WD 2007/ 149847 PCT/ US2007/ 071545 SYSTEMS AND METHODS

FOR CRYOPRESERVATI ON OF CELLS CROSS- REFERENCE TO
WORRWATER4APPLI CATI ON [ 001] The present appl i cap@DnsS2007/071545

claims priority to co-pending provisional application

No. 60/814,982, entitled "Systens and Met hods for

Cryopreservation of Cells", which was filed on June

20, 2006, the entire disclosure of which is

i ncor porated herein by reference. BACKGROUND OF THE
SYSEMS ANpoMﬂTHQDg EQR: CRYORRESERMATION QF LELLS

nmet hods and associ ated devices for cryopreservation

of cel | sCRO&S-REFRFRFNTGE a0 REILATERAPRLISATEON
sanpl es/ speci nen. [003] Cells and tissues are

[001]  Thegwessdt\applidRRIreaams Pribhtytt6 et ding provadiehal Rfiplication No.
viability "and useful ness in biomedical applications. .
60/814,982hentjiledc systasns ang detoeds JertGryepresesyates, ofi Gelsar which was filed on

Cj [ls | S. S [ ainj
June 20, 2087 | fefife fecl PR ATV S RdtnRBLBaRERER D Bkvenee
cells during the freezing process (cryoprotectants).
Such cryopr ot BAGRGRAUNDPOFETHEINWENTIOINCUl ar wei ght
nol ecul es such as glycerol, propylene glycol, ethylene
[002]  Th¥@Résant inlnm®hitoncerd sisidtr hbieds: arldPfHoofftet eSRes for
solutions are cooled to tenperatures slightly bel ow
cryopreserviaipp of celis:istigh @si mamnediian cRllsuand Hssugraamplasispasemen.
liquid state. This condition in which the solution
[003] Celtaiand tissyes dretrequenttyscryppresertadaiogetriponaltyegxiend thaieviability

is terned s rcool i.ng. t he aqueous sol utions are :
and usefulpsp BLERMEY R APRGF T Enel 1 PIOSESS ROSREPIRSEY AT RVENES: n part,
placing ced int¢'ROUESYS 56BtIOAS ESARRTNG blectidf/tédara ehehrfical compounds that
intervention, the water nolecules in the solution
protect thexgells dugingathgdreazing peicess feryapiatectants).1 Sach iseyapkotastants are often
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dimethyl stifexigé (DmMsdy.omthe liquid to the solid state, the
sol ution noves froma higher to a |ower free energy
[004] AbahEse §66HONS BEE tdblad t&XEthperatiiressagktly B8lowlthgirfRizing point, the
produced during this phase transition causes a
solution remaing irete ligrichpiade-ofl hisheonsidian ie which the spluben remains liquid below its

phase trer SR rstef RS B 1Rsb b BRETing L 23K bl mpiutiprnp ge cooled
further bele @Ak ficezP@ MENG ty® pxeHe bV eeheredbdIRy incrRIBe8s IRthéabsence of

, _constant tenperature or continues to cool .
intervention, the water molecules in the solution will, at a point usually no more than 15°C

below the freezing point, spontaneously crystallize, and pure water will precipitate as ice.

[005] During this transition from the liquid to the solid state, the solution moves from a higher
to a lower free energy state, resulting in an exothermic reaction. The heat produced during
this phase transition causes a transient warming of the sample during which the sample
temperature increases. Meanwhile the surrounding environment (e.g. the device in which the
sample is being cryopreserved) either remains at a constant temperature or continues to cool
(depending upon the cooling approach used). Subsequently, as the heat in the sample
dissipates, the thermal dis-equilibrium between the sample and cooling device created during
this event causes the sample to undergo a rapid cooling rate to re-establish thermal



(dependi ng upon the cooling approach used).
Subsequently, as the heat in the sanple dissipates,

W@ b@7ukssemal di s-equilibrium between the sanpl BCEOB2007/071545
cool ing device created during this event causes the
sanple to undergo a rapid cooling rate to re-establish
thermal 1 WD 2007/ 149847 PCT/ US2007/ 071545
equilibriun1 In many cases this rapid cooling rate

uses the formation of intracellular ice,

equmbrlumus b”a'InIaVYrC@§9$ thys rapid ©opling sate cavges th%qumqtlgﬂ o&qntracellular ice,
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upon the nmass eﬁamrplsaammet thierreat trtdmefercpmbpergesm d’le)sarlnplesﬁmmimér the cooling
the f nt al yobi ol ogi c erties of the
protocol U%%f P@g SBefeierteiimof gl prdighenot & s, on stare
[ivin ?&st ens has been fascinating mankind f

[006] Jeawglatl%s jBiheeen Yalio7 e BEHe aB JBdGHSINTBAAE gen fascinating
mankind f@?@%err a?\urégés?g/fgg P653 G Bégl%vdt}é%r\?ébbﬂ{a? ESﬂe%h and frogs could

or sShdrt perro racti
survive subﬁretdzmg telubratuaes for s‘rmrrlspermﬂj&mfftm dra fracttanf ofdhairlbpdy water

remained % %éend éﬁ&l{:%ms quagtgqugggp\)l\#%e{\%@ggéé(? bsfﬁ_%vsg%%ge& in ?923( by Polge,
Smith, ande§%‘é9c5Wth%fsér@ﬁd\APftd@S HFS%@&S/'d“thé)6%eﬂirb‘t&3‘-’tlv@fpropert|es of glycerol

| ycer ol Senmen and, subsequently,
for fowl anfddoullrsaimén eod, sﬁmswuenﬂy rfor eed bloodtcet!s. mbsMmose irgerritdimes, scientists

interested i & S8 kb Bicrat kB ar i BpN ol o deph ALl with freezing
biological S§ysiéRBhaveveRRdBNnidstigawetid Bintigneheal fproeysestgdverning the
processes governing the relationship. To begin wth,

relationshipt Tiosbe@in witen dvid v a{tnoawébmw@@re@éﬁééerap@raéuriee@@utt%In the
suppressﬁrrheg f metHiy| f%%# }2@ a?,b@ne! lgeho%g{ {)P( 'otf %eatré‘?e aE %T’chad%&eﬂoration of

ctronm o erioration

an unnourishedwiolegiedl @,vsnémguolabl oty at.eTMhabrigedingaqrotess] Hrfowever is not as
free2|ng rocess, however, is not as benign as on
benign as FPP@HE“QQ 4 ne; it geaﬁr@.lla|lm<iuqeﬁcﬂa<ér@§neexarﬂaéw amsmlqmsthermal and

electrical orBBﬁg%g‘tﬁgtj oomﬁc‘]‘%gr@égeg@a% e FitFd e bIaPBP%&{etllbgs élﬁ‘fl’ér membranes

e expecte Intracel l'ul"ar gane
and the delieateutelrceteinteracten systemsiessdeiatexhweh tisslesend organs Indeed,

given the %atbejﬁémt mpé@gl MR Sotfee&Bieo gt%ﬁ‘lgp @§Epl%h f! S 3€§3H%r@fg\o€rﬁmarkable
that a revér&%lesétﬁfé 863udplePtiedizpfthatiéh by fréekldgslsyogéi%fé)éﬁall.

remarkabl e that a reversible state o uspended

[007] QWC'éBtPI fr’gtspgisfscég@rg' d?Qh %rybgﬁ@tpg c|)\ger gff%%%: i giﬁ%f dntﬁg subsequent
discovery gf yeeﬂdlelwmmblK;bbl&sm&)'sraamegtcryoprotectant dimethyl squOX|de (DMSQ)),
many investigators have attempted the preservation of cells or tissues, mostly through
empirical methods. Most cell suspension cryopreservation protocols have been established
using molar concentrations of permeating cryoprotective additives to enable freezing survival.
By using these artificial cryoprotectants, much flexibility has been added to the
cryopreservation process. For example, human red blood cells need to be cooled at a rate of
around 1000°C/min. for optimal survival without the addition of a cryoprotective agent (CPA).
In the presence of 3.3M (30%) glycerol, however, survival of this cell type remains around 90%

over a 2-3 log range in cooling rates. As can be expected, the higher the CPA concentration,



di scovery of the w dely applicable perneating
cryoprotectant dinethyl sulfoxide (DMSO), many

WO po2aa98gat ors have attenpted the preservati onPGF/USBDT/B71545
or tissues, nostly through enpirical nethods. Mst
cell suspension cryopreservation protocols have been
established using nolar concentrations of perneating
cryoprotective additives to enable freezing survival

[ these artificial cryoprotectants,

the greater F@ulfﬁﬁ?iﬁpw O GSToUE HaRABa TG e Sddaesaata) A frgsubstance, and
consequel BT eatel ool B i ne kTRl [o06tr B ot imal

