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i (54) Title: METHOD OF CRYOPRESERVAT[ON OF TISSUES OR ORGANS OTHER THAN A BLOOD VESSEL BY VITRI-
W) FICATION . .

2

N (57) Abstract: A method for vitrification of a tissue or organ other than a blood vessel mcludes immersing the tissue or organ in
Jincreasing concentrations of cryoprotectant solution at a temperature grealer than - 15 °C to a cryoprotectant concentration sufficient

. for vitrification; cooling the tissue or organ at an average rate of from 2.5-100°C per minute to a temperature between - 80 °C and
the glass transition temperature; and further cooling the tissuve or organ at an average rate less than 30 °C per minute to a temperature
below the glass transition temperaturé 1o vitrify the tissue-or. organ. After the vitrified tissue or organ has been stored, the tissue
‘or organ may be removed from vitrification by warming the tissue or organ at an average rate of from 2040 °C per minute to a

a temperature between - 80 °C and the glass transition temperature; further warming the tissue or organ at a rate of from 200-300 °C
per minute to a temperature above 75 °C; and reducing the concentration of the cryoprotectant.



1 METHOD OF CRYOPRESERVATI ON OF TI SSUES OR ORGANS OTHER THAN A BLOOD
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reasonabl e terns as provi ded by the ternms of cooperative agreenent No.
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the tinme a tissue or organ can be maintained in a viable state. Increasing
the length of tinme that a tissue or organ renmains viable may drastically
i ncrease the likelihood tB@aECK& UND:OFaCI?H]EiINB’EHTd)@Norgan reaches a.
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tissue, periqdontal tissue, glandular tissue, organ tissue, islets of
LangerhangOWB\@?mdr"é‘faé‘?Cdeg{P]& ra,, breast tissue, and organs, intact or

sections ther €q 'hb BE@?:E{ ye t:@u@ggﬁfcellgto{i%hﬂﬁg%tuﬁ 1h¥%tati'0ﬂt estine -

and heart, may a I NnCcr easl ng me t hat such.
ti ssues -a@mfld nélgarhogdmmfansplantabjrﬂhe{eﬁlm} joviatyorefeared 2@ds trimgsplidsationdland gans,
bot h human ‘and ani-nma may successfully stored by vitrification for -
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suppl.y of “vascul'ariz es and organs be stored in a
vitrifieddsdsatallyintiessetthe likeiiepd aﬂi’ﬁtatpaﬁibulz{r@ﬁﬁﬁ]or oﬁgeaseadhas akréSpigms may

al so be used for transpl antation. For.exanple, on average, an orthopedic
sur geon. s@BESEAThaTAg2virbleddesurgery will treat between 10- 20 pat i ents per:

- year who have Zb@gﬁ‘i gﬂ%d‘d ng;gﬁﬁfa'iS%o?Héé 8§ Exgﬁﬂl%?'én@ﬁéérg&'lﬁélu&ﬂ i1 age 30

I njuries. Thes e can tes cartr’l'age i-fpl ant ati on.
~ Appnexi matvescnlaed disued hndﬁmaedsulmmﬁnm nﬂ:h&iuhg @ﬂifmﬂﬂln(lﬁﬁl.t).\ tears have an
~ assocl al egmsculoskeletal tlssue such as cartilage, menisci, muscles, hgamems and tendons, A '
: skm cardrovascular tissue, such as heart valves and myocardmm neuronal tlssue, )
| penodontal tissue, glandular tissue, organ tlssue islets of Langerhans cornea, ureter :
' Aurethra breast tissue, and organs intact or sections thereof such as' pancreas bladder L
20 ' kldney, liver, intestine and heart may all be benefi ted byi lncreasmg the length of time
that such tlssues and organs remain viable. _ ‘ '
[0004] Vasculanzed tissues and organs both human and ammal may be
‘ successﬁllly stored by v1tr1ﬁcat10n for transplantatlon Provrdlng that srgmﬁcant
_ '1mmunologlcal issues can be overcome, animal- denved grafts may, one day, provrde
25 an unlimited supply of vascuianzed tissues and organs ‘that could be stored ina’ |
. . v:tnﬁed state prlor to transplantation. . . h -
- [0005] Avascular lissues rnay also be used for transPIantatron For cxample,
. on average, an orthopedic surgeon spocrahzmg in knee surgery will treat between 10- "
_ .20 patients per year who have sustained traumatic, full-thickness artioular cartilage
30 | Vr‘mjunes Thcsc patients may all be candxdates for cartllage 1mplantatlon :

‘ Approx:matcly 30% of all Anterror Crucrate ngament (ACL) tears have an assoc1ated
' full-thickness cartilage defect that often is undetected, even after surgery. For



full-thickness cartilage defect that often is undetected, SV% after
surgery. For 15 April 2005 2 exanple, it was estimated thaf®20M20%¢ the
- 392,568 patients who received cartilage repairs in 1996 were candi dates
for a cartilage inplant. [0006] Over time, nost full-thickness defects
deteriorate and cause significant joint inpairnent. Si nce carti I age S
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.successf ukne@hmm;é}glmﬂﬁbpgmusy@grg ous studies using animal articul ar
cartilage nodel s and hunman carti| age bi opsi es have-reveal ed no nore than

20% chondr ocyt éﬁﬂﬁ’fbblﬂrpsfymmmhowraigﬂl@mﬁe heaveopraverctolsmffestvesand on
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- transpl anhawkadt, iceditadet tmo;se@Wﬁéé@ﬁcma&r&l1bgﬁﬂ%anzﬁlg[f99%k-tém/st5ﬁ‘a§9er ature
preservation of biological tissues and organs, i.e., 'cryopreservation, has

been the #édthough crm«bprmm'hatmgemlmgéres@mg is Tpweépradonetbed fastarig tissie
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nmechani cakhy déthsge4Bthd &:8raclulhChbF cﬁ@% {oBYSrnstABRY %h&@d@%hhﬁveﬂ&tsf unction
correctly when it is transplanted into.a 25 recipient. O ganized tissues -

and 18r gangreahonpmqbsmﬂqmrvveousg: suscpsshid Cllmcnboﬁmoavamgemﬁmomg ce _
oLl LB oL PRSP O ORI e BB o1
ti ssue volhHaRR0ed\schopaREter Hakiliychollowiig @hyentRBSIAE) Gpresridtidh $foBbkes . :
- PACKAO N loying either dimethyl Sulfoxide (DMSO) o glyeerol as cryoprotectants. Such
| results greatly limit the possnbﬂmes for transplantation or grafting harvest_ed c.artxiage. ‘
20 - [0008] Low témperoture'preservation of‘biologioal tissocs 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 transpianted 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 cons1stently 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 aortic tissue associated ‘with the valve survive.

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



30 do not consistently work. For exanple, in cryopreserved g ft heart
val ves, the leaflet fibroblasts survive well (70-90%, buf ﬁ@?@%@? t he
endot helial cells nor the smooth nuscle cells of the aortlc tissue
associated with the val ve survive. yopreservation can al so be effective
for isolated islets of Langerhans, but 15 April 2005 3 preservation of
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. technically icult due to the narrow w ndow for error during warning,
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of these exa Ie.s 31 €g_rob ens are, dueta f ornmation either within the
cells, th83&R r‘?a.‘&@‘?‘i" P ing wapRingcoside of which icegronth prsultingdn, o heart
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[00101 Vitrification, by contrast, neans sol |d|f|cat|on as in a glass,
wi t hout fmrmatlloysithér Wishinabé cails, ﬂibexqmceﬂnllaphmmmthewapsulé i adsiiothar e

- wel | - known eral | the 10 | owest te ture a:soluti on can possibly .
super cool 'CW%%F%ME‘P‘/’FFB‘%‘%‘W&‘H"sCOF’rPéESﬁ’BHg%gﬁZBW&“H teestachird e at ure Th,
at whi ch te”pegéfgwge v ﬁﬁ@e[t &léod&'d b soRAfficafi asmgssﬁwm {1ine

solidis forne e so tion. Vitrification solution ave a- glass
transiti ometqumzﬂrfannmmnTgheqmmipﬂestofwﬁrrﬁeatanwewehémBWnut(knwatim thees, or

becones a_ non-crystalline solid to t Kin cs of nucgleation and
crysltoal 1lovsh er“}tt‘rqassoé'ft’foé‘ccﬁf‘\l’@?%ﬁ? OEF%Wf g?"t\ﬁ‘}teémgﬁ%ﬁ'écul'es to
align for hs&ﬁger@g %Hﬁa@éﬂo‘ﬂrlemﬁeraﬁl?‘évp %%chﬁ%e F@ic@ WivEis ddjeapddi ti on,

on cooling no ut e aqueous sol utions ass transition-
t enper at uard giiiw, iand ercytaitier mihdbefcnmd Tigpm thedohmenn thré'ammnnsolutmr S, V\:h i ch

makes it npos ble to.vitrif. soI { In order to such

sol uti Ons E‘iasﬁ tEASHIODIFRRR eﬁ“ k‘j‘ Ob ISBERRET gﬁéPL}t“? é’i‘

wvitrifica | r erties of
The. sol ut Pen e qromer g F@S‘%’. %‘ﬁ“@?@ﬁ’?ﬁéﬁ“ﬁ%&ﬁ%@i%?@?‘%%ﬂﬁﬁta| ..

nuclléat i ogroawtt, igisoaffdetively impossitie farmpsertracitedlestt abigh for apitalifosmatimh ti ssue

. function: be mai nt ai ned the_ entire vitrification rocess 0Q11] Wtle it
{2 Genar aP GREGIeR e HEGR Ty o QLBPh.onass rue: FE 8atkgut Shfibroner T,

vitrificald @R opfss MRRditioh b feraflelt) s%camtérésb@few TSahd AR mbicRigEsUre is .
25 often inpossible or. inpractical. In particular, Yor. many sol uti ons -
. vitrifiabbecus, whieh makes it impossible to v1tnfy the solution. In order to make such = '
~ solutions useful in the prescrvatlon of blologlcal materials by vitrification, it is
- 20 therefore necessary to change the properties of the solution so that vntﬂﬁcatlon 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 1mp0551blc or lmpractlcal In partlcular for many solutions vitrifiable by the
o application of pressure, the tequlred pressures cause unaccept_ably severe injury to - ,‘
'. unprotected biomaterials during 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 pemut
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 osmotlc damage
Cryobiologists learned of the osmotic effects of cry(_)protectants in the 1950's and of



~application of pressure, the required pressures cause unacceptably severe
injury to unprotected biomaterials during vitrification tthehmth2005Mile it
is al so known that nany sol utes, such as conmonly enpl oyed cryoprotectants
|i ke DMSO, raise T. and |lower Th, solytion concentrations of DMSO or
simlar solutes high enough to perm't 40 , vitrification typically approach
t he eutecthc concentrati| g q] nerallyt oxjc to . bhiological :
mat eri al s,Pf BIFESHL éof“;?%] ng ey %9&155‘%8“36’9“ 8¢ Sﬂ@éﬁ@ﬁﬁédlilgﬂos motic
damage. | £f Lotectants
in the 19%}12&2%693# %l?%p }0?&&.4?1%488;50&9& %&@gégssm gﬁ]%l%ég% &{s eRng t hese

ef f'ect s sdeased when avehblaga;mgeveﬂhm tngntdhts cdcdiold mgan mﬁxsroarmmal of

cryoprotectants to isqlated cells, an fzqsues Simlar |l essons were
| ear ned WSPPEPETBRG, g&le 0 RARRRIIRGHPIEHOISASISSVSF ctihpial tOWgHSE per f usi on

Wi th cryQ@@ﬁhgg;@g&%roﬁggaﬁmdldggnttg0} principles of osnosis were

essential to induce erance to cryoprotectant addition to organs. [0013]
Despi te ef f ort {0018]coDespitk effbrs celoatrel the deleasivn: baneld @fics off o
cryoprotectants, limts, of toI erance to cr%ngrot ectants are still observed.

There app&‘é?'l"pr‘ttﬁc%‘@s’dgﬂ‘ﬁfi Hdoleranprfosryonrraier@nis pretitlkotserved.  bhgre @ppeasint s t hat
are 1ndepgp g&b F] rent fRRSAAFRS &%g%iﬁa ﬁ&.{tgﬂ{efg%fméeggé&ni?l?ﬁi{‘ cal agents.

[ 0014] St ud| e e present | nvent exant ned met hods

of cont rotrlansngltmmousn&ﬁhctsofuhedwhemical ogentd.ty of cryoprotectant agents. The
results indicate that several techniques can be effective alone and in
conbi nati on. THEHI| npdiawby by prasentiseenirs spdethershaye pamiaed msthogs

cryopr ot egf afifio SRR infARRELRHY oPBERORIAR Y Sod el seit (b)

exposure to cryoprot ec‘%ants Inve ons are zed for
t hose par indivatetthacseyernal Rtiadywsican bé eﬁ"cdthe altie 20fl inesmFianedn alt‘HeEQ agents
that can supstitute for_a portion of the penetrating agent otherw se
needed, tW&Rdedp)dhe Hee efivpecitis rambipationsaficeropretesiant vinse eBeqtocangel @utonal

~intracell | n_the
concentratltﬂl gnﬂr?egﬁg‘;eﬁg lgpg?)le(%g%w% {bd‘%@nra aﬁ@o‘éi"gE 'F E%n’?lﬁﬁﬁ%‘f{ ESme of these

t echni quesptiniged forphdsepaitihilag oiybhiotdctatitd; lic fﬂ?ﬁ@dsd&'mfﬁeh@ﬂral grﬂg&h@ forces.

