents

t hat can substit ul®1Ppr Vitrifmatipmrbysontrist, mesve selidificajionganin aglhssy witBeut

Lt e ek
concentypat i ORweaN@fpefatirdRisdlutibARat FRIMIERIpeicRY] ®i Without et AR RInSOME Of

these techniques are in potential confli'ct with need to control osnotic
forces. For bhomogdneous mubleatidn tampeaatatelliesat which tengetataretibrecriystillsmacleatd ef f | ux

rate of cryoprptectants, thereby .ptolongi d i.ntensi fying. thejr, osnotic
it ects. S nbndipy: 3 Aenefing Bubiorned e B P, CiEErdisnSShiofai pes
their potenthale HARRaRsioh @hSerathUB,, af WEICE tdiyserathR the SilRNGRIflegakhed

bet ween the control 25 of osnotic damage and the control of toxicity. Means

f or obt ai ni nbedohies almahemystal inesaligs EWwingdo the KineSics PAnenitating and ciF2®] 282 t o
Fahy et _al. However I S pat ent es not describ .particu met.hod to
be. sedSfor BRI IAl5ETF Iy nPess BRTRE WAlsy TRRCLIFsSo Bl for sEiosh s TRPS o
potential teghBngbRnfr&f muEPEQYRAC 1Y MBEE, bAbOlihg hbstRfidtd 4 RBous Hiiidaat ent
does not di scuss any protocols f&r cool | ng or warm ng the organ or tissue.

30 SUMVARY O thelglashivaEnsiti dNefnpeigire, Thas pnesatered befamtli;omdiise tidextived to a
met hod for vitrification of. tissues, including vascul arized tissues and
Avascul ar 1 S&Es WM BRgR L ImREHER o MEALE PSS e Seaibg
conpri ses i NyALGoMAsERL i the PrBeRatith 8P oloBichlahRARNs B vitr\¥ohid, 3#342S
PCT/US(11/32.~IS .. 5 concentrations of cryoprotectant solution at a

t enper 0ur e theeedoremecdsaary-t6 Change shecpropgstien efdhasnlutiamssethat vitrifimatism pédues ent
for vitrificatjon; .rapidy cooling the tissue or .organ.to a.te ratyre

bet ween - B0CHIA PG nprlSaat el Sl dmpdignt i 4 RS A ool 1 ng
the tissue oOfjsk Faittioh BEnFaihtaiHRE bR K rtiddGvefidalien plRess. transition 5
tenperature to a tenperature below the glass transition tenperature to

vitrify the tissut00di] orlyhie itfiogmrpallykaown skas high hydeastatigrpressurgh saisedl'y ect ed
Vit T catt oftd g8 aryaygebet Sho Sl BhBnEY prBuCugngt PSR fbw o
war m ngsa Vi bfiéd ingsbstibRSdtanmracBt&lan partibder, for many solutions vitrifiable by the
application of pressure, the required pressures cause unacceptably severe injury to
unprotected biomaterials during vitrification thereof. While it is also known that
many solutes, such as commonly employed cryoprotectants like DMSO, raise Ty and
lower Ty, solution concentrations of DMSO or similar solutes high enough to permit
30 vitrification typically approach the eutectic concentration and are generally toxic to
biological materials.
[0012] One type of damage caused by cryoprotectants is osmotic damage.

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



10 cryoprotectant solution to a tenperature between -80C and the gl ass
transition tenperature; rapidly warmng the tissue or organ in the

cryopr ot eptcami32sml uti on to a tenperature above -75C;, and rpdnukeg2iite
concentration of the cryoprotectant by inmgersing the tissue or organ in
decreasi ng concentrations of cryoprotectant. [0018] The present invention
i's al so diregfafctRitd ofr@admlu@megeréfﬁus%e ab t&ﬁl@e&taﬁmqge Gﬁtﬁ?g”'t%eﬁacﬂlﬁbnt han a
bl ood vessel such that viabili is retained at a highlevel. For exanple,
the inventi oambremm{abef th@mrometahtsambotat@twsfaumssueﬁssmlbr dessorisavered. | n
particul ar, sent mvenigon i s directed to a, et hod h at | east

50% prefera a{}‘@[W cO£LYOPIRIORISL TR YEE 08 thy SEIES 9 Wf/‘ober%g?rb?erhﬁbﬂ?% Yo of cel |

-and tissue fyupehifltaid. eARBIYNAD rlrfe dﬂéd d’f%s?n%sifsrw‘f‘c%‘eééeﬁt'ia@% gdusoNtrol s.
20 BRI EF DESCRI PTI ON OF THE DRAW N Fig. 1 shows an exanple of a

per f usi én symleanwmtcrmmotbean@ddmonto hgaps esent inventi on Fig. 2 shows a

.device that can b d coo tissues or Fi 3 shows
an exenpl ary cool i‘}fg‘s‘"i dﬁ‘?spgeﬁ chtrBi)ﬂgpglg}eﬁauﬁ ﬂ%“‘b‘fca c?BOf J
scintillati 0ery\ébaitec%&tmn%ecqtbleraeﬁ@faq%(ﬁﬁot%cﬁ% e J@ut SHEnABATh&eAphéhrcol d

air using the device of Fig. 2. Fig. 4 shows an exenplary warm ng proflle
generated by tpbagenuing h'éleglnamusdfmtﬂ dflcgtapootestants thahareahdepgindenantithehen in a
m xture of 30% DVSO H2Q a{i roo erat re. 30 DETAI LED DESCRI PTI ON OF
PREFERRED ENVHBeR\§ENFE0HH6 E‘t‘ﬁ PRMHtion is directed to a nethod

for vitpificati 0”\% )] 143 tStﬁ@iH?b?fhe &Rk ihVerflors U@ BliRFRhE Rkamel Wicband for

subsequent ly reno g'the tissue or organ fromvitrification. "Tissue or
organ" is useflcrerodiing nan-oshdaic, inhernytonaityrodicryoproteciant @O s. 3Pt sults

PCT/ USCOL/ 32~15_6 e i nee i.ol ogi cal ssue or or ncI udi but not
i ted to (o 5o fecriguci B HeRie e g TR Sombiietivin Hise

muscul oskel eh?élu&e' P8 usS b eB3icCBhrbidafBfs of BRipiSlectaiiiphbLSefebk ANRNbS and
tendons, skin, cardi ovascul ar tissue, such as” heart valves and nyocardi um

neur onal t i seamh, othatsitoxioities] (b) exgmaare tgbonprotertants imsigbiclesaations that asue,
islets of Langer hans ornea, Yyreter, urethra, breasjf tissue, ,and organs,

such asdpancPB lze& foridase pazilaﬁwrmr@a%fenw (e} the usg ﬂf RUL-PECTratingagents,
Sections or Rpiess s $ﬁ{u?é)for ag)gﬁt%”of@ﬁe Ballff &l othBSviteSiddled, thus

"transpl antation efers to any type o transp antation or | nplantation
whet her or neparmgttht oghia, infecinnfrogeExposire toeddditminalintracel bt agbras;laad or not
't s perfor ?E)dmglxglfz?r&gl t¥1e tlmesslf)ggte\gn enqtthe:[ g)nfcgnrt;a%on range of rapid time-dependent

toxicity.

20 [0015] Some of these techniques are in potential conflict with need to
control osmotic forces. For example, reduced temperatures also reduce the influx and
efflux ratc of cryoprotectants, thereby prolonging and intensifying their osmotic
effects. Similarly, minimizing exposure time to cryoprotectants maximizes their
potential osmotic effects. Thus, there must be a balance reached between the control

25 of osmotic damage 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 improved crypreservation. In addition,

this patent does not discuss any protocols for cooling or warming the organ or tissue.
30 SUMMARY OF THE INVENTION

[0016] The present invention is directed to a method for vitrification of
tissues, including vascularized tissues and avascular tissues, or organs, other than a

blood vessel. The method comprises immersing the tissue or organ in increasing



| O processing of the tissue or organ. [0022J As used herein, the term
"vitrification" refers to solidification without ice crystal formation. As
used her ewn,02a2125ssue is vitrified when it reaches the gl aRGI/USEHIB4LSI on
tenperature (Tg). The process of vitrification involves a nmarked increase
in viscosity of the cryoprotectant solution as the tenperature is | owered
such 15 that cdf@nitMdn8dt bRBpAMSLLSHt ¥MufloRites ﬂemiseﬁmr@greate? tRIn2SeC ffa
vitrification or vitreous cryopreservation nmay be achi eved even in the
presence of earyspmitdctant comeestratiat exdficiemt for vivifidatien; mmdbmqogngdwsnssheaw an

anount that causes in' ury ta the ti e., [ 0023] As.used her gI ass
ransi tion t SPBIaR PaRtriureheEss BRE Bibe Bt R T CrbRatral T gy

.sol uti on undgfrtehBodlRfgdhé LS oRbrothifkdm & F@n&?&ﬁ&%ob@th‘é?ﬁg tl%.QSlﬁ&deCt ed.