[008] SJFM{; ?\&5%;6&%?% \%ﬂén% eséegr?gfeheo olgt 6;;{@’ %géﬁ}&a‘ilylhggpgrcool below

their freezingugiet unti u;hie»y firdd a@hnddrnsuekddtiohygite fbemqllstlﬂ f@mmim 9@¥en
over a 2-3 % range in cooling rates.
cryopreseryiepy @Jreqaeet AWgREQth icedipAMa %é,rhth%@xt@@eﬂglamedlum should be

dehberatel?ﬁﬁg?tﬂeﬁi 4ge{’c%_é Q?‘%Q\%%@%géoﬁ 3&1??&%@%‘3 iif iE8 formation is not induced

notl c
by seedin@dcdé wiilbformespongdnedusthehenlbisé aolkciEion édooled rmé‘tq:imﬂlylfw below its
reat er re that. i s nece.ssarg in_these Eroces
o

equilibriun'E ggg?m%qmg use QS SSIEiM8R %ndlgé@ Irey 168 formatlon will occur
at randomseh&‘e’dﬂﬁ%lérﬂ&%b\é?ﬂuﬂéé kossafierag! sé’rﬂb%v‘éur‘{/?%l Fates will be highly

freezing point until they find a random nucl eati on
variable befimeenfrepestegdtials wuidr Freet $ame frgeaing pnoyanel e Eerthermgorsy thee extremely
e-t haw rretB ce formatio ext

rapid crys{GlERSH Wi RLIS e e rGETY 4 gk s iersbed SR ignTauses

damage td e8listaa gssueal MoRevepd habedn she®n ftieatTRéXtPatdlSIdh ®e formation is
i nduced by seeding, ice will form spontaneously when

initiated attfHgh depiaasaef superensliiag, &erprobakiity 9f datpagiag diragedlular ice formation
is drastlcaﬁgmglréggéo“rﬂlg ?)ﬂ%hg gh%s IEeﬁgMStﬁFtd%'az\/ &‘Fﬁee?%f 'f eze induced

omin natt orna ron w ran

cell dehydta“twhedﬁhfixiraridsalts mmmr@aswa@temm&ﬁqwteartélmlarmk end thus higher
urvival rates will be highly variable between
likelihood Qfe'ﬁ@zi‘f’réﬁﬁttqr] igteegetin the same freezing protocol.
Furthernore, the extrenely rapid crystallization

[009]  Aginoted abave, sdumwdheér@nrsmqmg‘rorﬁ tae HAgHIty the gelid statethe solution

moves frorﬁ)bé H gngt&?%\&gr frgggﬂgmﬁﬁ[:efl &hargg % E\Ztggf‘rpal is,e(i}umbrlum

between ti@sambpledthat Sontiuds @tvearnabngitigd cd@lg’fgeeéwoé that continues to cool. This
supercool i ng, the probability of damagi

disequiliriih HisEeAtel TABUE B 4 P e SYAtion GadPERPIga ralermsasssiped for the
particular {Jfll'e @g@hsm’ﬂ?é‘ &ehﬁﬁl% ﬁﬁ gd aabEPdLﬁ‘WhatME%r& t of

e- I nduced tron results in

[010] E{%%g\?&ﬁqh&% SBEenRBn;PBa#n%b RCEIUaEbRS 4R SEeurARY, tBHS in the

cryopreservation process often include interventions to introduce ice crystals in the
extracellular solution near the solution freezing point. This process called "seeding" is typically
performed by cooling the samples to near the solution freezing point, then touching the outside
of the sample container with a metal device (e.g. forceps or a metal rod) precooled in a
cryogenic fluid (e.g. liquid nitrogen). This seeding step produces ice crystals in the
extracellular solution and provides a "template" upon which supercooled water molecules in
the solution organize and produce further ice. However, seeding samples in this manner is

time consuming and places the samples at risk in cases where they are temporarily removed



i kelihood of ice formation in the cell. [009] As
not ed above, during the transition fromthe liquid to
WO b@7a¢8ud state, the solution noves from a hPQGER200T071545

a lower free energy state which results in therma

di sequilibrium between the sanple that continues to
war m and the cooling device that continues to cool.

This disequilibriumultimately results in a severe

viatign fromthe cooling rate prescrlbed f or

from the C@@'th deriee frdhis Rrppedurg Rt brrcaysediisiae r*pgrof@@eplng may
madverten‘f’lg'l%%e %f yééguh??cé)fo?&%ﬁén [010] To prevent these

potentral amagi ng situations fron1occurr|ng, st eps
[011] Tﬂe{eépl\gleanlﬁle%cﬁgfreasg&ﬁﬁ %ﬂ/cagfo% sglggernq d tr%bdo”&é tt’ﬁ-: eproblems associated

with the dlgé(ﬁlﬂlmrh Wwoaditivnk uiesonbéteabovéleTseﬂeﬂslanmrtheeaeeu gor such a system
This process called "seed is typica

I nt.
that does 'b%trrﬁgldﬁ%@%?n%'%ﬂyl %ﬂfdﬂ%s@ﬁrﬁ&lr@“t’ &Oﬁgbl?tefjﬁé '@%Qﬁ ¢QgHrolled ice
n t
rvsal ool 90 Bl ARG R8RS B Lol 08 i citats e
solution toghewibalvemuded praternsed Hem@derdr(;rggprreiservfdtiohdje(v&:egshould also

. liqujd.nitrogen).. This seedi roduces

provide mea el fese inedlidng and ST hdl T grpedo R vgpreserved
"tenpl ate"” upon which supercool ed water nolecules in
the solution organize and produce further ice.
However, seeding sanples in this manner is tine
consum ng and places the sanples at risk in cases
where they are tenporarily renoved 3 WO 2007/ 149847
PCT/ US2007/ 071545 fromthe cooling device for this
procedure and because this nethod of seedi ng may
i nadvertently cause intracellular ice formation. [011]
There is a need for a cryopreservation systemthat
avoi ds the probl ens associated wth the
di sequi l i brium conditions descri bed above. There is a
further need for such a system that does not require
the ancillary seeding step currently conducted to
i nduce controlled ice crystal production. There is an
addi tional need for a cryopreservation device that
facilitates the solution to the above-noted probl ens.
The needed cryopreservation device should al so
provi de means to sinplify its use in acquiring and
storing cells and tissue to be cryopreserved. 4



WD 2007/ 149847 PCT/ US2007/ 071545 SUMMARY OF THE
| NVENTI ON [012] These and other needs in the field of
W@ eopop4s8sEr vati on are net by several aspects oOPCT/URE07/071545
present invention. In one aspect of the invention, an
aut o- nucl eating device is provided for introduction
into a cryopreservation vessel prior to freezing of a
liquid contained therein. The device conprises an
el ongated hol | ow tube sized_for (ntroduction into the
cryopreservatio5ﬂﬂﬂﬂ%ﬁﬁiﬁﬁhﬁﬂgdhﬂﬂéiﬂﬂﬂﬂeating
conposi tion di sposed within the holl ow tube. Both ends
[012]  dheseandotitrs naegissadhe deldmaiiareopieseration @ne maidyi several aspects of

the presen‘ct E@eﬁglgwetlnoﬂg'ﬁ%@%ﬁ‘@ﬁp%gﬁ\'}%ﬂt@n pgﬂ%g%ﬁgkféé ﬁg}égglcs IS growded for

introductiondntosa ng@médwatudmeewey pﬁbleweffre@ilmg)bf a\hqatdectontalned therein. The
Pr ef er abl bot h ends include the nenbrane to per

device compeseHan £l gaigehhallqw ihegsized 6or igtredugtionugie Wﬁecryopreservatlon
vessel andjSH i&En &Ig%ﬁlr%b&nkggltﬁﬁ %fsﬁfd sed vﬁfﬁ?ﬁﬂﬁ{'ﬁ@ﬁo%'ﬂnlges.t Both ends of the

Haey 'S a stero
tube are spaleﬂewhbda wt EHast est endlis séhledokith eshemblaneathabes uanpermeable to the

ice-nuclea Sg%;ipn g@ng)lggqrgrrglrehg(eﬁ%;tht@:ﬁ&Eiﬁcqrﬁé\l{nt@aS@th?rﬁ Eﬁql?l){/pﬁreservatlon

vessel. Pr%'F@r‘aBR/r bdtPEsds FP\fcIJdéethbrFH&%kéHb to%é/r?rnt" ﬂ?&ﬁ'bYﬁ{é %nple liquid into
vessel’'s are provided that nay be used wth

and througiuthe-dawit¢eeat i ng devi ce. I n one enbodi nent, the
cryopreservation vessel conprises a flexible tubul ar
[013] bothe greferreyl emeodimaentntite mé#wct:mélngfcrmmmdwlon is a sterol, and most
to the body

preferably SgleieBby TheenplRatPraiMaK baahResing e e iR af Jay hollow tube or

may be pr&h@e@%ta ééhd l%‘é%@\ﬁﬁhmh@%t% erced by a needle for
drawal of the liquid sanple. The open end is heat

[014] ﬁﬁéﬁ&ﬂe@é%ﬁéc}&a@%é ln%hﬁ'or? ac!i‘?&&eggr\}%%ﬂ viéélQ%?’légg%\h{J‘%&that may

e vessel. nucl’
be used with¢he attr-nocleating devitebid ane mmt;odu'fnéati‘tthé coopréservatiet vessel
erc

comprlsestqjgegslgstggul F)pgt pg?@oﬁ@aé@gm@% a ne dl v ﬁmtrpﬁlgcp gn of a liquid
sample |nt6rtM8!%82%rn¥13§ bl%@e&'%%ﬁccfef&%ﬁpeft c??]ec?ppﬁ)s‘&@rgrﬁf &ehe b%HXe The port is

recei ving and storing a sanpl e, the contai
adapted tchbe pregcech by @l meedi¢ fari vmu@drpwal oithiertooiad $a&mpleont npen end is heat

scoled an e A0y RSB PEBSLE T lsPutES b N A B st evie
is affixed tgﬁhg wftﬁﬁoﬁ?f???ﬁutbdﬂﬁﬂb@dy BiredtGorh ehaiMatsohak it canhebbe contacted
by a needle plercmg the closedgport

