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METHOD AND PACKAGE DESI GN FOR CRYOPRESERVATI ON AND STORAGE
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invention also relates to a cryopreservati on package design for both
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2. Brief Description of the Background of the I nventi on: I'n

vitro tecinvention dlscsrefatestopedyapresereation packaget desigr for bt hapwested of in
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their 25 use.” Both the devel opnent of ‘a cryopreservation nethod and a
package fstored for indefimiyeopesiads vbtimenprorite use. ahe waltickdetissuads bhdnwi ndow of

use indefinitely ease shipping and all ow for the nmaintenance of an
i nvent or Witrpomesiah|of the equivalent human tissue, which, when retrieved from
storage, can be used for transplantation or implantation, in vivo, or for
15 screening compounds in vitro.

2. Brief Description of the Background of the Invention:

In vitro technology has developed tissue equivalents for the purposes of in
vitro testing or in vivo grafting for wound repair. Methods of producing such
tissue equivalents are disclosed in US Patent Nos. 4,485,096, 4,604,346,

20 4,835,102 and 5,374,515 and US Serial Nos. 08/193,809 and 08/337,830; all of
which are incorporated herein by reference.

The shelf life of living tissues is limited and, subsequently, their window
of use is short, resulting in much waste. There is a need to preserve such
tissues for extended periods of time, as for shipping and storage, until their

25 use. Both the development of a cryopreservation method and a package for
cryopreservation and storage would extend the window of use indefinitely,

ease shipping and allow for the maintenance of an inventory. To enable an
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procedures, dripgtalizationice), mvolvneg hﬁr&ueﬂy artavgenhentf watefgholeduleb) srghout
the entire sanple. The for approach 1s problematic in that if

i ce cryst al sasavitrificativedor amodphnzhhon dgglass foimation), in the absengetof smhtaai to
cell viability upon t hawi n ngpéHowever cells could survive 20
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concentrati ons pol ymers. However, the cell danmage
may occur to "Pﬂ&eedﬂéoﬁkﬁ ®abie dpprb&ches to cryopreservation of cells and tissues:

freeze-thaw and vitrification. In freeze-thaw techniques, the extracellular

15 solution is frozen (i.e., in crystalline form), but steps are taken to minimize
the intracellular ice formation. In vitrification procedures, there is an
attempt to prevent ice formation throughout the entire sample. The former
approach is problematic in that if ice crystals are formed inside the cells, they
are detrimental to cell viability upon thawing. However, cells could survive

20 a freeze-thaw cycle if they are cooled at controlled rates in the presence of
non-toxic levels of cryoprotectants. The latter approach of vitrification seeks
to avoid potentially damaging affects of intra- and extracellular ice by
depressing ice formation using very high concentrations of solutes and/or
polymers. However, the cell damage may occur to long exposure to toxic

25 levels of these additives required for vitrification.

Cryoprotectants protect living cells from the stresses involved in the

freezing process. One way cryoprotectants protect cells is by diluting the salt
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Cryoprotectants protect living cells fromthe stresses involved in the
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transforned to ice. The amobunt of ice is dictated by the tenperature and
initial thatjecotesinafeasingly contentratediie the unfiozenmintionias wateoien
fraction is a function of tenperature only. Cryoprotect ants have

several tapsformed to ice; yFhe jampunt of M?p’ér‘ﬁlsﬁte%rl?é' the temperahurg and, aI ly

nt

?5‘335?0% Higel thrRpoe %ﬁbﬁﬁommmg aihouBT oA raciton

sol ujd I h t find a
random nuc eWgn SI rQéﬁﬁtgwﬁo?né%ﬁ%%%ﬁopreserwtg by a 10
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deliberately initi ategeby seeding at | ow degrees of supercooling. If ice
for mat i oforirationt tempirateniedsy Avethen function isi thht theynstapiliveamembragesshen t he
solution is cooled sufficiently far belowits equilibriumfreezing point.
Because an prefeimsess i s randomin nat ure ice formation will occur at
random 15

will be hi M 901%%%;13%1 abl e L& g]rpgé lf é{%%g?’ent&}@vﬁ?rv rat es
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cagse dapEsR-thaws fhdthodNike! foxtndifon in the extracellular medium should be

deliberately initiated by seeding at low degrees of supercooling. If ice

formation is not induced by seeding, ice will form spontaneously when the

solution is cooled sufficiently far below its equilibrium freezing point.

Because this process is random in nature, ice formation will occur at random,

15 unpredictable .temperatures; consequently, survival rates will be highly

variable between repeated trials with the same freezing protocol.

Furthermore, the extremely rapid crystallization which results when ice

forms in a highly supercooled solution can cause damage to cells and tissues.

Moreover, it has been shown that if extracellular ice formation is initiated at

20 high degrees of supercooling, the probability of intracellular ice formation is

drastically increased. This phenomenon results from the delayed onset of

freeze-induced cell dehydration, which results in increased retention of
intracellular water, and thus higher likelihood of ice formation in the cell.

Once the extracellular ice is seeded and the sample is surrounded by the ice

5 phase, it is necessary to cool the sample to a cryopreserved state. The cooling

step is one of the most critical steps in a freeze-thaw protocol. Due to the

formation of ice, i.e.,, pure water, the partially frozen extracellular solution is
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Moreover, it has been shown that if extracellular ice formation is

initiated at 20 hi gh degrees_of supercooling, the probability of
intracellular ice formation is drastically increased. This
phenomenon results fromthe del ayed onset of freeze-induced cell
dehydrati on, wweopsasemul ts in increased retention of perURSedihid ar

wat er, and thus higher |ikelihood of ice formation in the cell.
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permeabi | i ty; celld decrease theif avater pecmealsitity heith derrensing températutes. \Thé
decreasing tenperatures. The 10 final is cell size; larger cells take
| onger 1@ dehyumahiscceilinize; darget celisdake longer ye dehydrate than arneHs.c Given ype

may have drastjcally different charagcteristics, the optimal, .
cryopr eser vat to %ﬁ(ﬁehl tyRe may haye W@H S?f‘trﬁ;\jﬁﬁwcﬁomeo‘??m?b nt
cell cryopreservation conditions can vary by orders of magnitude for different cell

types.
Although the exact mechanisms of cell damage during cryopreservation

15 has not yet been completely elucidated, characteristic survival signatures
generated by measuring cell survival as a function of cooling rate appear to be
qualitatively similar for all cell types and displays an inverted U-shaped
curve. Cell survival is low at very slow and very fast cooling rates, and there
is an intermediate cooling rate yielding optimal survival. Even though the

20 optimal cooling rate and the width of the curve can vary drastically for
different cell types, the qualitative behavior appears to be universal. Faster
cooling rates do not allow cells enough time to dehydrate and cells form ice
internally. Cell injury at fast cooling rates is attributed to intracellular ice
formation. At slow rates of cooling, cell injury is thought to be due to the

25 effects of exposure to highly concentrated intra- and extracellular salt and
cryoprotectant solutions or to the mechanical interactions between cells and

the extracellular ice.
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PCT/ US96/ 01217 It is necessary to dehydrate the cells as nmuch
as possi blammuitofevates ghattyses to ice inside Heceﬁrﬁtrta!?el’q"m may; heInnaceeds  on

curve. It is at this pojnt that practically .all. eni ning in
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10 David E. Pegg and Armand M. Karow, Jr. NATO ASI Series A: Life Sciences
Vol. 147 1987 Plenum Press, New York 233 Spring St., New York, NY 10013).

Before the development of a commercially viable skin equivalent, cadaver
skin was used for the purposes of grafting. Cryopreservation protocols were
developed so that burn centers and hospitals could maintain skin banks. A

15 number of different protocols were developed utilizing different
cryoprotectants, freeze rates, packaging formats and storage conditions. Most
researchers agreed upon a fast thaw protocol. The success or failure of the
protocol was measured either by graft take to a wound bed or by cell viability
assay.

20 In U.S. 3,842,831 to Beisang is disclosed a method for the cryopreservation
of cadaver skin patches. The method involves the attachment of the cadaver
skin to a loosely woven scrim or backing and, together, the skin patches and
the scrim are rolled prior to freezing. No cryoprotectant is employed, though
the inventors suggest the use of either glycerin or DMSO. The freezing

25 protocol employs a fast uncontrolled (fixed temperature) freeze rate protocol

to a cryogenic temperature of -70°C.



of IMto 2M.concentrations of cryoprotectants. It is inportant to note th

the amount of water that turns to ice inside a cell at this point
may be innocuous when frozen,  but if not thawéd fast enough, it

wi |l expand and kill the cell upon thaw ng. (The Bi ophysics of
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PCT/ UB96/ 013héets that employs d/eyydjitotertarit/ofle Goarellt pdr@tiatingaagentosuch as
Met hodol ogy, 17, 33-45 (1980)) performed an eval uati on of

packagi ng gelexiany angd @ eelipenetrating reagentnspich as glycerol, sith aaooliggrateef ome
cadaver ski gbol@ 9l’rCe/Sulljilntufe. Sg&%fasriﬁ% 9%640?0 %o hasokietnal, discloses a method
for cryopreserving a sheet of living, cultured epithelial cells but utilizing both
DMSO and glycerél as a cryoprotectant and a freezing protocol of preferably
15 -1°C/minute. |
U.S. 5,298,417 to Cancedda et al, discloses a cryopreservation protocol
developed for single layer constructs such as epithelial sheets prepared as
described in US 4,016,036, 4,304,866 and 4456,687. Epidermal sheets were
incubated with a cryoprotectant of either 8-15% glycerol or DMSO and were
20 cryopreserved by employing a controlled rate protocol where the cooling rate
is slower at the start than at the end of the protocol and is characterized by an
increase in temperature before the culmination of the freezing procedure.
A method for the cryoprotection of dermal fibroblasts in a collagen gel was
investigated by Teasdale et al, Burns, 19 (5) 406-410 (1993). Teasdale
25 determined that optimum cell viability could be obtained by freezing at
-0.5°C/minute with DMSO as a cryoprotectant.



be flat, rather than rolled, and that a slower controlled rate of freezing

be 5 enpl oyed. U S 5,040,677 to Tubo discloses a
gas-tirght—seatrabte—contarrer—for—rndtvidoat—- grafts of epithelial —
cell sheets. The container requires that the epithelial cell sheet
be attacheg,??&z&n adhesi ve substrate sheet or backing by use of clips

U.S. 5,145 % Tubo di scl oses a cryopreservation nmet hoBCTYEYSMAN | nocyte
10 sheets that enploys a cryoprotectant of a non-cell penetrating

agent, such N#nchahal et dﬁxt"cwmadcem@ahite peiAt %ﬁlftsﬂg Biviegichl skikh as
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cryopreserved by enploying a controlled rate protocol where the cooling
rate After a5t thawing aftthe igeafts, aheir viabilityt was determiingd byreulturingfot and i s
characterized b i ncrease in termer ature before the cul mnation

of the frexej ip.aadémwfhng to hairless micgeth dinal gvaluation wasymadedy on of

d | fib blt I . ' tigated by T dal

et‘”Z‘f‘ b BEtng B Py paeat oriiesedlye HB30 xFigons | Caet ormined thar
me cel h\l’r(f{ljs?%ﬁé hyql D@Eﬂéﬂg@&e@é@&&%ﬁ bfxtr ?R&'@ﬂ @brneas at -18 to

[err]C/ cryoprotectan
- 6' 24°C," Cornea, 11(3): 211-220 (1992), is directed to a simple procedure for

cryopreservation of rabbit and cat corneas which utilizes a domestic freezer
rather than liquid nitrogen or very low temperature freezers. Perfusion of
cryopreservative is obtained by placing corneas in successive solutions of 50%

15 fetal calf serum and McCarey-Kaufman medium with increasing glycerol and
glucose content.

Using prior art methods, it is not possible to cryopreserve cultured tissue
equivalents, in part because they are relatively thick and of heterogeneous cell
layers. One of the functions of thése tissues in vivo are to provide a

20 permeability barrier. Tissue functions have to be considered in the
development of a cryopreservation protocol.

The present inventors have discovered a method for cryopreservation
and, in particular, a package design, that is applicable to a number of cultured
tissue equivalents and to mammalian skin, one that is a surprisingly effective

25 and commercially practical package for the cryopreservation of cultured tissue

equivalents.
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PCT/ US96/ 01217 -Nanchahal et al., "Cultured conposite skin
grafts: Biological skin equi val ents permtting nassive expansi on/
The Lancet, 2 (8565), 191-193 (July 22,1989), discusses a

techni que for Woséagmsof conposite cultured tissue grafts PCT/US96/01217
utilizing a cryoprotectant of 15% gl ycerol and 10% FCS in Medi um 199. The

5 grafts and the cryoprot ﬁgiﬂhk TI!' ﬁw 37[err]C for two
hours and were t hen sr Zen a?ﬁéﬁ[err per mbr{ute to -70[err] C and

then stored in |TRyI gargi‘-éﬂtpgﬁ%ntion providéé h méthddamrmahel duiResiralts.

their viability was determ ned by culturing for two weeks and by
grafting to harydpmeserviation ¢f tultated tisswateqaivalerstsnatdeetyy low temperaturagt i ng
to three patients undergoing tattoo excision 10 Johnstone et al.

" Cryopr eser vawhighgivoide tie formatinn obbharmful intraceljulap ice crystals, minisnizps,
Cornea, J11(3): 2%{9220 1992), _iso(}irecte to a sinple.procedure for
cryopr eser vat ithé, effective, gpncentration; (Rﬂtﬁ%ﬁgl’(/vﬁl”éﬁaﬂt E’é&amﬁmt& the
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McCar ey- Kauf man ycerol and gl ucose

cont ent . The phésentinventionaléo prividesa riew packuge t deeelbped for
cryopreserve cultured tissue equi val ents, in part because they are
rel atively t hth«czyapreservasian, sierage andedistribution of culiyredstissDecequfivalents.
functions of these tissues in vivo are to provide a 20 per nmeabi | it

barrierl® Ti sdhe Ry desighsolfers many hdvagtages over existipgpackage desigige| bnent
of a cryopreservatio rqotocol . The present inventors ve

di scovered a RETHO € @F?/(S‘Sr %%‘EWQPFBX available “Xﬁg,’eﬁeﬁveﬁgf:?ﬁﬂ{ﬂ‘g?‘?s‘ée
package desig LS | AR Eﬁdg‘e : sihdigsue
equi val ent s aﬁau?gwg‘a&nﬁ%@?g#é%‘? %r%eﬁ? %t | s—Stglfsg?prl el ﬁ%ﬁ'?’éf&% ﬂ|’1\§'e 25

?ingsﬁgrrrrer Ci airhg qﬁ% ?ﬁ ;’ttsxg RSk paekdgy ehdlfles buaRF eaRpeAtiRN tratking dfiRd
package interior with the exterior temperature of the freezing chamber
15 because of more efficient heat transfer. An improved heat transfer rate allows
for a more controlled process; thus, uniform cooling and warming rates of the
cultured tissue equivalent, thereby reducing variability in cell viability.
The inventors have discovered a method for cryopreserving cultured
tissue equivalents made from in vitro techniques so that the tissues maintain
20 their viability and utility as equivalents of human tissues. The invention
includes the use of agitation to enhance the penetration of an effective
amount of cryoprotectant. The present method provides for the
cryopreservation of both harvested tissue and cultured tissue equivalents in a
manner which protects structural integrity and celtular viability.
25 The method of this invention involves the following steps:
1) The harvested tissue or cultured tissue equivalent is immersed in a

cryoprotectant solution and the cryoprotectant solution and the immersed

8-
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The presemnt—nventiomprovides a mettrod—for—the successful ——
cryopreservation of cultured tissue equivalents at very | ow tenperatures
whi ch avoi‘g?’ the formation of harnful intracellular ice c%stal S mnimzes
5 the EPP#9% e concentration of potentially harnful RTS8 ang
permts the rapid i ntroduction and renoval of cryoprotectants at
f easi bl e tissopedret agiested to achieve séffegtive opematratizire of rthe z¢rygpratectpntnt .