In general, the process of the present invention is conducted at

physi ol &gi catenmeazgemrtea terhpevatngs belowdheglagsrtewsition seroperatues tosewifnthel ong as
‘the ti ssue or. organ i S not si gnlfl cantly damaged thereby. [0024] As used
herein, "phySsYFOLPEE pressures” refer to pressures that tissues or organs
under go duri ng nogmb 1 F unetireng mb@mro%srhls@wéaed%gaﬁleihoerf&%moeﬁ, 25 thus
i ncl udes normal atnospheric conditions, as well as the higher pressures

t hat vari oustissue Suesanticn them a/biscdmaselzfadn Mtsﬁm;sm inadeyopootectiaier d| astolic

and systolic conditjons sed herein, erfusi nmeans
The 11 owt ng. SALSOT| Remewb GaRPriAG Yoag eI yired Gt pEean Rupe
perf US'_}EDQ or g@thro?&@'ar& 's§1§H8§ td’ﬂ‘é{% e?éfﬁi%%@gve%Q -8d*C Jnﬁrth@ @fPk-MsitidnS:  Pat ent

3, 28 Fahy et al I's i ncorporated InInits entirety.
[ 0026] As usethpeeaterenrapidip v\taenmg the tisyne ot exghn it therce;a;fpsotactaﬂrlesnhmah t¢ hat
m ni m zes ice crystal for n.a.tissue or or. an en the tissue or
organ is coor‘-’@eperatvve@?r% EWF@E@‘E%E °2’1°§mfatt' B/‘{Z]EWBPEO«%‘FF}%? Yures and

results in a @fsi @tlkﬁle\ﬂr%l?édn'lﬁ Ye&biskle é’éﬁﬁéﬂtfhgioné 5 GOSRaleLean to the

effect of coo t hout cryoprotectant.” (0027] used 'herein,

"appr oxi mat e os rmlOQiSQaqLﬂfHelmeant mméntiopds 8lsé UHBCttdlE]‘&mBﬂloddomaﬁng lnasuea 10%
di fference between t ntr eIIuIa d extr ceIIuI ar t

concentlPat i oASOTEANPY ?r g Qo Vﬁﬁﬁe[rﬂ}cg ]'t‘aﬁé'l'f‘b aftﬁlf‘ @k‘&ﬁ‘b‘r &or¢ hat
if the extra 0 tha? c4PMnd fi8ud %a&@éry iRkt
concentrati o%)@%&lsﬂhgt%l&eﬁgﬁﬁg&%ﬁan 4 4I\/lc Prnef eru F}n t her ehfasn no rml?le than a
5% di f f er enc partietlagehe priesent iveaten isuliectednala methcmlaa Iwhi¢laat leasnB@X r at i ons.

[0028] Vitrifi t| on an achi eved uysi a var oprotectant 10
m xtures andP Pli’ MG &é?trﬁﬁ/@y %Qﬁ’&ﬂrﬁp l%‘ﬂ&"’%} gq}) fﬁg?’%'}ﬁ’o‘éﬁsﬂe be
optim zed fOp,RAGH ABMdifdinel r8five thfreEh InvetddRpBRd sanpl e size. The

choi ce of cryoprotectant m xtures and the eqw | brat| on steps necessary for
cryopr@ectant addition a k3 ) RASWIINGE shock shoul d be

optim zed based u e klnetl CS cr ot ect nt atl n in
Uissue samples. CHHSlndie e N éﬁﬂﬁpﬁ%ﬁﬁerﬂsh S hieg e e
ice-free preppLvathRiBas been achieved for a given protocol.

Fig. 2 shows a device that can be used for rapidly cooling tissucs or organs.
Fig. 3 shows an exemplary cooling profile generated by placing the glass
25 scintillation 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 placing the glass
scintillation vial in cold air and then in a mixture of 30% DMSO/H,0 at room
temperature.

30 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0020] The present invention is directed to a method for vitrification of a

tissue or organ in a cryoprotectant solution and for subsequently removing the tissue

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



[0029] In methods of the present invention, the tissue or organ is inmersed
in increasing concentrations of cryoprotectant solution at a tenperature
greater twano/BRS5 Organs and tissues contai ning bl ood vessPCHUREY32IES
perfused, instead of, or in conjunction wsth, imrersion. The tenperature is
preferably between 0C and 15C, 20 nore preferably between 0C and 10C.
Preferably, thgntérsdblcticaVLigaR or dr@ahsiaclBginzUsathoMiiitell B8 vafteif38d Ng
concentrations of cryoprotectant, [0030] The increase in concentration is
preferably céasneseediayaspular dasues, ctusingannsoulositglgtel tissue.cugps eardlagant i s

added to the _extracel|lular sol utiaqn t | eve .a parficular concentration
of o yopr ot Bl seiEn aehEntiahdlorioBal SEi 1 By ARk R wER WSBAR S
.concent r at i oRa@ks ddiPmeedaudiu) nbifrohd) eRsuRUpSABhiaPlidsvie BARfudrieshef 8Fzap peri od
of time. In particular, the concentration level is generally maintained for

a suffi & ent tissugeistets pfdrangerhapy cosneanraen grephrp.coreapt fifsubr and wgansf suchast i ssue
-or organ in the soluytion., . To obtain.approxj.mate osnptic equil.ibration, the
concentrat | oRefeser PdOS KidBer Bl FRE AT sFad B sl mioth Plece®t; ' 5
preferred enmbodi ngeg21)t hes RAMRRIS, Md fin MEN¥Rblagltioh" PR tRAMaYpd 8f at | east

15 mnutes. This process is repeated as many tinmes as necessary, with the
final concentiansnlanating argmplantdtionevhethen pr nattapioiogeas, homaegpisysi ol ogi cal
pressures, particularly und nor .at mospheri c condi.tions, | WO

Doy 3200 5 st A e DA iR o gubef o ey

mai nt ai jped a?r&@%cgcmﬁ@ﬂgghetoirg ahevel for no nore than an hour, preferably
for no nore than m nutes. [0031] In general, the tissue or organ is
first i mersed in[@022]yoks atedherem, e teom Swtrifidatinn” fEfiers td sdidificationr gan nmay
al so be perfused with the .5 cryoprotectant-free solution. This

T yopr ot ect atPRbEe SEPE! fSmaLAN e uHerg e Grog WG i rashs fens

cel lular int ?g{sé ¥r¥nsli't'ilq)eﬂ'eni[p@ra‘(ﬂrfe {Pg)C a'he ipkd RESofBstrifitRidn BioR¥s 8 ¥IAHARL | C

physi cal buffers at normal tenperatures, and organ preservation sol utions
at hypot her minereaserpeviatasity of thetssyoprgtpitantisplption hetheriemperhature is lowered such

tect ant - f Ut i |l be t. t he vehi cl | uti d
Lo add ana - b i TefaptbrE e iR S es ISR & Bt anol 0.
the cryoprot egb?wseﬁvaﬁ& ﬁ@%% héeveaRvaLinh&pFelerfed olf hRmaf ObiebtABiedWhi ch s

an aqueous sol'ution described in Table 1 below. TABLE 1

Eur o- Col | i nsamonpoefrickrivijyi¢tDexess deanl asshua6haren4as50juns IoHPOIdRY . 40KC 151. 12
NaHC03100. 84 * pH, .z 4 15 * mlligosnplality.= 350-365 m|l.iosnpl al WO
02/ 32225 PCT/ US(119°3'§]41 S%*eén?;ﬁ@r‘mg&%rﬁbﬂ%é’%&‘“%ﬁ%@é‘“&q[ﬁ&f&§° 18485 ons

ar e di scussegyhdiideihiRratude a30REbe Mhdel R Londitldas af WhRh the process is bein

RPS- 2Conpoundrivh/ LDextr 0se18032. 43KZHPOAT. 21, 25K 28. 22. 11NaHO03100, 824 ut a
t hi one20. 53AdenrdustedHbn gonerACHEIPPA@ssIA I BIeR20 iM@Rti¢NSteondRRSLATM sol ut i on
is nodified RES—. Wi tlhout CaC.12 andhahso wi t hout g/gd %) ? TABLtE Modi fi ed
UW Sol uti on Q m IOinC%CPT?jR}JT§81 OIW(%HCI', 1ghner pressures can used’as 1ong as ihe ussue
#2ConmpoundnVif & qu&mﬁam@m@@@45NaHzP04~H20253.45K

gl uconat e10023. 42K gl uconat e10023. 42My_ gl uconat e10. 21My

gl uconat e10. 21gl ud@®R2e$0. AOeded horeist SphyEeddgical praseures e 2 ¢ presturdsdhat30. 92aden

osi ne51. 34adenosi ne51. 34HECFE81 2. 38HEPI%§%O%. 38adeni ne, (hh . . "
drochl orid elg.sﬁlféaéﬂligﬁ'és undergo during normal function.” The term "physiological pressures

Eggldr go%l ori @lﬁ)slﬁcl&@e{sir%%ﬂlﬁmbﬁfﬂehe%@ﬂcﬁti&é%a@a%@-h@@é@ﬁﬂ:@x@& {#&0. 0056HES

various tissues, such as vascularized tissues, undergo under diastolic and systolic
conditions.
[0025] As used herein, the term "perfusion” means the flowing of a fluid
through the tissue or organ. Techniques for perfusing organs and tissues are discussed
30 in, for example, U.S. Patent No. 5,723,282 to Fahy et al., which is incorporated herein
in its entirety.
[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



“

(Note: Modified UW Sol uti on #2 does not contain HES but contains nore

gl ucose than nodified UW Sol uti on #1) WO 02/ 32225 PCT/ US01132-415 10

[ 0032] Awem2bek2sg i Mmersed in a cryoprotectant-free sol utrcarysoisensi ssue
or organ is immersed in a solution contaimning cryoprotectant with or

wi t hout perfusion. (An advantage of the present invention is that perfusion
i's not necesgatblofo iiptrdtaits hnd S lXORMLRGEARN CRBARPLAALWAhisYTAT Cient for
vitrification generally contains from6.0 to 9.5M cryoprotect ant,

pref erably feommparisowtdthe effyapf coaotgawmithoutoryepmtetantably from 8 to 9M

cryoprotectant. T rygprot ect ant, sol uti on may.cont.ali n.any conbj nati on of
cryoprotectants s@ﬁ??kl tusefcg CIgh ra!pf’foé‘éﬁ‘?t(?r?.sm_éPSIS‘blf‘@J?réff?‘bn’flgaqsﬁh?tdé‘%f? but
are not |imited ke tiinBeL0vs diffdtbricebeffoen it Bt diRiar hnd Rk RRAMEALALte
2, 3-but anedi ol , glycerol, ethylene glycol, n-dinethyl formam de and