For exanple, reduced tenperatures also reduce the influx an efflux rate

of cr yopr@?‘é‘@ﬂéﬁbglmf{eﬁ@? portion of e generating agenteanksrvise mgededethus osnot i'c

sparing the cellular interior from exposure to additional mtraccllular agents; and
| (d) minimizing the time spent within the concentratlon range of rapld time-dependent
toxicity. _
[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:




effects. Simlarly, mnimzing exposure tinme to cryoprotectants maxi m zes
their potential osnotic effects. Thus, there nust be a balafed 208ached

bet ween the control of osnotic 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 nmethod to
be used for cartilage or other tissuesd&or which vitrification offers a
potential technique for inproved. crypreservation. In addition, this

pat ent does not discuss any protocols for cooling or warm ng the organ or
ti ssue. SUMVARY OF THE I\;MEN}}];% fi e e.present invention
provi des a nethod for _\_/(ii).tri ficati g%(?#?ﬁ%%?ﬁ‘?%ﬁ%?*’@%?ﬁ%%&5?‘??50% or
organ ot her t¥dH°RS BYduEilnoreasing concentrativas ofpryopbtdipimt to 2805 4a (i) i mrersing
the tissue oOrerpd BB a blood _vessel jn a series of solutions
havi ng i ncreasi ng conggﬁlﬁcr%d{t?i%gbﬁlss"%m%ﬂ%&t@gwmaﬁ grlution efiseidzseries of
cryoprot ect arﬁpll’@gn%hﬂ?ﬁmﬁempemmi-éﬁhﬂven;sﬂtpr vitrification, each solution of
said series of soluti %55 gavi n f‘:' t enperature above -15C; (ii) under

- physi ol ogi cal pressure,’¢8 F’iﬂﬂgf’ 8158} Rresfureopooling the tissnear ogmbktifi kon havi ng
sai d cr yopr otelatiemhavhgaid beRtaStlohidn ke vitriti.cation at an
average rate of froméﬁ%_ot-o 100C per mL%éll}te %rsf(')]%{%e"tt Gerngg?‘E}Pé‘aéB’bve -15C to
a tenper at uFETHRTRESH op0t® 19d§0 ginwte fitorantidpatio verperg,y and (iii)

further cool {chfpetdife bhoRHE. o8 n_at an gverage rate |ess than 30C per
mnute froma tenperature tha?gllss%ﬁ«g?%gw‘s‘i@ﬁ@’éﬁ‘ﬁﬂﬂ%éa@ ass transition

tenperature to a tenpefiitfoierivedliy thbfissgb 85sighd 408 il yper to
vitrify the *;’ﬁﬁﬁ*gﬁ%ﬂ an, . In_a second aspect ?ﬁtaﬁgg%r%%%‘ﬁ?i on
provides a ret hod for Fenpv Ry et isbetyeren rs05E gad thetelvss rrmitiora bl ood vessel
from vitrifitcapiremrd to ademprtifurit150 B mgr&gmqté tant . copprising: (a)
war m ng the %L&eri foi ed tissue or ‘orgarTEgot her 't %%Q%Sﬁ%ﬁ%mmg’éggi n said
sol uti on contail ni néga@ryoprot ectant at an average rate of from 20 to 40C per
mnute to a tenperature between -80C and the glass transition tenperature;
(b) further warmng the tissue or organ in said solution at an average
rate of from 200 to 300C per mnute to a tenperature above -75C, wherein,
at said

In a second aspect, the present invention provides a method for removing
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,



tenperature, the solution is sufficiently fluid that the tissue or organ
can be renoved therefrom and (c) imrersing the tissue orloAgHE0dN a
series of solutions having decreasing concentrations of cryoprotectant to
obtain a tissue or organ in a cryoprotectant-free solution. 15 April 2005
4b In a third aspect, the present invention provides a nethod for
vitrification of a tissue or organ otdier than a bl ood vessel and
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 vitrification, each solution of said series of
sol utions havi ng dne&8H{desrect the Peseny inventivaprqvidey a medbd fog vitbfsatignssue or  or gan
in a solofhiisihe BAsthiihiiditn CbKORLALE GhAbseg RO AEPN SuTficient Tor
vitrification at an@yaagerateoffromﬂ.StoJ.O per mnute froma
tenperaﬁﬂpguﬁﬁBM@“¢ﬁﬁﬂgto a tenperature between -80C and the gl ass
transition tenperature; (iii) further cooling the tissue or organ at an
average rate less than 30C per mnute froma tenperature that is between
-80C and the gl ass €}Esersing fhe tisswe@rontanrother than 2 tR0GRYcalel it RSIO¥F t e gl ass

transitio iLfrify the _tissue or organ; (iv) warning the
vitrifi ed%l?%gaﬁir@organ %I'E&%ﬁna\}]eopi\&%cmf’ﬁfwﬂ’ M3 to 40C per minute
to a tenpedeputcaisonenbati@DGiBdenttihevigiR o] Eﬁﬂ%ﬁ&:ﬂﬁ‘of%a? Ie]) Egtgr e; (v)
further \A@otimoggh%‘gg llsSsue or organ at an average rate o Fom 200 to 300C
per mnute to a en%erB P8R AR ~¥5€: and (vi) imersing the tissue or
organ in a series of .solutions having decreasing concentrations of

cryoprotectant to qifasdlind did e or organ in a cryoprotectant-free
sol ution. 15 April 2%05 15 t§‘“‘§’H"“’“"ga“‘gElscﬂllf'mﬂhﬂvmgsaxdcnﬂcq:'nmacvczm:

cancentration sufficient for vitrification gt ag average rate of from 2.5 fo 106°C per
minvte from & temperature shove -15°C 1o g temperature between -80°C and the glass

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
tissue 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 orgah in a series of solutions having

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

ina




In a fourth aspect, the present invention provides a nethod for
vitrification of natural or engineered heart valve tissuel58pitEf0sing: (i)
i mrersing the heart valve tissue in a series of solutions having
i ncreasi ng concentrations of cryoprotectant to achieve a cryoprotectant
concentration sufficient for vitrification, each solution of said series
of solutions having a tenperance abowkc-15C, (ii) under physiol ogical
pressure, cooling the heart valve tissue in a solution having said
cryoprotectant concentration sufficient for vitrification at an average
rate of from2.5 to 100C per mnute froma tenperature above -15C to a
t enper ature between -80C and t | ass. itian t r Q- d (iii)
further cooling the I%%goru VE e(\’/tgt%??rgsse&tzm%{nﬁgﬁﬁ%bggfg@é@%t@‘F@ggmﬁﬁan 30C
per m nut ef fatwnh @ etgnpaxdtart witehaiue) ®opasimeen - 80C and the gl ass transition
tenperature to a tenperature below the glass transition tenperature to
vitrify the heart val.wve tissuye, | fifth aspect . 1 rresent invention
provi des a net hod fo@Weﬂn?g%’5#?35{:&‘6?115%%lﬁraasgﬂ%srdfgﬂféﬁ?leehragg cartil age,
- conpri si NQincfehding FoMREM O] dRnRprdtidaY® dchicte 5 Elyopdtaafanbaindéitatien havi ng
increasing concentrations of cryoprofectant to achieve_a cryoprotectant
concent r at FehCgwfen dirdegtion Bﬁ‘ch\?P%f‘PP’? pisgid s57es Lo htgrt BviRgR of sai d series
of sol utiopg Rawi-dshRelpg¥perature above -15C; (ii) under physi ol ogi cal
pressure, -cogl ing the cartilage in a solution having said cryoprotectant
concentration suffi dijbwdet physiplagiqa} pressuree pocding e ippeivalye ismedd 8 of from 2.5
to 100C pe j LA Fg,ggg&{l : -0 g@ﬁ,e_; ure between
-80C and t Oéméjﬁgss F%ﬁlsm on teﬁp%&%tﬁ%?@ﬁgé%ﬁﬁl%ﬂ ert%%ool ing the
cartil age aferagerawef e 25t 4 00°Eysr tiimrte 8018 apemperafumabove 16/ & 2 enper at ur e

that is between -80C and lass transj.tion tenperature to a tenperature
bel ow t he GRREEMG Fﬁ'gwéte%‘ﬁ’ﬁ%gjﬁlkgnﬁl OR'/WF‘F%’@ECMH | age. 15 April
2005 4d | n one enbodgijygither trfing BRILAL valay G53ut eanByraperat keahad to a
method for vitrification of tissues; .includj ngo%ﬁscul arized tissues and

avascul ar 06 eerginutsrom & FaRREratyE M 1SHEEE<g -BY Gt sEEs " HHE et hod may
conprise | @%éﬁﬁmo%hsmﬁér&me% the glass ransition 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.



organ in increasing 15 April 2005 5 concentrations of cryoprotectant
solution at a tenperature greater than -5C to a cryopr ot et® Aptil 2005
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
glass transition tenperature to a tefperature below the glass transition
tenperature to vitrify the tissue or organ. [00171 'In another enbodi nent,
the present invention may be directed to a nethod for renoving a tissue or
. organ other than a bl ood vessel fromvitrification in a cryoprotectant
solution. The nethod 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 solution t te rature above -75C and reduci t he
c_o%cgnt ration of the cﬁf}gg? %?téoélfngg;n’? t}ge TeS AT ﬁ%n?ﬁge ‘?lfe§f§ﬂ O%Wetgg‘ban in
decr easi ng cofecentficaidoofigssoés, pcidipg essedtudurt Lisfueldhd hvidstulyelssuag oF her

enbodi nent, t r t i nvention e directed to a method for treating
ti ssues or or%g%g”%? g?n?Egﬂggﬂgﬁggp%§g?ggﬁy§ﬁ3W“FWEPG§W§ 94589 F s retai ned
at a hi gh | evaban iforreesisgipl €, the invention may provide that cell and
tissue functions are maintained. In particular, the present invention nmay
be directed to a nmethod in which at |east 50% preferably at |east 70% and
nore preferably greater than 80% of cell and tissue functions are :
mai ntai ned relative to fresh untreated controls. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0019] Fig. | shows an exanple of a perfusion systemthat can be
used in the present invention. Fig. 2 shows a device that can be used for
rapidly cooling tissues or organs. Fig. 3 shows an exenplary cooling
profile generated by placing the glass scintillation vial 30 nmdeep in
precool ed 2-nethyl butane and then in cold air using the device of Fig. 2.
Fig. 4 shows an exenplary warm ng profile generated by placing the gl ass
scintillation vial in cold air and then in a m xture of 30% DMSQ H20 at
roomtenperature.



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS [0020] The present invention

is directed to a nethod for vitrification of a tissue or ®7 &g 2085a
cryoprotectant solution and for subsequently renoving the tissue or organ
fromvitrification. "Tissue or organ” is used herein to refer to any
natural or 15 April 2005 6 engineered biological tissue or organ,

i ncluding, but not limted to, vascularized tissues and avascul ar tissues,
i ncl udi ngomsstati@ské cabatotdcias se ptisuatn @speatdre geger thameitGe&ia nuscl es,
liganments and tendons, skin, r.di qvascul ar. tissue, such as_heart valves
and nyoc&PEPIIFCIHE GPRRAIAH s UfECIe s HH, FﬁaHP“’trF’E'gE'e‘iOOEP%HEﬁﬂ'SéFePTssu-e,
organ 5 LiS34E a bntphdreterl-ANIGHNRRR thE%fa@?ﬂané‘r{'icﬁEt% e:‘éhﬁégl‘,@ aiftf east

ti ssue, and organs, such as pancreas, bl adder, Ki dngy, breast, liver,

i nt est i néyrthve aodlingribe 8ot booigan fropi 2 teperdtercabdve he @Rt} traAssitised herein, the
term"transplantation"” refers.to an type of trans Ian‘tatjog]or

i npl ant af STHFFUHE R @eBRerAYEe BelRd s as FaRsiven SBRFLAH oYY Hifogous, and
whet her @Bk oidani S pPerformed directly or subsequent to further 10
processing of the tissue or organ. [0022) As used herein, the term
~tvitrificati off017EfR o chBddidédt] thabreRt inVntifOMhy blresle¥ &dAl formation. As
used herein, tissue is vitrified en it reaches the. glass transition
t.enper at Eﬁﬁg‘of‘ %ﬁ)“?m"i"ﬁ’@ adieheE eregh oNstithaneg Rlogd vessel pppVirdicaliotmy ked i ncr ease

i N Vi scosht ¥ryoprofelent GEMORN DhLGERGT mEPEIMpriodsIasly At ARBAAddSue S | ower ed
such 15 that ice nucleation and F%r owh are inhibited. In practice,

vitrificQt9eH B iherneprligent sepign Pederpattishemssh 0L ciddatass Ve toR t he
presence of a small, or restricted anount_ of ice, which is |ess than an
amount t FEPCEARNSFEPIdh WRPIRR teHisses Ystgan nfbo spyopeiaskay splutigr 0 at he " gl ass
Lransi ti QitERRELASNY. 95t Sh@Ttubie iHECH AR Freich RN Ll ofeimegt ure of a
sol ution uhder the conditions at \%:hl c?‘n the process | el ng conduct ed.
| N generiamerting thpr sessr @par madepreasiag concenantiomroficsyopeotekttanted at
physi ol ogi cal pressures.. However, higher pressures can be used as |ong as
the tissue ok00&)gdmyst snottet ersbaidéntceemresendaymged meh be dibetedt®024] As used
herein, | i - e N r o bd or

or gans. ey Ry Bl S b T Ve Rl iy SRS 01 e
25 thus #trechigtésyeln omedamatentis phenlion gendrevidsribyt @l anlibsuadutctiensnirgher
pressu -r--e&aihﬁﬁl}% n‘é ﬁzfd{i&ﬂh?, t%%-@%ééﬁﬁnve%‘d&b nB§ b¥ ARG h A€Ml LSFHES, Under go

| -under .di asto syst
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 EMBODIMENTS'

[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



condi ti ons. [ 0025] As used herein, the term "perfusion" means the fl owi ng

of a fluid through the tissue or organ. Techni ques for perfudpigoeF gans and
ti ssues are. discussed 30 in, for exanple, 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” meané a chemical that ninimzes ice: .

crystal formation in a tissue or organ when the tissue or organ is cool ed

15 Apri'l zﬁigﬁleﬁredtbmleglbalelssue @ngaramcﬂlm@ihdt woe $Simbitesl tommmlamﬂease in
viability after rmng, .in <Hggrrlsontot@e ef f ect cooling without

~ cryopr ot ediSgHis.an GuaSFaaLIsTesdneidins musculoskeistal fissue. 8’:9 CRrULgE: | i brati on"

means thatm&klsaemuéc‘fcsns AMEAs Erﬂﬁt@n@or&os%rg'cﬁrfdﬁfv‘isﬁﬁarti%sd@@&htdgﬁx '

intracel lul ar and ext racel ['ul ar solute doncentrations. A difference of no

more than \mﬂ)%srmdrrs/ocﬁrdrumpmupinel, tigshig tperiodontdh éissuex glanddhi tidsae, ocgamcent r at i Qn

is 4 the.intr, celtﬂlar | ute concentra'Hogls bet\/\eﬁ%@ 3.6 and 4.4M e
Pref et abl yHiSSPhHd %tSP » QORRER> WICKEL WPt P30 PIOAR LIS QR AFERRS SVt #5acel | ul ar

and_ext r agel b2 biRRBe ﬁmxre?tsresf» tiveh O8%he ik ahly SalicAd of BcBShaEH: ©ved

using a variety o cryoprotectant 10 m xtures and cooling/warm ng

condi tions. The0B2l] vAsiuadd ueremhaheltdnhetaonﬂamtmxd réfors toaag byppaft i cul ar. ceI I
or tissue type and sanpl e si ze. choi ce of cryoprotectant m.xtures and
the equil itFsP fluﬁtlsrsrpsnﬁseés%w ‘E“c’fr"’(‘,‘P%’é? 8e¥st Bpmoledatt $'on and renoval

wi t hout ungdyg, RSHR hed SACHK: SMRekds P&f&ﬂkh@r&&ﬂr&%ﬁ&%@d@&q FRaRyr ed

ki netics of cryopfotectant perneatfon in tissue sa %I’yOSUbStItUtIOI’l
can H) so t}ﬁommhguﬂdxclﬁsme)or\mgm‘y that ice-free preservation has been

achi eved for ﬁl ven pr ot ocol %029] n methods of the present |nvent|on
“the tissue or As ugrbheseln, the fermy vitdfieation” sefamsdn solidifieationos

cryopr ot echant rc%' wbsrs@ atfon! mns&shg&s sagra& o it wne} Fe%geggr{ﬁ% and

tissues containing bl ood vessel s nay be perfused, instea

conj unct i gassittahsitionTentsiranre (Thk Tlm"mnecess of ﬂtmﬁcanbﬁﬁlarofhltﬂs)a hatkeken 0C and
15C, 20 mgre preferably between OC and 10C. Preferably, the tissue or organ
is al'so pPRFFISdl VIRFOHYIHENG HYPRIQLTIRG! OOHI RS th tegtrsTayre it lpdysreask wehant .