The present invention also provides a new package design devel oped for

the cryopgphuioninte she tissue (peefusion of the tissuey apdor cul tured tissue

package deplgdterghe’ pechision, 5 B8, EveRese Bt AINABAARRE B sslblr e
Cr Y0P eSRUANlECY) RAIIT Brase cquitiBAnl HebibeimpidicrghEE Gokghe are o

of f-t he- packa I gns avai . he desi e new
pagkage @RAfNrBfectiRliR aélIi18r fck AAk| BBliAg td BRryopreservedstatedsie interior
with the exterior tenperature of the freezing chanber 15 because of

nore ef f fxdeginig theaisstie ahafskow freezingmate teda hempertatunesiter beluve abldastis
for a nore control |l ed process; thus, uniformcooling and warm ng rates of

t he about. oT0°C;, gnone praferablyiab ardbalow: H2086, even morg prefarably at ¢y i n
cell i a%.éy. The |nyentors have discovered a nethod for
cryopr eseri¥ gngmﬁrgaferably,at-lgg ue equivalents made fromin vitro

t echni ques t hg L] ' ' ly TV iz aDlek 23y . utility
as equival e(2 g’f%tzﬁﬁ’nghe fﬁ@?ﬁ%@%é&%ﬁ@%&{\i%ﬂsﬁg?& foy@%cédlui@fégﬂ#ﬂe use of
agig ati o ehedﬁabﬁ% {Slra@gpﬁufésr&t hBSut126" ko dtioRe t19r¢]sgc, the tempedititg"t  Of

cryoprot ectant. ent nethod provides for t
of liquid nitrogen.

Thawing the cryopreserved tissue is accomplished by warming the frozen
tissue at a high rate, which is done in about 1 to 2 minutes. The frozen tissue
may be thawed by direct application of warmed culture media or by

15 physiologic buffered solution or by another rapid heating method. The
package design allows for thawing of the tissue by immersion of the package
in a waterbath as the package design ensures both a fast warming rate and
controlled thermal uniformity while maintaining sterility during he critical
thawing procedure.

20 Prior to use as an equivalent for human tissue, for grafting or in vitro
testing, the thawed cultured tissue equivalent is rinsed to remove the
cryoprotectant solution. The cryoprotectant solution may be removed by
rinsing with, for example, an isotonic buffer solution at physiological pH.
The cultured tissue equivalents can then be stored temporarily in such a

25 buffer solution or recultured in an appropriate cell medium before use.

BRIEF DESCRIPTION OF THE FIGURES

Figures 1A and 1B show views of the lid.

-9-



cryopreservation of both harvested tissue and cultured tissue equivalents

in a manner which protects structural integrity and cellul ar
viability. 25 The nethod of this invention involves the foll ow ng
st eps: 1) The harvested tissue or cultured tissue equivalent is

I mmersed in &W096/24018 cCryoprotectant solution and the cryoprmgmm-;
solution and the i mrersed
WD 96/ 24018 PCT/ U896/ 01217

tissue are agi P&m%%‘%%?é%%é’émabenet ration of the cryoprotectant
sol ution into tghe tl umggrm M%f%ﬂ@s&?ﬁi&ﬂﬂted%%e lid. 2) \

After the perfus on o cryoprotectant solution into the tissue,

cool ing to sol iFigiresWiAlaid aBaheGUVieWsIdf the taxtfess at ure range for the 5
cryoprotectant; seeding extracellular ice and cooling to a cryopreserved

state by Flgﬂneeéammehowws@ﬂbetﬂﬁw free2| ng rate to a
terrperature at _or bel ow af ut er e,preferably
at or Bel ow - 1¥iguzes éu@éhsﬁeweslﬁwatﬂ’b@e ly e’J?%‘i% r]C and nost
preferably, at {1‘! ‘%err] C. Once frozen, the cryopreserved tissue
can be st or ePFB* ¥ hdefinite ti rre 10 peri ods between t enper at ures of

about -120 to %?ﬁ\ﬂ of liquid nitrogen.
Thawi ng the cry reserved§t|ssue I'S acconp |sh€d by warm ng the frozen
tissue at a hi gigiraigeshotds £ op viedpbEtHemsainbly, toinplatedii nut es. The frozen

tissue may be thawed by direct application of warned culture nedia
or by 15 pFjgairel  ghowb af graphdof theuviabilityof kyyopresenyed ragtuted dissues
nmet hod. The package design allows for thaw ng of the tlgiue b
i mrer 3Pon of carppagest ithate of non-cryopreserved cultured tissues. he viability o

cryopreserved cultured tissues as measured by MTT is shown. LSE was
additionally measured by LDH assay. All cultured tissues are compared to
age-matched non-cryopreserved controls and are expressed as a percent of
control.

15 DETAILED DESCRIPTION OF THE INVENTION

Tissue engineering is an emerging area which utilizes cultured tissue cells
to construct tissue equivalents which can be used to examine the response to
injury by chemical agents or pharmaceutical compounds. The cultured tissue
may also be used to form graftable human tissue.

20 Tissue equivalents have been described extensively in many patents,
including U.S. Patent Nos. 4,485,096; 4,485,097; 4,539,716; 4,546,500; 4,604,346;
4,837,379; and 5374,515, all of which are incorporated herein by reference.
One successful application of the tissue equivalent is called the "Living Skin
Equivalent," which has a morphology similar to actual human skin. The

25 Living Skin Equivalent (LSE) is composed of two layers: the upper portion is
made of differentiated and stratified human epidermal keratinocytes that

cover a lower layer of human dermal fibroblasts in a collagen matrix.

=10~



in a waterbath as the package design ensures both a fast warm ng rate and
controlled thermal uniformty while maintaining sterility during he
critical trawng—pr ocedure—2¢ Prior to use—as—an

equi val ent for human tissue, for grafting or in vitro testing, the
t hawed cul wﬁed tissue equivalent is rinsed to renove the

cryopr ot ectant®@YButi on. The cryoprotectant sol ution may BETUSHMRIRY by
rinsing with, for exanple, an isotonic buffer solution at physiol ogical pH

The cul t uPateritefis; et ab(l UEpidefnissGeneratddcTh VitratRractical Quomsideratignd anduch a 25
buffer solution or recultured in an appropriate cell nedium before use.
BRI EF DES@mpticatong JTeECellsdorBiochemistry, 45:245-251 (1391 \Parenteay, st @k, vi ews of

the |id. -9-. . VO
96/e2 4|018 "The organotypic culture of human skin keratinocytes ans £fibseblasts to

0 e 2 SR bRkl Bifcect By Pnalnsy, 1657 (SR LR ° o
U108 ©f ¥ CAIGE Skin Equialen: s VAURES AR ORBRAY R Bt 1 1

conpl et edIts Responses to Hritgtitss" Toxid) aVitrop5:68B596 €1990). LSE fosgrafithy is
Figure 8 shows a top view of the assenbly, conpl eted. Figure 9

shows a guager investigationain ¢lirtivalariats fogindicetionsirelating te partial anssfulb

conpared that of non-cr reserved cultured tissues. The viabiljty of
i thickness skin wouRds: excision surgery, burns, venous stasis ulcers, diabefic

ulcers, decubitus ulcers, and chronic inflammatory ulcers. The LSE is a full-

10 thickness, bilayered, in vitro engineered skin tissue
An in vitro organ equivalent of the cornea of the eye has been developed as
described in U.S. Patent No. 5,374,515, incorporated herein by reference. The
cornea tissue equivalent has three distinct cell layers, the external layer, a
stratified squamous epithelium; the middle layer of collagen fibers and

15 stromal cells; and an inner layer, simple squamous epithelium, also called the
corneal endothelium. An in vitro cornea equivalent can be used for in vitro
toxicity assays to serve as accurate and inexpensive non-animal predictive
models of in vive ocular and dermal irritation potential for many types of
products and raw materials.

20 The goal of cryopreservation is to preserve the structural integrity and
viability of biological materials for an indefinite period of time so that these
materials can be available and used as needed. Complex tissues of finite life
span will require cryopreservation to expand product availability and utility.
The history of cryopreservation of biological material, however, has shown

25 that the optimization of a cryopreservation protocol for a particular cell does
not necessarily give good results when used with another cell type or with

other cells in a tissue. The development of more specialized methods due to

-11-



cryopreserved cultured tissues as neasured by MIT is shown. LSE was
additionally neasured by LDH assay. Al cultured tissues are conpared to
age- mat ched non-cryopreserved controls and are expressed as a percent of
control. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Ti ssue engi neemvangsiagbrsan energi ng area which utilizes cul turegdrigssémzee! | s
to construct tissue equivalents which can be used to exam ne the response

to injury by chem cal ent s.or pharmacepti.c C u
cultured tissk dxf}ferenc%)}nafrgg %g!sbgedﬁ? i 8&{#‘*@?613*‘313?%%&#2%“%@&& 20
Ti ssue equi val i ; | ¥&kival P 5,
et udi ng. U 5. SBERizARR OF He fRRCHIRRsE HRUS SR alelifTINe ARG The
4,604, 346; cryoprefer¥iifor pPotorols di tRiédinvéhtion ake ﬁﬁrptksiwg‘l%rapﬁlibﬂfw toehat ed
herein by reference. One successful application of the tissue
equi val ent i s simgleddyemhepitdermahgndkdermal layers &lquneybilayer, tissmei equivalents,
nor phol ogy sim |ar tq actual hupgan skin. The 25 Livin ‘Skisﬂngm val ent
(LSE) i s9 conpdidayesed; gornes, eqaivalgats, and basvested jmammalian e ofhe
differentiated, and stratified man, epi der pal ratinocyt es t..
cover a |ower JeXgiapmgn hﬁ%ﬁrﬁfggﬁ%{aeff%'r %l#gg t@?ﬂ}e’g\erg%ﬁo‘gg%%%rwgﬁ
-10- .
PCT/ US96/ 0121_Pract1cal for pr%%ﬂ;@nrfécgge,sprg{:esgfs.., "Epiderms Generated In Vitro:
Practical Consi dggajidednherdifl, the term "ciidRiredatiseiits ebuﬂval&its%#a#faﬁssue

e

Bi ochem stry, 45:245-2.51 (1991); Parenteau, et al.,

or ganot ypi ¢ cequivalerds dfumamnsdlian Hssues, whegein sthertisste lequivalents are made
10 by in vitro techniques and are meant to include monolayer skin equivalents,
either a dermal equivalent or an epidermal sheet; bilayered skin equivalents,
particularly LSE; and trilayered cornea equivalents and skin equivalents. The
morphology of the cultured tissue equivalents are similar to the in vivo
mammalian organ, typically the human organ. For illustration, the
15 morphology of the LSE bears many similarities to human skin. Metabolically
and mitotically active human dermal fibroblasts (HDF) are found throughout
the dermal layer of the construct, and have been shown to secrete collagen
and other matrix components into the lattice. The epidermis consists of a
basal layer shown to divide with a mitotic rate similar to that of human skin.
20 The suprabasal epidermis shows the same strata as skin in vivo, with well
defined spinous and granular layers containing keratohyalin and lameliar
granules covered by a stratum corneum. Immunohistochemistry
demonstrates the presence of extracellular matrix components routinely
found at the dermo-epidermal junction in normal human skin, such as

25 laminin, Type IV collagen and kalanin (GB3).
Cultured tissue equivalents obtained by organotypic culture methods, such
as the Living Skin Equivalent (LSE), utilize a carrier as a framework on which

-12-



achieve formand function,” Cytotechnol ogy, 9:163-171 (1992); and Bell et

al., b5 "The Living Skin Equivalent: Its Manufacture, Its O ganotypic
Properties and Its Responses—to Trritants;Toxit—in Vitro, -
5:591-596 (1991). LSE for grafting is under investigation in

clinical ' or indications relating to partial and_full
s*ékiﬂn‘avf\o FCATSERY, s

t hi cknes unds: excision surgery, burns, venous
di abetic ulcers, decubitus ulcers, and chronic inflammtory
ul cers. tohforpsithe equivalents. 1Gultured tissuk requivalents -arerfalricated, pnr @

engi neered ,skin_ ti

SS An in vitr an equi val ent of the
cornea SATHRE E’)’/‘\é‘ﬂhaéﬁ%@énf‘lfe\FQFoﬁ@d“B'lé&t’\g“ of ¥ S psh fﬁ“ '&. Pat ent

No. 5,3 e : |04 b . . .
cqui var SRt RBeryiiig: g R A chlt Yo, WER el spmpesgp Senen 11 ose
strati f icafseasa Mlethai3! fob prodiiBing bltiedMisiub dyaivalint€ 6h! Pedtbiel laber s and 15

stromal cells; and an inner |ayer, sinple squanous epithelium also called

t He disclosexbimd3$ Rateintt Nel 5,874,515 amd S rSeriab Nesa 087108,808ndndan be used
for in vitro toxicity assays to serve as accurate and i nexpensive

non- ani REY33838i ctive nmodel s of in vivo ocul ar and der mal _

20 o "ALGrarig dhclufies s parbicabls Beniaraps WISk s ARachel dp oA ol
i ntegri aVviabid it bigal ogi.cal i r ipdefinite
peri od dtaﬁ;}ﬂ%" S%S?ngyt glgr s&pl%rt. %g@%gleg@m§h§%glsﬁg nd used as
needed. j4REE ¥n loutw Jddﬂc‘é ; ich in turnSREFiY 4 ki '
cryopreservats?on to gﬁ%&%&' pr o ??h%évgﬂ‘%‘m. ty 2% 1éljuytélh t?/f.iiwéﬁt The
Hiost or y hahg Gipopnthe agyped lend of of whil ¢h @dtissaé ciRuy dish anddnahe package shown 25
that the optimzation of a cryopreservation protocol for a particular cell
does  design ofdhe present anvéntiog VEheymethhraserdsupport @ssembly ivisizedatoot her cel |
type or with other cells in_a tissue. The devel opnment of nore

speci al be msed wyith ascultiwe dish having at least one well of a specific size so as to -11-

provide the proper clearance about the support and engage the top end of the

well. The membrane-support assembly may be made in different sizes so as

'5 to be used with different sizes of both culture dishes and cryopreservation and

storage packages. Examples of these carriers is 2 TRANSWELL® (Costar) as

described in US Patent No. 5,466,602. Modifications to the package design may

be made by the skilled artisan to accommodate similar carriers that employ

different means of support and engagement in the culture vessels. Similar

) carriers are described in US Patent Nos. 5,358,871 and 5,366,893 or those
described in US Patent No. 4,871,674

The preferred package design of this invention incorporates the carrier

framework and defines an environment around the tissue equivalent that is

able to be controlled to predetermined specifications. The present invention

uses materials that are preferably of medical grade quality and are able to

withstand a wide range of temperatures. These materials are molded to form

a tray and a lid that are able to be sealed together by a sealing means. The new

13-
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WD 96/ 24018 PCT/ US96/ 01217
the differences in cell density, water content and |evel of structural '
organi zation of the full-thickness tissue equivalents was required. The
cryopreservation protocols of this invention are surprisingly applicable to
t he SVRAFOk &y er epi dermal and dermal |ayers al one, RETNIS9&01217

ti ssue equivalents, 5 trilayered cornea equival ents and harvested

manmel i an ski 'backaP€ is desig: edet@iﬁ%&a&f a2 cRfragep Pt 6 WhidS tissue
cryopreservation of these Tissues practical for production scale
processes. equivalents Axe formledier ein, the term"cultured tissue

equi val ents" neans tissue equival ents of mamal jan tissues, wherein
the tissue equi vERenmewapackagec design copmprisesypt HaYi dc i ARds aatighdr sealeant

to include nongl aye Ki n ui val ent . eit rmal ,equi val ent
or an epider mﬁﬁe‘?ﬁgéﬁe‘bi ﬂigmaé‘% ﬁ‘%ﬂﬂl%l%ﬂ@eﬁe& ?itclﬁeﬁéf’t"i“%uﬁ’aéﬂe§
LSE, andetril i . K4 ' . .

