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DRESSI NGS We'senarss AND METHODS FOR THEI R PreCERRIGs
FIELD OF THE | NVENTION This inwention relates to net hods of
cryopreserving sheets of cultured epithelial cells and rel at ed
products deriving therefrom BACKGROUND COF
o RO A R A8 7 20
consists in the establishterrtur-optrntd COMUT 1

cryopreservation of living cells and tissues, since |long-term storage of
val uabl e materials is enhanced. Wth cryopreservation, the intrinsic
techni cdl or practical difficulties . associated with handling

bi omaterials such as (i) the |inFIELUDOETHEINVENTIQONI ated ti ssues, and
(i) ~the limted availability of tissues as source of cells for

research and cl Thisdavensiopirelates toymsthods ef aryopreserving shests af/elteed epithghialicellsand
poi nt of vi deviel opnent eservation protocols for |iving cells
and tissueﬁe?%%p@gaﬁfﬁgﬂmg%?%%‘f‘é i nportance for tissues susceptible for
transpl antati on. BXCRGRE ¥ THE FNTIEREr vati on, that
reported the successful use of gly p damage of cells

duri ng 1or eezi ngA(miajogechi¢venient frbatBmalNzeli technbbogydeajists s thereatablishmant gf optimal

preserve cell and tissue structurg, ,viahility and getaboli sm have bee
at t enpt ed. CopdiioRsfaReRyoRReseTHAtiqR of diving s @t His gt e JORBS Lo FOTERROL aliable,
isotonic b ' i L4 Gk naW D6 o | . .

cr yopr of eciiaisriais St 8RR irkdefvaid il Suiosic 1R BHRH brfac MR

ul 1 ar api dadsbeigtet with lokling bivisinérial Osueh @ € the naited SR of isofitd tsbies, and (i)
destruction of l|iving sanples by handling. I'n general, when freezing
met hods artbediseited avarability ofdissens as soyroe of eslls forvesearghsansl clinical applicgdonssare

Do oot ude ) e, Etorh ks piaf pf P tre el apiohiny BF Peseriipngotocols o iving
dehydr at i og1s304 119426 had E&%xgﬂ/ré aéﬁﬁ‘}‘%ﬁgg g?ﬁﬁr%ge for tissuek Qﬁﬁgﬁéﬁ% Z&Ztﬁjéﬁ]@ntation.

effects have been reduced cryoprotective a

careful ly Afist earlyl workf oreeryopresepvationcthiatreported the successfiilryse pf glyeerol tee
agents fall into two categories. One category acts b%“ger neating the cell
menbr ane PRV daiage of ¢rdisidyring ferzing Polggetal. 109 cNARIFR] 45000) cseleralstiategion to

di met hyl s | . : ' S '

gl Ucose, ryiEsats S8l ai fspRidorudl abiRH S RGSPARUIRE VS ech SultRHE Tt R of
nmechanize m greserving @6119ind/ stés inblude! specRi isotdafdHERryd solutiGH¥PspRE Rt thawing

non- perneati ng cryoprotectants include polyvinyl-pyrrolidone (PVP),

hydr oxyet hsghedules; theausetof CrFopyotectant agentsandapprogchss that comprise slpw, rapidd @ugar
al cohol s (\Bgla.ya%{cf: ggeoz%nsg; %ﬂcurl] order to prevent the otherwise inevitable destruction of living samples

by handling. In general, when freezing methods are used, a major factor responsible for tissue
damage is phase change (liquid to crystalline solid water), since ice formation is accompanied by
25 changéﬁ:ﬁ-"électrolyte concentration and pH, dehydration, and other facﬁ)rs not understood.
These dei&éﬁous effects have been reduced by addition of cryoprotective agents and by carefully
controlled freezing protocols. | - | |
' Ci'yoprotective agents fall into two catégories. One c_atégory acts by permeating the cell
membrane and reducing _thé intracellular water concentration (e.g. glycerol, dimethyl sulfoxide
30 (DMSO), and monosaccharides such as mannose, xylose, glucose, ribose and fructose). The
other is'non-perméating agents, the mechanism of action of which is not clear. Commonly
employed non-permeating cryoprotectants include polyvinyl-pyrrolidone (PVP), hydroxyethyl
starch (HES), disaccharides (such as sucrose), and sugar alcohols (polyélcohols such as
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~ manni t ol )&6%@4&],[ |y, freezing protocols which conbine both BE?’HE?M‘%? and .
non- per neati ng agents have been devegloped. Freezi ng of
‘isolated cells has become routine with glycerol and DMSO being the