[015] In another embodiment, the cryopreservation device comprises a container for
receiving and storing a liquid sample, the container having an inlet fitting opening into the
container and an adaptor mounted to the fitting. The adaptor has a first tubular branch and a
second tubular branch, with the second tubular branch terminating in a tube engaging fitting. A
septum closes the first tubular branch, in which the septum is adapted to be pierced by a
needle. The cryopreservation device is further provided with a tube engaged at one end to the
tube engaging fitting on the second tubular branch and a closure at the opposite end of the
tube.



septum cl oses the first tubular branch, in which the
septumis adapted to be pierced by a needle. The

W@ rooop498der vati on device is further provi ded wW&hus2007/071545
tube engaged at one end to the tube engaging fitting
on the second tubular branch and a closure at the
opposite end of the tube. 5 WO 2007/149847
PCT/ US2007/ 071545 [016] The closure for the second

branch is_injtially a septumthat may be pierced by a
[016]  Aealosureforithe ssaadd P SUREADAASEBIIT §iatdney;Pe Herged by a

needle for‘fr?lf&cﬁjctlomf tﬁ@@ét‘%‘pf@ﬁ%ﬂa%tgqhé Qetéd! 'ﬁheaéont?lner may, be initially at

ow at mospheric sure to ance trans
below-atmeapipénic plreq;suda formhancxeycra?nsger <i>frthe sahwle Vigsisldtom @’m,einge into the
fer t ube

vessel. O%gétr%:%ﬁaledmﬁ geﬁgzlia%s (gh% %%r\yg}eeae(qu branch is heat

sealed an@@@\\’@reﬁh@sttéﬂlﬁ/e%g%é‘Gngfaélhg i offBFrﬁ‘aaﬂrﬁéI%sure for the second
closure’for the second ranch cl osed devi ce nay

branch. Thaetpded daigeerayttbera bersebpaat do arfteetzlwam@trmmngm@tocol After
. After thaw n SYLL N beu w t.hdraw t.h
thawing a Syt mayd (ko kipaER PR RETRtid &g Le e {Rn e frst
branch of @le dduptédaptor. [017] It is contenplated that the
present invention will provide a sinple and

[017] ﬁ@@b@%ﬁﬁﬂ?bt@d tﬁéﬁﬂw%@r&@ént‘ |H9é’rﬁtdnqmll‘ﬁroi/|6§ aaélﬁwple and reproducible
reduction of supercooling in nany different cel

system forfindegtiamgof ie@ phdcradu@m oﬂm@ermxmmgu lo mnamndlé‘arﬂrﬁtceﬂ freezing
ods a

applicatiofS 1158 TyRRfe EoheGTaRE hEfomR Hrcie st S G PRl extracelular

induction ¢faté 8nardls dusifg @pyopraséatie®bstélikcandiisfies B8 tthdlcohstiftion of
mat ri X devices where ice nucleation will occur

solid-stategpatixgavines Whereote nutieatipn #dlk RECUTRROMARAPUSHS e s
several advantages over prior systens and net hods.
[018] Coe peesent invasdionmesiske devefal iaddantaggs ovat podt sybtéme and methods.

Currently, JiEet s O FrofiE ocirE R ag ieeentiatind Bra RERPEREER igoutt o
reproduce®and ke OO bRér-IBBkKES, déﬁ)lteﬂﬁé@%l\%@(bd‘dﬁlﬁtﬂ‘llﬁarbﬁﬁé/ pointing to the
sur vi val many cells and tissues he techni que

enhanced f@eéﬁﬁh@wéwrvw of dagry celiscandh issuesnmorn he eshniasers @ployed. To

el | .
cote, tre T AABRD, Sl Pl R3PS o B afler ot e of o via o
straw wuth@rcmméd Ususwa ko —t 96 € jarhetahbejede s cetton swabgtoeslaboratgagvices

quid nitrogen on a small area of the sanple.
designed tgomgyéqucgg}@pg@ﬂm a small area of the sample. However, even when
performed under optimal conditions, mechanically seeding ice crystals in this manner can
result in a failure to induce a large enough ice crystal to allow full propagation throughout the
extracellular solution, or, in localized cell damage and loss due to the enormous cooling rates
observed in the portion of the sample closest to where the metal object or liquid nitrogen spray

is being directed on the container.

[019] One object of the invention is to provide cell cryopreservation methods and devices
that significantly facilitate the freezing of a sample liquid. One benefit of the invention is that it
greatly reduces the quantity of cells that are damaged during cryopreservation. Another
benefit is that it permits cryopreservation of low-motility and/or low count sperm samples that
could not be preserved using prior techniques.



performed under optimal conditions, nechanically
seeding ice crystals in this manner can result in a
WO 2007049841 0 i nduce a | arge enough ice crystal POI/HE100W071545
full propagation throughout the extracellular
solution, or, in localized cell danmage and | oss due to
t he enornous cooling rates observed in the portion of
the sanple closest to where the netal object or liquid
ni trogen sgray IS elnngireqted on the container.

[020]  Apedier BeacBPidbe PEESeHANYaNOAS dintilsProyidesdyRRregaIvation vessels

I t ;
et are GIAPRISETEIR D 000 ARLedB R BR! el storege subjectea t
different freerpgrirchw @mwmiesnédther bénefite andvajéects of irse invahtion will become

apparent fhary oan S GHTE ot iAol MO AR P S ieh e e e G g NG figures.

permts cryopreservation of lownotility and/or | ow
count sperm sanples that could not be preserved using
prior techniques. 6 WO 2007/ 149847 PCT/ US2007/ 071545

[ 020] Anot her benefit of the present invention is that
it provides cryopreservation vessels that are cl osed
systens but that are readily accessible for multiple
sanpl e storage subjected to different freeze/thaw
reginmes. Other benefits and objects of the invention
wi |l beconme apparent upon consideration of the
following witten description and acconpanyi ng
figures. 7 WD 2007/149847 PCT/ US2007/ 071545

DESCRI PTION OF THE FIGURES [021] FIG 1 is a view of
an aut o-nucl eati ng devi ce according to one enbodi nent
of the present invention. [022] FIG 2 is a view of
known cryopreservation vessels incorporating the

aut o- nucl eating device showmn in FIG 1. [023] FIG 3a
is a viewof a flexible closed systemvial for
cryopreservation of liquid sanples according to a
further enbodi nent of the invention, wth the via
shown in an initial condition for delivery of a
sanpl e.



[024] FIG 3b is a viewof the vial shown in FIG 3a,

shown with the vial end sealed. [025] FIG 4 is a
wW@erspesti ve view of a cell cryopreservati on dewi/og2007/071545

according to another enbodi nent of the invention.

[026] FIG 5 is a perspective view of an adaptor used

in the device showmn in FIG 4. [027] FIG 6 is an

expl oded vi ew of the device shown in FIG 4. 8 WO

2007/ 149847 PCT/ US2007/ 071545 _ DESCRI PTI ON OF THE

| LLUSTRATED ENVESERMERREIQNLAT THE FIGHRES noses of

ronoting an understandi ng of the principles of the
[021] Elﬁehtsi aniew pkaragitcBuQipRlinghderipe agaarsindta eree embodiment of the

. iments illustrated in the drawi ngs and descri bed

mesenhnﬁ%ﬂ&%he following witten specification. It is

[022] Hgg%{ss} %?{ldqvég g rbg%%mrgﬁ%%qﬁat I g _iotrloyé§hsglsrs ﬁgsfp@?gtirﬁgh%e auto-nucleating
device shaiiidey BI@od that the present invention includes any
alterations and nodifications to the illustrated

[023]  E[Osh LR hBgLibrIgssdd Egétéﬁu \ﬂﬁpﬂoir %ﬁ{ggﬁ’%@ervg’ﬁoﬁ Hfliquid
principles of the invention as would normally occur to
samples aooerdsig 1d & turihertemebadimendoiviecinverttion, wittvieatvia shown in an initial

dit 1ﬁertr’;\ins. %029 IIn one enbodi nrent of the invention, an
condition o, H§IINERE OF tﬁaﬁ']g‘goﬁevi ce 10 is provided, as shown in

G .1, which jnvolves the f conpositions capaple
0241 BIG; 32 s tclcinet Gk Vi shouiCi i 2. SRONN il (Raderand sealed.
invention, an ice nucleating conposition 20 is bound
[025] FiG1his 2 pREsPecyve Vigveofia cell Ceyapsesasvatipeaeyiog@ceerdinghto another

embodkn§§t8¥ﬁ%ﬁhog i&{rbodiment, the tube is forned of plastic.
sufticiént amount of the nucleating conposition is