[ 003(Y = Thepined ﬁﬁ:?e%jlrh gﬁﬁz&hﬁ?éxhﬂmnké ﬂﬁﬁ{i&{c@ dYn HQH%F Gitreblls 2

step-w-se, nmanner cryoprotectant” I's the extracell ui ar
sol ution touyqndfslemtflommay be achieved even 1n the presence of a smali or restrlcted :
amount of ice, which is less than an amount that causes m_]ury to the tissue. ‘
[0023] As used herein, the glass 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 sagmﬁcantly damaged thereby. - - ey |

[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 ar:_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.



particular concentration of cryoprotectant. After this concentration |evel

i s obtained; 25 the concentration of the solution is then BubilZA@3 al |y

‘mai ntained for a period of tinme. |In particular, the concentration level is
general l'y maintained for a sufficient 4ime to perrrit approxi mate osnotic
equilibration of the tissue or organ in the solution. To obtain

appr oxi ”&g&@&@me ) @&mrlig Hatiflin &mc&g %wlﬁﬁtg% n{)eg&l ngenera' ly

mai nt ai ne m nut es. preferre t he
concent r atcompatisineto tideffest ofdaoliag nittlodtatry@iroteetamt 15 ni nut es "This process
.is repeated as nmahy tinmes as .necessary, with the final concentration being

sufficient for (0947 rAsuied dares: "approITBLeRfmatic %P@%Wésmeb‘a?lﬂlﬁbl}?@rl y
under nor gal,, 4l .PPFRRGM 0% @ﬁ&%bbé RiFeen t@ b?rd%‘@l'l thr zglgc&tr?cellﬂqu s l:u?@ the

tissue or ‘organ 1S genera mal nt-al n eac concentration l'evel for no
nor e 4 han canceaerdtionsd rﬁeﬂﬁfeedmk:y of 50 mbfe thi eovms%mm;es, th4tDI3M4 | n
general, the tissue or organis first imersed in a -cryoprotectant-free
sol uti on. e¥tieceflulag gancsptriapap 4iaihednaercelalas selpigconcentnation eetween 3.6

cryopr ot e%.I‘l th;).lir?feﬁérgélg,aﬂn% is dhdr Cthl{ﬁ?%% S%e?élﬁ Bétﬁl%aéﬁl lxlré}:l% l%i’hr be any

type of ut I On ntalrns ce I N

conditi onendtexﬁraﬁellfﬂaeebﬁ&yntnﬁmm hetic physi cal buf fers at nornal _
t enperatures, and or reservation solutjons at hypothermnc ‘
t enper at ur es e8]t v ltfé gatign cehbe aqhiqved UsiagpopRely &f cavPratednts ol ut i on

W | I10 be 1x rés at) c%ﬁlrﬁéf%a%ﬁ? rr"ng%bndn?ol m’[‘h%'l@ﬁ%?rgabtles s%ﬁ&d%@%gbm@é’c?for

cryopr ot ectan ue ofr

cryopr ot e@ﬁ(ﬂﬁ'&arﬁdilﬂ@r &Hllowtik ol tERMndSamp Eufxﬁ,— C'Iqlelclhaiee of elybpiotsttanehi ch is.-.an
aqueous sol ution described in Table |I bel ow. TABLE | Euro-Collins*"

Conpoundnmmjktrasd tbe eqlisatigssteasreessuy foscnonpegantaddgiganigempyal
NaHOCE100, Sflrou}unduglbhlzloflc shock should be opt1mlzed based upon measured kinetics of

cryoprotectant permeation in tissue samples Cryosubstltutron can also be employed
15 to verify that ice-free preservatlon has been achieved fora glven protocol.
| {0029] In rnethocyls:of the present 1nventlen, the tissue or organ is immersed
- in increaeing Con_centrations- of cryqprotecta.rrt selution ata temperature greater tb_a_n
-5°C, Organs and tissues containing | blood rreSSels may‘be perfused, instead of, or .in :_ N
- conjunction w1th 1mmersxon ‘The temperature is preferably between 0°C and 15°C,
' ,20 : more preferably between 0°C and 10°C. Preferably, the tissue or organ is also
perfused with the increasing concentratlons of _cryoprotectam. _
[0030] The incréase in concentration is preferably conducted in a step-wi‘se .
- manner. Thati is, cryoprotectant is'added to the extracellular solution to achleve a
- particular concentration. of cryoprotectant After thrs concentration level is obtamed,-‘
25  the concentration of the solution is then substantrally maintained for a period of time.
In pamcular, the concentration level is generally mamtamed for a sufficient tlme to -

, perrmt apprommate osmotic equlllbratlon of the tissue or organ in the solution. To
obtam approximate osmotlc eqmllbratlon the concentratlon level is generally
mamtamed for at least 10 minutes. In a preferred embodlment, the concentratlon level

30 is .mal_ntamed for at least 15 minutes. This process is repeate_d as many times as
neceseary, with the final concentration bein”g' éﬁﬁleient for vitriﬁcatien'lat, :

physiological pressures, particularly urlder normal atmospheric conditions. In



* mlliosnmolality= 350-365 mlliosnolal 15 April 2005 9 O her exanples of
sui t abl e aqueous sol utions are discussed in Tables 2 and 31b&pol00STABLE 2
Modi fi ed RPS-2 Conpound. nmg/ 1 Dextrose. 18032.43 K2HPO47.21. 25 KCl 28.22.11
NaHC03100. 84 d ut at hi one51. 53 Adeni ne HCI 10. 17 CaCl1210. 111 MC 220. 407
(Note: RPS-2TM solution is nodified RPS 2 without Cad 2 and al so wit hout
Myl 2) TABLE.3 Modified UW Sol ution #1Mdi fj ed Sol uti.on #2

Conpound AR qrgmﬁmn&b%@ﬁ%mz%wgn% lgyel for no

il
gl uconat el c : e10. 21My gl uconat el0. 21
gl ucoses. Oglgééf’é%léégé’dflgtg?#gag?%@trﬁ%gﬁgj%%g%t at hi one30. 92 :
adenosi ne51. 34apeBbsi hepénetd, tHERESE 02 oA RSLamés@Bnadeni ne 1 \

" 0. 17adeni ne LO. 17 (hydrachl oride(hydrochloride rjbosel. Q. 15ribosel0. 15

. CaC120. 050cyoyetesentree splutiens g he tissiie or organ may also be perfused with the : -
5 cryoprotectant-free solution. This cryoprotectant-free solution can be any type of |
solution that maintains cellular integrity under in vitro conditions as typified by s

syhthetic physical buffers at normal temperatures, and organ preservation solutions at
hypothermic temperatures. Most typically, the initial cryoprotectant-free solutioﬁ 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
INaHCO, |10 084
*pH=74

15 - - * milliosmolality = 350-365 milliosmolal _ oy



HES(g) - -50 (Note: Modified UW Sol ution #2 does not.contain HES but

contains nore glucose than nodified UW Sol ution #1) 15 April$ Apdic#9030 [ 0032]
After being inmmersedin a cryoprotectant-free solution, the tissue or organ
is imersed in a solution containing cgyoprotectant with or w thout _
perfusion. (An advantage of the present invention is that perfusion is not
necessari | ) or

Vitri T cat ORECHaE i lf ol RRERI Iy SRUEeR ) THEL shE Bl
preferably from7 to 9M cryoprotect IMBLERre preferably from 8 to 9M

~cryoprotectant. The cry; any conbi nati on of
cryopr ot ectants sufficijent for V|tMcﬂlf'craltRli’ﬁ"r2 Cryoprot ectants i ncl ude, but
are not limted to, d| ret-fyt—stH . ext-ge—efpani-ge; 2-br opanedi ol , '
- 2, 3-butanediol, glycer uafle gl ycol MYh- di et pr manm de and

f
1, 3- propanedi oI_. 10 [ONB‘Jh XtlodPET MEabI € CrypRy ot e I%Qt%ag"ents such as
pol yvi nyl pyrrolidone orj_ vé)r oxvet hyl {starch nmay |be nore} ef fective at
protecting biological 9ysiHra, cooled &t rapid rdtes25Such agents are often
| ar ge macr onol ecul es, ich effect the propertieg.. of & solution to a
greater extent than woll®Che expected fronf&?‘nel r los#ddi cl pressure. Sone of
t hese. non-perneating criyogtotectant—agents—Have qirget otective effects
on 15 the cell nenbraneyﬁ#—i%gg?/er t he{pri mslpy machaﬁ'?gém f action appears
to be the induction off exizt6sd rurar glasssTorngti prg” Viien such
cryoprotectants are usgd in__extrenmely high concgntrations, ice f or mat i on
may be elimnated enti rieddentherH@Y -copling Yo and waid@-ng from cryogenic -

t enper at ur es. | nper meabj-e—chem-cals—wt-h—denpnstirated ¢f yoprot ective
activity include agarogé;a{dextrans, g ucosel 20 Hydkbldyet hyl st ar ch; :
inositol, |actose, net UCOSE, yVT Ty PyT T gt 71 sorbitol, sucrose.
and urea. [0034] Ina pc%gg@klar enbod ment %f t hd éﬂgggnm invention, the

cryoprot ectant sol ution contains dinmethyl sulfoxide, fornamde, and -

1, 2- propanedi ol . For exanple, the cryoprotectant soluti.on may be a - .
sol uti on c@lNéted RPSEE™ syBioniismadified RHSHE vothooio®uGli;rind gldAwiBibuniMig €z 1M

di met hyl sul foxi de, 16.8% wW v (2.2M g_lBiEEropanedi ol, and 14.0% w v (3.1M
f or metmi de in avehicle solutlon A uro- Collins solution. Thus, the

solution ied U _ S0 mll\}lod"fiedBUW'Solunon #2 .
Compound | mM | g1 | Compownd | mM | oA ]
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 ' 5 090 élizcose. 415 1 2.70
glutathione 3| 092 | glutathione 3| 092 |
| adenosine. -5 1.34 | adenosine — 5 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’(g)_ = ‘ '_ 50 |- = =

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



,cryoprotectant. The anmount of dinmethyl sulfoxide nmay be varied from20 to
30% wv. Simlarly, the anmount of 1,2-propanediol and for#AiPde0RBy each
be varied from 30 about 10. to 20% w v.. However, the total anount of
cryoprotectant in the full strength sgjution should be between 45% w v to
60% w v, preferably from about 50% wv to 55%wv. 15 April 2005 11 100351 -
"VS55 may also b nat ur al
or synthetic i c@ g?ﬂ f%gb%?ecul esﬁ'ﬂ#%%&gﬁ%ﬁ@@ﬁ%%ﬁ%ﬁ?}%?@?ﬁ&?%e

al gi nate, ogh@iH imepersddiur sojutimaroniainingaapembestaanvith br webeutpedusons,

but anedi ol , chondroitin sulfate, chl orofor chol i | ohexanedi ol s,
cycl ohexant?i #haatage gEIhg PESSERIIPY $5108 s @aqust?ﬁés ngf; "5???9%/ glﬁ éecﬁll"ﬁag'

di met hyl a eﬁ%&g?tﬁgﬁmn%ﬁéﬁ Eﬁﬁ?ﬂe%ﬁor @ftﬂf Mtfoh%'emeraﬁ'} E@fﬂﬁhs f8iny/h ene

gl ycol, ethy ucose, glycerol

gl yce sopho&;m]aMe:,ry@jrymeuayﬂ pmﬁﬂahlqe&omt eto @erymmpteghxytcomr@plefan@ly from
hydr oxyet % starch, inosi toI | act ose, ngﬁnem um chl or.i de, I um

SUl fat e, nile SYEryoRIIGFIERY | ThefiprRekctarhso RIKB may FP RGOS IFERAAE,  met hyl
acet am de, | r N rF@;ga L1k URR SR dret hyl

gl ycerol, prlgfrgeéfra ect urom]%ﬁgooﬂmt ﬂ%% gé%giot%&n%hym yco’lm &

pol yvi nyl plimited td;l@hﬁethplr:mllﬂonﬂe, ﬁrymanhdael Dll—;mmpaliedlot ai¥-butesalioly glyogel, seri ne,
sodi um brom de, sodi um Chl'gbjf(% SO | odi de, diumnitrate, sodium
nitrite, %tbtﬂlemlé’&q’f&'tdéme i“PB!m e§ﬂ e?sBroP?’Feé‘ 1ose, triethylene glycol,

.t ri Pﬁphyl am ne Et ?WBW ble% (!()}Jf?@teﬂ %Ent§¥uc@§£ poﬂy'@lﬂ}@}%%ﬁ}hdbﬂe gddi tion,

t her pref nent s vention, "1, propanedirol may be
repl aced buyc&bipekl@ﬂ saethaRay bmomsff@ﬁve?ata}rbmtmynjobg1ca85ystetm;rdoyl,ed atli met hyI
sul foxi de may be repl aced by siml|ar concen cer ol ar ~
et hyl ene. Tapidjetss. Sick agasisTaE OFRR | %rsrem%erO[emaa‘sw fﬁ%ﬁ ha RIoPgHeS he

cryoprotect fl'% SSIRLGE LD TP Ex REYinbY QSul@fbe%QpéaedJﬁblﬂQhelpéémm pEaLRs
cel l ul ar eg

} : grlty un In vitro conditions. In particular, the vehicle
general | y Somp Lf drese ﬁdampélynqaaﬂgtnyapnomgtasohgm@avb dlrvssﬁqteatthe effehiscine
solution is a Euro-Collins sol thn cont ai nj ng -10nM HEPES. ﬁgP S |s

i ncl dded aﬂwa:eumev@?ranearléowa‘gﬁr < PHERTHBEC aﬁlsﬁ‘n AGHPR APRPE 19 .

addi tion, Fi@tF ipn P8 dxfiaSethis (%1‘%% Ifoﬁ‘lﬁm V\m@}lfsﬁéh c ro&%téﬁﬁ%ﬂe udldiigr nat ive

vehi cles inc but are n |mte to the so ions 25 discussed i.n
Tables 2 aBﬂr@neﬂjﬂhig(h concentrations, ice formation may be ehmmated entirely dunng '

cooling to and warming from cryogemc temperatures Impermeable chemlcals w1th
- demonstrated cryoprotectwe act1v1ty include agarose, dextrans glucose, )
| 20 hydroxyethylstarch inositol, lactose methyl glucose polyvmylpyrrohdone sorbitol,
Sucrose and urea. 7
‘ [0034] In'a particular embodiment of the present in\(ention; the
cryoprotectant solution contains dimethyl'sulfoxide, formamide, and 1 2—pr0pan'ediol '
_ - For example, the cryoprotectant solution may be a solution called VS55. VS55isa |
25 solutlon contammg 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. Thue the solutiotl contains'aho‘ut 55% wiv eryoprbteCtant' 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 St,tout'd be between 45% wiv to 60% wiv, preferably from about 50% w/v to -
55% wiv. | -