nor phol (;%gy of iAt’%‘ﬁe cul ﬁ%@%%@%@%ﬁ?sﬁ? gﬁgile}lﬁ 1g?_ht?eoat eefinhs\?'l“s/o
manmal i an or g@QuivialétitGab [gaaeh%w B ey Gd. rotbdtarit Soblitior is Adited] SThe
nor phol ogy of t'he LSE bears many simlaritieS to human skin. Metabolically
and m totical lig isthew plavedumtcl thertrhy fankr thi [ teot par{s-ive)sealed together tofopmpdout
the dermal layer of the construct, and_ have been shown to secrete collagen
and ot her nmt Hght seahhetween therinteriorand extezior enviroaments; of the paskage.s of a
basal |ayer sho to djvide with mtotic rat jmJar to_,that of human
ckin 207" nethe Pagkase, Aetinaulons 1R A e JsbQonf GyoprtRCaRt
vVivo, wdh we [ |20 r | N

cer ai onifal i n REIPW e pagpler A6 AWRYRCHE, B0aBh HH LA BN SRR Wpie

| munohi st OCNeiHifiaiding contact SEHBDroREARt tBADRIAR CGui/alait draf Bbir b

matri x conponents routinely ound at the derno-epidermal junction

in normal humtraysind the URD dThe28esign dfatiienpackage(is Yaved @nl e boikdept kBheni n
(GB3). Cul tured tissue equival ents obtained by organotypic

cul ture met hodentrolleth cooling andsfrepzing vateg @in beboaintained: WitiSEn equal i ze
?1(2:?r rier as volume o cxtylépggtemintc,harranged with a similar geometry above and below
15 the cultured tissue to be cryopreserved. This arrangement provides a
uniform distance, measured from both top and bottom surfaces of the
cultured tissue equivalent to the exterior wall of the package {provided that
the package aiso has uniform thickness). This uniformity should provide
uniform heat exchange from the tissue equivalent to the freezing chamber
20 upon cooling; and from the external environment to the tissue equivalent,
upon thawing.
The tray comprises a bottom surface that is contiguous with a sidewall and
a flange. The flange provides a planar surface for sealing of the tray to the lid.
The sidewall of the tray has a singular continuous or a plurality of
25 discontinuous supports inwardly extending from and integral with the
sidewall. The upper edge of the carrier containing the cultured tissue

equivalent, when positioned in the tray, is suspended on the supports
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to formthe equivalents. Cultured tissue equivalents are fabricated on a

carrier which allows forthe mamputatiomof~—the construct during —_

manuf acturing, shipping and end use without directly contacting the

construct ;ﬁ? for produci ng cultured tissue equivalents on a carrier
l\ﬁ?s 0%ed in US Patent No. 5,374,515 and US SePCEUSM#I217

are
08/ 193 809 and 08/ 337, 830. A carrier includes a flat

per neabl gprovidadby the sideimlhtdfaﬂhe&atyo Chespace is defimedl betweerethential |y
tubul ar support. The other end of the tubular support I ncl udes an

out war di yushendedi ﬁgnen and) the hottom surfage of the myélgeafunnm' ah:mt 1ghmoh

h l? d of SS cul tur ish and in the
pgggaggon i W2 % t@ﬁn(#eat %B"'btré? %b@%sgﬁeq mbr ane- suppolrt t
ssenbl | ange eas
gne weIIy of a Spgglfﬂﬁarcsegla ! bbﬁ:?ﬂ éﬂrfﬂe%ﬁﬂ#%w dww{hne propdg'fJ ear ance

abdut tha flangeo rmeacndmmaﬂmm Ry gﬁﬂ* laﬁ\aller that the'didmettp of
menbr ane- support assenbly nay be ma e in different sizes so as 25 to be

used wi t theitray dlange. s'ii'tmhddlanbelwmnlplucezi an the traynobneaining & tarrier i on and
storage packages. Exanples of these carriers is a TRANSWEL[err] (Costar) as

descri beEFsl"‘hol‘J@Pﬁm SNthBﬂkﬁlGFPgﬂEfa%@f bpﬂammh'syﬂgntgh@ngabrelgb desi gn
t ate simlar carriers
T el e A b R P BRI e
d ent Nos.
ey S%‘gﬁﬁ? by, Rid g5 hnd oss“er?géer P e Fulfoud 60 ihefE eodtpalpnt Al
41071, 67theasuring about 1.0 hhl%eﬁmﬁikh@é% RAHaY Sréi%gﬂ? e sizbiof thaYigdid O

I ncorporates the carrier framewor k and fines an environnment
around téguivalente equival ent that is able to be controlled to

predet erm ned specifications. The present invention
he design allows for a total of about 1 mm between the tray and bottom

of the carrier containing the tissue equivalent disposed thereon and about 1

mm between the lid and tissue equivalent with the cryoprotectant above and

15 below the tissue equivalent in contact with both the lid and tray. When the

lid is placed in the tray containing medium, the lid displaces any air in the
package to the peripheral space containing the tubular support of the carrier.

The lid is sealed to the tray along the exposed plane created by the top

surfaces of the tray and lid flanges. Sealing may be accomplished by heat,

20 adhesive or other means known in the art. The seal between the lid and the

tray prevents leakage of cryoprotectant and maintains the sterility of the

interior of the unit, Preferably an annular sheet of heat sealable lid stock is

heat sealed to both the tray and lid flanges thereon. The lid stock preferably

has a tab for peelably removing, and therefor unsealing, the lid from the tray

25 to access the tissue equivalent. In another embodiment, a lid with a flange of

about the same diameter as the tray flange is placed on a tray with a carrier

disposed within so that the bottom surface of the lid flange intimately
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uses materials that are preferably of nedical grade quality and are able to
w thstand a wi de range of tenperatures. These materials are nolded to form
atray and a lid that are able to be seal ed together by a sealing neans.

The new -13- WO

96/ 24018 ‘WO 96124018 . . PGlisdgn iy 17
package is designed to incorporate a carrier support on which tissue
ses

equi val ents are forned. The _new package desi conpr j a
tray, a |id amprdacts the topsurface of ﬁththMmeér?g%ﬂﬁ%‘imeﬂm are
designed to fit the istia?‘g carrier 5 containing the attached tissue
equi val ent . THY  8¢3lARIE MEA®: ( he attached tissue equi val ent are

pl aced into the %{%*F%Q% GhION gﬁﬁ;&?tlﬁqo‘;‘tﬂ@ﬁaﬁée 3qderd smeva#e}zé[ gn?l' i d

is then placed on ray an Wwo pafts are seal ed t oget orm

a ti g'BotkfilsupfateVes NLid Bangel B, lid'sidewalb 12 and Gottin surface 13 fored at he
package. The package design allows for an equal distribution of
cryopr ot &ct antcobfiguous lsetfave.t he carrier and above the surface of the tissue
equi valent while_ mai nt ai ni ng contact, of _cryoprotectant to the
tissue equi val enFigine 2isbowsithe annular seal 20 apdpll 2ke |id. The design of the

packase ! oz teblall S SHACHE SNGH e, ent 0f 80116 BE 400 400 20 o

cul tur od i sodpoRheR1B e Ikl dfhe e R HEOREY PR RULER Mt of (1°

uni form di st anse sedlRAfiiEthel selingP pidtekP and bottom surfaces of the

cultured tissue equivalent to the exterior wall of the package (provided

that 10  theFiguebag alreb4Bashowi ther watridrc BOgsajriefTirim 3t fpenmeable

should provi d?nembrane 32; and tubular support 33. The permeable membrane 32 contains
a cultures tissue equivalent disposed thereon bound by the tubular support
33. The carrier 30 allows transfer of the tissue equivalent without contact or
removal of the tissue equivalent throughout the cryopreservation process.

15 Figures 5A and 5B show tray 40; tray bottom surface 41; tray sidewall 42;
tray flange 43; and carrier supports 44. The tray bottom surface 41, tray
sidewall 42, tray flange 43, and carrier supports 44 form a contiguous surface.
Carrier supports 44 contact and support the carrier within the tray.

Pigures 6A and 6B show seal 20; lid 10; carrier 30; and tray 40. Carrier 30

20 containing a tissue equivalent theron is disposed in tray 40 and is suspended
within the tray. Lid 10 with seal 20 is placed over carrier 30 and is suspended
over the carrier.

Figure 7 shows seal 20; lid flange 11; lid 10; carrier 30; carrier rim 31; carrier
supports 44; and tray 40. Carrier 30 containing a tissue equivalent theron is

25 disposed in tray 40 and is suspended within the tray by contact of the bottom
surface of carrier rim 31 to the top surfaces of the carrier supports 44. Lid 10

with seal 20 is placed over carrier 30 and is suspended over the carrier by
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uni form heat exchange fromthe tissue equivalent to the freezing chanber 20
upon cooling; and fromthe external environnent to the tissue equivalent,
upon—thawng: Thetray TonMprises a bottom surface that is
contiguous with a sidewall and a flange. The flange provides a

pl anar su r sealing of the tray to the |id. Ldewal | of
the tray #a‘g&?‘é\gngul ar continuous or a plurality of 25 PCT’:G%%)‘&H nuous
supports inwardly extending fromand integral with the si dewal | .
The uppetomdacofothetbittona sutface oblitflarigedtt toctheutopsuzface iof sagrier rim

equi val ent, when positioned in the trai/, I s suspended op t he supports

-14- 31. The top surfaces wHboth lidofiange 11 and tray flange 43 form a planar

PCT/ US96/ 0}217 provi ded by the sidewall of the tray. A space is
defi ned $sfagedar seal 20. suspended carrier and the bottom surface of

the tray [ 0, in thickness with an area about
"ﬁﬁﬁé aﬁ%ggxﬁsei' god:l]m'gm tpe assembly.

the size o val en The lid conprises a planar

bokt om sur igeRriaRN th{IUQHPs WnldNlids Shep B naidactubed from dreafighd orhe

dianeter of the I'id flange is slightly smaller that the dianmeter of

t he traysdmiflexibleT tRhedmoplaktio peateritiisnthat awhendheated, areamalded dyniang a
carrier, rests on the carrier so that the top surfaces of both the
tray fl awamuwndot hinjectidn molded suchassy@alytetrafluesaethylene (BEFEN @i or about

P S B S tean eh e i PTG Tl ickite Boshliid Hhs 1Y 1
T Ay Ui BB K AP B B I A 0 e e
tRE tr aysdfiflz ¥ OFhe materials used to fabricate the tray and lid will determine
the method of sterilization that can be used. To sterilize PTFE or PETG,
Gamma radiation at 2.5 to 3.0 megarads is preferable. Electrical and chemical
methods of sterilization known by those skilled in the art, may altemativély
be employed.
15 Cultured tissue equivalents comprise a dermal equivalent of a hydrated
collagen lattice contracted by an agent, preferably fibroblasts. In one
embodiment, a stratified layer of epidermal cells is cultured on the surface of
the dermal equivalent. In another embodiment, the hydrated contracted
collagen lattice, contracted by keratocytes, is disposed on a layer of corneal
20 endothelial cells with a stratified layer of corneal epithelial cells cultured on
the surface of the lattice. Alternatively, epidermal cells alone may be cultured
and induced to stratify to form an epidermal sheet. The cultured tissue
equivalent is formed either on a porous membrane of a carrier or on a
collagen gel that is adhered to a porous membrane of the bottom surface of a
5 carrier. In addition, other cultured tissue equivalents may be cryopreserved

according to the methods of this invention, including, but not limited to, any



of the carrier containing the tissue equival ent disposed thereon and about
1 nm between the |id and .ti.ssue equivalent with the cryoprotectant
above and 15 bel ow the tissue equivalent in contact with both the Iid

and tray. Wen the lid is placed in the tray containing nedium the

lid displaces alr in the package to the peripheral _space
cont ai ni ng thﬁ%@fﬂ"ﬁr support of the carrier. Tﬁgr’pg?fmll%"

sealed to the tray along the exposed plane created by the top
surfaces of tReltured e&h&ﬂnﬁi sheptgasy odturedgdesmaledquivalant: aayeeultyradat |

20 adhesi ve or ot her, neans kno in the,art..The seal between the |lid
and t he corqepa%gubyg%%tofl}ﬂ%% ’B?mg}%ﬂrs&%ct ant and maintains the

sterility of therpe present '@%Itegﬁwwmf n&beoeuaéstai]oé’d %ﬁ{ggigits%.efeﬁemaﬁ@r get

of heat seal abl elTel stoc heat sealed to tray and lid

flanges t her ege preéférréd Packapeldepigal &y abillustration. It Wilk ba vrdlerstesd byahesd v

renovi ng, and therefor unsealing, the lid fromthe tray 25 to access the
ti ssue &qui vabkskill ihrtheat that neodificaticnst cancbd inddeto theadésczibed méthod and
about the sane dianeter as the tray flange is placed on a tray with a
carrier still hp wishingthe) scape of dhisraveatipn. ot t om surface of the lid

L\L)agg;azhgtlénat eLff\e method of perfusing a tissue equivalent with a cr}FolpSrbtectant

PCT/ US96/ 012 olution ﬁ”e‘g ?uﬁﬁ%fihcb h@?ué gamﬁ)éfeg‘@?g‘g]o&%tmc%&*a;k@%.a The

fl anges are then sea oge abl'e nmeans.

Fi gures 1A andolihe 6P Wjditoldcthnt Golbieh GliTSent 4b; subisbrgé d5iéRhinpl andh

bottom surface 13. Lid flange 11, lid sidewall 12 and Dottom surface 13
form a10S hawneggalowelumne fofceryoprotectant solutioingabove?and detow htheatissuear
seal 20 and pgclplzivgl%eht. To a 100 mm petri disk containing the tissue equivalent and
carrier is added 25 mL of 2M Glycerol in DMEM for a period of time sufficient
to completely perfuse the sample, preferably between one and two hours, but
most preferably for about one hour. Extended periods of time in
15 cryoprotectant solution result in reduced cell viability in the tissue, while too
short of a time does not ensure complete permeation of cryoprotectant into
the tissue. Monolayer constructs will typically require less time for perfusion
as they have fewer cell layers and reduced barrier function. During this hour,
penetration of cryoprotectant solution is enhanced by agitating the sample
20 and cryoprotectant solution, typically by shaking the petri dish on an orbital
platform shaker (Bellco orbital shaker) at 70 rpm in a 10% CO2 gassed
chamber. The 10% CO2 environment, the same as the culture environment
in which the tissue equivalent was fabricated, prevents the media from
degassing, thus maintaining the pH of the base media component of the
25 cryoprotectant. Agitation allows for a faster and a more complete perfusion of
cryoprotectant into the tissue equivalent and better reproducibility of results

between frozen tissue equivalents. One is able to substitute an orbital shaker
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Fi gures 3A and 3B show the seal 20; lid 10; lid flange 11. Seal 20 is
mounted to the Iid flange 11 of the Iid 10 prior to use to facilitate

al i gnnent of the seal durrng tnhe searti ng process. 10 B

Fi gures 4A and 4B show the carrier 30; carrier rim31; perneable
menbrane 32; and tubul ar support 33. The perneabl e nenbrane 32 contains

a cul turewddemssae equi val ent di sposed thereon bound by t pgriysstigss support
33. The carri er 30 allows transfer of the tissue equival ent w thout contact

o rafls (hAP phlBAHS R uiHRLA ol IR spdien

lanes.
cryopreservatlo process ures tpray 40; tray

bot t om Syicfcﬂﬁﬁn&ﬁ bteY et bf %chamcally enﬁir@&dfﬁe%ﬂ%oﬂancm& carrier
supports 44. The ray bottom surface 41, tfay sidewal | 42, tray

fl ange 4But arginotlimited te;mkhg;ﬂﬁko&smawahm:y@mmmunhacmssel on
Carrier supports 44 contact and support the carrier within the tray
F| gures aAptatipren @mmgefaqgamn of ctheg constructe Wity Cfl!ﬁﬂ'Q*P'éF?nh(ﬁn‘t‘ar rier 30

cont |,n|n a tlssue e é)}hent theron,is disposed in tray 40 and is
suépende&er smg a‘!h’é e COpStRyFt fising A pumbo | s pI aced over

30 t; Fi 7
shows seal BB cariis® HRESRIAA tissug eqVelind iy BIEEARTAE the tray and a sqpal 01 C,
SUpportSOMboaMawﬁu &mfdtb&énﬁgoﬁﬁf&ﬁisnad%@ mhis?ﬁcé@?wd@.%i@{“ theron

is 25 di sposed int 0 and is suspended wi thin ray by contact

of the balléwsfor equal disttiblition of ieryuproteetant: Abdirt 8@ mbhbelbepthewraiders of the
carrier supports 44. Lid 10 with seal 20 is placed over carrier 30
and i s sangaboud &9 anl phetheasurifage of the tissue equivalent. The lid is then

pé’$/ USoePlseed pnto the tray amgS /tl-214%g parts are heat sealed, preferably to the lid
stock.