Ephroduced into the tupe tq forma,solid, matrix .
o261 185§ RErsslvaiab 8 iabBhsRe 30 et ShPwndn Fie- 4.
ube. [03 In a preferred enbodi t, the
271 Rl &7 gheonpeatay ob L IHCE sEPRR e ot et o of
The use of sterol conpositions, and especially
chol esterol, is known in other fields, such as in
chill water systenms, as shown in U S. Patent No.
4,928,493. In these other uses, powdered conpositions
are di sposed within a container for exposure to water
to assist in the formation of ice. As explained

below, it was determ ned after experinentation that
crystalline cholestero



was non-toxic to the sanple cells and |iquids being
prepared for cryopreservation, such as blood, stem
w@eio7/1¢8kut i ons and senmen. [031] The ends 16 oPCT/H82007/071545
tube are sealed with a sol ution-perneabl e nenbrane 18.
In particular, the nmenbrane is perneable to the
cryopreservation liquid and inperneable to cells or
tissue to be preserved. It is inportant to nmaintain
separation and revent d| rect _contact bet ween t he
cel | s/ OERGBIE A THE IELUS D EMBELIMENTS
menbr anes at each end wi | | aI SO cont ai n any
[028] ERbthespwipeses pfpraanetindnan unegrstrnding géther WﬁQIFPi@StOUB’@ invention,
t
reference gﬂfrjrgcgo{&ﬁ) éd%tt}?tﬁ:er ¥r§1?)?hﬁner§t Somsl r%p%of{ﬁan? d[rﬁ\% rﬁ# and described in

the followun@ mrtt@n&ge@rfr@atuoﬁ r eates uhbemtedd tHze norliitsteeo\the isedpe of the
into th 12. The tube and the interstices
invention 'ﬁ ﬁhQrﬁEyé@?PGGd m‘it'$ M”‘rﬁfdﬂé‘&f $tagd éfaﬁﬁibg iPregant ipyendipg dncludes any

alteratlonsg%%ﬁffﬁg%b&&% h%gg@éﬁ%ﬁ%ﬂﬁ&{ @%Efs %ﬁ fsn%fude% ffther applications

of the prineiptes-ofuibé datantign deswaowd Tormsllg iozedr tbooneeskilledt mdtherarbtoawhich this
opreservation vessel such as a vial 30 or a bl ood
invention FH%{K? ®, as shown in FIG 2. The device may be free

hin the vessels or nmay be affixed to an jinterior
[029] HU@'?%@@boﬁﬂrﬁ%%t efr{Be davaniien; anianteAHe/gating denige|10-sisavided, as
shown in If’lt-}t G] (i an ﬁ@glfvgé'ﬂ?é bQé‘ of bém%ggﬁloﬂgtca[ﬂﬁﬁlg 6@%@@?86{?{%%
accordanclenmttemd pnegeahldvénlﬁtﬁﬁﬁm ine mesldatingicamgdositionT2®is bound to the inner

servation S be fi
surface 143574 Rl prapccheds: 3f agtelhried qhgodmenolhedubs isiraied of plastic.
A sufﬁmen% QHHUnQBf tH@“ﬁtﬁ(ﬁeé{ﬁgi Ehbasiflon ?sslntrbaulfé@Wo it tUMR t%rfbrm a solid
while the device 10 remains within the contai ner.
matrix withdio theatulerwiBile permiftingsliquich@awsbtgught tbe tulbe.a
cryopreservation protocol. Since the cryopreservation

[030] In gpreferrediemisadimaot, thwrmbldalnlag|oompmuilmslongstalllne cholesterol.

sition. 20 within the device,

The use Ogi)t@nFR BHRESIYPNSo AR ﬁ%@?ﬂ'é”l{ ﬁ'%o'eﬁi?é%' @2'“%9“"”{ Reothgy figlgs. such as in
chill watertjsgstgm{, c?s' SHdvih U FEHBRY 19604 b8 49kC Anthede 81‘?]%" LI8EE Soowdered

of f the tube 1 nto the surrounding sol ution,
compositionssaretdisppsed Witio A eantainet far @@loBu@maa@rMawshm the formation of

ice. As ex!p!taérﬁéi p%]{gwn gtnwaT @g%?r%ﬁ)r}écg%%an%@gr%@ &]aﬁg tr—EﬂL'\r?er cholesterol
was non-toi€ § tHRXaehp I'é&ﬂélls%@ Iﬁﬁﬁd@ﬁ@iﬁg@eﬁ@r@@ﬁﬂl Bﬁlobhé!atervatlon such as
chol esterol physically bound to the inside of

blood, steroragd- S@ﬂldit%@ea $¥/BER. wi | | induce ice nucleation. In

[031] The ends 16 of the tube are sealed with a solution-permeable membrane 18. In
particular, the membrane is permeable to the cryopreservation liquid and impermeable to cells
or tissue to be preserved. It is important to maintain separation and prevent direct contact
between the cells/tissue and the ice nucleating composition. The membranes at each end will
also contain any cholesterol crystals that may dislodge from the tube and prevent the crystals
from contaminating the surrounding liquid. It is also important that the membrane permit free
flow of the cryopreservation liquid into the tube 12. The tube and the interstices in the solid

matrix nucleating composition may also be initially filled with an isotonic buffer.



this enbodi nent, the working sterol solution was
prepared by adding 0.025g of dry cholesterol to 3ml
w@Roong44sanol . The resul ting suspensi on was t hePCPpUSeT071545

into a 70C dry bath and agitated intermttently until

all solid sterol had dissolved. Comercially avail able
vials were coated with 100pl of the sterol solution

and placed in the dry bath at 750C to all ow t he

net hanol to evaporate, and to achleve chol estero

[032]  [Bisgeauclealingsievited & dezedin beplaced aiaa Cpyppreservation vessel
such as a (/lan%%r‘%f tSI?g b%b Ag%g%%ﬁev\% R FIGTeS, Tﬁ@deﬁg&% yce}‘rce)e within the

'oose crys sol utions o
vessels or(may be;ziﬂil)ceaite an inygriaradurtaper 1Biheathecdgope ssiateratedas a nucleation

site for iceggMatgmat GQER A &%@4@?@%}?@%@&% IR ESRECiT: eEBOdiment, the tube 12

is 0.25 inchES IHPaNE D DeDBahed L d¥medt. ITHE éYo @emeﬂi&we\/és@eﬁmay be filled
sterol” coated vial and in a non- coated (control)

with the partiellar Specitigneressaspiei and aalryqrigeervaion sohition, where appropriate, as

is known ||%@L1ﬁ g?\gﬁﬁ’e %\ésg)e\gﬁ%aﬁiemainq Wgﬁla] %iggﬂpz%n% ¥ escontalner 300rd40is

then subjedRidl 004 ef/opBestdvatiort PrRIGEFOSM R e ?PSpreeefAtion liquid is in contact
intervals to allow resolution of the solution freezing

with the icg iugteating cormasion 2 Withl thetdavicedea Wil sranéarseushofopm inside the

tube 12 offtrg?é @82@ m@’ rﬁT (tl%ﬁ%l Ca%@qé‘r?ﬁé r{qo%é %‘?B{Q}E%*ﬂgﬁztooguild off the tube

into the sugioxanelrngl sdlbigorf, resuting in Peezihg \¢hthdcghsuspmdidnwith little or no
nper at ure change during heat of fusion (AT) was
SUPerCOO"P@&”@e’B'W’B?' \ptracsliuidiged8mIRYIN -t he sterol . These

esults are summarized in the follow ng table: .
[033] msmlﬁ@emrbome@o arfsst exnaresent esigned to detergine that

cholestero?péxés E&ﬂ eIyl t’?%ﬁ & e%&&é’f c&gérsgp a]g% g#se% ?/ﬁl @dic%%e nucleation. In

this embodinteht,Ghe Maorkitigedtedl s6luyi oarwds prépadfed By @dding/0.925g 3f Gy cholesterol
039|] In this experinment, sone sloughing or chip

to 3ml of r@fPtL@ﬁ@ CTQ%E%U@WF)@B&@”W tkterwlacem H40 IauKQ"@hdryrbatﬁ and
agitated m&&ﬁnu{t)éﬁg ﬁlﬂﬂ'%lll%i‘%gt ! oﬁlah%c?gss' Efe&egz rﬁlﬁ?elr'-l: é'lfg}/élfbble vials were

conta

coated witH “I@O?l gﬁtﬂe%l}t@f@é %gr)%ﬁbn Al REbed IrPtﬂeQTry aén 59’?‘5@('3 & GRow the
methanol to evaporate, and to achieve cholesterol recrystallization and adhesion. Vials were

then rinsed with 1ml of PBS, 2-3 times, to remove any loose crystals.

[036] Next, solutions of 6% glycerol (to replicate a typical sperm bank cryopreservation
media) and 10% DMSO (to replicate a generalized cell-line cryopreservation system) were
prepared in PBS and were evaluated by cooling at -5°C/minute in a sterol coated vial and in a
non-coated (control) vial. To achieve statistical power, 20 vials containing DMSO and 12 vials
containing glycerol were evaluated. The temperature inside each vial was monitored using a
thermocouple at one second intervals to allow resolution of the solution freezing point and

release of the latent heat of fusion.
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In order to address this problem one enbodi nent of an
aut o- nucl eati ng device 10 was provided in which a
w@2®@3/1498¢h hol | ow tube was coated on the interPOr/USEINT071545
100 pl of sterol solution and allowed to dry for 48
hours. One end of the tube was sealed with a perneabl e
cotton plug, while the other end of the tube was
attached to the inside of a vial lid using an epoxy
resin and allowed to dlrl%dfor 14- 24 hours. The st

[038] Wag rg%gtsgq{éalst@(p,e@@?eqt i |g%t§ﬁdhatclﬁ@oégwgp angl glycerol the freezing
point was ?@Eﬁ#ﬁ%g?ﬁ@%rﬁ;ﬁéﬁaﬂﬁ}%‘i‘éﬂa y@ dlﬁl tHddt o‘f‘l[rLbs%ﬁ (‘L?'Ir'] PRESTEQR ed for vials

into ma tact a secon
coated withXIpestemlntThé&mmutteHmwsummarrzedpn ¢isefolledingstatde:t hi s
aut o- nucl eating device 10 and was specifically

anal yzed to determ nFRBEZING RO T anpl ¢s AT
cryopreserved in accordance with the present invention