1, 3- pr opanedionkenta®iohd 03 3ff¢remerafeabhere ¢hanolilo meansa Mior exgmptes thatidfithes

.pol yvi nyl pyrroli e or hydr.oxyethyl starch may be nore effective at
prot ecti ng masgfl@%n coggIfiraren o‘ﬁ‘?eﬁ}ea‘itracawlar %éqtsgwcsnw%éﬁ?ﬁewgpé-%f ten

l'ar ge macr onplyeL e Dre LR i 8o th HJ{PQ?‘?H»tdiff&eﬁée Betwectohl idtPleliQaf

greater extent than vvoulg be expecte ftromt elr osnotic pressure. Sone of
t hese non- peandextrace}ludarycopeentrettérsnt agents have direct protective effects
on 15 the cell ne ne.,. Hawever, the prinpry mechani sm of action appears
Co be the | nductBH2EY - SFeur e tghae VRemT Y SURRPOGCA
Cryopr 9§ ect ant\guRt Snd'seflinkvaniSeBnliionb Ithe RECERMabRS SR bé ﬁ?ﬁﬁa%ﬂ%i on
may be elimnated entirely during cooling to and warmng from cryogeni c

t enper at ur eseach ppeicoizabéleorctirsnt typk sndwanpldsizren$he ahact aff orpgproteetant ve
activity include agl?é%%e, igigxt.r ans, gl ucose,. 20 h}/dr oxyet hyl st ar ch,

i nosi tol , | ABXSWEs AndiheFAUGIDIRLGR Stepp BESFITARY fag e PioBrqteriet addibipBppd remaalr ose
and urea. [ 0Q; I i ok : i ¥, the
cryopr ot ect g‘aﬁﬁ(lsuéluﬁgﬁeoﬁ%%ﬁgib%{ssﬁi met hyl méla?df %%(s?ﬁgﬁ 6?@?%%%3&?3

1, 2- pr opanedirpbprofeoranepamphtéyn ihhisswr spopiast €hyesabstgoliat canralstele deplayed! ut i on
cal l ed,l VS55. VSBS is a 25 solution containin 2% wW v (3.1 M dinethyl
sul fox;l%fe, 11859 gt ieg-Tisgypreperyajipn, 8?6?*}‘%3“’&%8’6@6‘3/}‘\}‘_’%. 1 M

formam de in a vefgogde HPmefo@dof the plbsiit AR th fiSsus @k BidaRNs inlMbRed t NE
sol ution contains about 55% w'v cryoprotectant or 8.4M cryoprotectant. The
anount of diimehdrgasimgtdnositcitionngf drgopratecadt folwinn20 attemBOHtund greatsi thiahar | y,
t he anount of 1, 2-propanedi ol and, fortga&i de y each be varied from 30
about 10 to 209 Wrgansiand diggies contpining biped vesson ARY OF Perysdr Beead horih t he

full strengt I Q.S . he % 9 ocPr.afiebabl y

f rom about 5%&$&#@5§8m§58§@$§¥8'T&?E&ﬁ@?@%ﬁb%w%%ﬁ%ﬂggg%%%@XﬁgQPg&§5?’V855
may al 3¢ be MBAY dreRehblY bdiweSNYRNAAPIRC. PryfRALE, Bl ttRiEordigadls aldt ur al  or
synthetic ice-blocking nolecules, for exanple, acetam de, agarose,

al gi nat e, al pasfused withithgrvinareagingreencgniratioss of eryopistdctdnt.eeze prot ei ns,

but anedi ol , chondyQLti nsulfate,.chlorofarm. chpline, cycl ghexanedi ol s,
cyct ohexanedi ones‘,")%é{)/fcl gﬁ%%ﬁ%aﬁ fgeLee %@Pﬂ%%ffga‘}b&( %%déﬁtggé’? 98 P-WISF met hyl
acet am de, dina®idY Thhtak RyEpiGectitié Bddedab theedxabiular@bhyibg i adtidved

et hyl ene gl ycol nononethyl ether, glucose, glycerol, glycerophosphate,

gl yceryl noresatdeulan encejitiation ef crypprotastant. e fier, thisy@nesnjratioy levet igobkained,

i itgl, |act ' hl. or i S | sul f at | t
rmnni 181 | i eescen RIS ARIR oy en SR AARTHK PhaiBliided 6t B ey
forman de, 1@ gaefididr, the @afcenttBlidiylevelis s@feeallyRiiftained! fycei FhicicRh@neko

pl uroni c polyols, polyethylene glycol, polyvinylpyrrolidone, proline,
pyri di ne N- obdranit appepimaigssmotic pgaibraen phihe tisgg arorgandmitlesolytind. uke

Sorbitor, sudBerBEhhue EEbHTHUREIG, ORME RIS R acet at e

urea, vali nemainedimed foy hoggst 10 min RS Oin d prefetdd ehbbdiment,fthid EdiREntBatRingEv&d
enbodi nents of the invention, 1,2 propanediol may be replaced by simlar

_concenB® at i oifgnaintained foy at dgpsidl ominugsy Thiy procesgiisygpeaied asundmxtinies #fay be

Pl A b AL RS, ARL AR LN S B

conbi nati ons e vehi e cryopr nt sol ution
may be any typgiodbgical pressures, particularly under normal atmospheric conditions. In



20 solution that maintains cellular integrity under in vitro conditions. In
particul ar, the vehicle generally conprises slowy penetrating solutes. In
VS55, thewoepBz2e solution is a Euro-Collins sol ution contPLTiSeg/324xM
HEPES. HEPES is included as a buffer andgmay be included in any effective
amount. In addition, other buffers, as well as no buffer, may be used.

Al ternative MRINdH, @& tist6d ot garbistgendrBllyMaintdindd ARaéWeorlcBftrARINUEVQ BS D

di scussed in Tables 2 and 3 above. [0038J The final concentration of the
per f usi on soingte than arshewrf prieterably fargovnereitiian 30yainutessue or or gan. However,
as di scussed abOV@ ihe concentra ion of the ﬁoguti on %s %r adual 'y

i ncreased to achi \% ]thpégﬁngf?é’l, F%’Fé’?gfﬁai}'ﬁ s 1"%?‘8’39 %% manner. In

<particul ar, ghymbleetaftiradoliforadhiadisksee GCdibayaRaRabt petlisd wikigieau, whi ch
is 30 maintained for a sufficient tine to achi eve approxi mate osnotic

equi | i b¥ at i osryonrateptant-freuscadutidnor This ciyeprotectapt-fice selatiomenn be astyaypdoly f or
+about 15 mnutes. Then.. further cryoprotectant. is added to increase the
cryoprot ect aﬁ&ggﬁ%ﬁp@g&ﬁpﬁﬁ;ﬁ%ﬁr H%eglﬁ)%u .er %Y/‘trﬂ&f’n%goﬁs ?SeWB']I%g ficient
for vitrificghitRflc phisie®bufférkaBhorRil Enfefitiigs, (208 orgAiPréskladidd 38lutions at
PCT/USI 11/ 32~15 12 concentration for sufficient tifme to achieve approximte
osnot i ¢ equi hypothetinisriempenatunes: Mostaymenlkyc thannitinkcraeptet¢ciant-tee santionwdl st eps
to achi eve concentration sufficient r vitrification. [0039]. I.n a
preferred _eﬁlﬁeotgf YRt a%{hetvﬁ'é'ctérﬁ?z‘ﬁ’[of‘dﬁ?é g’tf’é‘f’émgrr %n?‘(’)eu“rr_y@"éeﬁgﬂ?sdfé}& ant
concenfgat i ofssit 8f &BbS b&f&aﬁ,pre@mrytgqr&te&am&%mﬂinl @R beWiHreicMing or
vitrification. In this preferred enbodi ment, there are thus six steps, the
first step umilutipnawbiopdproagueoassolitienedaesetibadiiodablehl bdlows fol | owed by four
i ncreasi ng cryoprotectant concentrati 01{1 @%@tleaus and then a cryoprotectant
concentration sufficient for vitrifica‘? - In a particularly preferred six
step enbodi nent, in step [T, no TYBRLOESRRAT TS Used; |n step 2, 5 to
20% preferably | 0 to 15% _of the final cryoprotectant copcentration is
used; in step 3, 15 to 3% Cehpowd y 20 tomB0% of the fJnaI

cryopr ot ectant concentr atfgi—is—useth—rR—sStep4—40—tpH655% preferably 45
to 55% of the final cryoprotE€ant condentradd on ik %%g(g- in step 5, 65 to
85% preferably 70 to 80%km@Lpdhe Tinal [cryoprsot ectlant ggongentration is
used; and in step 6, the [H ion, which is
sufficient for vitrificatjdiPPs used. Fach dyoprof edt¥nt | concentrati on
step is maintained for a JsgRfTCIent Tl TO gghi €Vel agphox| mat e osnoti ¢