Packaged tissue equivalents are then placed into a programmable freezer

(Cryomed or Planer) set at a starting temperature of about room temperature,

preferably at 20.0°C. The freezer chamber containing packaged tissie

15 equivalents is cooled at -10.0°C/minute to the solid-liquid phase equilibrium

temperature range for the cryoprotectant which is typically, for 2.0 M glycerol

in DMEM, between about -53°C and -6.0°C. The solid-liquid phase

equilibrium temperature is the temperature necessary for seeding ice in the

cryoprotectant. The chamber temperature is held for a time for the purpose of

20 equilibrating the internal temperature of the packaged tissue equivalents to

the chamber temperature. The cooling rate used to obtain the seeding

temperature is not critical. A hold time of about 40 minutes is sufficient to

ensure thermal equilibration but the time will vary depending on chamber

size, air circulation within the chamber, and number of packages to be frozen.

25 While at least 30 minutes is typically needed, up to one hour can be taken to

ensure equilibration. After the hold time, extracellular ice formation by

seeding is initiated.
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contact of the bottomsurface of |lid flange 11 to the top surface of

carrier rim 31. The top surfaces of both |lid flange 11 and tray
flange 43 forma pl anar surface for seal 20. Figure 8
shows a top view of the assenbly. 5 Materials that trays and lids
may be manufactured fromare rigid or sem fl exi bl e thernopl astic
mat eri al s t hA¥Q 964818 heat ed, are nol ded by a vacuummRaT/yse2E7 on
nol ded such as pol ytetrafl uoroethyl ene (PTFE) or pol yet hyl ene

t er epht hal at e Iteyseeding’ks Qefintteay ac kueghod r ofy fnitiatingi ite formation in the
preferably sterilized prior use by nmethods that are known in the art of 10
sterilizati estraveliulantcryoptotecianty tQne prefessed method, af ich geediagvis by

GELEI N omtagtin e e s o K B S BEIAE S S
f bl e. _El i e N « t ik i | k
R G R o b O e

Cul turged ti g s&g;h VAL BSbElBWPIHeIevel SFAhERiryStotetard Fredt Mediddnahad
col | agen Iatti?g contracted by an agent, preferably fibroblasts. In one

enbodi ment , packigeat Ahother preferred imethodds todireet!y seleasecan expandling gakses
surface of t he dermal equivalent. | n anather enbodi nent, the

hydrated cofugli@sdgeon or CO2 gothe qunsidg: of the Pé@#?&eacg@df%?%ﬂa%yfe_s, is
f;;f;_?sg? Edgir?fé'a@débrgfmco h‘?%%ﬁﬁm‘ﬁgg@é‘heuﬁ“’c Lf%ﬂé’@flw g fs i, Ihg:
| nduced to SRAAlp Sfriecs ki Bl to i Er I skl OIR Spethods of "

equi vgl ent & W&ﬁﬁ{m@nqﬁ;w%m1@e of a carrier or on a

col | agen gel that s adhered to a porous nenbrane of the bottom surface of
a 25 carrifgfter hlb tissige bdpiivaleptsisre saededreithtice etystals)the airdtst arertld be
cryopreserved according to the nmethods of this invention,

i ncl udi ng, bot additionaki orel kour toyallow for thermodynamic equilibration and

-17-

propagation of the ice seed crystal throughout the cryoprotectant. Cooling is
then resumed at a rate of preferably between about -0.02 to about -0.3°C; more
15 preferably between about -0.05 to about -0.1°C/minute; and most preferably at
about -0.07°C/minute to a final temperature preferably at least or below
-70.0°C; more preferably at -120°C; even more preferably at -140°C; or most
preferably at -196°C. As the final freezing temperature approaches the glass
transition temperature of water, -120°C, the less likely there will be
20 detrimental temperature fluctuations during transfers to final storage
locations.
Cryopreserved tissue equivalents are transferred from the programmable
freezer to storage in a vapor phase liquid nitrogen storage tank (Dewar) at a
temperature between about -120" to -150°C, or in liquid nitrogen at -196°C
25 until use.
To thaw, cryopreserved cultured tissue equivalents are removed from

vapor phase liquid nitrogen storage and transferred to dry ice to warm to
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cul tured epidermal sheet, any cultured dermal equivalent, any cultured

cor nea equivarent, oOr tarvested TammatTarm sk Fhe present
invention will now be described using tissue equival ents and t he
preferred package design as an illustration. It will be understood by those
5 of vedsbdrdagisn the art that nodifications can be madechrishé@asescri bed
met hod and still be within the scope of this invention.

he et iggublye! [ORLY da@ilbrael St SAACY Aufited tilshetedulivBRA e B
solution is to subnmerge“the tissue equival ent ang ITs attached carrier in a
vol une afargfetodd & afitetwironnidnt, praferablyi £ wandrbhth, proferatly sebat 321Q)l e and to
10 have equal vol unme of cryoprotectant solution above and bel ow t he

ti ssue or more preferabdy eset at HOCao01 ddostpreferablydiet lataoomuitemperatitee.t i ssue

equi val ent an . carrier is added 25 nL of 2M @ ycerol in DVEM for a
period &Mn4e .ﬁ& ible thatall the cryoprotestans pedivg {5 feped, 16 ligud Phas e

b houtht et HsBhe eBitvaldit fipitage, it are preterg GaBERIRR K, on' | Coll
In redumogﬁél safeFUabirel, rothBE addptie Utea Y404 S5niti2fd with ethandl!0TheOf @ tine

does not en e co ete pernmeation of cryoprotectant 1nto t he

tissue. 1ibop ke distegnirrearicved by peshihg drl suttingwhedlid @t6cki fréen fthe perfusion
as they have fewer cell layers and reduced barrier function. During this
hour, bottom of ¢heturdt.i Theofartiessogondaining cultacdd tissure equivalents ade by
agitating the sanple 20 and cryoprotectant solution, typically by

shaki ng thenessh transferned de petriglishesawhile pouringff exess) wyopioteqtant. | co

i tal .shak t 70 ' 10% X d . The 10%
(():aj:ar ?] @nﬁﬁ%}n@ﬁﬂ {%g]é%%egﬁgv?fﬁg%ﬁ rF‘%‘Fga Z‘?fg'PPMﬁ‘é‘ﬁf‘t' g]‘a“r{o%%i n V\,ﬁi ch

the tis ' f ' h i

Hogass: e 3G Hbratdbty BMENIY: Sond bttty 6 e uddfo e ||
cryopr 0}3@&1 Hish céﬁiéiﬁ&igoﬂtél:hﬁﬁ?e& tisswe Egﬁiv‘ile_r&%raaﬂﬁﬁrt%(ﬁﬁﬂﬁh?éﬁ per fusi on
of cryoprotectant into the tissué equival ent and better

r epr oduCither sufficieht rinselagents, preferably physiological strength solutions, such

as cell culture media or phosphate buffered saline, may be determined by the
5 skilled artisan. The rinse solution is exchanged a second time for an
additional 30 minutes. Rinse times may vary depending on the complexity of
the tissue.
The cultured tissue equivalent unit may be then transferred back to its
original culture dish and recultured in culture maintenance medium at
0 37°C/10%CO2. Alternatively, the equivalent may be applied to a patient or
tested for a response to contact with a substance as described in US Pat.
4,835,102
The following examples are provided to better elucidate the practice of the
present invention and should not be interpreted in any way to limit the scope
!5 of the present invention. Those skilled in the art will recognize that various
modifications can be made to the methods described herein while not

departing from the spirit and scope of the present invention.
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bet ween frozen tissue equivalents. One is able to substitute an orbital

shaker . -18-_
96/ 24018 PCT/ US96/ 01217

wi th an apparatus that perfornms an agitative notion in other spati al

pl anes. rm&q itionally, other methods of nechanicall ance
per f usi on inc?vl? e, ﬁi but are not limted to, rocki nquﬁﬁg}é@}@?ruct

with cryoprotectant in a vessel on pl atformor centrifugation
of the construct with cryoprotectant Wl’é‘ﬁg‘ per fusi ng cryoprotect ant
around the construct using a punp. The carrier and attached
ti ssue equivalent is placed into thgx??‘zfles nt(?%

m of cryoprot ﬁ?ié‘i'tﬁtiéﬂbsﬁhé‘ reé?@adb%@i&ﬂﬂﬁ\ﬁﬁﬁg GBchniques of thig OVS
for equal di strqi%ut on of cryoprotectant: About 8.0 m Del ow The ca‘?lr“lL er
and about 8. @nvéntion Wwith thefrafeeredf paddkegé desiga. equi valent. The lid is then

10 placed onto the tray and the two parts are heat sealed, preferably
to the&id Example 1: Cryopreservatigoiaf Jdving Skin Equiyalent|(B8Es are t hen

pl aced into a programmble free omed or Planer) set at a

starting terrpﬁra}ure of aﬁoﬁ}g ré‘&;ﬁht@ﬁpg?‘*?g? esIgn preferably at
20.0 C. The., i ni '
i val ent s i s HSaE EdaAn O Prbfutf Wb formen

10 bri it h ' '
equi l'i brium g Eeﬁ“&ﬂ lglggqjﬁnggoganq%ésﬁﬁﬁ%E&ttﬁgﬂémrﬁ %a'ékrr\_l%l‘. g{iseér B and

typically, for cero et ween about
-6.0[err] C. fIRANSWELL®(Tostap @afbridge), at 9610 days ipost hieife vadre sladed t he

tenperature necessary for seeding icein the cryoprotectant. The
chanbel0 t enpén at00r enmns petrdi odishes {Coistar).f o LSEheonstrynts overe perfused with
cryoprotectant by submerging the constructs and the transwell with 25 mL of
cryoprotective media, 2M Glycerol in DMEM, in the 100 mm petri dish for
one hour. During perfusion, the constructs were agitated for one hour on an
orbital shaker (Belico) at 70 rpm in a 10% CO2 gassed chamber. Agitation
15 allows for more complete perfusion and better reproducibility of the
cryopreservation method. After LSE were perfused, the petri dishes
containing LSE, carrier inserts and extracellular freezing media (2M Glycerol
and DMEM) were placed in a cryopreservation package and heat sealed.
Cryopreservation packages are described in co-pending patent application, US
20 Serial No. —/—,—, filed the same day as this application.

The chamber of a programmable freezer (Planar) was outfitted with the
invention described herein. The freezer was set at a starting temperature of
20.0°C. The tubing lines were purged with freon for a single one second
interval to remove any air in the lines. Packaged LSE units were placed

25 securely into racks accommodating eight LSE units each. The racks, guided by
locating pins, were placed adjacent to the spray rails. The chamber door of the

freezer was closed to seal the chamber from the external environment.

t ot al of about 16.0
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20 equilibrating the internal tenperature of the packaged tissue

equi valents to t he chanber tenperature. The cooling rate used to
obtal n the seeding t enper Tt : time of —
about 40 mnutes is sufficient to ensure thermal equilibration but
the tinme wll vary dependi ng on chanber size, air circulation

wi thin thevedsaaesr, and nunber of packages to be frozen. pdymsesniyty | e at
| east 30 mnutes is typically needed, up to one hour can be taken to

ensure equi g iriN weétbt 86olele aFOJIQ"Ci/EBV\Bugé(ttBag@gi Wnd thé ecHLahpEt | on by

seeding is initiated. 6/ 2401
PCT/ US96/ ehijdetature was held at -62%€ for4dimigutes tdadquilisrase the argbpmstectant
initiating ice formation in the extracel lul ar cryoprotectant. One

pr ef er r edansbipiestused qomstrugtsdtonthe shamber temperatuve: o Aftesthe 40 minutef t he
oo G4 Al i BB RERY o oo o . ¢
nitrogen I ¥ ] : ' dto 5
th k 1k t t dia i
{ heSP 2 Wtofloq: Wosd RN 18 e Sltel OF 4HE KUKREETI PR HESH BECT 0 1

expandi NGevipBFARd from the §wkkg§bea§f ftﬁ@%clié’irﬁe?gaﬁée"d thed cotfcObtedl sfenef the

package. | ormation can tiated by a chanber spi ke where

the tenpefrednite desp i temparanare érpughvi?y initiate extracelhular icaifeafatiofhi n a range
sufficient to forman ice crystal. OQher nethods of 10 i ce seedi ng known
in the art Adfteriadl 55 smits wene seeded with ice exystals, 2he units sge allqweddoent s are

o al | ow SRR 1R5TRAIE 28I BhARORbER tEmperature VASRBAOPEH B1 ( ne | cc
Se8i C1 Vb BN S8 YIS 0 e i oo bR,
at -0.5°C/min to a final temperature of -70°C. Once the LSE units were
cryopreserved, they were transferred to a vapor phase storage tank (Dewar) at

a temperature of -120° to -150°C.
Example 2 : Thawing Cryopreserved LSE
15 Cryopreserved LSE were removed from vapor phase liguid nitrogen
storage and transferred to dry ice to warm to about -75°C. Once equilibrated at
-75°C, cultured tissue equivalent are then transferred to a waterbath
preferably set at 37°C; or more preferably set at 4°C; or most preferably set at
room temperature. Once it is visible that all the cryoprotecant medium is
20 turned to liquid phase, the cultured tissue equivalent package units are
prefeably transferred to a biological safety cabinet, or other aseptic area and
sanitized with ethanol. The lid of the dishes are removed by peeling or
cutting the lid stock from the bottom of the unit. The carriers containing
cultured tissue equivalents are then each transferred to petri dishes while
25 pouring off excess cryoprotectant. To rinse the cultured tissue equivalent of
residual cryoprotectant, 25 mL of (room temp) rinse solution, preferably

DMEM is then added to the petri dish containing the cultured tissue
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15 preferably between about -0.05 to about -0.1C/ m nute; and nost

preferably at . __about -0.07[err]C/mnute to a final tenperature
preferably at |east or bel ow -70.0C;, nore preferably at -120[err]
even nore preferably at -140[err]C, or nost preferably at

-196[err]C. As the final freezing tenperature approaches the gl ass
transition teWoo6d® e of water, -120[err]C, the |ess |ikel yPERUBMORRN be

20 detrimental tenperature fluctuations during transfers to final

st or age equivaleat i foxsabout 30 minutesr y (Pthere subfit iemsmsi;dgsim aginse ar e
transferred fromthe pro granmmabl e freezer t a va or
phase |iqui d sletiersesush @F&@’éﬂft@ﬂk‘“(l%ﬁaﬁ?&atﬂa? P te g%'&g'ﬁé‘lr ween

32;):1][ ;J:S%O[erbédto 15!13”'] ]%E !n J| nLtr %ﬁ%‘%ﬁ{sé’%%

are renoved f for an a mﬂ&?ﬁ@o%ﬁﬁﬂe&'q“' d nitrogen storage and
transferred to ry I ce owar

-20- 5 wed &GQé%nd control samples were processed by histologi
PCT/ U896/01217 &%%gf)ut -75 C. Once equilibrat ed at '/y5[err]

cul tured ti ssmethedsiana evaluatedebyt light microscopy foramofpohaldgical argamzahon
environnment, preferably a waterbath, preferably set at 37[err]

or more pref éanghl yiabilityt am({l e Fh?\!edo meass t108%e wiabbilitys andy; WF% nalmost

t enper at ur e. |s visible that all the cryoprotectant medi um

is turned to ‘F‘Wﬁrﬂ’%& fr cultured tissue equival ent package
LB e st e chon oL P B 1
di shesigre renoved by peefdrnwaﬁhiﬁglmw%aw Urkifdentitpm t he
A cryopreservation package of the present invention was evaluated for
uniform heat transfer. To a carrier membrane, without a cultured tissue
equivalent, were mounted five thermocouples, one in the center and four
equally spaced 1.0 mm from the peripheral wall of the carrier. Thermocouple
15 leads exited the package from the side between lid and tray flanges to an
temperature recorder (Azonix Scanner Plus). The package was filled with 17
mL of cryoprotectant and the package was heat sealed. The package was
equilibrated to -70°C and then transferred to a water bath set at 20°C. The
temperature recorder recorded the temperature at each thermocouple every 1
20 to 2 seconds during warming. The package warmed at a rate of 700°C/min.
initially and slowed down as it approached the melting point of the
cryoprotectant solution. The thermal uniformity was between 2°C and 6°C of
the average thermocouple temperature during the fastest warming rates and
approached 8°C as it reached the melting point of the solution.