pr edoni ﬁ%ﬁnﬁ yﬁ%%&ﬁ@h@%%‘;%g%%m&dembﬂe%&hp@ﬁﬁ%ﬂé tgﬁ‘éﬁﬂﬁé&ﬁé

LVI11, pages 29 1994, Cell. & Tissue Cu e
Labor at agentPhavecbbenelevelopedV | ey & Sons, pages 4C: 1. 1- - 4C 2.4). Ani nal
enbryos al so_have begn su cessfully reserved t he_ pr e of ycerol
(Wi tti ngha aeezing ot igplsted aellebas betome sautine pwith glysseph i DMIO bmsghe

B o P D 50

bi omgt eDoglesetal,19194] Celd & Tissuegcmrfasall.ab‘wats@ Procedurés. 3SWilsy &FSons; pagesl4C:110
freeze-drying is now extensively used for proteins, proteln mxtures and

balclt er i 4C:hdnedmimal embryos alsorhave been susneqsﬁxlkymresemdnmﬂ:emesmeof glmmm ian .
| 4960, N.Y.

oo VSRR 5 o U A Lo, s o 5580 B

?aﬁﬁ‘ySE 362320055}, Dr3ihgUrd TRy, 1 Uehef RATR) Bt ISP %%Qbﬁ?gﬂ?fn‘y

Worer s| ehetusid tolpresepibiofatepialsiitierithan living mmhmalidi) cellf Br tisshesi8Por exauipleyed

by Wonersley, 1981, Conp. Bi ochem_ Physiol. 70B:679-678) - or freezi ng
( Corl8t affeerecdrying is powrsxtensivelypsed Son p %ms, prptein guxtrgs Andchacteria; haweyer,Ahe (

S o 23' fsgg 35”‘&%1%%%&@%%%& xﬁﬁﬁ%gé FQE@“&?@%’)‘”%@B@@% f&05:460

for preRgIN21960) Axn, NEVIALARScE @51 7230728 Imeee%entdlscoveryofbmdﬂm&albelIeved
t hat car bohydrat es (such .as trehal ose, I[actose, mal tose, cell obiose,

sucr os eadaptatiops of living drganismste, sua\nmgOMplemdehydnﬂop@!myﬂmb@ms)iQCm&r bitol
and, YOy ik Bl o Sion s SRS L JORE o et
e G Idisee, i wklsRoR1 (CabgosiRin Mg ARLIBRYG"S

1984, H‘reezingr(Cc&stanhgst alAtﬂ% J. Exp. Zoél. 181=235&55Dng‘ethhd99®,sAn1 RitRhysivli ng
car bohydrates_that m e invol ved in dehydration- resi stance and
(r eore. 205 RIAHER 1045, Karewse al, THI D HroSeismeschiil 151480 SoarepiPoAsr. JoRaysaslo! y

an | mpof (SRE T ReBEF ﬁ“é’setsgﬁfn?%@gﬁ%%f@f%&%ﬁfaﬁ%o@%ﬁwﬁ%fﬁf el e

(King et al, 1t39Balieved Mt carbohydrate gélhehalaﬁslactose, maltiRecellobiokE subrose, .
St or ey, 1988 supra). Data obt ai ned fr anal ysi-s of freeze-tol erant -

speép esglucose, &uggee; amongtothm)uang pf)b@lsz(isn@l a5 sorbitel end nyoreinesitol)) might confer

ggngﬁnte(?%ylg%nﬁgg @ Hcos |ncr%’ys§§m :F@ﬁi tIy leﬁwﬁégglauc%%&ﬁ?ht be:.