equilibration. In a further preferred erfbodi mént . the tissfie or organ is
perfused with the squtijﬂﬁdﬂCéﬁch step.| [004@] Aftfr Ot8de i ssue or organ
has been imersed in a s i i 'Qﬁ%%a%ﬁ%ﬁa%ﬁéeﬁ%ﬁaéaon of
cryoprotectant sufficient for vitrification, the tissue or organ, which is
mai ntai ned in a solution containing a;g@pggq%ration of cryoprotectant
sufficient for vitrification, is rapidly cooled to a tenperature between
-80C amf$l the gl ass transiti bmillesmetality+ 850-F6& ntiRjkaiotadol i ng rate may be
from2.5 to 3 00C per mnute. The rapid cooling rate is generally at |east
15, 20, 25 or 30C per mnute. The average cooling 25 rate during this step
is preferably from10 to 80C, nore preferably from 30-60C per m nute, even
nore preferably from 35-50C per mnute, and even further nore preferably
from 40-45C per mnute. The tenperature to which the tissue or organ is
cool ed during this rapid cooling process is preferably between -90 and
-110C, nore preferably between -95 and -1 OSC. 30 [0041 J After the tissue
or organ undergoes this rapid cooling process, the tissue or organ then
undergoes a slow cooling process in which the tissue or organ is




cool ed at an average rate |less than 30C per mnute, preferably at an
average rate less than 10C per mnute froma tenperature above the gl ass
transiti ewovesmes ature to a WO 021 32225 13 PCT/ US01132- tPCF/uSenpatat ur e
bel ow the glass transition tenperature t® vitrify the tissue or organ. The
cooling process is preferably conducted at an average rate |ess than 5C per
m nut e. Pref @théd exkamiphes of aiiieabdd aqueohs sedutibns iaregdisdusseddntTabkes Stagp 3dseéswv not

i ncrease above 30C per mnute, nore preferably the rate of cooling does not
i ncrease above 10C per ninute and evedABkB2preferably the rate of cooling

does not increase above q tenperature is
general |y about -120C to |-135C under Tospheric copditions. The
.tissue or organ can then jbe TR EANEOT Tong od [of J[ne|at a tenperature
bel ow the glass transitiqgn tenperature. |[0042] The [first cpoling rate is

generally faster than theg Beamsel cooling rat &80 10 hovEn4d,| i n enbodi nents,
.the two cooling rates canbe-the same— iyrent of the

i nvention, the slow cool ijdgH¥e is achileved’By changil#d the environnent in
whi ch t he cont ai ner cont g T I

PE[Y ttre—sotution 8>2p+ou,ed l"iTi particul ar
enbodi nent, the rapid CO||IG rate is achiev%d by IaEIAg he container in
a liquid, such as 2-neth

ag@og, that has bgen preg-cogqedjto a tenperature
below | S -100C, preferally near or belgw the glass| transifion tenperature
of the solution to be codqf@tathiihee, to achi ev® the sl d&3copling rate, the

container is renoved fror
a tenperature bel ow the ¢
invention is also directe
fromvitrification in a

fre—--qgut-e—arg—eceot-ed—h %8€rcu15 envi ronment at
Igggiti on tenperaturie. [804 ] The present
a mertod for T eproving g, ¢fy T ssue or organ
ol ution with or w fhout perfusion.
The met hod conprises slo trifigd tisjsug4@r Pprgan in the
cryoprotectant solution tlo_a perature = | he gl ass
transition tenperature. The slow warnmng rate is generally bel ow 50C per
mnute. In additiogn, the average warm ng rate during this stage is
general Iy fr NP0 RESE Faolutionds Bodtisd §1%-a thopt rGT and adocvighat Melel. 1 n
additiofp, the tenperature to which thqv%%gi:.,fied tissue or organ is slowy
warnmed 1s preferably between -90 and ﬁ nore preferably between -95 and

-105C. [00 AT tRbdifi _ 6 H8E UMW ISS Lo \Wowar m n
process, the flssue or dly warned to a tenperature a

& UWSSolidd#10r gan

organ is thepn r ove

-75C. The 30 terGuenptmde shouhM e if filci entComprugh t hat tiM dol ug/ion i s
suf f i ci ent ||y—-ui-d—-that—t+hetti-ssye—or—erganr—ean—be—rerpved—theref+em—he
rapi d war mi|TaEEedddd i s ge ge?él ly $8hduekPQHeq at e abov® 8(C pé¥
m nute, prgfErag bove—T00C T HhBt e+ 1 rage war T rrat pmriing
this step i sﬁﬁrdépé?tgbl y from { 0+ 3&8({} perKgur%SF%t? nor e V\(lJHgZBZ%Z%21
Mg gluconate 1 0.21 Mg gluconate 1 0.21
glucose 5 0.90 | glucose 15 2.70
glutathione 3 0.92 | glutathione 3 0.92
adenosine 5 1.34 | adenosine 5 1.34
HEPES 10 2.38 HEPES 10 2.38
adenine 1 0.17 adenine 1 0.17
(hydrochloride) (hydrochloride)
ribose 1 0.15 ribose 1 0.15
CaCl, 0.05 | 0.0056 | CaCl, 0.05 0.0056
HES(g) - 50 e PSS

(Note: Modified UW Solution #2 does not contain HES but
contains more glucose than modified UW Solution #1)



14 PCT/ USO01/ 32~15 preferably from 21 S-250C per mnute. The tissue or organ
is preferably warnmed in this process to a tenperature above -75C, such as
above -39@ oxnerEver, in a ' further enbodi ment of the i nvRaTAUSH/328iTe tissue
or organ is warnmed in this step to a temperature above -5C, preferably

bet ween -5C and +5C. 5 (0046J In an enbodi nent of the invention, the rapid
warmng rate is 3e4823VeAfiybeiitinghéSed G EVoproe@Rfred sblMUrC thettiigueont ai ner
containing the solution is placed. In a particular enbodi ment, the slow

war mi ng r at ergag isrhingssed itby sglhten enntainiag cowprdtentant iwitheorguitlany seréesion. onnent

been st or ac CAHARYATERS of W pls S Y2 Mot PRl Binet hSBYER) P& her i s
. placed in aj &%umtecme Bor®n@4aticRCHERient $6Y wirifRatie %erfeﬁilly%afﬁiﬂs%orﬂ reet hyl

sul f oxi de ( DV5 M at a tenperature above -75C, preferably above 0C, and
nmor e prief er 4Py M eryapiotestanst prefspabiy frem7em9M arygprodectant.ongrs pagfeblyt fiemt | ssue

+ or organ hag b war ned  t { enper at ur bove -65C. +the concent.ratjpon of
Che_cryopr oRdBoBhET R st FIRBIoRethE sdfermpy forealh My SOBBEALO TR ) The

Cryopr ot ect apfopfREGaits seficiet fob vftﬂﬂbﬁ_ﬂ%ﬁl. IQtydhréfeBnidisGudB Bidre nb an

enmbodi nent of tphe i nventi on, decreasi n&cr yopr ot ectant sol utions are

achi eved by linitedrtg; digethyé sulfaxddes farmasyidean . 2-propanedidal o3 3 dutanediob ghicarp!,
cryopr ot ect aH{ con en[ rat.i O@Q’E | utions t ) %%ci | i tcgtie el ution of
cryopr ot ect SHPLOE &Rl Radimedy] forglanideand 1. 4pEorapediph. o or gan may al so be
perfusgd wth thqo@gsl’uwn%%eéﬂl'@c@@%ﬂéiéc&ﬂﬁa@hﬁ SHEN Y pollVinfpyRolddne or

15C, preferably

h
t enper at ure above - I etween -15 and +15C, nore preferably
bet ween 0C dpdroxpcthyl(stmdiginaythe nearg effecsive @t protectiog bivhegiceal isptierscosled atr abl y

reduced to achieve rticular plateau, which is intained for a.

ur i o ent eol g uRPebetafi o el MssiieeulS. PRI BePhe PRrefics: i cul ar
for at |eastorif JoNtona6 adinchidteRlcAl ah WwoulRl bed@utted FrodbtheirbeiBEic predfite. t he
cryoprotectant concentration is further reduced, which may or nay not

provi de for Samerofdhesenesipanedtingeropraiedtam agérts have dirgbt protestivrefieatd ony t he
concentyation for sufficient ti t 0. achi eve apprpximate osnpt. C

oqui |1 bt at i G celhpSEPTEy Eiover tinihe pein mesRaninn PLASHARPFAR Bt F euced i n
one or nore jshRASn bPcAYRBAMA! blssHbANAIMA. WEdYRIRH efyRplAdtarits &8 uséd #tion. In
addition, the tissue or organ is 30 generally imersed in each solution for
no | onger t katremelyhogh congertfationblige foompéorgmay béelimBatedientiredy duimd49] To

decrease the cryoprotectant concentration, the cryoprotectant.spol ution may
be i xed wi CROLTED B ggre Komyrpeefiibery ey i gRoEePE BEAR Vb "W
02/ 32225 PCHeltaQdttaied &rdSprbRoctid aitivaty intlidel BFbst MeRBSNluehkOPr Ot ect ant to
the tissue or organ. The solution preferably conprises at |east one osnotic
buf f er2thg adwdroxy¢tbpls@ychT inosiol lactose anethy] ghcobs dolyoinyipyerqbidens serbitakent i on
typically result in a greater nunber or percentage of viable cells in a
tissue or orBdRsHM & as conpared 5 to conventional cryopreservation

t echni aues i nvol (oo f r ReZpatGeul e bTRIMGH S| He PréRnPin®&RMYn, tHRVent i on
generally result in tissue or organ sanples having at |east 50% viable

cel I s. | n erenourotestert solutioneentangslimethylsal{prids cliermamidenandh2peepanediph

ti ssue or organ_ sanples havi at least 60%viapl.e cell r npl e at

| east 0% vISBEHITRe BF soRtotdhd: syBRSymay it £sPtby SV R S Ui Fvent | on
can al® resblutiohRofthiniga34.2%0/y (30 MY dimethabdwforidel ea8%s @AM 2.20k) rel |
functions and graft functions bei nl\g%mal ntained relative to fresh untreated

control s. [ GoepEpediol, @8dd4R& v (3. 1N} fasmpmidsiinfasehiels sodetinm sypbasdugod ow or
hi gh mol ecul ar,. wei NneR- penet r.aj.i trac ar,. sol t _gounteracts
The oamot 1 o Gl MR RE BN ELAbL ARRY 3%y R Al el itor ROIM

concentrat i Qigoppbte@aito MMttaatuansds dimethyl hulfbxideemay YORIrRdeEsm 0 t@BOJeUxy/v.
. process. [0052J As used herein "non-penetrating” nmeans that the great

maj ority of Similedythe ampuntnd lchpiepargdial ané fermeanide may eaghvheovarigd fioa | s of

: Ihgsb'g?(? Ue Qo RA13 2095 W SHERE:dr B el dhdulPo Y SRS RE M Blind kil redbert NE

solution should be between 45% w/v to 60% w/v, preferably from about 50% w/v to

55% wi/v.