25 Examples 4 to 12 show the cryopreservation method of this invention on
different tissues.

Example 4: Cryopreservation of Epidermal Sheets
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bottom of the unit. The carriers containing cultured tissue equivalents are
then each transferred to petri dishes while pouring off excess

cr yoprotectant—%0 Fo—ri nse the—cuotrtored—trssue—equivatent of residual —
cryoprotectant, 25 nL of rinse solution, preferably DVEM at room
tenperature, is then added to the petri dish containing the

cul tured wosgasigqui val ent for about 30 m nutes. pEkA0BIsa21Rf 1 Ci ent
rinse agents, preferably physiological strength solutions, such as
cell cul't UrgpjaiRiing) Seetd Wbl Pbedid (SR Uniitiiré NSE 4112 Bayslpbar dicaitel Dy the S
skilled artisan. The rinse solution is exchanged a second tinme for an

addi t i on®endévali slutiesepidermal shestswan accamplishet by pgelimg tthe dermpalexity of

t he tissue. The cultured tissue equivalent unit nmay be then

t r ansf er sabstrateklayer ifram the epidermg! dayer cwithufascepss and rdiscarding thed i n

Ul Vo erimal laee o JAcghaes vEas gt B fo Hiret SquIvARL plekes. o O PECBorSY {0
t ith 1 . i i U .

OS2t hieh o3k AR L RS A5 el e Biblbing. o plechy BB B (o

present 'sﬂxagyeteﬁ (ﬁ&&é BRULdH BPta ?Suin@mgéﬁ%ﬂaﬂe“tﬂﬁy_ welYmlethtrafikt the

scope 25 present r1nvention. e skilled in the art wll
recogni zZ¢Cbitat) maI000mn culture dishes (Costdn).0 Fack piedecwan gerfused dthn25 hods
descri bed herein while not departing fromthe spirit and scope of
t he present ofiDMEMoand 2 Molar Glycerol for one hour. The dishes containing 7.

WD 96/ 24018 . PgT/U$96/01217
EXANPL ESconstructs were placed on an orbital shaker (Belico) at 70 rpm for one hour in

10 a 10% CO3 gassed chamber. After the epidermal sheet was perfused, the petri

dish containing epidermal sheet, transwell and extracellular freezing media
(2M Glycerol and DMEM) were placed in a bag and vacuum sealed
(Audiovox) programmed for a 5 second vacuum and a 3.9 second seal time.
Packaged epidermal sheets were placed into the programmable freezer
15 (Planer) at a starting temperature of 20.0°C. Epidermal sheets were cooled at
-10.0°C/minute to -6.0°C. The temperature was allowed to hold for 20
minutes at -6.0°C to equilibrate to chamber temperature. After the 20 minutes
hold, extracellular ice was initiated by contact of the outside of the bag, below
the level of the freeze media, with a liquid nitrogen chilled probe. After all
20 epidermal sheets had been seeded with ice crystals, the temperature was held
an additional 5 minutes at -6.0°C. The chamber was then cooled at
-1.0°C/minute to -8.0°C. The temperature was then allowed to hold for 30
minutes at -8.0°C to allow for uniform distribution of ice throughout the
sample. The chamber was then cooled at -0.1°C/minute to a final
25 temperature of -70.0°C.
Cryopreserved epidermal sheets were removed from the freezer and the

bags were cut from the petri dishes and the lids removed. To thaw, 40 mL of
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Exanples 1 to 3 Exanples 1 to 3 show the cryopreservati on and
t hawi ng techni ques of this _invention with the preferred package
design. 5 Exanpl e 1: Cryopreservation of Living Skin

Equi val ent (LSE) Wth the Package Design
Li vi ng Skin eqgl val ent (LSE) constructs were prepared in accordance to
US Seri al ¥201% 309. LSEs and attached 75 nmcarrier | REEfUS%M1217
(TRANSWELL[ err], Costar Canbridge), at_9 to 10 days post lift, were
placed 10 warmedd87%mh DMEM was ateptically poured L%E%M@Fragf@ 1'|5§rfused

it 25 m orsoobdl ol g b cEHBIEE T A SAERRS RS e AT AR
mm petri di shy 41 was adaea%eedaﬂuamh g!;@alaﬁﬁitg ﬂ?%gl Cice AR Biihbea Wer €

agitated for ohe hoar 2o co) at rpmin a \
10% Cq err] ?&éﬁﬁapmé&@ﬁﬂeré@ﬂ@éd W’itHQS mL &f DMEM fir 30 Rintees| ahe \

perfusion and better reproducibility of the cryopreservation

met hod5 Af t emetfiE wasr ex¢hanfged cal settwsd téne i fodi avhadditional 30 oxinutésni Mipel SE,

carrier inserts and extracellular freezing nedia (2M d ycerol and

DVEM were pepidermalsheats wenecthen, inqubatesh i syltuse majatenance medium at

Us 20 °°°" S EPRBTES For e b rivants anghal | e afpbaRap, Bine was

nventi on oduerf AR b é%%‘e‘r"?k/g‘g&%‘)e 1 o epablitt sw?aﬂ;?%ﬁt ure
of OIB"GAFM PR inciBativR rtﬁn@Wa@%ﬁoWeHrfoi rtﬁ@[hg ﬁ?ﬂ&lﬁ" §¥ghe one

second Intervall to renmove any air in the lines. PacKaged”LSE units
were pbaced fob frozen eellsitcctagstablish seady state comdilans. ng ei ght LSE units each.
The racks, guided by | ocating pins, were placed adjacent to the
spray rails. TQM# thadmeremainingipietes from each epidermal shegtcone étomeachal t he

chanber fromthe extern envi ronnent
-22- was processed aflor hr}stology and one piece from each sheet was assayed

following the MTT assay protocol. Comparing photomicrographs of non-
cryopreserved epidermal sheet and cryopreserved epidermal sheet of Example
15 4 showed that the three basic features of the epidermis: the basal layer of the
epidermis, the suprabasal layers of the epidermis and the stratum corneum of
the epidermis were all preserved by this method. All layers were intact and
the overall morphology of the cryopreserved epidermal sheet was identical to
that of the non-cryopreserved epidermal sheet.
20 Example 5: Cryopreservation of Dermal Equivalent
Dermal equivalents used in this study were the non-epidermalized
component of the LSE. Dermal equivalents were frozen at 8 days post cast.
The dermal equivalents were perfused with cryoprotectant by submerging
the dermal equivalents attached to 75mm transwell {Costar) placed in 100mm
25 petri dishes {(Costar) with 25 mL of DMEM and 2 Molar Glycerol for one hour.
The petri dishes were placed on an orbital shaker (Bellco) at 70 rpm for one
hour in a 10% CO2 gassed chamber. After dermal equivalents were perfused,
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PCT/ US96/ 01217 LSE units were cooled at -10[err]C/ mnute to
-6[ErriCand the thanmber ———— —tenperature was held at~=6[err]JT for 40
mnutes to equilibrate the cryoprotectant and perfused constructs
to the chanber tenperature. After the 40 mi nute hol d,

extracel | wioegsrzyag was initiated by directly dischargi ng pepossshonizone 5
second at close proximty to the side of the package. The freon, as it
evapor at Bie?ﬁ‘ di3Res Wdritt Qfuil NBnRAGKABVel MRS Extlateltilal Fedeziiga of the
freon to drdp 1 n tenperature enough to initiate extracellular ice

formati ofedia were placedAirter ttad progiammable freezers(Rldrex)vatt A steding yst al s,
the units are allowed to equi l i brate for one hour at -6[err]C The

chanmber temperature of 3.6°C.hFhec chamberawas ghen cooled7aterl0j03CAminute t& a fi nal

t t f -20 C. Th nb th |

OB oy 1% This EovRdkaiure ONASCPAIOLICE 25 minre(es, 1 e aEorete t6haBer, i 1 s wer o
O PP €Y ALl 26 TS bR, B BPRF 158 whk Hried e (Dever)
Exanpl e 25mI0AY¢ i Jdniae roﬁitgéu I&%ﬂek%@&ﬁ the level of He/REdz8IRENE Iwithfa Ver e

removed from vapor phase ni'trogen storage and transferred to

dry ice figuithhifrégernbitilibd pfober IAfer 4D dermalieguivalenesihad been seeded 75[ err] C
cultured tissue equivalent are then transferred to a waterbath

pr ef er abisitlsixe aystalsCtheotemperature ovas héldars additiona] & minatesst -693C.
pr ef er abl i;aset at roomtenperature, Once it is ylsSi E{lﬁe hat all the
cryopr ot §barehasmaber wasstheg cooled atrd0°Co mirwte dopiLC. ¢ MPR%ed tissue

S BRERESEE oS e B 3P PR L0 o0

The lid e .dis q#@gli ; il elid

st ock frgiﬁ Iﬁgngot Oﬁ:}e??@?%ﬁﬂe gér??‘e@élg tr’iltvaallerﬂtﬁg%ﬁ*rwew cul tured
tissue egin/@oléd it ¥ PCY/ERuRO Y fihdRhiperatiré 6f FB0°C. di shes while 25
pouring off excess cryoprotectant. To rinse the cultured tissue equival ent
of Cryvpresekved depmal equivalentvere thien(reonmovedefrom thefteeger ut i on,

preferably DMEM is then added to the petri_dish contaigi g the
DUt it odand dtheelid of the dish was removed. To thaw, 40 mL of warmed (37°C)

15 DMEM was aseptically poured into each petri dish. After 45 seconds, all liquid

was removed from the dishes and an additional 40 mL aliquot was added to
the dishes for two minutes After all ice was thawed, dermal equivalents were
rinsed with 25 mL of DMEM for 30 minutes The media was exchanged a
second time for an additional 30 minutes The dermal equivalents, still
20 attached to the transwells, were then transferred back to the culture dishes
and incubated in culture maintenance medium at 37°C/10%CO2 for 24 hours
prior to analysis. The incubation time was allowed for the lag typically seen
for frozen cells to reestablish steady state conditions. Samples were assayed
using the MTT assay protocol.
25 Example 6: Cryopreservation of Cornea Equivalents
Cornea equivalents, attached to 24mm culture transwells (Costar), 9 days

post moist air lift, were placed into six well cluster dishes (Costar). The
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PCT/ US96/ 01217 equi val ent .faor about 30 minutes. O her sufficient
physi ol ogi cal rinse sol utions, such as other cell culture nedia or
phosphate buffered saline, may be determ ned by the skilled
artisan. The rinse solution is exchanged a second ne for an

addi tional 30VR%MEIE 5 Thawed cryopreserved and cSﬁTWé?"‘Eéﬂpl es
wer e processed by histol ogical nmet hods and eval uated b

Yy
m croscopy f Bethed pﬁmm| Wg’hﬁ@?’&?’:@# with cryopgotgctank wasit “L?Wfsﬁomed
near 100% vi ablility and, S from,.
control . each cornea equj aﬁ?/’&?‘&a’(‘(%ﬁ 6&‘ ?’%ﬁa%a%@%
Package Desi . [ fiRle
Uniformty Pﬂ,{]éiycerol i Dr%%dr)eser vat | (‘)“fﬁ pgl\{%age &f{’g‘ %Péejgéﬁf | nvent i on
was eval uat egeflQluster dishes dbitaiting hB@Eoﬁ{earh%i@&ucEQv&eCﬂfakbﬁ 'fof BA® haie
without a cultured tissue equi val ent, were nounted five
t her roSoupl esn annerbital shaker {Beléto) ax F0fxpun in a 10% CQ2ygassed chamber. 1Afterm

fromthe peripheral wall of the carrier, Thernocouple 15 leads exited
the package ¢armeat pquisialentscweee rpenfusethdthe petri (€gniaming cornea

L 0f - oryopr STGVRIERE. JRSTRDs AR aceluiak el Fasie ave plased e " 7
B A o I i R e
;80[ orr } 2 r2n er‘]tﬁﬁ%tiﬁtsd%w QolRHEA0.0°0 mBAGKA 8 -90*CE Ol teinpérafudl was
10 held for 20 minutes to equilibrate to chamber temperature. After the 20
minutes hold, extracellular ice was initiated by contact of the outside of each
well in the cluster plate, below the level of the freeze media, with a liquid
nitrogen chilled probe. After all cornea equivalents had been seeded with ice
crystals the temperature was held an additional 5 minutes at -6.0°C prior to
15 cooling at -1.0°C/minute to -8.0°C. The temperature was held again for 30
minutes at -8.0°C to allow for uniform distribution of ice throughout the
sample. Cornea equivalent units were cooled at -0.1°C/minute to a final
temperature of -70.0°C.
Cryopreserved cornea equivalents were removed from the freezer. The
20 lid of the dish was removed. To thaw, 6 mL of warmed (37°C) DMEM was
aseptically poured into each well of the cluster plate. After 45 seconds, all
liquid was removed from the dish and an additional 6 mL aliquot was added
to the dish for two minutes Using sterile forceps the cornea equivalents and
attached transwells was transferred to a new cluster dish. To rinse, 4 mL of
25 DMEM was added to each well for 30 minutes. The media was exchanged a

second time for an additional 30 minutes The cornea units were then

transferred back to the/same culture dish and incubated in cornea
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initially and sl owed down as it approached the nelting point of the
cryoprotectant solution The thermal uniformty was between 2[err] C and

6[ er-rHE—of ————the—aver age t herrocoupte—tenperature—during-t he fastest—

war m ng rates and approached 8[err]C as it reached the nelting
poi nt of the solution. 25 Exanples 4 to 12 show t he
cryoprese hgig et hod of this invention on di f fperRIRbsM1RBS UES.