[0038] The final concentration of the perfusion solution is sufficient to
vitrify the tissue or organ. However, as discussed above, thapd@ae%ntration
of the solution is gradually increased. to achieve this level, preferably
in a step-wise manner. In particular, cryoprotectant is added to achieve a
particul ar plateau, which is 30 maintailned for a sufficient time to achieve
approximate osnotic equilibration, in particular for at |least 10 m nutes
and preferabl y [0635]ab¥865 knyrisotiesodifiéiewithicuntdnEpnal cryopprtedtaes and/of s added
to increase the cryoprotectant concentr tionfng\/nich rr%y or my hot be a ,
I evel suf MaRirdr systhets certiockse maalecules, forxample, acetamidRagamsrliginatess Apri |
2005 12 conGERL LRLAR drfdhofith dcElaf b XB-d RGN BHEARAT GhiRfy OSTOL] C
equi | i bration, ’further cryoprotectant is ded In one or nore steps to
achi eve a salfmegettio@iforan cholide, cydotiexhmedioly,icycliohéxzatdiones, {y@bk3@kaatrials,
- preferred enbodi nent-_of the invention, there are four 5 CryQpraotectant
concent r atdesiEans, Qﬁ@&’@@eﬂiﬁl’éﬂmé‘%‘rﬁcﬁ&@ﬁ% dugribgkioraemisis, ?’Fﬁt‘&li ent for -

vitrificat] I i f i ; t | X steps, the
Tl rst st ool elhyde i iof iR oREP oty ARECRRERe BYFerdl | 2 D0 ¢ our
| ncr easi Nn@glydeysphoslaed, ghicervt nnaedtctasd, ighiing), glyeeprsteansghydneyethyt staogh, ot ect ant
concentration sufficient for vitrification. | @gagfﬂ?” i cul ar Ily preferred
six step anerdigl.desiese, paeagsapn shioride, Tprgoesigmy SilEle ZIA 0SS MABYOL | n step 2, 5 -

to 20% - pr. r.abl 0 - fii : tration is
used; 'in s"[? epoge,tz %%ﬂ%gﬁ’%gg};ﬁﬁ ré&%ér';aégwg’ @%hygg%%@l@%% %go |-nalgg-’ -

Cryojy ot eGh@Rhy! urens fiethydighrose, methgbglycerol, pheypl dpludid mlEdSppoprediydergdl y 45
to 55% of the final cryoprotectant cgoncentratiop, is used; i.n step 5, 65
to 85% prg&r@ﬂ,mlwnﬁeywwgm%m@ﬁn% REding H-op G Iptliness YAt EFHG%nt ration i s
used; and o B8t GRafidc ' Biubd Abided sEEYARBAUE SoBltn nBARCEMiEA'hGRe, Whi Ch 1
sufficient ror Vitrn i cahon, i s’used. Each® -cryoprotectant concentration
step i s nabfiuai fethd, eorbitod whérosd, ahalbsenmictioylamhilpaod, riapfhyteminakectasyotic
equi libration. In a further preferred enbodi nent, the tissue: or,., organ -
i s perfusétiedivaling #e/eforiieseon at each step. [0040] After the tissue or

org has . been rsed. if:a - ' ' .0 t4on of
cryg{;sr ot ect ant @WI cﬁ"e?l dﬂ?%ﬁﬁ“ﬁk? g%?%g%ﬁqoﬁgn%ﬁggﬁgggﬁggﬁgéﬁ,’ivvhi ch is
nai nt ai negrophnadied iy ibereglacdddysimijaraonontatibnast B-bofanedigb Biatikackyant -
sufficient for. wvitrification, is rapidly cooled.to ien;p?rat li:lll‘e_ bet ween
-80C and’ @l‘@e@l}’hﬁgf‘{xﬂ%ﬁ’ﬁ be Feplaced by similar concentrations of glycerol or ethylene ... :

- 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 Solgtion containing 10mM HEPES. -_HEPES i.s included as a‘buffef :
- and may be included in any _efféctive améunt. In addition, other buffers, as well asno
- ‘buffer, may be used. Altemative vehicles include, but are not limited to, the soiutio_ﬁé '
25 discussed in Tables 2 and 3 above. ' . | ' |
o [0038] The ﬁnal'r;once_ntratioh of the perfusion $olutibn is sufficient to
_ vitrify the tissue or organ. Howévei‘, as discuésed_ above, the concentration of the _
solution is gradﬁally. increased.to achieve this level, preferably ina sfep—wisé maﬁﬁerl_ e |
In particular, cryoprotectant is added to achieve a-pénicﬁlar plateau, whichis
R 30 maintained for a sufficient time to ;ichieve_ approximate osmotic é:qu;llibrati-oh, in
| particular for at least 10 minutes and preferably for about 15 minutes. Then, further .
_ cryoprotectant is added to increase the cryoprotectant concg:htrﬁtion; which may or

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



tenperature. The rapid cooling rate may be from2.5 to 100C per mnute. The
rapid cooling rate is generally at least 15, 20, 25 or 305 penl ¥Phute. The
average cooling 25 rate during this step is preferably from 10 to 80C, nore
preferably from 30-60C per mnute, even nore preferably from 35-50C per
mnute, and even further nore preferab?y from 40-45C per minute. The
tenperature to which the_tissue or organ is _ cool ed duri n_% this rapid
cool i ng preRiEsatrationdpiefudficipntyingetomcdis ve oppraxinate awmticrpgnidibrasiant Grrthisry -
bet ween -9 nd. - . [ : . the, ti e or. qQrgan.dndergoes this .
‘rapid cool ?ng %Fegi:aélgggdg%agn Ot%fq'g’é&%&%trsg%sr%’fﬁhieﬁge%g%nrf rétrr%boglssu '-%Frbtv\f/g[:ool I ng
process i nvidificdiohhe tissue or organ is cooled at an average rate | ess
t han 30C per m hut e} Ereferably at an average rate less than 10C per

a

mnute from a tH938F alnp prefsdembpdigraios the ianeitionohereanpbrat ure to a 15 -
ril 2005 t [ I ass. ty.ansition tepper re.to vitrify
the. 17 asucciaopsRRBRt by BIEdS pdt e Rl RE Pkl R REREBLR, o

aver age r abigrifi€sion! hoedhiHizeRAtd BinboliBnent, Phat arerhbysix 5@fs, i Brsbbtef AGng NI
during this entire step does not increase above 30C per mnute, nore

pr ef er abl ya erveprolaceangiree seutiony Vel isfellowed by foye ingegsiag tooppaectantnut e and

even more pELSE ARG LA b CORLAAOSRAR LRSI RERS, AROYS O Per

m nut e. ass ‘transition tenperature 1S gen °f_120C to -135C

under nor nwitrifi@tioRs RieparticlaMdpief@neal sid fiep Emboditenl, iP5 M, SN then be .
stored for long period of tinme at a tenperature below the glass transition
~ t enpé? at ur @yopESENt Fsed; ik Sep odite Aoy preferably fR et bl of thaBndr than the

second coolin ate: 10'. however..in.e i $,S he ,t [ ing rates
can be. ¢ netryBeleRlafcont B T ot IRETR I3 BRI prststent 4B S A8 BR Coor i ng
rate is acinegvaberybprobanGiongediitiony ide@NiiBidp 4, 20M0 600, pREcrsBptdiger ~ *

containing_the solution is placed. In a particular enbodi ment, the rapid
cool i ng rat¥%i of the findvawpmteganisiongentiation sritsadiiastepiSn6ata 8Hei prefesaldn as -

2-met hyl bu‘}@ {6680% hoq‘tlgléqh@r\%l ?ﬁiéﬁb %c?én(i%gllczee%tr%tci)On %tué?%gp e%?rt#crépe 8,? t?llfﬁi\élv,a . 5> -100C,

pr ef er abl y" near "or SS transi{ion ol ution

to bgs coadrgsprofdnt cdneerdfiibe\ehiches siffiviesiol Vit@idalibe, is Ub&l. odthai ner is
renoved. fromthe 1liquid and cooled in a C?aseous envi ronment - at a '

t enper at ur@YBRIIRanhrongen{Eion siepds madrained fosmsufficiant ime tp gokiaye The present
I nvention ziapﬁar&li%%tedoisﬁl%%k %guiiigraﬁog? EPQM}%? p{é?é?e\ﬁi errlmgao%_imeﬁf, the tis_,su‘e. or...
' organ is pér_fused with the solution at each step. . | ' o
[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 -transiﬁdﬁ' S )
“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



20 tissue or organ fromvitrification in a cryoprotectant solution with or

wi thout perfusion. The nethod conprises slowy warnming a VPAPRIK4088 tissue

or organ. in the cryoprotectant solution to a tenperature between -80C and
the glass transition tenperature. The_slow warmng rate is generally bel ow
50C per mnute. In addition, the averége warmng rate during this stage is
general |y from 20-40C per mnute, 25. preferably from 25-35C per mnute. In
addi ti on, tenperaturedheiow theezlass tiapsiian tqﬁweraﬂn’@rw yitaly the Bsye OBPr&?ngﬁel s slowy

o o5 ccb s ey s ARy rddy 808t Ay EtaeDAE 1esb hISE ey iSO - 0

and -105C° ue - of RES™ UNder gons ow war m ng-

process, pldiBrablys&id@atelof 06611 d@tn@ﬁﬁ@eﬁtﬁi@lstﬂp)do%@ﬁ(ﬂﬁﬂe&&eabbwmidﬂre above
-75C.- The 30 terrperature shoul d be sufficiently high that the solution is .

suf fi ci entligute] mpre prefatabbnide rate 95 eeoling doegnot indipass abpenffEdPer REP®Er om  The

m nude. oAb BB eaBt B ROBE S P! A0 B oy 0R e g P IEE  dur i ng
‘this step ? 2P ?[L@ﬁ@(}%{&tﬂﬁgt&&% g&@fanﬁ%otn uTiss) tom.@Cltﬁtdépﬁd)ﬁna2005 14

preferably e tissue or organ is preferably

war med i natrﬁtbupserﬁxt caitbonis0 Tae tisnper atganean e de-skBE] fos lofg msicdvdiiere 35C.
However, in a" further enbodi ment of the invention, the tissue or organ is
war med i nat diemperatprethgloy thegglass fransitien KRGS, preferabl y between -5C and

+5C. 5 10046] Ang“?ﬂ e{fﬁ%{f@d&tmgtatt Ee%e'né‘é\gﬁ?tfds%thénhﬁe kRBhd YR 3@, rate is

achi eved by ch envi r onment ch the contai ner contalnlng t he

sol ufpi on hbﬁxe@érﬁﬁﬁdnbdd&n&ttp,&he ivesit@uling nétedéandet the tdme. s| owwarmng rate i s

achi eved by placin t he container .in_a gaseous envi r?nnent at a :
1

tenperat ure abdd®4 héntaérﬁﬁétoétfﬂﬁ"e of thejipyeamopsfhe plovsgaelipg rig athisyed been
stored. Thbe crxar%ﬁln%ﬁ're eg\\/‘ta‘oﬁjﬁ&t 1%%11% Eﬂﬂzgn&actoﬁtau?u]tg He@%ltﬁﬁﬂﬁ?%l@@%d L2t h)tl

placed in as an aqueous sol ufion exanp

sul foxi'deq ulaﬂEmBocﬂxﬁ[mf; niad 1ap Rl @botiig ratd BGehieved by plating alxocetdier and
nmore preferably at” normal atpospheric terrperatures 0047 After the tissue
or organ W ligeidnsuerasedmedyluienpbridis Pecrpyerecled ds e empEAERAN r at i on of

the (&7 yopt MR Bferaily hBf i Deltiv B3 ghats BRAGHA et ffE o8 the st)ﬁut%tet%tab' v,

t he 1 ryopr ration | s ep-W Se nanner.

enbodi mentoled! TRed, iy Betiib @ the Sl00r @atihg gate,tlOumiinatiarimeed fidm e ar e

achi eved by
liquid and cooled in a gaseous environment at a temperature below the glass transition..

ternperature - . 7 _
_  [0044] The present invention is also directed to a method for removing a.
' 20 _ tissue or organ from vrtnﬁcatlon in a cryoprotectant solution with or without
| perfusion. The method comprises slowly warmmg a vitrified tissue or organ inthe
'- cryoprotectant solutionto a temperature between -80°C and the glass transrtlon
.ftemperature The slow warmmg rate is generally below 50°C per minute. In addition,
the average warming 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 -11 0°C',. more .
" Preferably between -95 and -105°C. ' | | |
| [0045] Aﬁer the tissue or organ has undergone this slow warmmg process :
the tissue or organ is then rapldly warmed toa temperature above -75°C. The
30 ternperature should be s_‘uff iciently high that_the solution is sufﬁ01en_tly fluid that the
tissﬁe or organ can be removed therefrom. The rapid warming process is generally
conducted at arate above 80°C per minute, preferably above 100°C per minute. The

| _ average warming rate durmg this step is preferabiy from 200-300°C per minite, more



I rmersing the tissue or organ in a series of decreasing cryoprotectant
concentration, solutions to facilitate elution of cryoprol@Apd085fromthe
ti ssue or organ. The tissue or organ may al so be perfused with the
solutions. The solutions are generally $t a 20 tenperature, above -15C,
preferably between -15 and +15C, nore b eferably between OC and 10C. .
[0048] The cryoprotectant concentration is preferably -reduced to achieve a
parti cul ar Pysfeaaldy fronhil X BSG°E penmRen e fissue g gigen ispreferably warmesd imchi eve

approxi matg,. osmotic ui libration b aytigul ar., fd t least 10 m nutes
and pref er@‘t’lﬁ PFOFSF 19 geu P ei@“?%%ov?ﬁ—ir?g‘?’espfzﬁ ﬁ%‘?ﬂvef ge(&(r:rli'ill%‘ﬁ(f‘vé’f’éEtaant :

concent r at fithet embattiinRA! off thel it eftion\MHe s i Rfad®Wwarhied idth@Vatdfrofa0r. @ -
cryoprotectant-free solution.. If not, after nmintaining the concentration

- for suffi cleameratingabee ¢hi proterablpbaweents8CaodddlC. equili bration, the

cryopgot ect ant ntration k.S again further reduced in one.or nore. steps
to eventually [RASEaLh s Sadiisflh e i epal s abiSemine Bt 1 on. 1 he

tissue or giIARALY cBhg@RneahlivorinfeReSafich theammine|cehiatiind Bk sBRtbANGEr -
than an hour, preferably no Ionger than 30 m nutes. [0049] To decrease the.