Sterol Codtéd: BMY@her post - thawasghi{ ypyct han semen Trgzgn. 1 29 °C
usi ng standard gonf i gurat| on vials. In this

mt,—disgar ded gt T, sanplies (20 n_pi °
Non- COGt{d‘ §wéonors) were ob?gléﬁedggﬁc\/\ere pI aced igt%")‘ci;j _8.4%% C
H f\ Do\ fAr 2. &N
1 I IIbUUCll J J\J/U T I} T Ul \v) U °
Sterol Coa[treqTCE ger T quef | ec?ugz)'r\"éeﬁpGuefl ed| the sgu%l £d47°C
were ndl usted to 5ml using isotonic PBS (equi librated o
Non-Coatgd; @Y@?robnd evalluat ed 193336 4,01 c@rrput er | assi st éd4skRd] “C
anal ysis devicelto nmeasure and record averall initial

count and notili ty. The sanples were then
equilibrated to 6% glycerol in a TEST egg yol k buffer
[039] trhitheigkperim&D, 200/ sldegiirg BCThipgBr@pat toémydéiala; (and some degree of
cssolutorg e SIS RS ledl B SS He S AR 28R BheSinaton
(possibly cﬁJedlnCt%PPﬁi el diddidte bi’ails@al\’r*nﬁhlpﬁpdﬂoﬁ' df'tﬁ@ ch%lrﬁje%'a%@j the solutions).
a standard vi al be manual |y seeded
In order to(mm’ass thés prailero| pne aﬁd)qota)weat eft amdatodnudlaatinghdevicedd was

provided i YHFES 05 B HEREN Pe W GIES ohiBR inetiar wi 3o gt stero

solution archQI'IdWed [PaA3E4BMouBs: Onle erfdMthB tubé Wels sedlédWitRS Bérmeable
a cotton swab that had been soaked in |iquid

cotton pmwah'lﬁg@@ Othza%eru@&@BtheotUbﬁuwaSaa@a@wd‘;Ortbenmﬁdﬁef Awfirlaid|ysing an
epoxy resﬁea%%eglo\(/vead to dﬁ/ 8% I@gd'aga rg. gﬂ%l_s{%rg(}/é]éjagglgﬁ%% \;\%ﬁg ep the bound

Mmens Were’co m na
cholestero+ Mseéﬂestéﬂﬁ erlfi\ﬂrdharhemtmle still allowing solution (but not cells) in to make

contact.

[040] In a second experiment, human semen was cryopreserved using this auto-
nucleating device 10 and was specifically analyzed to determine whether the samples
cryopreserved in accordance with the present invention had a higher post-thaw viability than
semen frozen using standard configuration vials. In this experiment, discarded human semen
samples (20 samples from 4 donors) were obtained and were placed into a humidified 37°C
incubator (5% CO2, 95% air) for 30-60 minutes until liquefied. Once liquefied, the samples

were adjusted to 5ml using isotonic PBS (equilibrated to 37°C) and evaluated using a
computer assisted semen analysis device to measure and record overall initial count and

motility. The samples were then equilibrated to 6% glycerol in a TEST egg yolk buffer through

11




increased to -20C/ m nute, and at -80C sanples were
plunged into liquid nitrogen (LN2). [043] Follow ng

WO e@ea498¢7 the sanples were thawed by pl aci ng BPET/UR07/071545
bench top (corresponding to -300C/ mn thawi ng rate).
Once the last of the ice had nelted, the glycerol was
then diluted drop-wi se over a 10-m nute period by the
addi ti on of PBS; sarrpl es were then washed and

re-suspended in cer free PBS. Finally
a step-wisg&dd tioRRPSe @S¢ %OW'% ROUIPTAtigNaeAsR Eﬁ’é‘lp};e Wé%dd}o@ed into three

1.5ml allqggf;é; é"rH]QieE)&éflte%tln oeﬂjta \ﬂ?le?d?ﬂé'lﬁlr{@gtb%d VG (Qf%gs?%hdgrd vial to be

aw count e resu
manually seededdpositide epptol)namd (3)redsteaded viabwheampe® fecememo seeding
usi.ng, the auto- nucleating device of the present
(negative ?‘m}@ﬂ}i on retained significantly (p<0.05) higher
notility (66.1 4. 7% mean SEM than those frozen
[042] Adisagplehwalre paedd n@to(aeomrolmdawe frlezer arbdoolgd from 22°C to —8°C
approaches were significantly hi (p<0.05) than the

at -5° C/m@ns%f@%ré’dmlm@tggtaﬁvﬂs Qo@tGQﬂonsﬁsW@b th(aqlg)eqan spak%j iagquid nitrogen

v s IS S TSR S RO S5 5 RGBATAT vt ot
8°C, specPr‘EéHéqN&léo&?‘q?%cﬁ r%géln"g’c“—'ﬁ) BT RANGE éﬂ)&\/n YL Ay eﬁéc?ffh% rate was

on senen over an exten peri od of t

| L l I
rresac ) PRS0 aydereascpune gy mnps o

[043] [io oyiing Thez il Mt 8Bl wete et Tbagld &F KR B

(corresporitlnﬁlgltd ~BOOAC/BYih EHaihg rafdl) eUnc@fthdllésﬁ(ﬁf tﬁ@[ﬁeﬂ*?éd wieltd, the glycerol
bound chol esterol on human spermat ozoa over 8 hour s’

was then @jluted,ffap-wise @ueria Wmnufterﬁermb)y Mecaeditiornaf BBw; samptes were then
washed argcge e{ El?spﬂar %‘[%%qh glyb\é?@tﬁ'é){{j%ﬁndl@ﬂg tsra%erﬂg?]%rg 'n‘?du%rated (37°C,

an us manua
humidifiedmmdjspgem 5% Ced5% aI|r1)1f@rrmrlms:ltbn\é(hcﬂﬁ@?{olw&@luatlon of post thaw
PCT/ US2007/ 071545 cryopreservation procedures. These
count and exqidity.ment s denonstrated that sterol-induced ice
nucl eation is a consistent, reliable nmethod which can
[044] el vesulsupfethiscagcond mqperimwrt afdicaded thatiezenplae frozen using the auto-

nucIeatingacf’qsi/i)lcss:einrglfI tgg qrrggérgt IS}Q%CI’]E“%%SFEEﬁl,In é g% [c%taﬁi Zpi(gb%fﬁfgﬂgr 1fnlgj(?ility (66.1 £
4.7% meah @SEWBQI’\@@'H@@%% lii8§ FhdHL B ¥EBdINYI (56.00£B8%). Both seeding

out comes. The device
approaches were significantly higher (p<0.05) than the unseeded, negative control samples

(43.4 £ 3.7%) as determined using analysis of variance techniques.

[045] In a third experiment it was determined that bound cholesterol would produce no
cytotoxic effects on semen cultured over an extended period of time. In this experiment,
liquefied semen samples were exposed to culture plates that had been coated with 100ul of
the sterol solution. Motility evaluations performed at 1, 2, 4 and 8 hours of incubation showed
no significant cytotoxic effect of direct contact with bound cholesterol on human spermatozoa

over 8 hours of culture.

[047] Thus, the auto-nucleation device 10 of the present invention is demonstrated to yield
better post-thaw motility than using either manual seeding or no seeding in sperm
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and nethod of the present invention allows the sanples
to remain in the cooling chanber undi sturbed

W@ boooogiseut the entire duration of freezing beREUES2007/071545
there is no need for the manual seeding techni ques of
the prior art. [048] It is believed that the device
and nethods of the present invention are particularly
suited for standard, conmerci al spern1banking nethods
In a standard commerci al sperm bank setting

CryopreseyaHaN FEOGRALIes. oEE@%%%&X@%ﬂ?ﬂﬁe‘#%’ﬂ@ﬁ%ﬂ%@ﬂé@@taﬁtﬁﬁ% '%Jced ice
nucleatlonrlﬁe Ca‘@%%féntahél%mé ﬁféethcﬁcp\%fcﬂl éfﬂrerdﬁgé sﬁ@%*do‘&ﬂnﬁ anbQherefore

at can achi ev
reduce thd adsmcited yapitincreasb &l ieswperaturatfoltdvengtles &resh’ ov eet crgstal
servation of. s

formation i< REe FURE ERUIER QOLIBRaTREA s RIS QUL BRTPruiomes, The device
and methdoh@f tﬁé%‘?@éﬁnt'|ﬁ\>@ﬂbh0d]lo%ﬁh§%%mpﬂes %JFeCrﬁﬁﬁle'thé bS@IHd‘éhamber
and recovery of sanples wwth low notility that woul

und|sturbeddhrmlghpubéweemmredhmmlcm ohireeziog bpoauge tHene 9§ no need for the manual

rl t he ice 10 and net hods of the present
seeding techO'@H??ﬁﬂ?ﬁaQ 'W?fé significant inpact on the ability
|c st em and/ or

048] [sie Bl S e andPranons of et AYENiAn akgsparticularly

suited for §t9hd§@”'ébﬁﬁné’f‘&%l SHEIM ‘b‘aﬂRantm%oH@r Iﬁ%eéigﬁél@rd commercial sperm
I nfectious disease screenrng as well as HLAtyping to

bank settingmpeyfsanneds a@ pupessed \aadutmme/etaﬁermstr‘amts pparat @hways allow for
controlled E%rpcg??ilﬁé\%gér;@?% gfrﬁ%r\{cﬁ mgggﬁ%ns %}1’%3‘? th%@goratory It is

believed titeh@préded ifention Pehthits @ép@établ@f@y@@@béwa@loﬁ WishhPles with
hr ough di sease or iatrogenically via radio- and/or

outcomes &Iﬁrﬁ%@ﬁ@@' &P ent'\itgg:éﬁtquys 'ﬂl@ﬂé&@nn@eewfﬁéeﬂtslnlﬂaﬂ@rb@@h enable
successfuﬂfg%{zg@@ gnﬁlﬁé@é\\gelr? %ff lsgt'n[[}ﬂas \Bﬁﬁ%‘?%{qiht iha e ﬁ!o\?@&#r&r/‘f?&]ly be excluded