Exanpl e 4: yopreservat i on of Epidernmal Sheets
- 24- 6
PCT/ US96/Fj4itenance medmm afiééﬁi 196COr Sor 24 hours i o o %l?n mat ure LSE
at 12 day I l & FRized Niedis tRS
Llfllc %t&/orge J.' Whis allowed far RAEDME tﬁfxcilgesé‘éﬁ

acconpl i she Ing t errra trate |l ayer fromthe

epi der mal rebgbdBlishVistdadiyO§ta D BoRditions S Codifipleg whre assayed usimgthe MJler . Each
sheet was cut in to three equivalent pieces. One piece 5 from each
sheet wasasbayprbtaola control. The renmaining two pieces form each

sheet were placed on top of a 75mm pol ycar bonate rans menbr ane
(CoB8tar) in 100 ﬁxasmlegr bi‘ perfused with 25

gtngzra\:/ﬂﬂ %ﬁ%z s gﬁx‘é‘neé%ﬁéﬁéi o%n?e{g%o i’%ﬁeggﬁmﬁrpm or one hour
he pet r TR W‘@ghgﬁégont al E@?ﬂy %é%gmq}%%mm Qg;mg@ﬁ,eoerfused

the petri | ng ‘epi eet, transwel| and
extracel lyds@k WefEZbidveBIFBm the dern(lgM Slyige akinngadEkdmedr o @ aced in
a bag and vacuum seal ed (Audi ovox) programred for a 5 second vacuum
and a 3. Yestangulirdeah x 2rem piece. Murine skin pieces were then placed ona75

10 mm transwell (Costar) in 100 mm petri dishes (Costar). Murine skin was

perfused with cryoprotectant by submerging in 25 mL of 2M Glycerol in
DMEM in the 100 mm petri dishes for one hour. During perfusion, the petri
dishes each containing the murine skin and the transwell were shaken for
one hour on an orbital shaker (Bellco) at 70 rpm in a 10% CO2 gassed
15 chamber. Control, non-cryopreserved mouse skin was kept in nutrient
media at 4°C for the duration of the cryopreservation and thawing process (2

days) before skin grafting. . -
After murine skin is perfused, the petri dishes containing murine skin,
transwells and extracellular freezing media are placed into the Planer
20 programmable freezer at a starting temperature of 20.0°C. Murine skin was
cooled at -10.0°C/minute to'-6.0°C and were allowed to hold at -6.0°C for 20
minutes to equilibrate to chamber temperature. After the 20 minute hold,
extracellular ice was initiated by contact of the outside of the dish with a
liquid nitrogen chilled probe. The contact site must be below the level of the
25 freeze media. After all murine skin had been seeded with ice crystals, the
temperature was held an additional 5 minutes at -6.0°C prior to cooling at

-1.0°C/minute to -8.0°C. The temperature was held again for 30 minutes at
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Packaged epi dermal sheets were placed into the progranmable freezer 15
(Planer) at a startingtenperature of 20.0[err]C Epidermal sheets were

cool ed at -10.0C mnute to -6.0[err]C. The tenperature was allo
to hold for 20 mnutes at -6.0[err]C to equilibrate to chamnber
tenperature. After the 20 m nutes hol d, extracel |l ul ar I ce was
initiated by%%m% of the outside of the bag bel ow CTUR®MZ | of

the freeze nedi a

h a liquid ni roenchl ed, pro ter all
epi der mal sh@e‘ﬂg ﬁ%&hﬁﬁ’eff’fs P@Q“c? & &q\?@ %ﬁﬁé?’zﬁlﬁr

(r:]gl)lded at unﬂse\g %&rﬁ%%ﬁ%@@ ?6@Fiw&&lﬁ?p§?‘gnperafuresvége?hen

all oved to hol re%grved murmer%lﬂﬁt\#ﬁs ?émo&d)h%h{ Hie FRedr &vd Q& Lidnsf or m

di stribution of t hroughout the sanpl e. The chanber was then \
cool ed-at - Othld dﬁsﬂ was pethoved, Tof thaw, 20 mL of varmeed) (37%T) DMEBM] avas| C.
Cryopreserved epi dermal sheets were renoved fromthe freezer and the

bags wdre cuasepticaily poysedrintelithe qpeteindishese |After 42 sgcends, pdl liquid wes ni of

- 25- WD 96/,24018

PCT/ US96/ mz@ﬂwved from th%&ﬁ‘?ﬁﬂ apdAn.additiona) A8 ml aliquet,wasadded to they i nt o

G sheb and aSteinfor Gfe mipgtey Ater AP GRS tBiyred, Htitifle 4Ry WATHIEA &0
two minut esO{Ne sl Wil 95 9RE DREM dor 30 minutes OPALIRIdH vAlkeBichanged o | nsed

with 25 nL rredl a was exchange second
time for an ﬁéﬂhﬂiﬂﬁ@[{oﬁﬂ\ﬁﬁmﬂdﬂﬁl 3ﬂ'hﬁmutes, epi dermal sheets were then

i ncubated in culture mai ntenance nedi um at 37[err] 10 err] for
24 houls pri or Thawedatryopeesefited amd ¢batrobsamples were processed for histology
or were grafted to mice. The photomicrographs of non-cryopreserved mouse
skin compared with cryopreserved mouse skin showed that the four basic
features of mouse skin, the dermis with fibroblasts, the basal layer of the
epidermis, the suprabasal layers of the epidermis and the stratum corneum of
15 the epidermis were preserved by this method. All layers were intact and the
overall morphology of cryopreserved mouse skin was identical to that of
non-cryopreserved mouse skin.
Example 8: Cryopreservation of ATS SKIN2™
SKIN2™, model ZK 1300 (Advanced Tissue Sciences, La Jolla, CA), was
20 removed from the packaging according to shipping inserts upon arrival and
were placed in culture dishes (Costar). Transwell inserts were placed above
the SKIN2™ to keep the skin construct submerged. SKIN2™ was perfused
with eryoprotectant by submerging SKIN2™ in 2M Glycerol in DMEM in the
culture dishes for one hour. During perfusion, the culture dishes containing
25 the construct and the transwell were shaken for one hour on an orbital
shaker (Bellco) at 70 rpm in a 10% CO2 gassed chamber.

-30-



allowed for the lag typically seen for frozen cells to reestablish steady

state conditions. Again, the incubation tinme was allowed for the

| ag typicalTy seen 10 for frozen cel s to Teestabtsh—steady state —
condi ti ons. O the two remaining pieces fromeach epidernal

sheet, one from each was processed for histology and one piece from
each sheewowsi4omsayed followi ng the MIT assay ppetResdoi2igonpari ng
phot om crographs of non- cryopreserved epi dermal sheet and

Cryopr eservaghee @'}dﬁ%ﬁﬁlis edf ﬁ?%a?ve}é placed“in@%ﬂrﬂéiﬁﬁmﬁﬂe three

basic features o e eprderms: sal layer o epi derm s,
the supr fhawer (PhitRry abfa sfactingitdaiperatuae dbft 2020%T. r SKIN2CW rurdtsTwake
the epiderms were all preserved by this nethod. Al |layers were intact and

t he over ajobledbaiptlfI03Gy mihuteto &0/Cpand avere alloptedctorhold st «60°Gidier 2@ent i cal
to ,that of the non-cryopreserved epi dernal sheef. 20
Exanpl e Sningtesin equilihzate & the chamben feemr@mnﬂer the 30 minufg-hold,
equi val ent in this, stuydy,.were. the n-ept der @l i conmponent
of She L axErarfilat feraimpiated viioriadt o 3R ofRIACE( e diBfes belqw the COTPONTH
dermal eqg : u§,gg, | r*&p(;égne ub [
t he der ngw%%f\%fé%égﬁfggéhe. t?#@um@q tra vveﬂ;ﬁ?%o tgré') g?%geﬁgi n 100mMm
25 PSKIN20 S wézeSedddd WitthicéTripdtalsf tHaMleMpristure Wak deld¥atcar ol f or
one hour. The petri dishes were placed on an orbital shaker
(Bel | co) additiénal Srmimutepat -6.0°C. Thelohamben tempeeshg@eowas theaccoobaxdhder . Af t er
dermal equival ents were perfused ) .
- 26- -1.0°C/minute to -§8°GCg/SKIDREM units were allowed to hold for 30 minutes
PCle US%/aQ 1-81)3(: to allow for uniform distribution of ice throughout the sample.
SKIN2™ units were then cooled at -0.1°C/minute to a final temperature of
<70.0°C.
Cryopreserved SKIN2™ were removed from the freezer, the lids of the
dishes was removed and warmed (37°C) DMEM was aseptically poured into
15 each culture dish. After 45 seconds, all liquid was removed from the dishes
and another addition of DMEM was added to each dish for two minutes.

Once thawed, the SKIN2™ unit and attached transwell were transferred to a

new culture dishes, using sterile forceps. To rinse the SKIN2™ of
cryoprotectant, DMEM was added to each culture dish containing the
20 SKIN2™ for 30 minutes. The media was exchanged a second time for an
additional 30 minutes. The SKIN2™ unit was then transferred back to the
same type culture dish and was incubated in culture maintenance medium at
37°C/10%CO2 for 24 hours prior to analysis. Again, the incubation time was
allowed for the lag typically seen for frozen cells to reestablish steady state

25 conditions.
Cryopreserved and control constructs were assayed following the MTT

assay protocol for SKIN2™ model ZK1300, enclosed with the product, and
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the petri
medi a were placed into the progranmable freezer (Planer) at a starting
tenperature of 20.0C. The chanber was then cooled at -10.0C/ mnute to
-6.0[err]C. The tenperature was held for 20 mnutes to equilibrate to

di shes,

dermal equival ents, transwells and extracellular freezing

chanber 5 tenperature. After the 20 mnutes hold, extracellular ice
was initi at edV@9624018 contact of the outside of the di sheBCTURSBIAIT he
| evel of the freeze nedia, with a | i quid nitrogen chilled probe

After all

tenperature
chamber was
t enperature

uni form

equi val ent s
tenperature O

denlsa by histalagical svaﬂaelh%e Thecphptgmicrographs pf pon-ceyopreserved ¢ he

SRV Spiipeed i&h%?ﬁs"ﬁeé“w%?@@%“ Shop el thet %msﬁf&? 10
Y@?u% ?rs?%ﬁ? fcéﬁa rougﬁgut t% sarrpq‘éeaﬂl%f&rthe

Hb?nﬂf»‘rtﬁe sugrabasalt 1398rsC | tﬁé épidednit[£1d M stratuin® cbfhent | Nal

[err] Cryopreserved dermal equival ents

were tBen reubmobﬁidmmmeréraﬁqneserved by tkusaméthdtb Alldaysérsvrere dintabt aad
renoved. To thaw, 40 nL of warned (37[err]C DMVEM was aseptlcally

poured into thecovesall morphologyrek enyopeeseseash %ﬁﬂ WRS gimiar to that of neg-
renoved fromthe di Shﬁﬁ wzﬁl addi tional 40 n1_ al i quot was added to
‘e

t he di shes fYYOoPTgFeRY

" nsedﬂ%ﬁgl‘%&t %ﬁ%@%ﬂé@ym nut . eWngmal

StFrbZerdfnd nonaﬁéﬁeh&eln&egtms tégﬂ&éﬂﬁéﬂ ﬁ\ee!')ﬁie@niah Qfuivaldhits er r ed

back to the culture dishes

wer e

exchanged a
equi val ent s,

r all ice was thawed, dermal equival ents

i ncu ed in culture maintenance

medi undat 37imed rdcehe@l@quévalintsoweld testeds using the MTDrassayandS)INI™ The
I ncubation tinme was allowed for the |ag téE cally seen for frozen

cel | s to reecansbiuctshwereassyyesd accordingdot’

usi ng the

Cryopreserv

attached to
e

lift,
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15

20

AssayBratocldpe uge with-Model

airxigps B eReipsabs ﬁmlsnpgls inserts.] Cellcg)?‘?@ 8&2!\%5%%&5

bt b bt a”ﬁ“ée%ﬁ 8085 3 flotipbREE MTT copyeRilSh dllly" 11

deveioped to measure cellular growth and viability. This assay is described in
detail in Gay et al, "The Living Skin Equivalent as a Model In Vitro for
Ranking the Toxic Potential of Dermal Irritants," Toxic. in Vitro, 6:303-315
(1992). The metabolic reduction of the soluble tetrazolium sait to a blue
formazan precipitate is dependent on the presence of viable cells with intact
mitochondrial function. This assay is used to quantitate cytotoxicity in a
variety of cell types, including cultured human keratinocytes.

To the culture dishes containing LSE, epidermal sheet and dermal
equivalent, 40 mL of assay medium and to the wells containing corneal
equivalents, 1.5 mL of assay medium containing 0.33 mg /mL MTT (Sigma
Chemical Co., St. Louis, MO) was added. The tissue equivalents were
incubated in the MTT assay medium for 3-4 hours. At the end of the
conversion period, the tissue equivalent was biopsied using an 8-mm

diameter skin biopsy punch. The punch biopsies were then extracted for 2-3
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nmet hod of perfusing cornea equivalents with cryoprotectant was to subnerge
eactrcorneaequir vatent—and tr '
(2M gl ycerol in DMEM in the six well cluster dishes for one hour. The six
wel | cluster dishes containing the cornea constructs were shaken for one

hour 5 woogisofy) Orbital shaker (Bellco) at 70 rpmin apdPifadsiobn’] gassed
chanber. After cornea equi val ents were perfused, the petri dishes

cont ai ni cor.n RY Bm&e : nfﬂad]n/?l’ht ar
freezing i r&ég\eteﬁ%%rggﬁ?;iboﬁ%%fﬁsoﬁ% pf%%raarrrra e ?'raggger Pl aner)
at a st apt bedd BP BiPbktrRtioh pdtidd, 92 Ik of @icRGtract was trab@fervd W s vere
cooled at -10.0[err]C/ mnute to -é.O[err]C. The tenperature was 10 hel d
for 20 nivellt e at 96-aeell [pliteat THeo abbarbleacies cwpre zead @n Af platetreadeo

m nutes hold, extracellular ice was initiated by contact of the oqutside of

each (Dynategh)| ati 570 nm with tthe isopropanpkpxtraction madipmyas b eze
medi a, w aliqujd, itrQgen chille rohQe. After all rnea

eqdi val ﬁ%‘&%@bﬁ“@%m %ﬂfweagcéwwesme c,sg%qtiﬁﬁ g’%é"?‘@ﬁb@f ure was
hel d an addi tional U = ' | at

"1 Of or ritertPRaRie, SoRebbRpith s Spldkicd BY oind O bpecent o SBRkDE

m nut es @ggﬁ@.‘fzi[)err] Cto allow for uniformdistribution of ice throughout
t he sanpl e. Cornea equivalent units were cool ed at

-0.1[err] C/ m nut e tBxample 0@ Lactose DehydovgenasseAssap{LDH). O[ err] C.
Cryopreserved cornea equival ents were renoved fromthe freezer. The 20
lid of theLBHIlisaasenzymoe dypically tiound in aiviablegellpePapmgector the) celhEM was
aseptically poured into each well of the cl ua,t er plate., Alter 45 seconds,
allp causes afglease\Qf the gprYe; dnsh A IpLre§PeR H\%dé)ﬁﬁe%ﬁ?oﬁ“t nHZY&e1 al i quot

was added,. . to the dish for two mnutes Using sterile forceps the
cor nea eqf&vwldgmcgecgpﬁnusassay attached transwells was transferred to a new

cluster diz&%@imsﬁma&%d sanmﬁybmga‘g_ Rackitmead for 30

m nutes. The second ti for an additional 30
i nut es g§Mhen GiamMeter ki biopsycpurkdd Three samples were taken from each LSE

unit. Punch samples were placed in a 15 mm tubes with 1 mL of 0.1 M
15 triethanolamine buffer (on ice) and homogenized with an electric tissue
homogenizer for one minute. The samples were then centrifuged at 1000g at
4.0°C. The supernatant was then assayed. LDH cocktail reagent was prepared
by mixing together the following: 3.00 mL phosphate buffer (0.1 mol/LpH
7.0), 0.1 mL pyruvate, Na salt (2.5 mg/mL), and 0.05 mL NADH, Na salt (10
20 mg/mL). 100uL of sample supernatant was added to 900uL of the reagents
and allowed to react for two minutes. The change in absorbance over the two
minutes was recorded. The average of three samples per cryopreserved LSE
unit were compared to the non-frozen controls. Sample values were
compared to corresponding control values and expressed in terms of percent
25 of control. (Figure 4).
Example 11: Bioequivalence of Cryopreserved LSE