[ 0053] As used herein, "low nol ecular weight osnotic buffering agents” 20
have a rel ative nol ecul ar mass of |,000 daltons or |ess. Low nol ecul ar

wei ght osw@v/g22buf f eri ng agents include, but are not |im Pew/usol/32¢ed t ose,
pot assi um and sodi um fructose 1, 6-di phosphate, potassi um and sodi um

| act obi onate, potassium and sodi um gl ycerophosphat e, naltopentose,
stachyose, nanni tjp)3s5)suyKEes mayMsedRIRodifiBd WithchbRv@tiofALyPrABdaRObAFe: UM

gl uconat e, sodi um and potassi um gl ucose 25 6-phosphate, "and raftinose. In a
preferred enbodalnarsynthetieick-dlodkbiganolealesydorghxampiayatdtanidesf fgardsaplgigate; i s

at | east onelof. mapni t.ol , sucrose and raffi nose.Els0054rLe]dﬁ L@eg her ei n,
"hi gh nol ec FHMné {;‘HI‘{‘&'VBB?‘B’P@EF%?& A feRRE RSP il SRR oo i i
-general Iy havyfaR, &86REIME cARLRC ) RShe RBRRidY, cfI0AAhERbSS, &yifthetarfddPolt 0
500, 000 dal tons. Hi gh nol ecul ar 'wei ght osnotic buffering agents i nclude,

but ar e 30 risxtransyidtedylens, glyvpl dimetbyracktagtide, diméthSprmapoidgyérmthripals r ol | done
+ (PVP) t i ffi t > 1,000, dal.t d Fi |1

Lot ent or 1 naanohsBWsse EGobgo R Efiee] Sotgmamyl ahal ebePEngSitolont . ¢ he
hi gh nol eCU'g@iceWhﬁEﬂha@b??B%&‘}l mdhéRelaRy 8%861@} gl%\%oﬂfﬁ@ins, él?({@%ﬁlfy%tﬁ&h}’

havi ng a nolecul ar wei gh f “about 450, 02/ 322

PCT/ US01/ 32.indssto},08365e, Magnesiupophlotide; magnedfivmesidfata mattnsgy meneitalbl y cont ai ns
| ess than about 500m\ of .an osnotic bufferi agent, nore preferably from
about 200 ¢ SHIIAMILIBE PR RSt R PG RDids, FRL ST ny agent
prefergply %étﬁy‘{ UFRAseidta FNY@b&,hnFne ﬂ%&b&o@?ﬁér@i,‘ﬂ&oﬁ&%ﬁydls’? pHEf_%ﬁlylé}{@s_t
preferably, the | ow nol ecular wei gh osnotic buffering "agent “i s mannitol.
[ 0056] | n a ghyaol,ilhvamylpyrpriigbee, peelirenbolineNtoxidé eaffingsepribosecseaine, i s
renoved in sevyen steps. In th referr.ed.epbodi nent,. in step 1, .the
Cryopr ot ect SAELROENTS-20TR ST sesgndgUias sp iyt s Sl Blgitenr ¢ ne
cryopr ot ect aghurPRARR, saibiter) stsst, frekaldde! {riefﬂa%ﬁa'g%bl, 'tﬁm@thzta%ﬁn@aceﬁzﬁ@,
cryoprotectant concentration is 30 to 45% 10 preferably 35 to 40% of the
cryopr ot ect amea, vehmeand/ertiyboseused for vitrification; in step 3, the

cryopr ot ectant co tration.is. o0 35% preter.abl 0 to 30% of the
cryopr bt ect ant cdﬂ@gﬂtrgﬁdgﬁmﬂs@égfth?r Rf?éFFEF@ P?‘H]‘?f’}gioﬁlﬂ%‘?@ﬁe'lﬂonk @"
cryoprot ect ga?spaql@&fa?map Bk irQfladed by sirdil AhcREaliGisAT )3 -bRahQtidi> GimAhrl§,he
cryoprotectant” concentration used for vitrification; and in step 5 the
cryopr ot ect atimethyhsudfuxidetingnbd spRe&d byosiindiég cdseprafoas abglycéot ar ethiéne of t he
cryoprotectant concentration us for vitrification. In these steps, the
remai nder ofg‘l"}‘? o gpmbingtensdhereqty v onr ot ect ant-free sol ution containing
osmoti ¢ bufferi ngogANt Thd Geriie Forthe £356dldefint Yoididn Mhy bl eeyoBY Of ect ant

is renoved. However, ‘the osnotic buf g agent 1s retained” " In step 7,
t he osdbti c solitfoarthatgnapteims celdularintegsty. undet &rvito icomditionss tie partidulandhd can be

conbined in a single step. That 20 is, the osnoti ffering.agent can be
Femoved at OB RS e S e PR s PO L. [ YSgrane SRRE sofon
addi tion, ifisaEesmRlids sBikibR thbRGinAGeimMHERES AEPES i§ Incllledad 2 beABYV €d,
step 7 can be elinmnated. Each of these concentration steps is maintained
for a suffi cindmaybenocludedimrting efectpysramaumtit I asiditiomi ethexjpriffary mamedras fo0057]
The tenperature of the seri,es of. sol,utions,i.s neral L.y . ve -15C., 25
or of er abl y Bt edey Rondiy ATRadlive eibier BR et AR AR P by B3 cddffiensloc
When spep 1 discub@AUATabRE2hé3WBoW, Organ is at a tenperature above -75C
preferably above -65C. Thus, if the tenperature of the tissue or organ is
bel ow t he tenper 0038 ofhe firalsoheeniration of thipetfusion sadutiomis ssftianntast ep 1,

the tissue or, an.is further warned to a t erat.ure above -1 durin
step I1 o1l‘J thvétr@}r' r'slﬁt‘%ﬁsltj(gﬁ?“'r%%@@r’.asﬁcfﬁﬁﬁggoﬁ %t‘iog‘é \589“8 numlaygbe

further procgaire i9efaatflyincidhdeBlio ¥eHivel thzatved hréfefbf inde¥dg-wiskinkainepn. For
exanpl e, tissues or organs can be revitalized before and/or after
vitrificati dn partituthe\diryeproieetant isaddnd tpechiews aparticdeepistesu,svlieh s

30 maintained for a sufficient time to achieve approximate osmotic equilibration, in

particular for at least 10 minutes and preferably for about 15 minutes. Then, further
cryoprotectant is added to increase the cryoprotectant concentration, which may or

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



those described in U S Patent Application No. 09/645,525, the entire

contents of WO 02/ 32225 PCT/ US01/32-t15 17 which are hereby incorporated

by ref erwporis22Bsssues or organs can be genetically engi nestrUSHIsReorse

vitrification, and/or can be re-engineened after devitrification, for

exanple by the cartilage digestion and cellular proliferation processes

descri bed i BoRiehfhtidh for sufEiedal tmPk adidiideppoRirhale Bsnoti@eglibEGon, Yafth&r son

JM Tubo R 5 "Expression of a Stable Articular Cartilage Phenotype w thout

Evi dence of cisppmtactamyksyaddgd Auenet ortperasteps td achieye acaperntrotion syfficieniyfarr 0", J

O thop Res, %\j{ob 16, No. 2, 1998, and Stone BB, DeFranzo BE, D Cesare C,

Rapko SM BYBEREMOR kagM Wel frum JM Wenn CA, G osman JD,

. "Cryopreservati 010031'9! HIRB préfedré S ethBédifmht df tRORVERTon \ted AGTe Chondrocyte

| rpl antation” presented at 35'i' Annual 10 Meeting of Society for

Cr yobi 61 ogy crydpiofect® gondehtzatinm plateausdeferareachingwhe emcenteatioasufficient for

. incorporated. by reference. Alternatively, . .tissues ar or s -can, be .
vitrified syisatiggions i ugpretiedpihodiment: thoisare Din sty TP s G teadsine

substanti al b)é?dipm&ttém-t?efetseruti@sywmbhfm follbived by BN WRlrERink iRt RNt :