freezin ax'y

(Storey & 8‘%?@ va %8{%‘{318?) o) gﬁl-l tlﬁbmw&gr &ilﬁeﬁ@ﬁtaﬂ%d&eﬂe:ﬂ&ﬁﬁr%ﬂ@é (Crowe
etal, 1 5;--Blochem onphys 232: 400-407 Crowe et al, 1984, Biochem. Biophys. Acta
769: 14580 One of the most mterestmg carﬂohydrates that mlght be mvolved in dehydratlon- |

25 resistance and ﬁ'em-tolerance is glucose. Thls monosacchande, possessxve of extremely
important functions in the metabolism of verteHrate cells, appears to have an important role in
freeze-tolerance in a variety of frog specles (Klﬁg et al, 1993 supra; Constanzo et al 1993
supra, Storey & Storey, 1988 , SUpra). Data obthmed ﬁ'om analys13 of freeze-tolerant species
suggest that during ﬁ-eezmg of those animals (1) blood concentration of glucose increases |

30 s1gmﬁcantly, (ii) glucose mght be as an energy| source in the anoxn: and ischemic state 1mposed
by the freezing; and (iii) glucose mlght funct:on asa metabohc depressant (Storey & Storey,
1988, supra)
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Sucrose hasgég%w“%ed as a conponent in cryopreservation sol U?F(l)'ﬁ’ss”:hs‘g‘('}sfor
cor neal ti ssue storage (Madden et al, 1993, Cryobiol ogy 30: 135-157,
Rich & Armtage, 1991, Cryobi ol ogy 28:159-170; McCarey et al, 1973,

Cryobi ol ogy 10: WSEPEE £F285H BlufibBARRE MiCopiea! |
1993, Cryobi ol 059%89%2%{3) so g %dgétéﬁi}r%o (g?sher car bghydrat es 5 heave

been used ﬁﬁrruersﬁﬂ‘agd Odstideslet alL }'9&3; Oryabiology 30535457 cRichi& Alrmjtage,399bat ent s
4,874, 690; 71,661 and 5,178, 884 Howeve I
preservat i @ﬁ)’%@lggﬁas 158705 Mcﬁ;éﬁm“éﬁhﬂé@ (ﬁryoblo{ogy |1§§9g %@Séﬂi@ﬁ@?&%ssﬂe

above. ot hameing OaRERR o 199 loBhiGR a0k EAE) RS BBl ol e cBoffates

~quant it ati gavedfbeeuséd'f?¥d Blood cell IyophilizatieGrodtich efaﬂg QS Baterts 4,894,6900f
gl ycol ytic enzynes (see Goodrich et al, U S. Patents 10 4,874,690 and

5, 178, 884) 5,171:66ih @nd 5yl 7|8;>&8&heHewsveretedttéQDd esliqeeservation gpes Rot sequixejmajntenance of
or gani zati gn, such rotein nt he nd.s i on
€} gen and BSfueADs SHystw: 58?1% 3’%‘?‘?}3‘1?’8 @HP&E?’%?@“%WRI”@&“%T oy fhe

ker ati nocy _(]ﬁ]gd hasle e\@ffhin Ty fudhtitation of BA®hre
ext ended t%&?)‘{ rger'.thg ure % Fﬁgpﬂﬁ{n i é}%r such cull ture e
condi t i onslysis, hédmbglobih lem\tehgldraksay o€ glycolytic enbimesf(see Goadrichleaal, &1.5.dtatents o

- 15 l'arge burn surfaces, ulcerations and other skin Mﬁunds are_qbtained,

(Gallicd e#8&H,69998d 5, 148,884), but poicy parametgrs related ta gelh megritg pﬁql]pg\le@ggagpzatmn,
1986, J. %4 399- 405) The cultured epithelia
obt ai ned tﬁ?%t?r?ﬁ}%sy%(? F0P &R a1 so been used as al lograft’s for
tenporary wound G?E&?ﬁid&llﬁﬂ-orltor? Héshhb&ﬁa fiethidd for hil@Bing huméiie rﬁ@ﬁﬂal Kegitiocytes

21:191; Bolivar-Flores , 1990, Burns 16: 3-8 Epi t eI lal cell
cul tures hemmhwakir& Cﬁeqm;\lﬂﬁ Lﬂell @33 l-BGﬁ), ﬂmdhasshmﬂ axtendegl torothes eultvred Fptﬂilﬁhal

however , ther I| shel f-life has helr othoemadlc
facili t | esce "g’r%'“?f& cqndiiqns, s t‘?ﬁgﬁa Bﬁié’i’?‘?tﬂﬁ T"ft??/o