To Non-Cryopreserved LSE

~33-

‘freezing medira—



transferred back to the/same culture dish and i ncubated in cornea
- 28- WO 96/ 24018

PCT/ US96/ 01217 mai nt enance nmedium at 37[err] ¢ 10902 for 24 hours
prior to .analysis. The i ncubation tinme was allowed for the |ag
typically seen for frozen cells to reestablish steady state

condi tions. SMPPUMOMer e assayed using the MBT assay RSTHISoEM217 5
Exanpl e 7: Cryopreservation of Harvested Mirine Skin Wld type
m ce, strain B6(OBSYdémonstrate uthmnbicequivalton®uohl cryopraserved and nofthe
skin was harvested aseptically. Excess blood vessels, fat_and connective

tissue were rErxpPreseryeshl.Ima mstuﬁmtpﬁéhmmwm% a

10 "t r anculéis G PR VRH A infio o fF BledBa ity B BgmpIl 17, 1

was P f £ PeHBVEIed! itdmbihtetantl i

A ycerol in We&é‘ﬁ%{dﬁe %Y%g% etri di shees 1f or one hour. cBugrl ng
per f usi &n, thewpmtynﬂour hours. dishes each containing the nmurine skin and the
transwel | were shaken for one hour on an orbital shaker (Bellco) at

70 rpmin a lo%Rqu@cppngaaﬁevPeteSpetformbdrmeﬂhmhcmtml of %Woﬁed

nouse skin was ke& in nutrient at 4£)err t he duration
ain

of the cryopr thef @W&ﬁﬁ!ﬁkﬂ‘n@aﬁk&%ﬁa g?‘ Lab d,prth eithes |,
O et Lo S P e R LS
are placed | naQihis Wefl'Ghesthetized with Nembutal. A 2 x 2 cm full thickness skin

10 section was excised from the dorsum of each mouse, sparing the panicculus
carnosus. LSE grafts, either control or cryopreserved, were placed on the
wound and trimmed to fit. All grafts were dressed with one layer of
petrolatum impregnated gauze (vendor) and covered by two adhesive
bandages (vendor). The dressings were removed at 7 days post-graft.

15 At 14 days post-graft, all animals were euthanized and photographed. The
graft site was then excised for histological analysis and evaluation. The gross
photographs and micrographs showed no difference in graft integration
between control LSE or thawed, cryopreserved LSE. No significant difference
was seen in rates of wound contracture between control or cryopreserved

20 grafts.

Example 12: Syngenaic Skin Grafting of Cryopreserved and
Control Mouse Skin
To demonstrate the bioequivalence of cryopreserved and non-
cryopreserved mouse skin, a syngenaic skin grafting study was performed.

25 Wild type mice, strain B6CB6YF1, were euthanized by Nembutal overdose.

The skin was harvested aseptically. Excess blood vessels, fat and connective

tissue were removed from the dermis in preparation for skin grafting. Mouse

-34-



20 programmabl e freezer at a starting tenperature of 20.0[err]C. Mirine
skin was cooled at -10.0[err]Cmnute to -6.0[err]C and were
allowed to hold at -6G. O[errjCfor—20" m nutes to equittbrate to
chanmber tenperature. After the 20 m nute hol d, extracel lular ice
was initiated by contact of the outside of the dish with a l'iquid
ni trogen O¥odd2aeispr obe. The contact site nust be bel ow t heThedpizef the 25
freeze nmedia. After all murine skin had been seeded with ice crystals, the
t enper at | gl ' -Refiodr ' o cooling
at Lgk?n% gﬁ%ﬁrﬁgﬁleﬁ%@ﬁ%w (raPP P?‘é&%q'ﬁie}et’grrpera%?ga \Amigér?tél d again
for 30 mMQuwtes], abn-cryopreserved mouse skin was kept in a nutrient medi? 4t 4°C

WD 96/ 24018 PCT/ US96/ 01217
- 8. 0C t o far thevducatiomof thereryiopresepvationand thawing pongss a tatalcofstwel e.  The
units wer thbe cogled at -0.1[err]C/mnute to a final tenperature of
-70.0[errqea<2.5' ore skin gratingopr eser ved nurine skin was removed fromthe

|LEZET Sl s s S R o TR R B,

After 45 I L £ L ; pRMeeh f ' nd an
addi ti onzs?j %% g%vgﬁilgglé%g\}k\*/a% %@%5% (x)'eq[eh\éé@ ! %?%%%%PS%\?\BS% nut es

Af ter al lgkirf; e THe mich avéd anebthietied With NenbutdheA 2 & 2 em full thidkheds shes with
25 nL DVEM for 30 mi nutes The nedia was exchanged a second time for

an addi t iskiralse@iomi was excised from theéhdemsinyrofopads enowse, aparinghthel sanpl es
were processed for histology . or were grafted to mce. The
phot oni c Pagiaspiis carnoms. dYQase dn grafys, ither control or cryppreseryedaWere wi t h

AR I e B B Wb g i

layer of petrolatum impregnated gauze, covered by two adhesive bandages.

These dressings were removed at 7 days post-graft.
At thirty days post-graft, all animals were euthanized and photographed.
The graft site was then excised for histological analysis and evaluation. The
15 gross photographs and micrographs showed that there was no difference in
graft integration between control mouse skin or thawed, cryopreserved
mouse skin. No significant difference was seen in rates of wound
contracture between control or cryopreserved grafts.
Although the foregoing invention has been described in some detail by
20 way of illustration and example for purposes of clarity of understanding, it
will be obvious to one skilled in the art that certain changes and

modifications may be practiced within the scope of the appended claims.



epiderm s, the suprabasal Tayers of theeptrderm s and the stratum corneum

of 15 the epi derm s_wel N f ) his method. All |ayers were
i ntact and the ovlﬂumm -? H"]Of cryopreserved nouse skin was
identical to that of *  fion- cmyopr eser yeg— Kl |

Exanpl e 8: Crry@gr servation of ATS SKI N2[ er ]THIS gggﬁ;g&é %5%‘ 2[ err], nodel
ZK 1300 (Adva &ﬁe"l'f’?sue Sci ences, La Joll a] 1217 om
t he packagi ng_accordi ng to shipping inserts upon arrival and wer e
pl aced in culmmmg"é-ﬂ(%éﬁar). Transwel | inserts were placed above
the SKIN2[err] to keep the skin construct submerged. SKIN2[err] was

per fused with cryoprotectant by subnmerging SKIN2[err] in 2M

d ycerol in DVEM in th | S DU [N
perfusion, the CIYIU| tu#e%tgﬁgsfoéowgkxﬁ%g 1}?% h%&?%@ﬁﬁ%ﬁ?héﬂdhfﬁ’& or
transvel | wver@alialaissieequiifal il coiprtingr bi t al shaker (Bellco) at
70 rpmin a 10% COerr] gassed chambér.

- 30- 5 (a) anwfersifid 8aid tissue in a cryoprotectant solution, agitatin
PCT/ US96/ 01217 After SKIN2[err] i-srypgrfused, t he uni?s wer e
pl aced into tSad prygpratactant solution andfsaid Zermemedrtisspedto achieve effegtive
tenperature of 20.0[err]C, SKi N2[err! uni ts were e cool ed at

~10. O[ er r ] C/ rReNgtEAtan OF the cryaprRiectaat| sohatioR dnky said: tissee qod sehiege a
mnutes to equlkihr 0 the chanber tenperature. After the 20 mnute
hol d, Oﬁﬂrﬂs%daéﬁug,

(b)  seeding extracellular ice in said cryoprotectant solution and
10 perfused tissue;
| ()  cooling said perfused tissue from step (b} to a cryopreserved
state by freezing said tissue at a slow freezing rate to a temperature at or below
at least about -70°C. to produce a cryopreserved tissue, and
(d) storing said cryopreserved tissue at a temperature of at least
15 about -70°C or below.

2, The method of claim 1 wherein said immersion in step (a) is
accomplished at a starting temperature of about 20°C and then, during
perfusion, cooled at a rate of about -10°C/minute to a temperature of about

20 -6°C.

3. The method of claim 1 wherein in step (c) freezing is at a rate of
-1°C/minute to a temperature of about -8°C and held for a time sufficient to
allow for physical and biological equilibration of said cryoprotectant solution

25 in said tissue.
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| iyniat | at ed by contact of the outside of the
lm]“mﬂ“*ﬂ“‘)f the freeze nedia.with a liquid nitrogen
] $ *

5 extracel | ul
di shes bel ow thﬁﬂ“
chiTTed probe. W¥

]

P T 1 SRLEES '\vvere seeded with ice —
crystals, the tenperature was hel §-ifo$ SHE: CED dditional 5 minutes at
-6.0[err]C. The chanber tenperatuie wasR%——eco‘l’é'dpat
-1.0[err]|Wovenahe to -8.0[err] C 2[err] units were appnssioifizhol d for
30 minutes 10 at -8.0Cto allow for uniformdistribution of ice

throughout 4he Sgihfethod of claind'f! WakfSiRlinlstep o) it 1§@0isCReldt
-0.1[err]C mnute to a final tenperature of -70.0[err] C
Cr yopr es eonstanCior 2 tinter duffieient teealiowdfot iphysichicartd bitegicalt ¢qmilibrisionf t he

di shes was renoved and warnmed (37[err]C) DMEM was aseptically poured into

15 e of saidudryoprotenitant sodfition im Saiddgssties, all 1iquid was renmoved fromthe
di shes and anot her addition of DVEM was added to each dish for two
m nut es. Once thawed, the SKIN2[err] unit and attached transwell

To S inse T o Sk ERpo,pf claim'S Vefbiebt bF atsal Saotnf i dohiad Be.2° 5 °Cach
cul ture dighoCthalnsRy tc% bro2€ 10 a te%é}‘gféﬁé bf abdiit -PCbieees. The nedia was

exchanged a second tine for an additional 30 m nutes. The
SKIN2[err] unit was then transferred back to the same type culture
di sh and was incubated in culture maintenance nedi um at

37[ err] ¢ 1690 Jhe] method of iebaims 1pwherein saich hagwessted mpamaliandissneubat i on
time was, allowed for_ the lag typically seen for frozen cells to

r eest abl isshamvestedymamymalian skin. condi t i ons. Cryopr eserved and
ccirrbtrol constructs were assayed following the MIT assay protocol
for SKIN2[err] nodel ZK1300, enclosed with the product, and

7. The method of claim 1 wherein said cultured tissue equivalent is

selected from the group consisting of cultured epidermal equivalent, cultured

dermal equivalent, and cultured cornea equivalent.

15 8. The method of claim 1 wherein said temperature of said

cryopreserved state is at or below -120°C to at or below -196°C.

9. The method of claim 1 wherein said cryoprotectant solution is 1.5M
to 2.5M glycerol in a base of Dulbecco's Modified Eagle's Medium (DMEM).

20
10. The method of claim 1, further comprising thawing said vitrified
tissue, wherein said tissue is thawed in about from 1 to about 2 minutes.
11. An apparatus for cryopreservation of harvested mammalian tissue or
25 cultured tissue equivalent comprising:

\
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ED%'ZIL'; US96/ 01217 ,mﬂﬂﬁmﬁﬂm ,uml ogi cal _eval uation. “ﬁﬁ

phot oni crogr aphs of non-cfyoprédsesvedt THISKIHNRT eras] B npred with
cryopreserved SKIN2[err] showed that the four baskapx,f\gg_g*“____jieatur es of

SKIN2[err], the collagen |attice with fibrobtasts,Thé basal |ayer of the
epi dermi s, th‘@”s‘(}ﬁ? 8basal |ayers of the epidernmis and the sPEHUS0427neum
5 of the epidermis were all preserved by this method. Al |ayers were
intact and ch@yommmmsmlmmmgyr contignous with @ ssi@wﬂi/ and B was
simlar to that of_ non-

Exanpl e 9: ovherein the, ﬁ@ﬁ&'ﬁp;ﬁ‘gg%@ﬂ %E%NZW& extending fram,; o,
and non-f roz%{n&é)#é{ Wg%ﬁ?@%@%ﬂer mal sheet dernmal equivalents 10

and cor neal €d using the MIT assay. [SKIN2[err]
constructs vere asspysdierChriuling al fat Abs@meﬁﬁmae%a&m bﬁénﬁ‘eha Model
ZK1300", enclosed with the shi pprng | nserts Cell viability of

constricts of an essentially tubadarr seppost aud hmmmwﬁtaen@bbsaxﬂeﬁubularWT
conver si on assay devel oped to neasure cellular growth and
viability. wwoatsvahgrens sajdgimi iy supperted by the gaidoinwardlycexterding|suppttshe

Li ving Skin ol; uj valent as a Model In Vitro for Ranki ng the Toxic
Pot enti al of YIrritants," Toxic. in Vitro, 6:303-315 (1992).

for msan pr o e el HRe AT ph oA Sl ideyall,
I ntact and H‘fiaﬂ%@%ﬂérbﬁl s&HW@% ﬁﬂh&t@%éﬂtéct vithP Said tﬁaﬂ’%"ﬂ& jdt e
cytotoxicity In variety of” cell types, including cultured human

ker at iocyt afay; and, To the culture dishes containing LSE, epidernmal
sheet and .der nal

a seal between said tray and said lid.
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equi valent, 40 nL of assay nediumand to the wells containing corneal

equi valents, 1.5 nL of assay nediumcontaining 0.33 ng /nL MIT (Si gma

Chem cal Co., ot. Louls, M) Wwas added. Tne rrssue equivarents were 25 ———
incubated in the MT assay nediumfor 3-4 hours. At the end of the

conversi o the tissue equival ent was bi opsi ed usi -

di anet er gwpha%ﬂbpsy punch. The punch bi opsi es were thenlgﬂpgﬁﬂﬁggp}or 2-3
- 32- WD 96/ 24018

PCT/ US96/ 01217 hours at roomtenperature in 0.3 nL isopropanol
acidified with 0.04 N HO . At the end of the extraction period,
0.2 nL of each extract was transferred to a wel | of a 96-well
plate. The absorbencies were read op fafpl ate reader (Dynat ech) at
570 nmwi th the isopropanol extraction nediumas a blank. 5 MIT val ues
obtai ned fromthawed cryopreserved sanples were conpared to

correspondi ng control sanples and expressed in terns of percent of control

(Figure 4). e to~Lact ose Dehydrogenase Assay
(LDH) LDH is an Ay Trer din a viable cell. Danmage
to the cell 10 causes == =i Band a correspondi ng

decrease in the enzyne
Thawed cryopreserved and X punched with an
8 mm di aneter skin bio 4 3 haken fromeach LSE
uni t. Punch sanpl es i 1 nm of 0.1 M

this assay.

FIG. 1B
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15 triethanolam ne buffer (on ice) and honogeni zed with an electric
tissue haomngeni zer faor._one mnute The sanpl.es._wer.e.then
centrifuged at 1000g at 4.0[err] C. The supernatant was then
assayed. LDH cocktail reagent was prepared by m xi ng together the

f ol | owi ng:-wa@9Otsers. phosphate buffer (0.1 nol/I;pH POT/OS9s01R11 Nl
pyruvate, Na salt (2.5 ng/nL), and 0.05 nL NADH, Na salt (10 20 nmg/ m.) .
100[err]I L of sanple supernatant was added to 900[err]L of the reagents

and allowed to react for two mnutes. The change in absorbance over the two
m nutes was recorded. The average of three sanples per cryopreserved LSE

unit were conpared to t _ zen 2dnlrols. Sanple val ues were
conpared to corres = control ues and expressed in terns of percent
25 of contro EgEe 4). Exanmpl e 11:

Bi oequi val ence serve 20 To

Non- Cr yopr ese - 33-

WD 96/ 24018 {// PCT/ US96/ 01217
To denonstr e bi oequi val ence of cryopregerfved and non-

cryopreser E, a grafting study to ahym\c m ce was perforned.