'ty to preserve
from donoft poole’ progenitor cell populations (e.g. cells
expressing the CD34 surface glycoprotein) potentially

[049]  BirildAyZ &%e HEGce Otald Methods ¢ffthé fp?eéérﬂwérmﬁh@ﬁay Bhle significant
suspensi on. However, because the vol une of

impact on thgpleiity tp sé@r@ﬁwelrasgrwﬂﬁcmergmm@twﬁi@m amH@r Bwgesikor cells (PCB

HPCs) in a?gdgﬁb%g mét \ﬁe %Pgﬁ?ﬂgﬁé 8ﬁ{ja:dﬁf§derﬂ$[qn% q%%sqﬁgﬁ mf?ctlﬁ)ys disease

screening asdvelpds RiRA typmgrtbemepmm OB/jopeskseri stiorPSiferdehée \opPortunity for
HPCs much nore critical than in the case of other

preservingsRguBcdarived Hipes frona ngongiaheatieits ywo mayikenefibfrom grg therapy, or
who are atTrhsEk dﬁf‘éé@& ﬁ"é)?e% | grln%ﬁ%ﬁogﬁt nEf‘@n F{rﬁtﬁegﬁ;diéfe%r%@rgr'ié’t%genically via
radio- andmrmprruﬁleena@yl ﬂecmmdy,rlecmasrr;g eﬂfor@bdmve:lbbermdtrected toward refining
progenitor cell selection methods. The ability to preserve these relatively “pure” progenitor cell
populations (e.g. cells expressing the CD34 surface glycoprotein) potentially minimizes the
total volume of the transplanted cell suspension. However, because the volume of PCB
typically acquired is much smaller than bone marrow samples, limited numbers of HPCs per
kilogram recipient weight can be obtained. This makes efficient and optimal cryopreservation
methods for PCB derived HPCs much more critical than in the case of other sources of HPCs
(e.g. bone marrow, peripheral blood). The auto-nucleation device of the present invention

produces more efficient and optimal means for cryopreservation and recovery of such delicate
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13 WD 2007/ 149847 PCT/ US2007/ 071545 sanpl es than has
heret of ore been available. It is believed that

WO piozg4wsT on of the device 10 into ongoi ng r eREED8IN07/071545
and devel opnment of inproved cord bl ood stem cell
cryopreservation nethods wll result in a unique
approach to preserving this cell type w th higher
recovery with |less |abor. Experinmental protocols have

een devel oped to verjfy the viability of the dev
samples thatyhaghaIRIOR besr aypidada: If inveslieved t%/@]t ipfggration of the device 10

into ongon&ﬁé@a@@éﬂ&ﬁb%loﬁ%& Atier ﬁHHrOQ/@H%oP(? BRibd AemV &l crg?;?roereervatlon

senen used commercial artificial 1Tnsemn
methods Wik cedult inesunifhe spppranhdogiresenveng tthesceli typd with higber recovery with

less Iabor GBREATEAE PURIPERISTRYEHAPT S arapect Rysie Ve wabliby of e device

and methddé &feh& pPEsEht idVEP@bnAn thE &r@/%bre%‘e?\%ﬂonocﬁf POB dHesSHblood, as well
i nventi on recogni zes that cryopreservation of various

as bull seroen diskd do doaenréreiad agificial msegmnaincm facdltles rfingse gvjatocels are

described ﬁ}oﬁ'%geett%q]evley Se?%rrehggg 86?1‘? %Bﬁglg%ugq 'ﬁﬁ Eﬁ[gﬁé@& which description is

incorporatédihefdlh loy réf@Rcer ocedur es. For bank| ng and storage
of multiple cell types derived fromunbilical cord

[050] WfGHHer hdpdrryr e t‘é@bhﬂ?ﬁ%ﬁ@or\*?&:o\gﬁfz)és‘?{hﬁf &*ySBFeservatlon of various
freezing prot ocol s i ncl udi ng fférent cool i ng/ warm ng

cord bloodrderived stem/pregenitectailsirogy recmnreeeoreplteheiy diferentyergeeaderes and

therefore fidiang B kblalitch S s S E e St einapboR R For

banking ambidr84& of Fruhs c@lﬂi%)e‘écderﬂr@td fedrh @mBigal dofd Blodal it may be
cooling rates or be used in the different

optimum te Héﬁ‘d@ﬂédlffW%ntserﬁ}'ng protecals Bxlucing giffepentcenelingyasming rates.
Current te%ﬁr#cﬁggg rel @gﬁ Pﬂ&g{rg@e‘?ﬁ’@ ﬁéés ts%{ﬁﬁ% (/\gtbghﬁlzigtér%rﬁa?ﬁ?&s, or vials.

However bmhln @Iﬂtrm systmn@mase ssibsisintiavdraszieks.s Th[a@ﬁt;uhprécchamber bags do
rcome this limtation, a further enbodi nent of

not allow fPhQ@‘ﬁffPrHr?OPEQQ RSSO (%PA%F%/%%%@M/H}Q @ﬁe(ﬁé§§8ﬁmh‘?rﬁi h¥'a|S by

t
emselvet o8 SULAE BB SN Bl rl LR s a e
sealed ovdratnapen usedathat applicatien ahdhfochazaencarsprognide fseasiéiné samples.

protocols in a closed system The vial 50 includes a

[051] Toeviekdané thisliaitatiodya th\e’rmocarrmt bf e inaéntioreresitdbs in a
The port is seal ed, referabl the same_material as
cryopresertVﬁgop I@ﬁ@l"@”ﬂ%@m ] ﬂ@@“%@i@%ﬁ%ﬁyﬁtg%‘éa'&ﬂwd'ﬂl{ﬁt"@éecbiﬂ FIGS. 3a,

b, which a?%ﬂ%%ﬂ% SamPle RSEPEHRBNedh SBHAAM DRits BRaTAITRhUsH] Bffferent
protocols in a closed system. The vial 50 includes a flexible tubular body 52 having a port 54
at one end. The port is sealed, preferably by the same material as the flexible body, but is

adapted to be punctured by a needle for aseptically withdrawing the sample after thawing.

[052] As shown in FIG. 3a, the opposite end 56 of the vial is initially open to permit
introduction of a liquid sample. Once the vial 50 has been filled, the end 56 is closed, such as
by a heat seal strip 58, as shown in FIG. 3b. The closed system vial 50 is then available for
freezing and storage of a single unit. Optionally, but preferably, each vial includes the auto-
nucleation device 10 described above. As shown in FIG. 3a, the device 10 is preferably
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[052] As shown in FIG 3a, the opposite end 56 of the
vial is initially open to permt introduction of a
WO p@airghsganpl e. Once the vial 50 has been fillRC/US1087/071545
end 56 is closed, such as by a heat seal strip 58, as
shown in FIG 3b. The closed systemvial 50 is then
avai l able for freezing and storage of a single unit.
QOti onal Iy, but preferably, each vial incl udes t he
- nucleatlon device 10 descri bed above. shown
adhered tq Wepp@r wall of Hie bedy e sedhatsit ﬁrrgqt@(cggwblﬂbx,@needle passing
9847 PCT/ US2007/ 071545 adhered to the inner
through th\%&%ﬁé. the body 52 so that it is not accessible by a

[053] co%?éﬁt ﬂgﬁg‘fgﬂ%g{ tlﬂteﬁ}g&\r}sot %g%r%séﬁ erét?cgdglgnetn& n{asy be used for
multiple fr@éﬂwmlamepvbtms lredigsrete tojo-contbiners. eTfﬁu§eamértrér@M vials 50 may be
otocols in discrete cryo-containers. an a

supportedém a\f|xg.pr§ wigh theyonRn erq gg@rvlaggblprfoglnmogpgy@ af mqlttpﬂ%ayquots of the
liquid samg[éer\/\/ﬁﬁﬂ hayalis ﬂpéc? t@@rcoh‘é%b@%g 'e?q i§ egiéldttbRJrSWde a closed

uots of the n eac
system vidi ifd)dcerylopmber\xatxonespondl ng end is sealed to provi de a
closed systemvial for cryopreservation. [054] In a

[054] frua flrétieregrhiosdin®nit odthet in@entivrg i ¢rgopredervation device 60 is provided,
reservation device 60 is provided, .as shown in
as shown 1 KIS A6, thaﬁafrtwrsarﬁehﬂ%ﬁ RBIRTPress PhRbtpiNi:a saBTDle and preparing

it forfreezi‘?igt oy H@v@% it &5‘6 nt%rr?e‘?%rngQed Ec}jréc%vef trh%qﬁ'uﬂ?%ar:ﬁﬁ% The

vice Inc cont al ner to receive
container 62 mﬂlwdamrplrﬁet fﬁlmg Gg@mba'ermd. 6% sinownidre B1@N6, arl atito-nucleation
64 at e .end. shown i Fl. .. a
device 10 mﬁyob% ReNE SO 466 Foalh reﬁrﬂﬁgp%@qhﬁt'rﬁsbﬁ%@a'h"m 0 the
ontai ner. through the inlet fitting hq
[055] Thmle? fittipg ﬁ@ce?'\é%“eﬁ‘(} @gaawré%ﬁh@wne@ deéﬁi'de 15 5¢ é'fhﬁ adaptor
. r. I
includes ag@?’gﬁl @r?u%é' q@ﬁ?hﬂﬁg%@tzl% g'i%é% tﬁﬁ%nﬁgl&%\)\nn Wé’wh flttlng 64. The
lower portion!| 68 mhbiytie sepléd to fFeeinlet dittirg y=ing aore;ﬁn&ym%elaésealaige@r other

inlet fittin a Xy, or at sea
sutable mgAN {aTaHrov Ehic &b P SR UGN SR LR HE A s ARG 62 and the
adaptor65'qu' d-tight seal between the container 62 and the
adaptor 65. [056] The adaptor includes two tubul ar

os6]  PRAABRLiEk B AR ARER-O87 LEORISIAS LHher Y erminates i
an end poriept881tha i Edriligubed tolbregage ameedle septum 72 (FIG. 6). The second
branch 69 terminates in a barbed fitting 70. This barbed fitting 70 is in sealed engagement
with the end 74a of tubing 74. The free end 74b of the tubing 74 receives its own needle
septum 75. Both needle septums 72 and 75 are configured to provide an air and liquid-tight
seal at the end of the two branches 67, 69. Moreover, the septums 72, 75 are configured to be

pierced by a needle in a known manner and are self-sealing once the needle is removed.