Vascul ari zed Tissue [0059] To perfuse the tissue, the perfusion system of

Fig. 1 may benagstsationTatepusranddhenma eryeprotectiohemcerimtignisuffwiensifor 1 (a 60cc

syringe) conta'&.ni n erfusio lsoI ion.5 connected ta the 1cannul a2 wtha
3 vy ot opesuprcand. TEhandishpny breeadlve o6 HHERHRAt ISP LS B assur 6. “The
tissugp3 | SCBJo?ﬁﬁéi:tﬂrﬂi@udéé;tihistéﬁiﬁh 142094, ?reféfalﬂy_l@@o 6%, dbthehaFont ai ni ng

perfusion sol'ution 5. The perfusion solution 5 in both reservoir 1 and
petri di sh 4ryopraténtans sowceatratidnsis psesl; cosepd, (00-34%), pagfarabhe2diet30%.difsh 4 is

laced in i 0C-4C ing th f.usi on. 0] _.Ih
i eriticai O O Gob et cpieEfelE SR i LR 15 Rkt dB T 9n 1 s
i ntroduced 5By bKihe §inaPérySpBRetant EorlcBrdtionss usHER stdp 65116 39%, pfefB@blyused

with 25 Euro-Collins soldtion, which is the carrier of V555. In steps two
to five, re3dpeeBii%bedithe finel ayenrotectant domkc¢ntmtipr rpsad \BE5n isteptoathesfonalt i on i s

as follows: 118 V555, 2/8 V555 /.%OiVSSt'i; . agfi 61t8 VSh5. . In ‘gagh case, the
r erai nder  of ORI £PRsFnIratiqr, which s sptticienpfor vitdficatin, jsised; ¥o¢h st ep, t he
per fusi on sehubiREtint chitbehudidEiel B MARAIne RS Rcidlt (RACTD &hRRei s for 15

m nutes. 30 [0061 | After addition of the vitrification solution, the
ti ssue is rappokimatoosmetiasgjuiitpratinn. dewifodheprefaged embedimentithy tisBue The

tissue 3, together with the, sil.icone tub is placed in a glass
scintillati8 a&ilﬁpergﬂsfﬁwét.hetke ﬁ?lmﬁ‘gk%(fawé%ont aining 1 m of pre-cool ed
ful'l strength VS3o4pl Ukf&@hetidste bPbiZah R8s BRRmeheBsed THE sbRBloR CohtBRing WO
02/ 32225 PCT/USOL/ 32~15 18 vitrification solution 7 is covered with 0.7 ni
of 2- 12t hy| boneentrati¢n ebgrenraigetant sudcipnidopwirificationgbCtissye 9 prgan, whgh) at
OCto 4Cto.prevent direct contact . with air. A thernocqouple 10.is inserted
"nto a dumg® eangreedih 355l Yo Rainidh 4 Sotsiraiinlal SRR sHlS Gy ie | <
moni tor ed ORy;Rfidhint A ra%ialéfd&%ttﬁ%l tdrhperd @SR B0PS ah@ AR AR vantibpuUghout
the cooling process. [0062) The cooling apparatus is set up inside a -135C
freezer. Theerpaohtureg Thatresid@oelirgjatestaylbdfroml 28 tantPA°Bepes ariplte. iThe aapid
contai ner 13 contai ni ng precooql ed 2- hyl byt ane 14. The cooling rates
coul d be vacPeineflsanarrrglbmtisnst h%&gﬁﬁ-‘t A A Cer pyRUtp Jgféavqrﬁge cooling
2- met hydl but ] r i K W, T ner at e
85 a ot gl IS SEER' R} EreBy o 1000 SEHCE sRlre efelibly: il BOE 26

cool i ng rat _ e sa e cooled rapidly
(aver age rahgnatedled Ghdte Preférablyl 3 5F0eC paimimte, ahé evdiefrthbambie cool ed
(average rate = 30.2C nmn) to -135C by taking the sanple out of the

cont ai ner 1Preferablyrfeirh ¢0ph3f@mper hinuaedThe temperature bewhich thetissne or PGB IS r eezer

to conplete the coqling process. Fig. 3 shaows an exenplary cooling profile
using the t@eﬂlﬁﬁduen%ﬁuwaa& wﬁp&er@sssgﬁ a&geréwvﬁﬁiwqeat-%’@ﬂﬁ*.ljﬁ Gt deep
in precoole - e L . The sanple is then stored in the -135C
freezer for%za @%gggetéﬁggiéé&w%ggm After being stored for 24 hours, the
. tissuesd s rewar n§0041) tAferthagssie os bpanwadergods this ragid @6ol{gyveoags, that e =
30t2C/ mn) and rapid warmng to -65C ) ) ) . )
tissue or organ then undergoes a slow cooling process in which the tissue or organ is

cooled at an average rate less than 30°C per minute, preferably at an average rate less

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



(average rate = 22y15C/mn). The slow warmng rate is created by taking the
20 sanple to the top of the -135C freezer and the fast warmng rate is
gener at edvy2/ppe2ci ng the glass vial in a mxture of 30% DRBOUSR03AS r oom
tenperature. Fig. 4 shows an exenplary warmng profile using this

techni que. [0064] The VS55 vitrification solution is then renoved in seven
steps, usi NGerhp&afdes balswhe %Xﬁt%‘s@iﬁ)n!férﬁ?erﬁ-ture-rth%ﬂ?ﬁy tHestisOik SQrpir. OMhed 10
both reservior 1 and petri 25 dish 4 is the sane and is pre-cool ed (0C 4Q)
and the pet rcoolaingprodess ss plefecady conducted @O@: s @rage)ratdedsrthan € permiineieon

process. Thys the fir te hetlssuelsfurther

t enper ature B%fFWgéh ateof caell “%%H%[th‘lsr‘?“%ﬁlst‘&ﬁ Qe QOLEIFasey gsgt(ﬁ@erl ast

. step, the S%MHeoﬂoné)&E?e'rz{b‘i tHer}a@QH}'cBélﬂg ddRs BQﬁnE{eX&Q{bQU@@G@EeﬁQJnU{e' on,

400 to 200nMM nanhi t ol eps one to fi1v 0 the amount of full strength
VS55 i rp t he aadkwdii mnrd preﬁsabﬂptliemm of 4éc81n‘g$5)5$ nﬁllﬁcﬂﬁi&bo% 8°Q/perominufe8 VSH5;
-and 0.5/8 VS55, with the remai nder of the solution bei a

manni t ol - cordhgigkash arsitien teamerature dpeeneraby. abeqfhé2ﬁﬁ%t%11?gr¢gwﬂvsesn§o| ution

Chat i 5° m aTROTRAbMAANE. THE RGREPREE0A M STkl FEIORL beflR ik | "
| ower Cry0praohwﬁmituﬁmmmﬂeaglassmraaﬁhuﬁ tepfieratont ai ns 200mM manni tol . Thus,
as the anpbunt of VS55 is decreased, the amount of mannitol is decreased

bet ween 400 and 400#2hv Ihelﬁrsse%ﬁingiraés isgpngraltly ifasterghaypthg seeond copling rieig

contai 5 et S M & ndifheriBs bup BoclifedaRbad MBSl °1s' utes. |

Exanple 2: Carti I[eml[Omba]enl?dcauﬁaﬁtdfhﬁ:gﬂvmnumedldmwdmng rik idchielee
sanpl e size was varied from 100-300 ng, and >300 ng. The experinments

i ncl uded fr é)ywhemmtlg tie cavitonmentiin whishi thaconteinprscontring thessodutignapplaceds was

wei ghi ng 300 PR BoBHERY. o el R0l At Y € B Rlacfip igforf e

wei ghed and jf B%ﬁuﬁin%dhf‘e@.szi-ﬁetf@ﬂ)utdﬁéuﬁ@td\a%béh1&% diBBfeKGO la@éraﬁ@ranarealshdo& 1
ng/ kg acepronazine, and isoflurane was delivered in oxygen via a face nask.

After Imntubal0Wse, pmﬁ@ablmmamnmmwrmergim traulsitien tegmemmﬂewrfdmesodelqn\ﬁerbed in

oxygen. Pig kne(é (Ligrtl | age was @rves .ed for, subsequent stu 5 [ 0068]
Prior to sul§98F B1i A gehig vrethe slop qogline rate dhiee F’e‘§r%?v€ B4 to the
cryoprotect Qi'ﬂlhlcmxfﬂtdéb?edhﬁ aQASHoRg eﬁ\hFonleeTn[ htfd t‘éﬁﬁ:bﬁﬂxr@ BLlaW @B g@ﬁaﬁﬁnoﬁi X

steps, for S mnutes each, on ice (4C). This was acconplished in a glass

scintillati cwmmrailure(D a. x H 25nmx 60 m’r) cont ai ning Euro-Collins
| ution, th t f
cryopr ot ectant | HOVRD: s BRATESHRY iIREH S ABSSr o 108 PRl e ies 2
P mer sgd i N fskild orﬁir% @nﬂ v‘i@%a@én 14@ crirdlﬁotéétﬁﬁt%ﬁlt% witeoMivithéti cation

sol ution was covere -met hyl but ane to prevent direct
contact wi t tpeefusion Sa?hpm&qdmompmcﬂ %@wlryammlygwml‘@dﬁmye poorgad dcthef ol | owed
by sl ow coolin in a freezer at -135C

for at | eastm?% 4\‘8?}?@ Soi’-ﬁ‘@ﬁ t@?fﬂ‘ﬁqr‘gtg%cbﬂ‘f’?qn éf@ﬁ?fg&'ﬁ &la3s UPRIESed i n t wo
stages, slowy d‘}‘ﬁ%‘rgi(q’ 513\5 vgaqlcﬁﬁ}ggx%?e% gl:&}alml&ﬁﬁbdc Per M. LR addition,

approxi mat el'y
the average warmmg rate during this stage is generally from 20-40°C per minute,

25 preferably from 25-35°C per minute. In addition, the temperature to which the
vitrified tissue or organ is slowly warmed is preferably between -90 and -110°C, more
preferably between -95 and -105°C.