Af ter I t

t he hOSpI tgﬁé eg‘?@%&“‘? ﬁﬁé%ﬁ#lﬂ;& o‘?’%ﬁ{ateﬁiééoeitiaa (}(@ﬂﬁgﬂg% 1983, Kéw
preservati EﬁgﬂEMﬂﬁ 31 04481451 cHeightendt al) ¢986; JsAmu Adad dderimiatal his: 399340691 Adreand

al so, their shipnment worldwide. In this regard, sone stri1 %#eﬁéhave
been at t enpuléere d@nﬂmhelobmm“sh\tbsamdwp@avezd%b gliner t hods

2270, oo ) B IS g DA 1001 e s

U.S. Pat engt g, $84D, Blhfds 16:3-8). @fn‘ﬂféli%l é&w&ﬂﬁféé%ﬁéswohﬁchwmwble‘w bddy! sutface
sheets with rredl a containing both cell- genet rating glass-formn

ag ent s Z0s peexiohstouction, lgpvy&ysr dh@lr Limited shhelf>lifechas sestrictedhtheir uise &'ﬂm&jéﬂ@@gl facilities
CCar ch - ( stat mangt o Hor v o e sRocostion iy A s PUEE R ol oitheliel
hoe . SR AL 0, B A0 hSckposoe, DUBhEES o o
these tiss pﬁsenvﬂmbﬁlmeﬂiddrfbrsﬁie cultured sheets should permit their banking and also, their shipment
worldw:de__:: _I_n.thls regard, some sn'atggles have been attempted. Several authors have developed
" 25 cryopreservation methods based on the use of glycerol or dimethyl sulfoxide as cryoprotectants,
following a specific freezing protocol (see Cancedda and De Luca, 1994, U.S. Patent 5,298,417).
Others have cryopreserved cultured epithelial sheets with media containing both cell-penetrating
glass-forming agents (specifically glycerol) and non-penetrating protectant agents (preferably
polyvinylpyrrolidone (PVP), dextran or hydroxyethyl starch) (see Tubo et al, 1992, U.S. Patent
30 | 5,145,770). However, these methods require a specific and elaborate freezing protbcol, and a

thawing protocol that appears to impose difficulties in the wide use of these tissues in the clinical
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field; 3Ppl e inpairnent of the nedical effi cacy duePEHUSIYI6ER) | ti es |
in t he thavm ng and rinsing protocolf required in order to use such
epithelial sheets. SUMVARY OF THE

For pr esiy o2 Respible P BF Bl mt A Rty BRI BRRIRG R 3, ﬁlﬁw&%‘?ﬂ“t )

repair. ﬂxﬂsn@pﬁtd@lmqmnm‘rdwmsém ithelid shbdifiout the. need

wash away cryopreservation conponents. al so avoi ds the need for
cunber sone handl i ng, f r2SMMAR THE INVENTION| s characteristic of

Lo B a i g PSsnt FERhli S oot %@ﬁﬁ%%irmm o%%%eas ipolivrosniibe d!ia]dry
Pr eses Vv aindGResdAchyal %éﬂ@fo?fw&ﬁxa?ﬂ?mr %hgaﬂutsttﬂéué% &@HBJ; ¢ thOfiked
ral ar ac er I STICS .

while maintaining the 10 struct uncti ona

necessarty wash peayictyopsesenatioi eompearsents: ¢ dd alse laveids the/nwl dor cumbersintd Nandling,
patient. Ce]l functions such as protejin nt hesis and secretion of cellular
pr oduct Jreezing and thawing prptacels characteristie of m@@ﬂml'ﬁhemcnuonﬂmhmmtg) are

o el | SRordfTr Bectled Ul oP lghE emperankRERARTS R frot ad B R BRI AT!, ©
one aspggésepfatiol @nd Btopdtlel cTissue. "Rl bPthelfore gB{n%%E hé’doﬁibl&ﬂéd Whild nfﬁD s c§3tﬂe or