[057] In one specific embodiment, a tubing clip 80 is provided to stabilize the tubing 74
when it is engaged to the adaptor 65. The clip 80 includes a portion 80 configured to slide
over the branch 67 of the adaptor and an attached portion 84 that is configured to slide over
the tubing 74, as shown in FIG. 4.

15



branch 69 termnates in a barbed fitting 70. This
barbed fitting 70 is in seal ed engagenent wth the

wWe e 7/i4m40f tubing 74. The free end 74b of theP€UDB29G7/071545
74 receives its own needle septum 75. Both needl e
septuns 72 and 75 are configured to provide an air and
liquid-tight seal at the end of the two branches 67,
69. Moreover, the septuns 72, 75 are configured to be

ced by a needle in a knowmn manner and are

tindr

[058] E@?fCQQ RZ 8hite arierresenadion devicedRL i§. Size g be feeaiwed in the
standard gggg:lbftbﬁ ?ﬁé}gtd}‘%ted t@ i?‘a‘r‘@)‘] QarfbI $Brlell §arﬂé%}é'of8tf9ﬁgéﬂng and

Ize tubin I'S engage
eventual traui/ajpgorlt ié&:onTémpleltqutr&@ semeﬂahdlesh eryppr&semvnat‘&m devices 60 carrying
ured to r the hranch 67 of the

cell sampI§S FoHTE SoMIEAR SOHGRMEN e dsatl 1 8 me] g A reseszator. In

use, the dé\MSé 60t|§‘ﬁ1|t‘ié4g‘§lgrea4m tA6 cORfAYratifn BshEwndn FI8. ¥Q i e., with the tubing
2007/ 149847 PCT/ US2007/ 071545 [058] The contai ner 62

74 projectiof) udveardrfrasp thes eel aontaineddseld.c Tee doapidrAistsizdskso that it does not

extend bey Gk clfeitistd ik on k2l FRreBreBINIG nffire win he

storage of@(ﬁéﬂl”k@'dé\hﬁw 60 Thé tiitsing 7atie ¥pbahedith Badlensiarar @*teﬁ@@ Butside the
opreservation devices 60 carrying cell sanple

vertical enveloRea IbraRYicasUndRe f8g JSEIORSIRSERINERare RIORREY aég@ed the tubing 74
wil not int G s SR BefloontdheS Mo d\erIRVI GRS deswfhd Bldidrrec

i guration
embodlmemtnhlstdwtémblat@j théd the @jbied Tagvill pediettitie sothétet cah be arranged as
container itself, The adafﬁéor 65 ijs sized so that it
”ecessarydeeaé’of%'ﬂ“teré%&r@n\ﬂ'%Q%?rﬁd?oﬁ N¢isrG3 e save 8ge caftop separator.

contai ner_and therefore will not interfere with the
[059]  dhertulyegdrt isreierablk deyiela e anemditional feasaiy nparcular, the branch

69 and thesgt‘t) e\@f thBr@ ff%%éé%rﬂfﬁhﬁ%ﬁ cSHfa?ﬁ&eG% g@theV vd éﬁ Thus, in

enve ope evi ces | carton contal ner

accordancereithptheperielsgniinigntésh, thé dexible mu©|r@474 wdy bélmampulated to permit
interfere with other cell containers. However, in
introduction Qf & pewlyexiiacted ¢!l %ﬁ@p@lp%the&mp%nfhls intreduction occurs in one

aspect by ?%’F&ﬁgﬁﬁ@%@ B @5 fiftfa heBbRG H sy adre %tgﬂnﬁ’g @ Rcted liquid

can e arranged as necess
sample. Altetreativety, tige wpthlrmi’ﬁema)cbeiremoealsleﬁﬂ)m tthe bed §4t|mfekgg flexible tubing

so that thef Sy PleI Y B |AClagt ey haduRe fitok PEGdP Pidge a
membrane,br F?Péﬁfher@%sé”t%etff&ltﬁé'hfr’&ﬁ@‘ﬂtﬂd@l |!%\Sﬂes7fh|é §te%9c§¥gﬂlf|ﬁ§; he container 62

1 ng the container devi ce .
since the tabmrmb@ maripulatesl gs @@@&sarmwél’ue thencontainer revaisisan the egg

carton con&é‘Rerng 74 may be manipulated to permt

[060] Once the sample has been introduced into the container 62 it is contemplated that
the branch 69 of the adaptor is permanently sealed. In the preferred embodiment, this sealing
occurs by sealing the flexible tubing just above the barbed fitting 70. Once sealed, the
remainder of the tubing can be removed since it is no longer needed. In one specific
embodiment, a known pinch sealing bar may be used to simultaneously flatten the tubing, heat
seal the flattened portion and sever the excess portion. This sealing and cutting preferably
occurs as close to the barbed fitting 70 as possible so that no remainder of the flexible tubing
74 will fall outside the vertical envelope of the container 62.
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introduction of a newy extracted cell sanple into the
container. This introduction occurs in one aspect by
W@R@ra#9sg7 t he septum 75 with a needle of a syrPEmES2007/071545

containing the extracted liquid sanple.

Al ternatively, the septum 75 may be renovable fromthe
end 74b of the flexible tubing so that the sanple may

be injected directly into the tubing without having to

ne. In either case, the flexible

[061] ﬁu%pﬁ@'raﬁefﬂ%ﬁ:tlth?lsﬁﬁlé@g gRd §U§t”@pStSPS Pt semgramige the sterile integrity
or closed, ‘éeﬁlteﬁ'z%?fec%f he d?ﬁ@prreggr\faﬂgh %v&%fbd)evmﬁ' %ls%’ngge?sslnjected

necessa € container remains int
through the aeptum <7<5rthe|tmemch P9 6&haDrsceed ¢k treauphauttihe poesass, even after the

needle is rteﬁgﬂrv%%? 05 Otp{taggh %gnlt? %égggéggd;etvjc?gggaéﬁgﬁé& %}weedliquid sample is

ready for f%l@jandj BtdrB o ﬁH fHeesdrRd cgahetioraibt hélded $raldvie during the filling
occurs sealing the flexible tubing just above the

step. Whenait llfédieiﬂl‘etd hOrrgtr‘m/e t0a sanyael the, davige 60 émaan bfdamoved fiem the egg

n be re .S Nno Ion ede
carton for mév@%aégﬁ?\fvgmg aquggfé?%tﬁ? octlﬁerk@% esph%Ian eszfn ipe needle
septum 72'@braBch 8FPprovides e haaaidrsténlaiditiardng dfubée %ﬁmd‘@aﬂ'hus a
seal the flattened portion and sever the excess

needle an%évvﬂn%mam%ug%tq pigresinecsaRtIMANSt witagramy the lisnidipample into the

syringe. T%%é}% er ¢np%;m?ﬂem%%b%e 0 as possible so that

ore ing 74 wll fall

[062] {)ﬁba%('f the Vgo Pt'e%;% Syl Bﬁegalgtetrﬁﬁ%ffﬁ%? rﬁercoe%alner 62 of the

cryopresefi@sibh delRetgRinaly e Qr@@lde@g/vmdn Gritial EUShEPFhiBQtacuum assists
romse the Sterile integrity or closed, sealed

Wlthdrawab@fgg@t“qzdfd sanapleruiigbersien Pbfilide e dewoe containgri2. Since the

openings P bich B35 bR 0BRSS 087072095 e v
may be méiheaineedbrea ichg penbkef it C A tdremayase proviiddsovigradaetl septum to

the device 60 containing the liquid sanple is ready
ensure anfartightsea|- niy %ﬁae@ﬂ%g&pdme%mwl YgEuearin dhe Pﬂ'&t@'ner 62 may

be at a suﬁ‘%%%gpﬁé}?c SR4EGR Mﬁ%eﬁ hl‘bofr‘nHthg@aé)s%ﬁlﬁQ) %%Wﬁg?bltg ¢ mmHg

red to retrreve the sa evi ce
(absolute)r ermved fromthe egg carton for individual thaw ng
apart fromthe other devices held in the carton. The

[063] ﬂfhed*ybprsg@wm)r? devite lB0amnalh beforned iofistaridaed ametatiasfuged in the
rile withdrawal of the sanple. Thus, a needle and

field of b|099 quaﬁ@@gn@ﬂﬂ l98gcieEn steragedn §Ear1q@éd §é\fﬁgl§l'?i°aquﬁ'quﬁj@ 8w
temperatutdiad IFHHLE - $687)e InBret REfit in standard egg carton containers, the device

60 (after sealing of the flexible tubing) should fit within a 10mm diameter and a 90mm height.
The flexible tubing 74 must also be capable of withstanding cryogenic temperatures without
compromising the ability to heat seal and sever the tubing when sealing he branch 69 of the
adaptor 65. In one specific embodiment, the flexible tube is formed of TYGON® or a similar

material.