cr yopr ot ecisaced o hre patigvlanembediment; thestaor wetmaing ratg ¢ ashieyad bryldsingni xed
with a s—olﬁ_ltei on of a t#)e simlar t ghg cr%otero ect ntt-free 15 April 2005
15 sol uti off e GoMeISEl 3 Bosad yrEryepabe LutegetteaooRe e BRI o Gan. The
sol ution @hRheREHRIMe 6PBIEh hEShedh sloPARB I TIRACIORARVE theldpiifidrRshAQeNt - 100501

The vitrification nethods of the present invention typically result in a
greal@r nutheeonwineperplasedaye lighidysushlas ag eqieous solatien ef fr edrmplegan sanpl e as
- conpared 5,to cqonvent.io ryopreservatiqn te i qgues j.nvol vi freezing.
The met hocdimsu auTovils A3USDN R pestperiotaorar 3 G dedeol royalfe aof or gan
sanpl es hayj, r@?erdb@ﬁ%no?ﬂl%atiﬁ'o?@eﬁc?&hﬂe?atu}ég‘ enbodi ments, the nethods of .
the present 1nvention result 1 ntissue ‘or organ sanples having at |east
- 60% vi abl e cel | {1047pr Adieatip tissad orl gt hBAer wabhéd oy tempaahuirasbate | east 90%
‘viability. TQe resent invention can also result in at least. 70% 10

pr ef er abi y-6at C| e senasatyatiss ofthe eryppratectahin thadolytion s araiatly ssduceti ng

L) S R Al Sl A ROARS) g ABRREE el e 1
‘non- penet r ahbsdiment sfabelnvihtion, dedredsingt digdproeumitesohaions blveachizwed by ef f éct s
of the greater jintracellular than extracellular concentrations of .= - ‘
. cryopr ot eciyRgrsing the tissue or organ in a series of decreasing cxyoprote_ctant cqnccntra-t-lgn- NP
“solutions to facilitate elution of cryoprotectants_from the tissue or organ. The tissue or
| organ may also be _perf'uscd with the solut_idhs. 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_uiiibfation, 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 ‘né lronge-r‘than- an hour, preferabiy no lohge_r _ |
| ~ than 30minutesl. _ | . - 7 | _ o - .
- [0049] To décrcase the cryoprotectant cénc_ent'ration_, the _ﬁryop_rotéctant 7

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



15 during the cryoprotectant efflux process. [00521 As used herein
"non-penetrating” means that the great majority of nol ecul®dpdi20dhe

- chem cal do not penetrate into the cells of the tissue or organ but

instead remain in the extracel lul ar flfbg'd of the tissue. [0053]. As used
herein, "low nol ecul ar wei ght osnotic buffering agents” 20 have a relative

nmol ecul ar - a2 | t \e{‘ n{)) Lght osnotic
buf fering Sgg’Z‘E’P g&llll%%qoﬁglgg%glf&b ?@Ee&%@%ﬁ Fhﬁk?se lJo(ferg!irgr'lwsil oe\é\%,l&bo& assi um and
sodi um f r ygéfemdlylcdmptisphadpdzabss opedtRIsifferngagenodi um | act obi onat e,

pot assi um and = sodi um gl yperoghosphat e, maltopentose, stachyose, nmannitol,
sucrose, gl ucod@030lmaTieYikifigton sdiodmobhy psescakiareniogl typieallit sulsed um and

O AT o oRAT BRI 1o AOCA T LLBGRE, ol RISl R Ebod! ment.

~the |l ow ecular we ring-agent

manni3 ol , 164eh@ntoRd ryopfdseraseh tebiRfdds ifvolving dreBEIRET The nidkids BLRC Ul ar -
wei ght cryoprotectant and osnotic _buffering agents” generally have a

rel ative rs¢seauingentipasasnerplly result it besue or pigan sampleohaving #00asxn60%dal t ons.

‘Hi gh nol ecul,ar i gh t fferi ents include but.are 30 not |
o oo § SR et IR b, Y A A AACR Sonk BRENAS Bt i R020 001 L
raf fi nose gipdpeaRt@iaiigrlchst0 dablearyy, fonekahifokd le{gBewAEbiliRan 1, 000 to-

100,000 daltons). In a preferred enbodi ment, the high nolecul ar wei ght |
osnot i ¢ bshelers atdeashYniviabalitiEShe presentppeangipn bayalpaasnly imattosed0Var . wei ght

or of B abl prasitog idesCREb ofZRM Rufieh Sotknf i S BBk e Ar PR g -

nor e pref gp #BkY uhtrBdaeatbls200 to 400mM osnotic buffering agent. As the
osnotic buffering agent, preferably a | ow nolecul ar weight osnotic
buf f eri ng agent[0931Juséslusehsteipresmothbyiferingageniimeahes idvaor highght 5

osnoti c buff.ering agent i s mannitol. 56[,1ln articul arl eferred
enbodi nentI?OIF%%argV?g%rné’fl?gP‘étﬁ{?m#éa xb@?%@g"ﬁ S.L]iu# té'g\/(% néefaecgsst.%e IoﬁmBﬁ(é preferred
- embodi menteffebl Oﬁ}ﬂ‘:%réatertihﬁa&llﬂﬁpﬂﬁh%ﬁira&lllul&Qﬂﬁ&ﬂfrﬁt@ﬂﬂs%ﬂfd’}%pﬁgcét%@o% :
preferably 45 to 55% of the cryoprotectant concentration used for

vi tri¥ i catduning therrzopsetegtant effiveprocgsspr ot ect ant concentration is 30 to 45% .
10,Pr et rably Y3 S8 RO PR PRE A RBpSRE [,
pref er abl ynglBoullés c1AA6 clRhiitd1 @0 not penetrate into the cells of the tissue or organbut =~ . °
' instead-remain in the extracellular fluid of the tissue. _ o
| [0053] 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.



. cryoprotectant concentration used for vitrification; in step 4, the
cryoprotectant concentration is 5 to 20% preferably 10 t1 AB%200F t he
cryoprotectant concentration wused 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 Vetrification. In these steps, the -
remai nder of the solution is a cryoprotectant-free solution containing
osnoti ¢ buff eri H§38hedhe civepmtentars-free selution atdfgrablly lconthinshess¢hanogioat ect ant
i's renoved ver, .the.osnotic, buffering  agent is ained. In step 7,
“the osnoti %OW@IHO%EM&’?% 1SR TRege pﬁ*’t’%‘i"ﬁi‘i"%’é‘ﬂ‘,‘ 5@% WMLy 7 can
be conbi negknidlichutientl) 8zl €Rs tHO&mMAR YuFtering BEer® et BIPH e HloRguagent can
be renoved at the sane %I me as the renai nder of the cryoprotectant. In

addi ti on, weighbtossotstbuffeting aganit ipusadeviost prefrsady,ghe low mivldcalaneteight enmoved, -
step ; can_be elbi L nat ed. Each OI t hese concentration steps is maintained
for a suff PRI HICHEE P& HPRYE Y ppr oxi mat e osmotic equilibration. [0057]

The tenper at ur ejgoksf N 5 B&ﬁi@ﬁag} pRGild Qo diedtene %@dg)éot@&?i‘/tq%iégoﬁéd 25

preferably between -15 and +15 and nore preferabl t ween +10C. :
When st ep i seserbztepsn In theeprefessdiembodioregtiin step 1athearyopngtectaitur e above - 75C,

preferably above -65 Thus, | elte rature of the tissue or,organ is
bl ow ¢ he SBHTBIAER A0 110U prEls T 4110 Toohs it ShE SPOBTEIGE b SEEPFHicR: op 1.
the tissue,gy f&*\gﬁliﬁchﬁor{;lﬂﬁﬁ%? We@%ﬁé@e%@gﬁe&r abbf iPRPE 594,5C duri ng

step 1 of the cryoprotectant renoval” e tissue or organ maybe
further prpefesadydls mefdteofdhe afypproteciant Céricentratmm wed farvitidichtion;fih cat i on.

For exanple, tissues or organs can.be revitalize efore_and/or after:
Vet oncten Rt R Sance bRy oo b Pons it 2840 molibe "t hose
descri bed d RetahBdoBBintARBh uS& foP VithBeatfdR ffste4 ne %\2’8 1%'iktcltx{n?_. contents of
15 April 20 17 which are hereby incorporated by re rgnce. | ssues or

or gans carrcobeermgatien iscatol 30%.gngferabdy £itdoEd%) «f the tnydprioteatano ooncantlition can be
re- engi neere fafter devitrificati 0@, for exanple b?/r the. (ilfg_ti I(-)?fe' y

di gesti on ARG TFeTirification; apd it JFR A5 b cpioBrateclat copearpimisi iy 1l Patte F,
MQues d DRyrefeipfled & NEded oPlRe ARt colbRRlisR Dseli¥or TitifcdRond In EXPr essi on
of a St ,ablpereArt i‘cul ar Ce}?t i_Iee"l;ge Phecnot ycge W t hloutS.Evi fience_c ofon IIE/-pert rophy
by Adul t Hbessstepsithe dnsaindeh ofi theofition i$ a cjiopraséctant-fidetsobyioResntaliohg 16,

G e 1 RSP aRsER B e G PSPPIt MR At | cul o
- However, the osmotic buffering agent is retained. In step 7, 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 [0057] 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 dEVitriﬁqatiori by perfusion processes such as |

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



S 2-wth

Cartil age for Autol ogous Chondrocyte |Inplantation” presented at 35 h Annual
10 Meeting of Society for Cryobiology, July 1998, the entiteApdadents of
whi ch are hereby incorporated by reference. Alternatively, tissues or
organs can be vitrified substantially.directly after harvest and/or
transplanted substantially directly after devitrification. EXAMPLES 15

Exanple 1: V. scul arized Tissu 91 T | e er fusi on
syst em of vApghargh yb%coﬁ%(gﬁlegb %5%380‘? 39?%%‘& §§§T Le%tcgﬁolnb%s#gets&n?rgservor rol

~(a 60cc S%hé\gggr}:d B%}@btﬁ‘tﬂ"&nhﬁrﬁnu%&ﬁn bé &l-erginserdd sfendedtrifitationtfhe cannul a
y stopcock. The reservoir | is. adjusted to, phy srol ogi c
pressure. e?hlﬁpkrt@shecatxt@erdﬁmw and cellylar Ptﬁiéﬁ’féhompf(}ﬁ’sées @PSFT‘ e2’0‘”50x15 wl

cont ai ni n perf usi on sql usi

reser voi rghl etet - pde Pa' [glhl% fjgnthﬁM % i%!rpg&}csgg T?}'BQI 4C) and the
petris di Sh'Exg etssﬁm% eehbldA RSl QGrdl eptwnbg@etmomawlamaamfpr ocess. [0060]
The vrtrrfrctrons utrron used is VS55. The full strenth V855 qutron

i's i ntrodudg@rirophyiby Aduli Himst dpticularChandracytesin i/tféfp;

D et vo. 1eohor 3a1oBc Bt BB, B HuSRe, BREER 6y %Pf%ﬁ%ﬁf {&%%Ttvf’ﬁi e

sol uti on 'ﬁ?ﬁg WalELQYeM, WiBnY EAD Gréétan/3 3 CrydtiréeMatibn ofRidmah8Arv8blar | n

each case remal ndef of the solution is I%uro Col l'ing; .solution. In the
sixth stepCartifage mrAmlagnusﬁhmdrmyw Enplaptptien rl@ﬁijﬂﬁd‘é‘@% APpBYsure at each

step, is. for 15 ninut es Q0611 di t | cation
sol ut@on, Mﬁ%mta%fml‘?% °rr velnglog ’oﬁ:-’aﬁgtﬁsﬁ'ﬁ eco éé\r/lruo(g d!g%r%hlfset rated in -
Fig. 2. T dgskheincwi tckh@vel Imoeseoftdn cansepttaﬁe@l in a.

gl ass scin {'qﬁﬁ&ﬁﬁ \?rtal 6 ﬁ%nac X e,' 5 g l con%?rsnr ng ’E '
pr e- cool eok;dbuhhuﬂtyrcsmgtlp aﬂaﬂﬁmﬁst emd/mfaﬁlspléﬂﬂedﬁﬁb%‘%aghﬁﬁ%%a eThe t op- of

the 15 April 2005, 18 wvitrification solution 7 is covered with 0.7 m of .
2- met hyl blﬁ%’l‘t‘é‘ﬁgat(qnsopent ane, freezing point: -160C, density: 0.62) at 0C

to 4C to pﬁgxwL%rect contact with air. A thernocouple 10 is inserted

into a du 11 of 'the vitrification solution 7, and its output is

noni gpred on a _mmm@mﬂé"@m Tenperature is recorded 5 throughout

the COO' 'ng pr Of: %gfsl] To perfuse ‘the tissue, the perfusxon system of th 1 may be used.