15 nesenchymal epitheltal cells is provided.” The cells are incu
sol ul@ orstructural |and ﬁglmonal chatac;eupncﬁtmceésaty tarpermit usé oﬁtheqmcxmedhaﬂs ﬂa;vannch

di sacchari de. é\qlﬁ@ nthe IS rem)vggI fromsald ells, .and th&
fcei s alfeP3 ’é‘?e‘? ct hncheRsug @st"t%’BFW‘ £sis, and,sesration;of seilag prggucts
Cultor ol 5"?““’? F°f§ a8 R RP malt Lot letes) ANLOR 8 sBf a0 oPRRDeRL:

human cehd:sthoﬁaiﬁt&bhharaétbﬂsﬁﬁ@f&ﬂs%ﬁ&b@b@ﬁohﬁ: Bstandi@nithdds. aspiration
or by draining. In such instances, the_ solution is present at no nore than

30 m per 50 Agepeding tagne aspeaiof ghe igventipm; amsgh apmsw;nge@l ammalian or

%Qéﬁféwesbﬁmgﬁ‘heﬂ%i%&P@wﬁ”ﬁi&*stcs@““”“ e bfeline Badind S oo

and 3. 5 cijoprateast anitshin® 6f ¥EfMosaccharfielor@Hisieehat e ExRESs sBlutidh thet B ferf&ved™
al bum n. Most preferably, the solution:is free of 25 anounts of exogenous

mat er i alfrom said cella, hud theiceHs arecpreserved indhapresance ofispidksropegiedtant dmonntby :
wound bed and f hat be. was fr eIIs rior, to licatjon to a
wound b&ge %é?mg 3 troeoe Giyii, Piofreatlys 16 crlfare 3ehostOF ehired Spitieial “Dyso)
PVP, gl xg@l M%Q%Bdgﬁéﬂi' %@k@i&w@ humgn cells. Prefer Ghelbxisd IR fer

aspect of t e i nvent on products made according to t Or egoi ng

met heads ranevedrbyvispirationdrcbysdrainisg. othsuth irstances, die sobitiontis prasent af ho nidrs i | s
cul tured gﬁm‘ral ian_3Q epithelial or nmesenchymal cells, and.in a preferred
enbodi mafimliper 50 spd of thersheeh af gpltared keratiapeyies, and moze fypicaliy ds presens insuch

surroun : rein the-extracel l.ul ar phase.
containS a 9&*’;9 __r_'?ec?&%% &@&%osacchar i de or a disaccharide. The
extracel | ul a_: pRéferred incubation solution contauis between 0.05'and 3.5 M glucose and between

- 0.1 mg mg perml of human serum albdmm Most preferably, the solution is free of
25 amounts ofexogenous materials that would mtérfere with wound healing when applied to a

wound-bed and that must be washed from the cblls prior to application to a wound bed. Thus, the

nD

.solution may be free of materials such asDMSb PVP, glycerol and nonhuman serum albumm
- According to another aspect of the mvefimon, products made according to the foregomg_
methods are j)rovided. One such product is a gfi,aftable_ tissue. The tissue is cultured mammalian
30  epithelial or mesenchymal cells, and in a preferred embodiment is a sheet of cultured epithelial
cells. The cells are surrounded by an extracellular phase, wherein the extracellular phase

contains a cryoprotectant amount of a monosaccharide or a disaccharide. The extracellular phase
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‘al so may be%ﬁ%‘é“as materials that interfere with wound heali K?@P9?h4§fs
nmust be washed fromthe - tissue when apgl.ied to a wound bed, as

descri bed above. The cells, for exanple, nmay be frozen ~in a mnimm
vol ume of gRluhiPhe fEdbAinateRdlsiha iRABR AR Wolttheihid g%uﬁtﬁﬂ@@t@wmﬁd from the
Li kew se, tthe cells may:be dried or freeze-dried. 5 Accordi ng
t o anot her tiaspewherdpplied to a wouanhd bed, as descyibpd ebmey dihewells) dor exaaiple, mayshesfrozen
provided. The tissue is. frozen cultured mammalian epitheljal or senchyma|
cel |'s whi chazgipipum volm%?h@lm%@amn&mgpsa@@ﬁm ofrflisace r Lakevgse,