[0045] After the tissue or organ has undergone this slow warming process,
the tissue or organ is then rapidly warmed to a temperature above -75°C. The

30 temperature should be sufficiently high that the solution is sufficiently fluid that the
tissue or organ can be removed therefrom. The rapid warming process is generally
conducted at a rate above 80°C per minute, preferably above 100°C per minute. The

average warming rate during this step is preferably from 200-300°C per minute, more



sanpl es were rewarnmed, the VS55 was renoved in a stepw se nmanner (seven
steps, 15 mnutes each, on ice, starting with full strength VS55 and

decr easi ngoya22edncentrati on of cryoprotectant in the sol wararson/m2415
successive steps) to mnimze osnotic shegk to the cells. 30 [0069] The

Al amar Bl ue assay was enpl oyed as a non-cell specific viability assay. This

assay was u 150 I TRVIRY; : i h) and
TTrfcati on R FORITIPEEE por SRL The ik SO BRERIRIT Rarrhed 2

viability i nflisqabesss bas ethpermtire@boat F62C muchhs aivab3soiCc HMewéver tia’
specifically, an oxidation WO (12/3222a 20 PCT/ US01/ 32, ~15 reduction
(REDOX) i ndi ethererprdimenicifihe Inyentions the tispue epieRils Wesed in thisrsiemierise t o

.chemi cal rqu{%%irzgﬁhégfww}e_s %@ﬁa %eg%gfgsg%nﬁxgc@] | metabolism The

It EDOX i ndica e a vant age o eing mnimally toxic to

cell's and this aljoous] M in @hBodigshtsoflthe hvefedt, Biermapid varilivg 2@e ti ssue
-specinmen. Aliquots of 5 mediumfromtissue sanples incubated with Al amar
Bl ue wor ki ngachisivad by shangingathe emdanengst inwvhich thesganépinir geataining e splativner

plate wells : e . ] I I ; L Onm
The data vas: Racear o gt e, B3y SRRGHE S YOIATREE by Blecty T

percent as tthecﬂi&ame}Eﬁlg}isml’enﬁirm&nédtlaﬂﬁ@mﬁﬂ&reialbb%lﬁiettm{)&ﬁtuﬂelator nor e
replicate sanples of untreated controls, 10 [0070] The results of this
pi | ot study whichshmiissre oeergamhasdisen seredselhsn, tovachisive theyrapid vearming sl as

latiye fl . units.(REU). relati he e iaht of. th
:::r ? |t: g(ge (u ézﬁé&%}% E:f’z%tféérggﬁﬁ@'d{/\%gﬁ%éga{ljoqohagqlmé%;&ﬁ%%&@ﬁtr a'? e reader
with an exciaiﬁiehgmsm&@mbw,fat§4é’m§einﬁmabmemo€§b&&rm}l@bm%, ahd 590

nm N=15, fresh controls; n=11," vitrified. It can be seen that the average
cel | survi vahorkSreferabily atinorreal atmpsphierigécmpesatueeswas about 91. 5% (27. 13G. 64)

conpared with fre ont.r.ol 29.63.04),. This study denonstrated that the
i npnPoved cel | re_c@\r(}éﬂy FYEf ﬁ‘g(twqerqrfqr%ﬁ?l&ag;[ﬁ:q gﬁrén%dxtfi\)?rste?“ﬂﬁrta{ut“ﬁ? OV&ppr oach
Lo cryopresegyat||e c&{cfeﬁ{réticﬁarbf‘?ﬁ’&éz}giigrgte[@gigi;ﬁl HE 5QARSPistdhRIda AP BedugEdn St or age

|
of cartilage tissues. TABLE 6 20 1J This exanple, using a novel
vitriflZati dtrefepabipabderysprowethnt batcestrationrnstddoedd in a sigp-wisednanakt. lawnvi val

was achi eved b errpltg%/fi {lg. Vi t r eoys . WD 02/ 32225 PCT/ US01/ 3@15 1

cryopr eser vaMATIBEN S the nyeniion decreasing FIYQRpIectapt sojytiofs aresg V?‘Eébrted by
ot her invest; i g@.{s A i€ LY QR d ' reduced
t he nunber ol V|ralt1)l éﬁce Fggﬁgﬁgﬁas@%%nregm ?hé@atgﬁ{g\s%}té pgélecéqg?tfcgé%é#gggﬁ rt]rypsi n
di gesti on t csolwims ttd facilR@eehitioh € styopmtdctaits fromsbeti{suangergdn. 2088 tisshees e

results clearly denopstrat ﬁtﬁgat' vitrified 5 carti|age is markedly superior
to conventi oH&RT o @&8}?&3}4 Ml@hﬂlﬁspwev&ﬁfswiwﬁgw SFAUL 5 { he hi gher
cell 1ggoverpmiBrahit gﬁévea-rltj‘(?, réterabR/ Be’t\h@éhe-ﬁ%n@#i‘!s?(ﬁ%oré ‘f;?éfér%bL f avoidance
of ice tormation, and corroborates the known nechani sns of cryornjury in
mul ticel | ul asetveastfgsand®®apl e 3: Additional Tissues 10 [0072] Pigs were
sel ected as an ani mal nodel for a source of various tissues )
[0048] The cryoprotectant concentration is preferably reduced to achieve a
particular plateau, which is maintained for a sufficient time to achieve approximate
osmotic equilibration, in particular for at least 10 minutes and preferably for about 15
25 minutes. Then, the cryoprotectant concentration is further reduced, which may or may
not provide for a cryoprotectant-free solution. If not, after maintaining the
concentration for sufficient time to achieve approximate osmotic equilibration, the
cryoprotectant concentration is again further reduced in one or more steps to
eventually provide a cryoprotectant-free solution. In addition, the tissue or organ is
30 generally immersed in each solution for no longer than an hour, preferably no longer
than 30 minutes.
[0049] To decrease the cryoprotectant concentration, the cryoprotectant

solution may be mixed with a solution of a type similar to the cryoprotectant-free



for testing the feasibility of vitrification for |ong-term storage of

ti ssues. The sanple size was varied from<|/00 ng and 100-300 ng. These

pi |l ot expwoioaBei2s i ncl uded fresh control and vitrificati orr@rusps241¥he
tissue viability was tested using the A qgar Blue assay. 15 (0073] Qutbred
pigs of either sex, weighing 30-60 kg, were selected in this experinent.

The ani nmal i . i i ; / kg
ot am ne- and o & LA BHRRCRAR AN RO IR, drt SoRio 2y P,
oxygen vi a apiefarablyrasmprifdstae leastriingloamotabufieraptdgest. a was mai nt ai ned usi ng

i sof lurane delivered in_oxygen. Pig heart valves, nyocardi um skin_and

corneas were har vE958L flde vapfisaudnetbads ofithgipresent ipysnuen pipigHy reuliibaer o
.cooling, the_,t| I d q .t Y, j e by
addi ng i e VEERRFHEmBATR oE NGRS oFRBREAIL 8 LIS ERIAREELARIPRL oThEht S
on ice 64C) . toldvinsemimaberooprpieradtiod téchnRjugd meslvigy fidezingat Thermsthads dfha. x H,
-25mm x 60 mm) containing Euro-Collins solution, with successive st eps
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maltotriose, sodium and potassium gluconate, sodium and potassium glucose

25 6-phosphate, and raffinose. In a preferred embodiment, the low molecular weight
osmotic buffering agent is at least one of mannitol, sucrose and raffinose.

[0054] As used herein, "high molecular weight cryoprotectant and osmotic

buffering agents” gencrally have a relative molecular mass of from greater than 1,000
to 500,000 daltons. High molecular weight osmotic buffering agents include, but are

30 not limited to, hydroxyethyl starch (HES), polyvinylpyrrolidone (PVP), potassium
raffinose undecaacetate (> 1,000 daltons) and Ficoll (greater than 1,000 to 100,000

daltons). In a preferred embodiment, the high molecular weight osmotic buffering

agent is HES, more preferably having a molecular weight of about 450,000.
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concentration is 5 to 20%, preferably 10 to 15%, of the cryoprotectant concentration
used for vitrification; and in step 5, the cryoprotectant concentration is 2.5 to 10%,

15 preferably 5 to 7.5%, of the cryoprotectant concentration used for vitrification. In
these steps, the remainder of the solution is a cryoprotectant-free solution containing
osmotic buffering agent. In step 6, essentially all of the cryoprotectant is removed.
However, the osmotic buffering agent is retained. In step 7, the osmotic buffering
agent is removed. Alternatively, steps 6 and 7 can be combined in a single step. That

20 is, the osmotic buffering agent can be removed at the same time as the remainder of
the cryoprotectant. In addition, if no osmotic buffering agent is used or if it is not
removed, step 7 can be eliminated. Each of these concentration steps is maintained
for a sufficient time to achieve approximate osmotic equilibration.

[0057] The temperature of the series of solutions is generally above -15°C ,

25 preferably between -15 and +15°C, and more preferably between 0°C and +10°C.

" When step 1 is begun, the tissue or organ is at a temperature above -75°C, preferably
above -65°C. Thus, if the temperature of the tissue or organ is below the temperature
of the solution in which it is immersed in step 1, the tissue or organ is further warmed
to a temperature above -15°C during step 1 of the cryoprotectant removal.