* . The perfusion system comprises a reservmr I (a 60cc syrmge) contammg 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 solutton 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 v1trtﬁcat10n solution used is VS55. The full strength VSSS
solution is introduced in six serial steps. In the first step, the tissue is perﬁ.tsed with
25 . Euro-Collms solution, whlch is the carrier of VSSS In steps two to five, respectlvely, -
" the amount of full strength VSs5 in the solution 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]utton is ful] strength VSSS Exposure at -
" each step is for 15 mmutes . _ | |
30 | : [0061] After addition of the v1tnﬁcatton solutton the tissue is raptdly cooled
| using the dev1ce demonstrated in Flg 2, The ttssue 3, together with the sﬂlcone tube, -
is placed ina glass scmtlllatlon v1a1 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



[0062] The cooling apparatus is set up inside a -135C freezer. The cooling
rates are adjusted by placing the sanple in a container 131%8prnl20od ng
precool ed 2-nmethyl butane 14. The cooling rates could be varied dependi ng
on the depth the vial was placed in 2-nethyl butane (30 nm generate a
cooling rate of 43C/ nmin; 60.nmm 10 genelfate cooling rate 71C/ mn). By this
techni que, the sanples are cooled rapidly (average rate = 432C/mn) to
-100C. ThevitHmaties selpBon Rencoyewdiwithe®d nd @f Lawethplyotane St(soper@e2C/ min) to

-135C by taking the s | e .out o he ntainer 13 of,. 2-nmethyl putane 14 -
and al | )c/)wi Iﬁ"gezl"%é’oé'i‘ti -?ﬁ@gﬁgeqs %Séié#)raégg fo ?Acﬁ E’o‘?fﬁY@c‘é‘”f’ﬁé‘%@S YHY aTpr ocess.
Fig. 3 shommﬂloe&?qwh@;%ngé}&h:ime anfuﬁirao,le&n&b%womﬁ \lriﬁgn?d}%%é@fioﬁ,ac' ng

the 15 glass scintillation vial 30 mm deep i n precool e _

. 2- et hy| buandrits. ouffhe is manjsbred os atdigal Heonadeien12.hEempSaQrd iseemeded or - at ..
| east _24 hﬁyrs 0g63 lAfter being stored for 24 hours, the tissue is
revarfred | HFQUERO tagERINg RIPGSSF-war ni ng to - 100C (average rate= 302C ni n) and
rapi d warm ng t@oesHOCrhéaVal LahETs atn 1 .N)1acde ' rate i.s
created by taki@g gﬁe 2% , s@%?e tglsﬂ%ﬁ %ﬁfg‘%}dﬁtlﬁ% ('_f'%ﬁ%?.}"’g‘)é%{z;é%r]ﬂ%]d t he -
fast war mnags ast &jusecd@ngnahg thelypmpld jaci dogtainee 13 lcastminimgprecdvlad m xt ure of
30% DVBQ H2O at .room tenperatyre. Fig. shows, an exenpl ary warm n
profile u?—mjﬁwﬂ?%aﬁeelc"hM?Hr@m]cgﬁ@q@s@dwmdm&% the fert|the mﬂ- is
then renovggl . N St CIRS J0Gnt  USH 3O F The

per f usi on s%ll%}??egﬁxg In ! ot ﬁmg serw%r%el{a%%{nglbﬁéiglgrrlé%%gg? I'S llll:’4(§l)|'s he sane
and 18 pr ezcoacmteedholioLiat€) 128 /ndn) Ry thsttechnithrehthé shmplis acadholed rapilly 0C t o 40)

during the perfusion process. Thus, during the first step the tissue is
further me(ﬁﬁ%ragwtea”f‘gﬂa%&/@ﬁw%%@t%@hee@alﬁaar&@?n tlowbsjooled @verage the -

steps excep}, .t St epyade Hthon cont ai NS, | ddi ti,on. to the
cryopr ot ecrg{fntpgod{z?@éﬁt%4b%§ ?‘gb y%gbﬁkﬂlthﬁasﬁn%tlém Ol%._;t]hes Otz-f{i)l?féfg‘o’orn1 o five, 30
t he anmounty.giettyilutare! 1ot AMoWaRDthE Ririm heSPB SO Rledep SO Réte WScoohng  VS5S;
3/ 8 VS55;. 2/8 VS55; 1/8 VS55; and 0.5/8 VS55, with the remai nder of the

“sol uti on tbergs-aFigndshewoin eempim coglit@ profileoisingibe seshnigue nf plading the 8

S STELT ) TER PR REM Pl SRR S S R O oReR £o' Fov vt

|over LSRR S e SsL gl apponbale soiry T 1
‘ [6063] - After being stored for 24 hours, the tissue is rewarmed in two stages;
: _sldw wérrning to -100°C (average rate = 30:l:2°C/miﬁ)-and rapid .war'ming to-65°C -
7 . (aVefage rate = 225115-°C/min).l The slow Warining rate is created by taking the
20 sample to the top of the -135°C freezer and the fast'warming rate is generéted by
plécing the glass vial in a mixture of 30% DMSO/H;O at room temperature. Fig. 4 |
shows an exemplary wanning profile usihg this technicjue. ' ' S *
[0064] The VSS55 vitrification 'solutioh is then removed in seven steps, u"sing- :
~ the perfusion system of Fig. 1. The perfusion soiuﬁo‘n 5 in both reservior 1 and petfi'
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_'c 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 solution is as follows: 4/8 VS55; 3/8_VSSS;_ . |
| 2/8'VSS5; 1/8 VS55; and 0.5/8 VSSS, with the remainder of thé solution beinga
mannitbl—cbniaining Euro-Collins solution. (The 4/8 strength ‘VSSIS solution contains

400mM mannitol and the érybprotectant-ﬁ'eé Euro-Collins solution that is Iﬁikéd



decreased between 400 and 200 MM ) In step six, Euro-Collins solution

cont ai ni ng 200mMV mannitol is used. In step 7, a Euro-CollitsAedi200% on t hat
does not contain mannitol is used. Exposure at each step is for 15

m nutes. Exanple 2: Cartilage [0066] Pig cartilage was used in this study.
The sanple size was varied from 100- 3009 ng, and >300 ng. The experiments

I ncl uded fresh control and wvitrification groups. The tissue viability was
t est ed usithgreRithnafori the l@es ayyopi@efi@ftcEdhcanthioesblpigs cohtagist2ie@mMex,

wei ghi ng 30- 60 were selected in this pilot study. The anipal was

) kg | y 4
wei ghed arfBanhioh AR phibs rmowaofi VRt isdlegreatedgthe amopgy ofimanpiohs and 1. 1

ng/ kg ac emegfgﬁ%édgfetw%didosagﬁ |2‘56 m.)mﬁ?st%%ikvﬁﬁrggt(ﬁlﬁhs@&ﬁ% :n?air"ﬁn%f ace

mask. After ubati on, anesthesi a ‘was ntai ned using 1sofluran

del i ver ed J0omMxyamito! Biuged rigatepdt, hilwmg€ oliivs sohrtive sliat doéomot suhtannuent
studies. 15 [Q068] Priaor to subzero cooling, .the cartilage tissue sanples
wer e expodBynig! 15tq§§d-cEWP@taé6§°§‘rﬁtel?ﬁs>me MeSdi ng the vitrifi.cation

sol uti on VS55 iﬁka%ﬁe%@ﬁ‘ﬁlaﬁgpr 15 m nutes each, on ice (40 .. This was

acconpl i shed i 7 illation vial (Da. x H 25mmx 60 nm
‘cont ai ni ng Eur q00eé] i Pig callude wis usattil thdsistadp. sThesagipbpsize imasvadai ng t he
concentration of cryoprotectant in the solution, until the cartilage 20

sanpl es wefanlRAS08aRe. japd P30¢ mgy (T pxpenmsnts icluged frepfucairdl 8@ of t he
vitrificaty. ' as; : i , -qet hyl but ane to
pr event di‘?’gg{caﬁg'lhg%é%v%%s%%ﬁ&gg aesgtg\s/\%ér' ggggélﬁé’gg'rm;{ﬁ? 5?531’?'(31 Cnin) to
400Q0 f ol | oved, [0by7)s| OutbreDsips 6feifiaChen, Weigling IB8Ckganetelstlated yn dfiored in a
freezer at -135C.for at |east 24 - hours. Each vitrified cartilage sanple

was rewar ikt pdywohesanimalsvas weighed andtheryancsthesis wag geleced wath 33 qpe’kad rapi d

war m ng t roxl. mat.e - ' r . ' -.rewar med,
the vegs wlrPagSbaE (e Bppippadie hdheor ik Elocs ERABPLEGMER il £120 TR
on ice, stfaédinBgk. Whtky ihmbhtic, aengidiaibabmainthiskdas@gdsofiirideadeliveddent r at i on
of cryoprotectant in the :solution in successive steps) to.mnimze osnotic
shock to tdxyegem| Pig knggeqribgowarharvestadier subirsuerd silichas enpl oyed as

ey el SRl sl BRbHb e g WSR3 b SSpeE g, !
i ncor por attRs cFopRi@tant elixtatechy ddddipoRvitriticuiiabidhition V5&linaik sephdsed on the
detection of netabolicaetivity, specifically, an oxidation 15 April 2005
-7 15 minutes each, on ice (4°C).” This was accomplished in a glass scintillation via IR
(Dia. x H, 25mm x 60 mm) containing Eu_rd-Cbllins solution, ‘with successive steps
' increasing the concentration of CtY6protectant in the solution, until the cartilage
20 samples were imm'ersed: in full strength VSSS ‘at 4°C. The surface of the vitrification
solution was éovered at 4°C with 0.7 ml of ,2?methyfiﬁutane to prevérit direct _contﬁct
with air. Samples were cooled rapidly (3 1.°thiin) to -100°C, fd]lbwéd by slow
§ ‘, cobling (_2°C/hiin) to 4135°C? and finally s{ored in a freezer at -135°C‘for at least 24
hours.” Each vitrified cartilage sample was rev.varmed in two stégeé’,_sldw warming to -
25 | 100°C (27°C/min}) énd rapid warming to approximately -35°C t]69°C/1hiﬁ). ‘After the
| samples lwcre rewaﬁﬂed, the VSSS was 'rérrioyed 1n a stepwisc'me_mnér (‘sevéﬁ st'éps,
15 minutes each; oniice, ‘stgr'ting with full"stfgng'th VSSS and déc'reasing the
: concentfatioﬁbf crjbpro.fgcfaht in the solufioﬁ in su-c-cessiv_e stf_:psj to minimiie
osmotic shock to the -c:';el‘l:s.._ o ' o
30 © [0069]  The Alamar Blue assay was employed as a non-cell specific viability
| aséaj(. This éssay was ﬁsed to defqﬁgine cell survival following proéﬁrcmcht (frcéh)
“and vitrification treatment. It incorporates a water soluble fluorometric viability

" indicator based on the detection of metabolic activity, specifically, an oxidation-



20 reduction (REDOX) indicator which both fluoresces and changes color in
response to chemnical reduction of the growth medi um causeth Ayl @803 '
nmet aboli sm The REDOX indicator has the additional advantage of being
mnimally toxic to cells and this allows nultiple tests to be perfornmed on
the same tissue specinen. Aliquots of B0mediumfromtissue sanples -
I ncubated with Alamar Bl ue working solution for 3-6 hours prior to being
pl aced i n mduetiom (REDQX hindioatsir vérighebah fluantsess apd plianget ¢alerinpéspoese to

spectrofluqroneter, ai. 590pm The dat.a was r A .0t ' of
tFosue s amHPReH givelioR PEOE i vk okt taosed By RE pedarelige APaiETtak
f 1 uor esceng@icatd? hed e tadditidhallelvaiadd fei@gRhinfARAIS, BRIERD 881ILindURisr eat ed
controls. 10 [00701 The results of this pilot study are sunmarized in Table

- 6, bel ow. allgvesinbitiple tests txby pafened ontlad whievissid speciowoeddmuatsiafs ( RFU) .
relative to the t weight  of. the cart.il age anSEM . Fl uorescence was
Fead Sl ng ERETHIGR i BpRRdneEidarth ol BN OB oL engt b of
544 nm andy@fis BAbSS ibeihgANRHSR tiltofler PRE WS wietdad dnf £51b:6fBt piales: n=11, .
vitrified. It can be sé€en that the average cell survival 15 of vitrified
cartil age spessoduorersetabati909m. Sthe(daTa watn@hplizaitpahedeight of tissesh  controls
(29.653.04). This ,study denonstrated that fhe. inproved, cell recovery in the
vitrified %agm-[?q ‘ﬁ‘déﬁxgﬁéﬁé ‘f‘iﬁ’&’fce’f‘tiﬁség%ﬁ’ﬁ?‘bﬁtﬁfi 4'6‘“@?@5‘6 ESGFon offers an.
encour agi i 1.0045 - rtilage tissues. TABLE
6 20 25 3§gte£%§ﬁ%g:?)srtng);gﬁ%lhg%%g'?iﬁgg?%}%%%g\f%?‘? ication approach, ,
showg@l that a [00a6t Thakdsylts apthisyvstbt cally aswirinvalzedviis Taldé b chedewby -
enpl oying vitreous 15 April FO_OS 21 cryopreservation of cartilage. In
mar ked conY2REHy 15 qxprf“éée%erﬁ atixp Grerserenie WiltdREU) gelativs igdbowst werght
conventi o I ' ' : . "viable -
cells rel 2‘?5‘25 Eﬁl% %gt?%xﬁgs@g% lys%éﬁ"ggg’ﬁ%‘rs%% ?‘;ﬁ/ glwr}end%g;gc??%lgiet o less
t han 20% mehddrvdgharcexeitatidbn whvelaigeh 6f Sdigen @r@ B¢ mistivaseveleapthtd S9Dear | y

“.denonstrate that vitrified 5 cartilage is markedly superior to |
convent i onf#lYy §=i§=>f@}§]f‘ SeRIFYENddr Y‘i“]‘fg‘ij’e Tt eamibe sesmthipt (i}e average cell survival .

15 of vitrified cartilage tissue was about 91.5% (27.1346.64) compared with fresh ,
- 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 ... o

rsohition to the long-term storage of cartilage tissues. |

| TABLE 6
20 | -
Viability of Cartilage Segments -
Using Alamar Blue
40- o | o
= == Fresh
. 2 - = Vitrified
25 = 307 |
E
= 20+
>
E
D 10-
| o
0 |l

[0071] This example, using anovel yitﬁﬁcation, approach, showed that a

dramatib_ally improved cell survival was achieved by employing vitreous



suggests the higher cell recovery in intact articular cartilage is a direct
result of avoidance of ice formation, and corroborates tht AprdRACS

mechani sms of cryoinjury in multicellular tissues. Exanple 3: Additional

Ti ssues 10 [00721 Pigs were sel ected aza an ani mal nodel for a source of
various tissues for testing the feasibility of vitrification for long-term

storage of tissues a and 100- 300
o These CRAPERCRRien PrentBer dertied coRRadrt bheeh Pentdty BPhef Cat i on
gr oups. Thﬁvéshgaw@ tyat%ehbérﬁmnmmpﬁa%&@dnmbﬂ@ntnhge Aha&earthahmwﬁay- 15
[0073] Qutbred pigs of either sex hi ng 30-6 , were selected in

this. ex prserhlmeaﬂs released dromlie tigase wo@nmwmmmﬁxgaﬁ@@mé@s thap§%s nduced |

ith 33 ket d 1 fl
Gel 1 ver ea S HeGRLAT U shedneg D20 A ERI TRAND femBitale BE B
- mai ntai neQaHﬁég%gs nspkddiy anRridelol 6BV ohally @¥drestrved carthgay. t]"hié@'xéﬁ%ﬁ!e

myocar di um skin -and corneas were harvested for 20 subsequent studies.