t hree, six : . t A applied to the surface of the
wound in ati@%?eﬁ%ﬁ?%ﬁ{%&n&}ﬁg@%r al and functional characteristics .
sufficient Aceotdifli ePantthil dspeetdi the inventiom)aldraifireseftd walndsepriefissualy v

are a sheet of confluent, cultured 10 epithelial cells. Anot her
aspect of previded, cHhd tissue is fiozen cultuned sxammaliam dpitheligdior mes¢nchymal eabls svhiehy after
cells which,,after , being stqred i a dry state and appli.ed to the.

i f ace of DkingstATad pbdiess Fo36and ;70 i o5 e apor? RS e i v
characteri gjd el vedtindlif al elgm | ' i thridtics sufficient
Again, a szltéée{‘&g H%ﬁﬂ%l uentd,lﬁgtﬂa?t@’e nawri#ra I 'an e%fdtﬁgﬁ%ﬂalg%# S rep?gseﬁ}teg ,
a pref erredo irfducewband healing idagatielitn The celispreferatiy ate axheetuf confhaent, cmbpreédne
material may be applied in a dry state to the wound or nay be
rehydra’coedepﬁh?itﬂﬁﬂbe of its application to the wound. Thus, the

! . oo or . . SNUS
for egoi g pr odudiiether SSpaE hEAESmicHlioh IR, Ut Reiion Shith il 09 p Rl Rl
appl i cat i ogelf whicH! afe befiaitored irfstich d'de¢ sfel dniippRéd to the sirfilce Df h Wondon Bd

bed. 20 . The cryopreservative solutions of the invention may include,
i n addi t i opatient, maintaip siwecturahand fioctionalitharacéristics ufficigatto indueerwound healing in a

cryoprotective agents, |ncludi but, not linited to, ,. r ot ei or
i Xt ur os. oPRi: g asherta bomtlient, SplsHER pepnalifh polhelis) celleichents o fieferred
sol uti oy W&iﬁbodimexﬁ.ogfceéfa' lthis 3§ dfthe RfVehifoim ikt iihferialPRay'Bé hpplieddf ¥ dry state

ot her penetrating and non-penetrati ng cryoprotecve agents ‘useful in
mai nt ai ni ngo thedvgumndt crahayige techpdrated in advancé yf itssapplicationetoaheiwound SThusgthebol i ¢
activity. In one preferred enbodi nent, human keratinocytes are cultured in

a cr y #pentiar als involyesimethodsfer treating agpatisntinclyding pnyof thedpregomerpdusts,

have to b R EHiElal BeliaEE butjs noffimBay 16 mbRRaRRE 6 b tRed Bt of ok ¥pithctia
wound bed. cdilNks.a Wwhenhd ba@geNt i on contenpl ates thawi ng of a frozen sheet of

epithelial cells and application of that sheet to a wound bed w thout the
need a0 any wadhersgycptesenvative solntiousiaf theiaventioprmayinglide; inadditiento t he

ound bed. . T | ture Lthelial, cell .b tt .
hot o sumamesacsharides aBr Aisatcbpdes; Sher SrypoteEfve farthy uafudiie, Bi0EcHtnffed o
Thus, the bRYERS bPMhiktaits OFPIGLRS adddaMidnaPhlofidtiVé agdtitd. Ut &xample, the solution may
cox;tain.. _vg_hg]e serum or serum albumin, as well as any other penetrating and non-penetrating

cryoproﬁé_ﬁire agents useful in maintaining and protecting tissue viébility, structure and/or

25 metébo_lic activity.. In one preferred embodiment, human keratinocytes are cuitured in a
cryoprotective solution including glucose and human serum albumin, wherein the solution is free
of any cryoprotective ageni that would have to be washed away prior to application of the
cultured cells to a wound bed. Thus, the invention contemplates thawing of a frozen sheet of
epithelial cells and application of that sheet to a wound bed without the need for any washing

30 after thawing and prior to application to the wound bed.