LSE units, preserved according to th od outlined in Exanple 1,
were tha day before gr?fting and rgg red in mai ntenance nedi a for
5 t wegEs=Hour hours. 2 Four i ments were perforned in
which a t{ .fof 66 athymc mc t+He strain B6CB6YF1/J-nu
(Jackson Labs) were gr cryopreserved LSE

FIG.3A

FIG.3B
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Ani mal s were anesthetized with Nenbutal. A2 x 2 cmfull thickness skin 10
section was excised fromthe dorsum of each npuse, sparing the panicculus

carnosus. LSE grafts, either control or cryopreserved, were placed on the
wound and trimed to fit. Al grafts were dressed with one | ayer of

pet r ol at uniogszeg®at ed gauze (vendor) and covered by two pdivesesnaz1?
bandages (vendor). The dressings were renoved at 7 days post-graft. 15

At 14 days post-graft, all aninmals were euthani zed and phot ographed. The
graft site was then excised for histological analysis and eval uation. The

gr oss phot ographs and m crographs showed no difference in graft

i ntegration bet ween control LSE or thawed, cryopreserved |ISE. No
significant difference was sehTin rates of wound contracture

bet ween control or cryopreserved 20 grafts. Exanpl e 12:
Syagenai ¢ Skin Grafting of CyoppesSErtrr=—mad

Control Mouse Skin T i Re D oeqégal ence of
cryopreserved and non- A SPTETTToSeT v ause iﬁéﬁ( a syngenai ¢ skin
grafting study was perfonﬁ§§4==; > WId e, strain B6CB6YF1

in was harvest ed
5 ti ssue were
i ng. Muse

wer e eut hani zed by NenmbyflfS=eea6se. ThA
aseptically. Excess bl godfggsssests, fat and éénnec
renoved fromthe derm g jif/=greparation for skin grg§
- 34- o7 24018

PCT/ US96/ 01217 Kin was crgﬁbreserved andjyt hawed fol |l ow ng the
met hod in Exanple 7, |.JF

'_—-lh-‘,
7

31

FIG. 4A

F1G.4B
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Control, non-cryopreserved nouse skin was kept in a nutrient nedia at
4lerr] C for the duration of fhe crvopreservation and thaw ng _
process, a total of two days, before skin grafting. 5 Si X
m ce of the sanme strain received skin grafts, two received control, non-
cryopr esewosdzemsise skin and four received thawed, cryopperuessssizInOuUSE
skin. The m ce were anesthetized wth Nenmbutal. A 2 x 2 cmfull thickness
skin section was excised fromthe dorsum of each nobuse, sparing the

pani ccul us carnosus. Muse skin grafts, either control or cryopreserved,
were 10 pl aced on the wounds afld Trinmed to fit. Al grafts were
dressed with one gE=Feeral gt um | npregnat ed gauze, covered by
two adhesi ve bandages. N were renoved at 7 days
post-graft. , all animals were

eut hani zed and photo-,; p N \gte was then excised for
hi st ol ogi cal analys i NN §r 0ss phot ographs and

m crographs showed/&x graft

i ntegration betme troI yopr gser ved

nmouse skin. No sv{ ~/’cant di fference wdg-= of wound
contracture betwjenf#ontrol or cryopreserved gra Al t hough

t he foregoing i it ai | by 20 way of

on has been gﬁzcrlbed in so i
finpl e for purpd&es of clarlty

ne skilled in the art tha#g o
A\ practiced wthin the scope ¢

fnder st andi ng, it
fin changes and
e appended cl ai ns.

illustrati on and
w || be obvious
nodi fi cati ons na}
- 35_
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VWhat we claimis: 1. A nethod for cryopreserving a harvested mamual i an
skinar cultured skin or corpea equivalent _conprising: (a) .immersing said
tissue in a cryoprotectant solution and agitating said cryoprotectant
solution and said i Mmersed tissue to achieve effective penetration of the
cryopr ot ectwodsrameut i on into said tissue [and achi eve a p@crwssswitizssue];
(b) lowering the tenperature sufficient to permt ice seeding and seedi ng
extracellular ice in said cryoprotectant solution; and (c) cooling to a
cryopreserved state said cryoprotectant solution and said tissue at a rate
of about -0.3[err]C per ‘'mnute or less to a tenperature sufficient to
cryopreserve said tissue. 2. The nmetHpd of claim 1l wherein said inmmersion
in step (a) is acconplished in a gas environnent. 3. The method of claim
1 wherein in step (b) extracellular ice is initiated by contact with a
l'iquid nitrogen 'bhi | I ed probe.

NG5 _ ) FIG6A
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4. The method of claim 1l wherein after said ice seeding the tenperature is
lowered at a rate of -1 [err|C/mnpute to a tenperature of about -8lerr]C
and held for a tinme sufficient to allow for physical and bi ol ogi cal

equi libration of said cryoprotectant solution in said tissue, prior to
cool i ng t owesr4per eser ved st at e. 5. The met hod of cl ai pchosssoIaa?N sai d

cooling rate in step (c) is about -0.2[err]C per mnute or |ess. 6. The
met hod of claim5 wherein said cooling rate in step (c) is about -0.1[err]C
per mnute or |ess. - 36 -

7. The nethod of claim1l wherein said *Zured skin equivalent is selected
fromthe group consisting of cultppeg 3% ermal equivalent, cultured ed
dermal equival ent, bilayered skin equi\vaflent and trilayered skin

equi val ent. 8. The nethod of claim Werdnn said tenperature of said

SUBSTITUTE SHEET (RULE 26)



9. The nethod of claiml1 wherein said tenperature of said cryopreserved

st at-e—-s—at—or—belew-1-40[err] C 10—The—wethod-of clalm-1 wherein said .-
tenperature of said cryopreserved state is at or below -196[err]C. 11.
The nethod of claim1 wherein said cryoprotectant solution is 1.5Mto 2.5M
gl ycerol MO8 of Dul becco's Mdified Eagle's Medi um PCTUSSSOIHE net hod
of claim1 further conprising thawi ng said cryopreserved tissue, wherein
said tissue is thawed in about 1 to about 3 m nutes. 13. The met hod of
claiml1l wherein said cryoprotectant solution conprises one or nore

gl ass-form ng agents selected fromthe group consisting of a cell
penetrating, glass-form ng agent andr\/éa]znon cell -penetrating glass-formng
agent . 14. The method of claim 16 rein said non cell- penet rating,

gl ass form ng agent is;,a high,nolecular wei | ex

car bohydrate cofpri si gﬁ%roup

consi sting of chondroitin sulfate, zﬁ | yet hyl ene

ht forym of a

pol yvi nyl pyrrol i done,

gl ycol . 15. The metlhod of claim 16 wherein said non ce }grztratl ng,
glass formng agent i$ a hetastarch. :
Sg
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16. *The nethod of claim 18 wherein.said hetastarch is_hydroxyeth

-+ 37 - . 17. The method of claim 16 wherein sidR éh_Aéﬁ é&fr@“@k‘r
gl ass form ng agent is sel ect‘ed*ﬁ‘-em—t—Wconm sting of: glycerol,
propyl ene gl ycol, ethylene gI rr sul f oxi de 18.- The et hod
of claim 20 wherein said cell ! Hﬂ ilm tl? Wt is gl ycer plREPLADEMENTNSHEET

nmet hod of claim 16 wherein sai agent s di
selected fromthe group consisting of DVEM |DVEM MEM ML99, 55% 1‘8
Ham's F- 12, Hamis F-10, NCTC 109, NCTC 135, and phosphatie [buffeyidl

20. The rrewq%g“%fd& Lm1 wherein said cryoprotectant soljuti.on.is 2M .
gl ycerol I"beCCo''S Modified Eagle's Medi um 21. Thg nethod of claimi
wherein said i Mmersion is acconplished at a starting tenperattte—of—about

20[err] C aqd § h?hdd #o?‘é@%breger%%'gda l'tlae r@s?e@ %g{n%\atiian gkm or cult%red skin or cormea

equivalent, comprising:

~ {a) immersing said tissue in a cryoprotectant solution and agitating said cryoprotectant
solution and said immersed tissue to achieve effective penetration of the cryoprotectant
solution into said tissue [and achieve a perfused tissue];
(b) lowering the temperature sufficient to permit ice seeding and seeding extracellular ice in
said cryoprotectant solution; and
{c) cooling to a cryopreserved state said cryoprotectant solution and said tissue at a rate of
about -0.3°C per minute or less to a temperature sufficient to cryopreserve said tissue.
2. The method of claim 1 wherein said immersion in step (a) is accomplished in a gas

environment.

3. The method of claim 1 wherein in step (b) extracellular ice is initiated by contact with a
liquid nitrogen chilled probe.

4. The method of claim 1 wherein after said ice seeding the temperature is lowered at a rate
of -1°C/minute to a temperature of about -8°C and held for a time sufficient to allow for
physical and biological equilibration of said cryoprotectant solution in said tissue, prior to

cooling to a cryopreserved state,

N 5. The method of claim & wherein said cooling rate in step (c) is about -0.2°C per minute or

less.

6. The method of claim 5 wherein said cooling rate in step (c) is about -0.1°C per minute or

less.
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22. "TW h@'&n sat-o-ewefing i s acconplished at a rate
()

i 24
of aboufiik \ r“ g! 23. CEMENG SHEETCl ai m 1 ' i'n
step (bﬂ L WI \S“ \at t enperat ure gf about R@ﬂ%@g@ﬂO@ﬁﬁﬂE{T
-8[err]C’* 24% The net hod {of ckai yml reih said cryopreserved tissue is

stored at a tenperature of jati | east abol 70[err] C 25. A method for
cryopr Fservv.ﬁmea'némbuesttl?ﬁl \ # Skirceduivalent isSselatted frée fiREgroup

equi val ent, conpri sjng: . mmersing,said tii ssue in a cryoprotectant

Sl ut fon anPTRBRPG Bt Auesd LN i e ek Saueleds BlayHiPErSEB
tissue to agdiiiléntahl &ayered slemequivdiean of the cryoprotectant solution into
said tissue; (b) lowering the tenperature sufficient to achieve ice seeding

and for a tine sufficient to allow for physical and bi ol ogi cal

quigl i br at i grrHafméthbdl of EXIAPT WhBfeirPstid BMpErdtaR df Baid 3hdplds8iE state is at or
below -120°C.

\ 9. The method of claim 1 wherein said temperature of said cryopreserved state is at or
below -140°C.

10. The method of claim 1 wherein said temperature of said cryopreserved state is at or
below -196°C.

11. The method of claim 1 wherein said cryoprotectant solution is 1.5M to 2.5M glycerol in a
base of Dulbecco’s Modified Eagle’s Medium.

12. The method of claim 1 further comprising thawing said cryopreserved tissue, wherein
said tissue is thawed in about 1 to about 3 minutes.

18. The method of claim 1 wherein said cryoprotectant solution comprises one or more
glass-forming agents selected from the group consisting of a cell penetrating, glass-forming
agent and a non cell-penetrating glass-forming agent.

14. The method of claim 16 wherein said non cell-penetrating, glass forming agent is a high
molecular weight form of a complex carbohydrate comprising one or more members
) selected from the group consisting of chondroitin sulfate, polyvinylpyrrolidone, and

polyethylene glycol.

15. The method of claim 16 wherein said non cell-penetrating, glass forming agent is a
hetastarch.

16. The method of claim 18 wherein said hetastarch is hydroxyethyl starch.
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(c) *seeding extracellular 1ce 1n satd ) ] S ' ﬁM

tenper at ure'og ¢ ﬂ“ttmulmmll II Ior |l e Sﬁﬁfm B Fgﬁﬂﬂi Jgﬁﬁm ENI&HEET
sol ution and gl at e ' -0.3[€frJC per mnute or |ess

to achi eve a cryopresert¥ed ti*ssue. f claim28 wherein

said cryopreserved tissue is store ufel of at |east about

10Lerr1C 17, #He mBIRd BN hwihal gt < {BFhG 28y skl ()

is acconpli shed at & starl ng _ab
met hod of diom thezBoumeansisting af: glyceroh erenylene giyEsk Btiyienie)glyicsl, Bodwdimeathyl 0 about
-6[err]C. ¢ iget Ne nethod of claim28 wherein said |owering of said
tenperature 1n step (b) is acconplished at a rate of about .
-10[err] C m nut e. 30. The nethod of claim 28 wherein said cultured tissue

equi val ent ,igs . sting of cultured epidermal
equi val ent ,1a‘caiﬁfb?g{@%g’éfrc@ﬁbéE&e\%ﬁgﬁg%ggﬁﬁ"%ﬁt'ﬁ%ggﬁ'%é%glx‘é%fo’equ| val ent .
31. The nethod of claim28 wherein said cryoprotectant solutionis 1 .5Mto
2.5M gl ycergl +i n | hecco' s i fi.ed Eagl ese' s Medi mé}@%%lé{é 2. The
method of - dPaTie ehorel BRIy 1 erE Friy s iemina et B Pt avedkin: sove,
wher ei n saisgletied$tom the gréup/\erhsistingbODMEM, IDMBMIMEM, 44199, RPM!I 1640, Ham'’s F-

12, Ham's F-10, NCTC 109, NCTC 135, and phosphate buffered saline.

20. The method of claim 1 wherein said cryoprotectant solution is 2M glycerol in Dulbecco’s
Modified Eagle’s Medium.

21. The method of claim 1 wherein said immersion is accomplished at a starting
~ temperature of about 20°C and then, lowerinQ said temperature to about -6°C.

22. The method of claim 24 wherein said lowering is accomplished at a rate of about -
10°C/minute.

23. The method of claim 1 wherein said seeding in step (b) is accomplished at a
temperature of about -6°C to about -8°C.

24. The method of claim 1 wherein said cryopreserved tissue is stored at a temperature of
at least about -70°C.

e 25. A method for cryopreserving a harvested mammalian skin or cultured skin or cornea
equivalent, comprising:
(a) immersing said tissue in a cryoprotectant solution and agitating said cryoprotectant
solution and said immersed tissue to achieve effective penetration of the cryoprotectant
solution into said tissue;
{b) lowering the temperature sufficient to achieve ice seeding and for a time sufficient to
allow for physical and biological equilibration of said cryoprotectant solution in said tissue;
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{c) seeding extracellular ice in said cryoprotectant solution at a temperature of about -6°C or

less; and
(d) cooling said cryoprotectant solution and said tissue at a rate of about -0.3°C per minute

or fess to achieve a cryopreserved tissue.

26. The method of claim 28 wherein said cryopreserved tissue is stored at a temperature of
at least about -70°C.

27. The method of claim 28 wherein said immersion in step (a) is accomplished at a staring
temperature of about 20°C,

28. The method of claim 28 wherein said temperature in step (b) is lowered to about -6°C,

29. The method of claim 28 wherein said lowering of said temperature in step (b) is
accomplished at a rate of about -10°C/minute.

30. The method of claim 28 wherein said cuitured tissue equivalent is selected from the
group consisting of cultured epidermal equivalent, cultured dermal equivalent, and cultured
cornea equivalent,

31. The method of claim 28 wherein said cryobrotectant solution is 1.5M to 2.5M glycerol in
Dulbecco’s Modified Eagles’s Medium {DMEM).

32. The method of claim 28, further comprising thawing said cryopreserved tissue, wherein

said tissue is thawed in about 1 to 3 minutes.
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