[ 0074] Pr |soggetsts th@hlgécmeélaotqmgf intipfectiardenler costhipgeds awlireet resybosfed to the _
cryopr ot ect E’ é ﬁg t]:,e V|t{h|f|cat|oer(1:hso ut i n MSE5 in six .
steps, fort¥d an‘fﬁ dfee g té?l“’ aB preeborates thefpp wn micchanisms o sXpBRTY ' 5 gl ass

scintil | atgh@Rcalh@r tisBhed: X H 25nmm x 60 nun) containing Euro-Collins _
sol ution, with successive steps increasing 25 the concentration of

cryopr ot ect ant Exanipbe3sadditipeal Tisses | t he sanpl es were immersed in the

fuII trength at_4C. The, surface of hev rificati nsoluilon was
covel®d at 4C TBF5  miaSiely SuS R SR i Bodpt i af PRl bt v ¢
air. Sanpl Yl?'g'tﬁe f&gﬁlﬂﬁ? o'f'%ﬁhﬁ&a\ﬁoﬁ%@nqlol:{%@rn{ fQoragd8Gisshiey. | Je Slow
cooling ( C, and finally stored in a freezer at 35C for at
| east 24 hmervsas »Eaedhfmnt £160 g asd - éﬁ@mgvxé@flemamwspbnmerttmcmda@es sl ow

tq, - 100C (126¢ d t tely,i35C
(5160 % nifeshergretand Lufbra hRB. Fus e ook SRR IR a1

stepw se fRpDgL, Seven steps, 15 mnutes each, on'ice, starting with 15
“April 2005 227 full strength VS55 and decrea5| ng the concentration of
cryoli t-oect ant [D673]heOsthres pignof dithessexg weighueg 341 é@)kg, waye n¢ledted inghissnot i ¢

zggg ka ;[ g E;?(Egﬁlﬁl?rlfts'l‘h g]‘ﬁl?ﬂ% w-gglgveéhgcfm nd tlB‘lle,H gne% was 30 u%g %t%d_’» gfi non-cel | _
- ketamine and 1.1 mg/kg acepromazine, and xsoﬂurane was delivered in oxygen vna a '
.. face mask. After intubation, anesthesia was mamta_lned using isoflurane delivered in )
- oxygen. Pig heart valves, myoéardium, skm and cornéas were harveé.ted for
20 suEseqUént studies. | '
| {6074] Prior to subzero COoIin'g, the tissue samples were"exposed to the
cryoprotectant mixture by adding the v1tr1ﬁcat10n solutlon VSSS 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 solutlon, untﬂ 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 to -100°C (26°C/m1n) and rapid warrmng
'to.approxilﬁat,ély -;35°C (216°C/min). Afierthe sa:hples were r_éwal_-rned; the VS55 -

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



‘assay. This assay was used to determ ne cell survival follow ng procurenent
(fresh) 5 and vitrification treatnment. Aliquots of medi uMdAwi2005sue
sanpl es incubated with Al amar Bl ue working solution for 2 to 24 hours prior
to being placed in mcrotiter plate wells were read on a mcrotiter plate
spectrofluoronmeter at 590nm The data3®as nornmalized to the wei ght of
- tissue sanples and ressed in percent as the nean -1se_ Al anar Bl ue

ex . .

f 1 uor escerfuld sﬁrmg@hmy&ég anddeqeasingithe eoncepratioatad compppecsanyin thgspkiicad 10
controls. .[]00761.The results_of ¢1hi y re mrari zed in Table 7.
Viability ’{’ §u°°§§<ngeeSZ%p§g§°a1§'m|"§‘fz§t°|sr\?8%f ?%Oézgég@'gncggy'uni ts (RFU) relative to
the wet weight [gf79)heThd ARMRS Blid\RBASHM emflbpdr fCRMCRIWBEciIfieaRbiRY Ng the
Frmax mcroplate reader with an excitation wavel ength of 544 rimand an -
em ssi on wasayl di assayf wasoGed fig determing cglbsurvizalfelowingproqumen; éFado K
viabiJity

conpat ed \i'{)l?’ff:1 HYtifi&]é!%tF‘fJ“gtger#'%)%qstg%iﬁﬁm@%é’?%% gtﬁﬁz grg %) &%@%%ﬁé&gﬂ%ﬁjﬁ/g di ﬁletgfg(r)?;or oved |

cel | recovgmal BldeRgorkingsbivtiod for BalBShcROMEorith ibsing PRice@ il midotiter L
cryopreservation offers an,, encouraging solution to the |ong-term-storage

of ti ssueglatFvelseskr sahon amitiodityphate specanBeoromrien MexiPsmv Thertaty was ( RFU/ m
Heart Val ve65671 44%}%' ZQh%qcar di urrlTi saue . 624 . 712e 't21t 3. 88rl %@nea613
568 1 62 SRFHAWFSde Her¥agnts0 "SB PLPTARGSFRIErr o PEFY AR Il 1 °E nunber
of sanpl esafbest Bl Afc&sthce IRURNGTEr 8 bafiokd feyliGhe ¥inipled samusaen! es
expressed as percentage of fresh™ controls U = Relative Fluorescence -
Uni tE) 15 Apnirbls2005 23 CLAI MS: :
[0076] . The results of this study are summarized in Table 7. Viability is _'
expressed as relative fluorescence units (RFU) relative to the wet weig_ht- of the tissues
(MeaniSEM). Fluorescence was read using the Fmax microplate reader with an
excitation wavelength of 544 nm and an ernission wavelength of 590 nm. Itcanbe
15 seen that thg_averzige viability of vitrified tissues was about 73 % (range from 61%to
" 88%) compared with fresh controls. These examples demonstrate that the improved
cell recovery in the vitrified tissues shows this approach to cryopr‘cservation offers an

encouraging solution to the long-term storage of tissues.

Tissues " [Fresh Vitrified [ %Fresh
n MeantSEM |n MeantSEM
- | RFUmg) | | RFUMmg |
| Heart Valve 6 56+ 7 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
.20 SEMis standard-error of the mean '

i = number of samples tested | _
% Fresh = average viability of vitrified samples expressed as percentage of fresh
controls ' '

RFU = Relative Fiuorescence Units -




1. Anethod for vitrification of a. natural or engineered tissue or organ
other than a bl ood vessel, conprising: (i) imrersing the ti84pe20050r gan

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 solution of said series of solutions
havi ng. a tenperature above -15C; (ii) under physi ol ogi cal pressure, cooling
the tissue or organ in a solution h%él ng sai d cryoprotectant concentration
“sufficient for vitrification at an average rate of from30 to 100C per

" mnute frophpykenperature above -15C to a tenperature between -80C and the
glass transrtron tenperature; and (iii) further cooling the tissue or organ
at an average Tat e A&Baﬁnoﬂrfarm&%aﬁenoﬁimml f#reppingered tipme at orpent hat i s

bet ween -8q9 afﬁ l% e |l ags transition tenperature to a tenperature bel ow -
the gl ass™t¥ ﬂ? TR 0 vitrify the 15 tissue or organ. 2. .P.

‘net hod for. renovi n@[x)dniﬂeiﬁﬁ?ﬂﬁhs&ie&ﬁ%réﬂrxhﬁﬁer&ﬂhﬂ%b@o&ﬂ'&Qﬁlﬂ%&ﬁ%ﬁ of rom
vitrifi cation in a sol ution containi ng_cryoprotectant conprising (a)

war nfing tyedntins hivisincrepsiag eonsentoityan oberegroteetaiio aCliewad vessel in  said
~sol ution to 40C per
20 m nut peprarepRtoBt RS SEhAR BLRANEL 3% Slkabf ol SR

t enper at wo@ho@bhamatmmemmahgvdhéwl ssue or organ .in said solution at an
average rate of fr 0 to0.30QC . per m nut erat ure above -75C,
wherein, at said t(ﬁ%‘é%P’EP@%@ﬁ%PWHF-.“Sﬁﬁ%@SﬁF HFBWHI #luid that the
tissue orsoﬁﬂﬁﬁhﬁﬁ@sﬂecﬁ@ﬁﬁwmﬁ&ﬁmsaﬂii:eaéfo&e%mﬁmma&mﬂ the tissue
or organ in a series of solutions having decrea5|ng concentrations of

cr y&Pr ot AVEEREE rainohiem 3A 19 199°Cars mipute figm s P BtIBCEARE free
sol ution. Céf erdruPES daR e Qﬁ“déﬁithég&ﬁ%&ﬁ é@mea&r organ other than a
se

bl ood ves and subsequent renoval -fromvitr cation, .conprising: 30 (i)
i mersing the ti ssmﬁm}@nﬂmgmhugtﬂvebssuhamtaa:bat@odvmmte lesy thars30°Ces  of

o ) SR SHRS GAALAR AL O A HGRARSHN L0 20l eve o
sai d ser itaapahnre toa0tupirans: Himwmga gassmfpﬁﬁaﬁ teﬁ@eahxwm vikfiCrhe
15  tissue or organ. 7
2 A method for removmg a nssue or organ othcr than ablood vessel - R . ; B
From vitrification in & solution containing cryopmtectant, comprising: |
(1) W&rmmg the vitrified tissue or organ other than a blood vessel in
) said solution contaimng cryopmtectant at.an average rate of from 20 to 40°C per
© 20 minute to a temperature between -80°C and the glass trapsition témperature:
| | (b) finther warming the tissue or organ in said solution at an average -
tate of ﬁom 200 to 300°C per minute to u tempsrature above -75"C. Wherem, at said
temperature, the solution is su.fﬁcxenﬂy fluid that the tissue or organ can be rcmovcd
therefrom, and
25 E . @©i m]mcrsmg o the tissue or organ in a series of solutions havmg
decreasing concentmb ons of coryoprotectant to obtain a fissue or organ ina
cryoprotectant-free solution. o
3. A method for Vltnﬁcatmn of a tissue or organ other than a blood vessel
and subsequent removal from v1tnﬁcat10n, comprising:
‘30 , {1 Jmmersmg the t;_ssue-or organ other than abldod'x.résselin a series of
" solutions having incressing concentrations of cryoprotectant to achieve a
cryoprotectant concentration sufficient for vitrification, each solution of said s series of .
solutions hawng a temperature abova 15°G;



15 April 2005 24 (ii) cooling the tissue or organ in a solution having said
cryoprotectant concentration sufficient for vitrificati onlfafpd@08erage
rate of from2.5 to 100C per mnute froma tenperature above -15C to a
tenperature between -80C and the glass transition tenperature; 5 (iii)

~ further coaling the tissue or organ at an average rate |l ess than 30C per

mnute froma tenperature that is between -80C and the glass transition

. tenperature to a tenperature bel 0Wth§ glass transition tenperature to
vitrify the tissue or organ (iv) wa ﬁlng t he V|tr|f|ed tlssue or organ at

an average. rate of from to 40C R? to a4 te e between

280C and the glass tPhLFE: F&eus?%?%eorrﬁ"d 550 W’% e tissue.

or organ aonéhtaNei AgEcibiBr Glrildaith 200 dvBragdfie @ﬁ&nﬂumhaobm:pertenperature

above -75C; and (vi) imersing the tissue or organ in a series of solutions

having 150igutefeom Pﬁﬁﬂ%ﬁB@r@P&?ﬂén‘gt‘thWg%ﬁtq © aphihsigless tissue

or organ i mﬁ&ﬁ@gﬁ&&gct ant-free solution.. 4. The nethod of claim 3,

“wherein cooling thé tisstue or organ froma tenperature above -15C to a

t enpef at ure bet ween (v G@ttan dodling the iswe br argsd 4t anravedrgearpes lzsathaa B&Cper f or ned
at an average.r of at .| eas The rret hod of claim 3,

~ wherein cdﬁ? ?ﬁB F@Fegﬁggryp&%'@iﬁt% BB e -15C to a

t enper at Urt@nrp&hﬁi@@ﬁ aﬁ&ﬁﬁﬁeﬁ&&v%@ﬁﬁss%ﬁﬁﬁbﬁt&ﬁﬁlmﬁﬁﬁmﬁﬂ@e i s perforned

at an average rate of at |east 15C per mnute. 6. The nethod of claim3,

wher ein CG@WW%USSUE or organ froma tenperature above -15Cto a

t enperature. betwee PEislas: %@?Aﬂt trglgg i's -

performed at an averq‘lia e rat gq%éf at Ieagl%ctcrf ak%a%%%gg %ﬁ%gpﬁn[gt hod of

cl ailft 3, m&ﬂ‘@lwr@umtsngatdwetatssmcn@@@mﬂﬂmglasmm ature above -15C

to a terrp%rature bet ween -80C and the glass transition tenperature is

per f or med ea'-ﬁmg?verage rate of from10 to 80C per m nute. 8. The nethod of

.claim1 or 3, wherei¥) fustha!Wagiidde tkss e ofan of Godvefdpe Rtdof BOmIZBOPET at ur e

above - 150 to a tenperature between -80C and the gl ass transition
to 300°C per minute to a temperature above ~75°C; and

_ (+i) immersing the tissue or organ in a series of solutions hnving
) 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
o 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 is perforned at an average rate of from30 to 60' C per m nute.
9. The method of claim!l or 3, wherein cooling the tissue 7 AprlgdASfrom a
tenperature that is between -80C and the glass transition tenperature to a
15 April 2005 25 tenperature below the glass transition tenperature is
performed at an average rate |ess than 10C per m'nute. 10. The nethod of
claiml or 3, wherein cooling the tissue or organ froma tenperature that
i's between -80C and the glass transition tenperature to a 5 tenperature
bel ow the glass transition tenperaturesis perforned at a slower rate than
‘the rate for cooling the tissue or organ froma tenperature above -15C to a
t enper at ur esni;emﬁerbeloﬁ()ﬁe piask trdneitigh asiSpetarareds perfommee ANSY Abtiperatd ss The
met hod of . ﬁ%gl ﬂl V\/nerel n cooling the tissue or organ froma tenperature
that is be WG t he glass transition tenperature to a 10 .
t enperature bel qy, th?h&h@@aﬁdbfﬁlﬁﬂb@:ﬂ WIRPRE ESHIHE hd SssRES RpAL #6mat the
sane rate as the . rate for cooling the tissue or organ froma tenperature
above" - 1SGWC§WW&§M@“I@°E@%@£@MHGMW%@@r ansi tion
"~ tenperat ur Leturd L m on step. (i)
'corrprlsges Feu}prrrrersrﬂ%h&qhgggf g’s-at??é%gr c"n%pgan i % P%opro g?:t afﬁ?te?]li’

sol ution; themfmmgmgl«hemmmeotgmﬁbmmeﬂmﬁﬂaﬂb -D37€ 8@l ution

cont ai-ni ng, cryopr ot ect ant on entratj or_ | ess than said concentration

suf fi ci ent EF’(??‘/’"’E‘HEE’ q‘ﬁgé’f‘?@‘ﬁ S FARSIHOR {EPRTAY™ he tissue or organ in a
sol ution containing mcwﬁahsaepélﬁﬂis &Hle&%iébcﬁﬂg‘ﬂﬂ”ﬁsrsﬁééﬁ}gﬁﬁémﬁ' ent for
vitrification. 20 13_ The nethod of claim 12, wherein, in each of the st eps

- of i rmer5|Wcmﬁﬂ{ﬂﬂsbeWﬁ@g@@d@F@ﬁngmwwmt he sol ution for
a sufypi ciep Pg&aﬁﬁei:&o@‘?ﬁﬁ trﬁﬁﬂ&?ﬁah%%%?\ﬁgﬁgﬁfn Michd 314 The

- mét hod of im 12 V\/nere In eac I nmmer |on ep(l)
the ti ssueratﬂrfoopfgmnglﬂs:tlmwseghmﬁpm heezqalmtmembnfa)ﬂﬁmtd emﬁ:q:s:hﬂum nutes. 25

15. The r thodo in the second step of imersion step (i)
conpri'ses FREPS] ‘ﬁ? %?@Y%DSMWEI series of four sol utions |

havi ng i ncreasi Ilig 'I‘hemethod of claim 1 or 3, whem-mthe Immersion step (i) comprises:

immersing the ttssue or organ in & cryoprutectant—ﬁee solution;
15 _ immersing the nssue or organ in at least one solution containing
- cryoprotectant at & concentration It.tlss than said coﬁcer;tfaﬁon sufficient for thee
vitrifications and | | |
Immersing the tissue or organin a soluhon ccntammg cqupmtectaut at
said concentration sufficient for vunﬁcanon. '
20 13, Themsthod of claim 12, wherein, in each of the steps of L unmcrsmn
step (@), the t15$ue ar organ is mmersed in the solutmn fora suiﬁclent hme to achieve
8ppr0x1mate osmonc ethbmhcn.
14.  The method of claim 12, wherein, in cach of thc stcps of immersion
étcp (i‘),'thc tissue or organ is 1mm::rsed in the solutwn for at Jeast 10 minutes.