[064] While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same should be considered as illustrative and not restrictive in
character. It is understood that only the preferred embodiments have been presented and that
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syringe. The enpty device 60 may then be di scarded.
[062] In a further aspect of the invention, it is
w@onraskat ed that the container 62 of the PCT/US2007/071545

cryopreservation device 60 nay be provided with an
initial vacuum This vacuum assists w thdrawal of the
liquid sanple during the step of filling the device
container 62. Since the openings to each branch 67,

are seal ed by the correspond septunms 72, 75,

all change§am9gmcaﬁg5}s gad Auntheranpiigat thgt %9'?‘?& \ﬁ@?lpé@e gpm{c pf.,it@eelnventlon

are deswe&‘t&%@ ¥chgy provided over each septumto ensure an
ight seal. In a specific enbodinment, the initia

vacuun1|n the container 62 nmay be at a

sub- at nospheric pressure of between 100

(absol ute) and about 160 mmHg (absolute). [063] The
cryopreservation device 60 nay be formed of standard
materials used in the field of blood banking and

| ong-term storage in standard cryogeni c conditions
(i.e., tenperatures as lowas -196C). In order to fit
in standard egg carton contai ners, the device 60
(after sealing of the flexible tubing) should fit
within a 10mm di aneter and a 90mm hei ght. The
flexible tubing 74 nust al so be capabl e of

wi t hst andi ng cryogeni c tenperatures w thout

conprom sing the ability to heat seal and sever the
tubi ng when sealing he branch 69 of the adaptor 65.
In one specific enbodi nent, the flexible tube is
formed of TYGON(r) or a simlar material. [064] Wile
the invention has been illustrated and described in
detail in the draw ngs and foregoing description, the
sanme shoul d be considered as illustrative and not
restrictive in character. It is understood that only
the preferred enbodi mrents have been presented and that
17 WD 2007/ 149847 PCT/ US2007/ 071545 all changes,
nmodi fi cations and further applications that cone
within the spirit of the invention are desired to be
protected. 18 WD 2007/ 149847 PCT/ US2007/ 071545
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What is clainmed is: 1. An auto-nucleating device for
introduction into a cryopreservation vessel prior to

WO e@ea498¢7 of a |iquid contained therein, conprPGI/O8R0ENTIS4S
el ongated hol | ow tube sized for introduction into the
cryopreservation vessel; an ice-nucleating
conposition disposed within said hollow tube; and a
seal at both ends of said tube, at |east one end

sealed wwth a nenbrane that is inperneable to the
What is C'@'H@dn'ﬁcl eating conposition but perneable to the liquid

contained within the cryopreservation vessel. 2. The

. autAs! auter @éﬁ'@@i@ﬁw@wl@%f@flnﬁowww mtm@pe{qprgsﬂrmatlon vessel prior to

e o SRR, o7 S5 o

an eloagatledl r&ﬂlbmn@nbewmidr urﬁrodus;tuon hmbese erﬂjpreéervahm vessel;
aut o- nuc] eati ng device of cl wherein said

an icedlyeiRAtiBg: GOMAPQSIRTbdisPPRRd WgthlnaSnggpilg\g tgleiand
a s%élef/al?:t:)'gﬂ{ ?H{i? 6%5?*18%%’@#&%% dendTQé‘aléb‘Wﬂwné‘He‘?ﬁtBr‘a'ﬁ% that is

I ce- nucl eat
impermeablertpdllsdauoeenuq:lsatlrag sarnpdsitieh hiuk pdmeealsie do Whe hqmds{mndalned within the
tuge. The auto-nucl eati ng device of claiml,
cryopresefyatipRVRSSeli d seal at both ends of said hollow tube is
said nenbrane. 7. A cryopreservation vessel with said
aut o- nucl eati ng device of claim1 disposed therein.
2. 8. Thesautoyumieatmgvdavieoidaisell, whewtinisaidzicevitustadting composition is
a sterol sai d auto-nucleating device is attached to the
" interior of the vessel. 19 WO 2007/ 149847
PCT/ US2007/ 071545 9. The cryopreservation vessel of
claim8, further conmprising: a flexible tubular body o
3. havihfgawrenuaiepting device of elpish 25 whereie siaist icediuslgalinggiomposition is

cholesterof* I quid

4. The auto-nucleating device of claim 1, wherein said ice-nucleating composition is
a coating on the interior of said hollow tube.

5. The auto-nucleating device of claim 1, wherein said ice-nucleating composition is
a solid matrix disposed within said tube.

6. The auto-nucleating device of claim 1, wherein said seal at both ends of said

hollow tube is said membrane.

7. A cryopreservation vessel with said auto-nucleating device of claim 1 disposed
therein.

8. The cryopreservation vessel of claim 7, wherein said auto-nucleating device is
attached to the interior of the vessel.
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sanple into said body; and a closed port defined at an

opposite end of said body, said port adapted to be
WQr@raes47 by a needl e for withdrawal of the |iPEi/dS2007/071545

sanpl e. 10. The cryopreservation vessel of claim9,

wherei n said auto-nucleating device is affixed to the

interior of said tubular body offset fromsaid inlet.

11. The cryopreservation vessel of claim9, wherein

sai.d one end of said tubular body is fornmed of a

9. peatNeeAPRIIErVALOBrVessel abclaim By (isiheE SEFPEEINGS vessel

= EABRLB}SPsod HEEHOR 4PN BRHLEPRBERor lau
sample inteasaid bodyitandsai d body; and a closed port defined at an

a R8T Dot Ieifiod 3 aDRPoREF HRCL AL BRI SR EOT AfaPLFd fo be pierced

by a needl%a\‘HPWﬁhdﬂé%valB‘F%é?dmﬂ&%@ﬁ%é’at' on vessel of claim 12,
wherein said one end of said tubular body is forned

of a heat-seal abl e rraterl al. 14. A cryopreservatl on

de ce CQ Il Si aco |ner fo receivin
10. o b e g SBPRT IR0 AR SEMS EURET 2o Rbefait Salaitadtisipating device is
affixed to thelieferiof bt §4iB3uBWENbOGy bifESt fEeFhGakPmigti ner; an adapt or
nmounted to said fitting, said adaptor having a first

t ubul ar branch and a second tubul ar branch, said

11,8 SO B ARG SLE AR &GRSR PBRASH B woular

fittin 0Si hg” sai br anc

body is fom&oﬁ@héans@@lablbadatemabe pierced by a needle; a tube
engaged at one end to said tube engaging fitting on
sai d second tubul ar branch; and 20 WO 2007/ 149847

12.Eg%&%@g;é&@%ves%e?I:Sﬁ‘lbﬁgin@t_ t he opposite end of

a flexible tubular body having one end initially open for the introduction of a liquid
sample into said body; and

a closed port defined at an opposite end of said body, said port adapted to be pierced
by a needle for withdrawal of the liquid sample.

13.  The cryopreservation vessel of claim 12, wherein said one end of said tubular
body is formed of a heat-sealable material.

14. A cryopreservation device comprising:

a container for receiving and storing a liquid sample, said container having an inlet
fitting opening into said container;

an adaptor mounted to said fitting, said adaptor having a first tubular branch and a
second tubular branch, said second tubular branch terminating in a tube engaging fitting;

a septum closing said first tubular branch, said septum adapted to be pierced by a
needle;

a tube engaged at one end to said tube engaging fitting on said second tubular branch;
and
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15. The cryopreservation device of claim 14, wherein
said fitting is a barbed fitting. 16. The

w@eopopes8ser vati on device of claim 14, wherei n BEI/tS2007/071545
closure is a septum adapted to be pierced by a
needl e. 17. The cryopreservation device of claim 14,
wherein said tube is a flexible tube having a |ength
so that said opposite end of said tube is above said
septum cl osing said first branch when said container

a C'P§Ur@p@t|t6ﬁt°pp98'te ¢RE & S9I1ESer vat i on device of claim
14, wherein said closure is forned by heat sealing
sai d opposite end of said tube. 19. The

15. cr yld® eyeprasenatiotedaviee of clainai ) Whefain shigr fittiogs @ barteed fitting.
said auto-nucleating device of claim1l disposed
therein. 20. The cryopreservation device of claim 14,

16.WherR & 69fééeﬁ%ibﬁ'dw cd &f éTBinﬁ‘qﬂ' WREreih sarl AHEHRUS @ septum
bel ow af m)spherl C pressure.

adapted to be pierced by a needle.

17.  The cryopreservation device of claim 14, wherein said tube is a flexible tube
having a length so that said opposite end of said tube is above said septum closing said first

branch when said container is upright.

18.  The cryopreservation device of claim 14, wherein said closure is formed by heat
sealing said opposite end of said tube.

19.  The cryopreservation device of claim 14 further comprising said auto-nucleating
device of claim 1 disposed therein.

20. The cryopreservation device of claim 14, wherein said container is maintained at

a pressure below atmospheric pressure.

21