30 [00S8] The tissue or organ may be further processed before or after
vitrification and/or devitrification. For example, tissues or organs can be revitalized
before and/or after vitrification and devitrification by perfusion processes such as

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

15 Example 1: Vascularized Tissue

[0059] To perfuse the tissue, the perfusion system of Fig. 1 may be used.
The perfusion system comprises a reservoir 1 (a 60cc syringe) containing perfusion
solution 5 connected to the cannula 2 with a 3-way stopcock. The reservoir 1 is
adjusted to physiologic pressure. The tissue 3 is placed in a petri dish 4 (Dia. x H,
20 50x15 mm) containing perfusion solution 5. The perfusion solution 5 in both
reservoir 1 and petri dish 4 is the same and is pre-cooled (0°C-4°C) and the petri dish
4 is placed in ice (0°C-4°C) during the perfusion process.
[0060] The vitrification solution used is VS55. The full strength VS55
solution is introduced in six serial steps. In the first step, the tissue is perfused with
25 Euro-Collins solution, which is the carrier of VS55. In steps two to five, respectively,
the amount of full strength VS55 in the solution is as follows: 1/8 VSS55, 2/8 VS55;
4/8 VS55; and 6/8 VS55. In each case, the remainder of the solution is Euro-Collins
solution. In the sixth step, the perfusion solution is full strength VS55. Exposure at
each step is for 15 minutes.
30 [0061] After addition of the vitrification solution, the tissue is rapidly cooled
using the device demonstrated in Fig. 2. The tissue 3, together with the silicone tube,
is placed in a glass scintillation vial 6 (Dia. x H, 25x60 mm) containing 1 ml of

pre-cooled full strength VS55 solution 7 to form the sample 8. The top of the
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15 glass scintillation vial 30 mm deep in precooled (-135°C) 2-methylbutane. The
sample is then stored in the -135°C freezer for at least 24 hours.
[0063] After being stored for 24 hours, the tissue is rewarmed in two stages,
slow warming to -100°C (average rate = 30+2°C/min) and rapid warming to -65°C
(average rate = 2254+15°C/min). The slow warming rate is created by taking the
20 sample to the top of the -135°C freezer and the fast warming ratc is generated by
placing the glass vial in a mixture of 30% DMSO/H,0 at room temperature. Fig. 4
shows an exemplary warming profile using this technique.
[0064] The VSS5S5 vitrification solution is then removed in seven steps, using
the perfusion system of Fig. 1. The perfusion solution 5 in both reservior 1 and petri
25 dish 4 is the same and is pre-cooled (0°C-4°C) and the petri dish 4 is placed in ice
(0°C to 4°C) during the perfusion process. Thus, during the first step the tissue is
further warmed to a temperature between 0°C and 4°C.
[0065] In all of the steps except the last step, the solution 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 solution is as follows: 4/8 VS55; 3/8 VS55;
2/8 VS55; 1/8 VS55; and 0.5/8 VS35, with the remainder of the solution being a
mannitol-containing Euro-Collins solution. (The 4/8 strength VS55 solution contains

400mM mannitol and the cryoprotectant-free Euro-Collins solution that is mixed
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the cryoprotectant mixture by adding the vitrification solution VS55 in six steps, for
15 minutes each, on ice (4°C). This was accomplished in a glass scintillation vial
(Dia. x H, 25mm x 60 mm) containing Euro-Collins solution, with successive steps
increasing the concentration of cryoprotectant in the solution, until the cartilage
20 samples were immersed in full strength VS55 at 4°C. The surface of the vitrification
solution was covered at 4°C with 0.7 ml of 2-methylbutane (o prevent direct contact
with air. Samples were cooled rapidly (31°C/min) to -100°C, followed by slow
cooling (2°C/min) to -135°C, and finally stored in a freezer at -135°C for at least 24
hours. Each vitrified cartilage sample was rewarmed in two stages, slow warming to -
25 100°C (27°C/min) and rapid warming to approximately -35°C (169°C/min). After the
samples were rewarmed, the VS55 was removed in a stepwise manner (seven steps,
15 minutes each, on ice, starting with full strength VS55 and decreasing the
concentration of cryoprotectant in the solution in successive steps) to minimize
osmotic shock to the cells.
30 [0069] The Alamar Blue assay was employed as a non-cell specific viability
assay. This assay was used to determine cell survival following procurement (fresh)
and vitrification treatment. It incorporates a water soluble fluorometric viability

indicator based on the detection of metabolic activity, specifically, an oxidation-
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controls (29.65+3.04). This study demonstrated that the improved cell recovery in the
vitrified cartilage shows that this approach to cryopreservation offers an encouraging

solution to the long-term storage of cartilage tissues.
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[0071] This example, using a novel vitrification approach, showed that a

dramatically improved cell survival was achieved by employing vitreous
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minutes each, on ice (4°C). This was accomplished in a glass scintillation vial (Dia. x

H, 25mm x 60 mm) containing Euro-Collins solution, with successive steps increasing

25 the concentration of cryoprotectant in the solution, until the samples were immersed in
the full strength VS55 at 4°C. The surface of the vitrification solution was covered at
4°C with 0.7 ml of 2-methylbutane to prevent direct contact with air. Samples were
cooled rapidly (20°C/min) to ~100°C, followed by slow cooling (2°C/min) 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 to -100°C (26°C/min) and rapid warming
to approximately -35°C (216°C/min). After the samples were rewarmed, the VS55

was removed in a stepwise manner (seven steps, 15 minutes each, on ice, starting with
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temperature to a temperature below the glass transition temperature to vitrify the
15 tissue or organ.
2. A method for removing a tissue or organ other than a blood vessel
from vitrification in a solution containing cryoprotectant, comprising:

(a) warming the vitrified tissue or organ other than a blood vessel in

said solution containing cryoprotectant at an average rate of from 20 to 40°C per
20 minute to a temperature between -80°C and the glass transition temperature;

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

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

3. A method for vitrification of a tissue or organ other than a blood vessel
and subsequent removal from vitrification, comprising:

30 (i) immersing the tissue or organ other than a blood vessel in a serics 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 above -15°C;
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(i1) cooling the tissue or organ in a solution having said cryoprotectant
concentration sufficient for vitrification at an average rate of from 2.5 to 100°C per
minute from a temperature above -15°C to a temperature between -80°C and the glass
transition temperature;

5 (iii) further cooling the tissue 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 to a temperature below the glass transition temperature to vitrify the
tissue or organ;

(a) warming the vitrified tissue or organ at an average rate of from 20

10 to 40°C per minute to a temperature between -80°C and the glass transition
temperature;

(b) further warming the tissue or organ at an average rate of 200 to
300°C per minute to a temperature above -75°C; and

(c) immersing the tissue or organ in a series of s'olutions having

15 decreasing concentrations of cryoprotectant to obtain a tissue or organ in a
cryoprotectant-free solution.

4. The method of claim 1 or 3, wherein cooling the tissue or organ from a
temperature above -15°C to a temperature between -80°C and the glass transition
temperature is performed at an average rate of at least 10°C per minute.

20 5. The method of claim 1 or 3, wherein cooling the tissue or organ from a
temperature above -15°C to a temperature between -80°C and the glass transition
temperature is performed at an average rate of at least 15°C per minute.

6. The method of claim 1 or 3, wherein cooling the tissue or organ from a
temperature above -15°C to a temperature between -80°C and the glass transition

25 temperature is performed at an average rate of at least 20°C per minute.

7. The method of claim 1 or 3, wherein cooling the tissue or organ from a
temperature above -15°C to a temperature between -80°C and the glass transition
temperature is performed at an average rate of from 10 to 80°C per minute.

8. The method of claim | or 3, wherein cooling the tissue or organ from a

30 temperature above -15°C to a temperature between -80°C and the glass transition
temperature is performed at an average rate of from 30 to 60°C per minute.

9. The method of claim 1 or 3, wherein cooling the tissue or organ from a

temperature that is between -80°C and the glass transition temperature to a
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temperature below the glass transition temperature is performed at an average rate less
than 10°C per minute.

10.  The method of claim 1 or 3, wherein cooling the tissue or organ from a
temperature that is between -80°C and the glass transition temperature to a

5 temperature below the glass transition temperature is performed at a slower rate than

the rate for cooling the tissue or organ from a temperature above -15°C to a
temperature between -80°C and the glass transition temperature.

I1.  The method of claim 1 or 3, wherein cooling the tissue or organ from a
temperature that is between -80°C and the glass transition temperature to a

10 temperature below the glass transition temperature is performed at the same rate as the
rate for cooling the tissue or organ from a temperature above -15°C to a temperature
between -80°C and the glass transition temperature.

12. The method of claim 1 or 3, wherein the immersion step (i) comprises:
immersing the tissue or organ in a cryoprotectant-free solution;

15 immersing the tissue or organ in at least one solution containing
cryoprotectant at a concentration less than said concentration sufficient for the
vitrification; and

immersing the tissue or organ in a solution containing cryoprotectant at
said concentration sufficient for vitrification.

20 13. The method of claim 12, wherein, in each of the steps of immersion
step (i), the tissue or organ is immersed in the solution for a sufficient time to achieve
approximate osmotic equilibration.

14. The method of claim 12, wherein, in each of the steps of immersion
step (i), the tissue or organ is immersed in the solution for at least 10 minutes.

25 15.  The method of claim 12, wherein the second step of immersion step (i)
comprises immersing the tissue or organ in a series of four solutions having increasing
concentrations of cryoprotectant, each of which has a cryoprotectant concentration
less than said concentration sufficient for vitrification.

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

30 each solution of said series of four solutions for a sufficient time to achieve
approximate osmotic equilibration.

17.  The method of claim 15, wherein the tissue or organ is immersed in

each solution of said series of four solutions for at least 10 minutes.
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without perfusing said tissue or organ.
41.  The method of claim 3, further comprising storing the vitrified tissue or
organ after cooling and prior to warming.
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