25 " 15,  The method of claim 12, Wherem the second step of i nnmermon step (1)
cumpnses mmersmg the tissue or Srgan in a series of fuur solutions -having i mcraasmg
concentrations of crynprotectant. each of Whlch hasa cmprotectant concentration
less than said concentration sufficient for vitrification. o

16. The method of claim 15, whcrem the ussue or organ is mersed m.

30 each solution of said sencs of four solunons fore sufﬁment time to achieve -

- approximate osmotic equilibration.
17. The method of claim 15, wherein the ussue or. orgarl is mlmersed in

each soluhun of said series of four solui:mns for at least 10 minutes.,-



concentrations of cryoprotectant, each of which has a cryoprotectant
concentration | ess than said concentration sufficient for UbApiif300ati on.
16. The nmethod of claim 15, wherein the tissue or organ is imersed in 30
each solution of said series of four, solutions for a sufficient tine to
achi eve approximate osnotic equilibraon. 17. The nethod of claim 15,
wherein the tissue or organ is imersed in each solution of said series of
four solutions Bor &fhelmetkod dfixlaiimn b, esid foar iApnﬂhﬂinQ@ﬁSemﬁitibas bdihg 5rtet hod of

cl aim 15, d.fo I ncreasj ng concentration 2 of. s

ot yopr ot ecREh O B CUNPIEE ROt PR LA Hr AF R 410 157408 53 of
said cryQprah&elidiicofaaibd alfieRneet Vitkii&iton! 0 VdR4 bf s4@tion; 40 to 60%
of said cryoprotectant concentration sufficient for vitrification; and 65

to 85% of csmigoteGantropopmuraiaen aufficiconioe mitrificaton; a3 toiSefi of wid
vitrification wherein said cryoprotect ant

concéntratcﬁﬂi’m@?}?’?tC@P‘é%%“f‘?)‘?S'&%’E’repﬁoééﬁq’ﬁ?f’q"? between 6 and 9.5M 20. The |

met hod of -cl ai me2 orTR.mMhsd 6f élaﬁﬁ"?o?B%h@eﬁrsa{ar&%rétéct\é\ﬁtr&ﬁgerﬁfanoﬁ‘n .
average rate of from 200 to 300C per mnute to a tenperature above -35C .'fLO

21. The neuffoden forofimifivattoroms bgjwashdr anidP.Bdch sol uti on of said series of -
solutions in st ( has, a, t eratu bove, - 15C. 22. The method of claim
2 or 3, wherei n%) dﬂetb?ﬁ@fggﬁh%(?ﬁ E‘He‘('éﬁ‘e ussé’%f’ﬁo‘tgf"éé%‘@a‘ﬁ‘?e%cf’rtgan i s

al so perf ‘éﬁ%@eﬂ?&&t@@fﬁorﬁ%@% 900°CPtr miRte 18 5 RAhePlruk!aBbie 2358¢. 3, wherein
the tissue or organ is immersed in 15 each solution of said series of .

sol uth ons in ‘sthp ( hefroethad efidlfine? enB, whereinteackasdiignnecof sapireoxs ofit e os m)t ic

equi libratipn, 24. Th t hod of cl aj, .3, wherein the tissue or organ
is i mrer sé&lﬁ%“ﬁ“s wystsp ‘(%lgEﬁ%‘ea‘P%’ﬁ“Fé@ Ae) i égxcsol utions having decreasing

concentrations of CryRRHGhEFoAEkim zwgrﬁh&e&hﬁa e%b%lrﬂm%n%hdﬂdfos&ﬁ ®),

cryoprotectant free. 20 25. The nethod of claim 24, wherein the %lssue or
organ is |smahlssmbnmgamabawtmmmﬂbﬁaxda@ldtlemr| es of six solutions for

Surt ol ent 1 Mo S50 E SOPTEX TRL S CRTDLLE 8%55#5@%@3@%%(1
15 each solution of said series of solutions in step (c) for a sufficient time to achieve
' ~ approximate osmotic equlhbratlon 7
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 decrgésing goncentfations of cryoprotectaht,
. wherein the sixth solutidn is'ctybproteétant-freé | _
| 20 - ' 25. The method of claim 24, wherem the tissue or organ is immersed in
. each solution of said senes of six solutlons for sufficient time to ach:eve approxnmate
~ osmotic equilibration.
26. - The method of clalm 2 or 24, wherein the tissue or organ is immersed
in each sblutlon of said series of solutions for at least 10 minutes.
25 - 27. © The method of claim 24, wherein the cryoprotectant concentration of
“said six solutions are; 40 to 60% of said concentratlon sufﬁc:ent for v1tr1ﬁcat10n, 30
to 45% of said concentration sufficnent for vitrification; 15 to 35% of said _
concentration sufficient for vitrification; 5 to 20% of said concentratmn sufficient for , .
. vitrification; 2.5 to 10% of sasd concentranon sufﬁcxent for v1tr1ﬁcat10n and 0% of |
30 said concentration sufﬁc_;lent for vitrification. . , _ e
28.  The method of claim 27, wﬁ_er_e‘in each of said'silx solutions éomprises _
an osmotic buffering agent. . | |
29. The method of clalm 28, wherein said osmotic buffenng agent is a low

‘molecular weight osmotic buffermg agent



in each solution of said series of solutions for at |east 10 m nutes. 25:
27. The method of claim 24, wherein the cryoprotectant cond®Apriaddddn of
said six solutions are: 40 to 60% of said concentration sufficient for
vitrification; 30 to 45% of said concentration sufficient for
vitrification; 15 to 35% of said concéftration sufficient for

vitrification; .5 to 20% of said concentration sufficient for vitrification;
2.5 to 10% of <¥id cihecesthodef dains2f, Wheremsaid osmatict bnifferingapent;is and 0% of

30 said concentration sufficient for vitrification. 28. The nethod of claim
27, '\Aherei“f‘\a‘@&@ of said six solutions conprises an osnotic buffering

agent, 29.: They MeUithdheb@iMs, MARE ehpghEireRktabtidgE bno agen!

is a low m)l ecul ar wel ght osnoti ¢ buf er|n agent. ril 2005 27. 30.
The net hoabrgﬁn inlazeondEryopinatectamt - fm@huﬂmnﬂmtmnbwhfchrdm:gnmgpentamm manni t ol .

31. The net hod Sf claim?28, .furt dh HSl@g i mer sing said.tissue or
orgarﬁ in 2SEeHE kYS! Efﬂ'}SoﬁﬁFB‘P aftergad f‘}“é%fs’\%h'? AL CHEBPTRISCBRTIGA SURes not

contain amlﬁcpgt?@tggﬁlggﬁga% bﬂﬂotﬁﬂiﬂf‘mggf &y said imersion in said

“cyroprot ect ant tion whi ch eS conprise said osnotic buffering
agent. 32. The 32et hd‘dleoiﬁetbochmﬁnlzﬁnnl oB33, wieeeirianleadt SD¥asita HEdnedd a measur ed

function of the tjssue or IS nmi talned ared to fresh tissues
or organs. “%@ﬂf’fﬁl?tﬁé‘t‘%gd’r& EI’%‘WPT" ?B?m%are‘l?\l‘i’ef%gﬁﬁ”%&ref%ﬁr ot ect ant

sol ution 10 co rl Seﬁg}@r&eﬂhﬁ@%?cl‘aﬂﬁ lnﬁgi" é?ém%éﬁﬁtc%bl&e é&:ﬁ Blutoher

nol ecul-e. aim1 wherei’n sard cryopr ot ect ant
sol ut@ on comwsemkaaﬂodeem&tralmaeymthﬂﬁHCc bblcbasrtrmﬂedxﬂc)m t he group consi sting
of acetam de, agaro e, Jf‘%{Jn te, I ani ne, - al bum n,. ammoni um a(;et ate,

anti-fr eeze pr oPei nslhe mgd lgm @rﬂfrﬂzh”‘é’iel‘?“h%é Frygerotectant sIBHeR m
choline, Qéfloalexans gmlesmergﬁefts&;@aéa frbn e Gl gﬂﬁstql &l‘%l'cctaﬂﬁﬁl@at hy!

acet am de, rret hy ormam de, dinethyl sult yt hritol, ethanol,
et hyl ene ggmoé,,a!@mdwlamnmeghljoomﬁn romoors b pketete harti-fréaxe peoteitls, gl ucose,

0 o SRR o VST IR S S GRS Agsor ot e
SuL B e b IRy B Wik 1 2 dERIMRAE im¥ithy P RAmidED By IRIRREET ©f Tt Y|
' . erythritol, ethanol, ethylene glycol, ethylene glycol monomethyl ether formamide' '
' glucose glycerol; glycerophosphate glyceryl monoacetate, glycine, glycoprotems, o
hydroxyethyl starch, inositol, lactose, magnesmm chlonde magnesmm sulfate,
. maltose, mannitol, mannose, methanol methoxy propaned:o] methyl acetamide,
- 20 | methyl formamide, methyl ureas, methyl glucose, methyl glycerol, phenol, pluronic
polyols, polyelhy]ene glycol,‘polyVinylpyfrolidone, proline, 1,2-propanedio, pyridine
* N-oxide, raffinose, ribose, serine, Vsodlum brolnide, sodium chloride, sodium iodide,
- sodium nitraté, sodium nitrite, sodium sulfate, sorbitol sucrose, ‘tr_ehralos-e, trlethylene
'glycol trimethylamine acetate, urea, valine and xylose. | |
25 35..  Themethod of clalm 1,20r3 whcrem said cryoprotectant solution |
comprlses dimethyl sulfoxide, formamide, and 1 2-propanedlol
36.  The method of claim 13, wherein said cryoprotectant solution
compnses 20- 30% w/v dlmethyi sulfoxide, 10-20% wlv formamide and 10- 20% wiv
1 »2- propanedlol in a vehicle solution.
30 37.  The method of claim 1, 2 or 3, wherem said tissue or organ 1s at least
one tissue or organ, natural or engineered, vasculanzed or avascular selected from the K
group consisting of musculoske]etal txssue camlage, menisci, muscles, hgaments

~ tendons, skin, cardlovascular tissue, heart valves, myocardium penodontal tlssue



+ 20 met hyl formam de, nethyl ureas, nethyl glucose, nethyl glycerol, phenol,
~pluronic polyols, polyethylene glycol, polyvinylpyrrolidoHeApi2803 ne,

1, 2- propanedi ol , pyridine N-oxide, raffinose, ribose, serine, sodium

brom de, sodium chloride, sodiumiodide; sodiumnitrate, sodiumnitrite,
sodium sul fate, sorbitol, sucrose, trehal ose, triethylene glycol,
trimethylam ne acetate, urea, valine and xylose. 25 35. The nethod of claim
1, -2 or 3 wherein said cryoprotectant,_solution conprises dinethyl
sul f oxi de, formam de, and 1,2-propané§iol. 36. The nethod of claim 13,

wherein sajd,gryoprotectant solution conprises, 20-30% w. L met hyl

“sul f oxi de?iafeﬁi‘éVgW’\F??%?%ﬂgﬁ' En g 1T g%%‘vb}r\e/th’ﬁ?%"ﬁer“%é’g“ﬁ‘g‘a‘ro| ina
~vehicl e s@ldaby, @feast3live/intekfiee smdtHead of claim 1, 2 or 3, wherein said tissue
or organ is at _least one tissue or organ, hatural or engi,neered,
vascul ari zed of8-avasbtimathod sbelaim b 913 RPERE saih ik Womeds b of
nuscul oskelghgbsuti Ssue, cartilage, nenisci, muscles, liganments, tendons,
skin, cardiovascul ar tissue, heart valves, nyocardium periodontal tissue,
15 Agril 2005 38 5 Thamdbbdef tliivs L& ori3s vbersinofid tisvepcorivages: is ehlege. ur et er

~ urethra, pancreas, adder idney, hreast, liver, jntesti and heart
S8 The erhod B o1 ApEREG0g of kiR o SAStein sdifbuod BpfaRE A 2T
val ve ti sswout p2ffusihg sefétibmd opbrgahai m 1, 2 or .3, wherein said tissue or

organ is cartilage._40. The thod of claiml1, 2 or 3, wherejn said nmethod

i s acconpl i shefil-wi t Rbgethad pis W’%rﬁ%%n%?mﬂgg@ﬁﬁ“ﬂ?‘iﬁﬁﬁ?%t hod of

claim 3, b @5@}%' the vitrified tissue or organ after

cool i ng a&ﬁ?ﬁr&?gﬁm@ﬁﬁaﬁ 10 42 A nmethod for vitrification of natural

. or efgi neered fidar t Avasthad for wigiification pheateraly - engippergdknartyialyg HEWE, heart val ve

. tissue i nc(?uﬁr?ﬁes of solutions having increasing concentrations of
cryoprot ecta % achieve a cryoprotectant concentration sufficient for

_vitrification, each(ipiimrtiogtefheaavavetissnem oferisobiisbhoioss kawigng a 15

‘tenperatuge above -15C, . - . -
P Encrea.sb'mg concentrations of cryoprotectant to achicve a cryqprotcctant concenifrahion

i  sufficient for vitrification, each solution of said series of solutions having a
15 temperature above -15°C; - | | |
| (i) under flhy-sio]o'gical pressure, cocliﬁg the heart valve tissue in a
_ solution héﬁing said cryoprotectant concenhaﬁon sufficient for irittiﬁcaﬁun atan
average rqicﬁf from 2.5 to 100°C pef minute from a temperature ghove -15°C to a
- temperature between -80°C and the glass transition temperature; and
20 o _ (iii) further cou]ing the héaﬁ valve tissue gt an average rate less than
30°C per minute from a tmpemmre; that is b_etwe@ ~80°C and the glass transition
_ temperature to-a temperature b-B.lD\.N the glass transition témpetamre to \quy the heart
V@‘F tissue. ) o : - | ' | '
| | 43, Amethod for vitrification of natural or engineered cartilage,
25 comprising; - ' _ | o _
_ (i) immersing the cartilage in a serjes of solutions having increasing
.. concentrations of cryoprotectant to achieve a cryopr@tectﬁni concentration sufficient
' for vitrification, each solution of said serics of solutions having a tempersture sbove
) 5°C:. . 7 ' _ '
- 30 y (i) under physiological pressure, cooling the cartilage in a solution
o having said cryoprotectant concentration sufficient for vitrification af an average rate
of J'IOmZS ta 100°C per minute froma temperature abo§e -15°Ctoa tem;ieramrc :
between -80°C and the glass taﬁéiﬁon tempémmre; 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 :