The cultured epithelial cells may be attached, or not, to substrata and combined with a

backing material, if desirable. Thus, the invention contemplates preservation of cuitured |
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epit hel i NO WM kin equi val ent s, rresenchyrral -derived tiREHEI95HA6H80r
cultured cells. The i nvention al sopermts one-step and two-step

sinmple freezing protocols with subsequenp'bankl ng and storage of the

ti ssues ssue is dried thep it. st or eq, even room. -
terrperafzﬁﬁﬂéehapgh"'e{s’glf‘{l GB'Q{H‘{ efiSoessnsAymal; ‘65‘&?@8&@8’ ““'Pé"’?lﬁe Thessue
i's frozgfen itd'Sne

t enper at ureg&?rrgt;bg esi ra%le%ﬁ&ws‘% sxn'i’ple’ﬁ%%zexé gdgééocl)?wer aspgl.\manlamg
f eat ur eand$totdge ont'lﬂ!ﬂamssuesa Tfithe tissae da&h-[éd; therd it candhecssdred eviei @irbom tem:

DETAI LED DqugRl PTI ON OF THE | NVENT] QN The .present inventi on

i nvol vedlthpughJaweriempstatyrss ars desised; Hhestissue is (rcqencmem;swnaobe Boradat 10

sheets i nocytes, corneal keratinocytes
or o he??}e?pl ?ﬁﬂ?‘%lswmﬁwkg@ﬂ(qéﬁ% tured but non-confl uent

epi thel i al cqhkse arld dther a8fsédts andfehfurds iThe RIVeAIGH Will Be @éschib& in greaths dekail

(under st andi ng skin equivalent as a epithelial sheet obtal ned Vv culture of

epi der nb¢low.  kerati nocyt es onto a gel made of extracel lular matrix
conmponents such as co .
such as de- epi dermze

Cel 18 oéhettsmbialnanby WWkeratxnocytéslm keratinedyess

substratum and_conbined, with or with a backing materi aI

Exanpl eeellypes; §ii} eultused butmoneqonfluens\opi dlal eelds (i) skmesubstttunes;@quwalmr the

aci o s ulrrstaping it oopival i o B ePinalhl oo balR vy st ns hiemel o

- id..0 A 85 mal equi val ent
JHEJNVENIION | s or 15 not);

1 b g e 45 N A ki

| i kew Skeratitictyles @b & Bell fitcofditraéelfblar {r%mﬁélﬁs s&ﬁ'aﬂé&lﬁg}ﬂ?& hyaluronic -

pl asti cs, S|I|cones hydr ogel s and dextr ssue
sanpl e acid bea pem muﬂaknt snchlas defapldcuﬁwd idermis and uontmmnmeseuabyxhﬂ calls or

nutrient um, or | IC S,O| ution co tal []I r rotectant
anodnt feﬂt%ermﬁe eaq#amaﬁ'@ fis or tiggues, forpaguny oD, 1 o sé? Rergvomd

{eror actrof ¥ B ?‘éfﬁf?%n“’%sﬁm. sﬂﬁﬁv@%‘*@é"‘%@ﬂ& PRe i .

cel | s acultuted)detached or nod,rwﬂd sub“strhnm aad dombihedpwither wﬂhaﬁlcl adacking haaterial.

cryopr ot ect ant. cryoprot ectant ampunt of a nonosacchari de or

a disa plgeof substratumcare well knowa to thoseskilled e theartandinelude gels.filmscandar i de

perm + ot it fpictes GRS RG LS Rl itelln, Ao RATHIWEUERE pEBEE. Ot o1 g

to bée BRkifhattials)Rkéviss iré Rilowh id Mbse skifled ke &t afiX RIBRINR Yauze, ; plastics,

cryopreservati on agents . that interfere with wound healing wh
to a wailicbnos,dydragelssandrdextan.ONSO and PVP afe used routinely in

OrYOPT €S €TV A Rssnt sariple 15 bé picserved firstis indubated ia & sofision that may be a futrient
medmm ':sotomc solution containing a cryoprotectant amount of a monosacchande ora |
dlsacchmﬁ;Aﬂera period of incubation, typxcally between about 5 minutes and 8 hours at

25 room temperature- the excess solution then is reinoved from the cells and the cells are frozen, |
dried or freeze-dried in the presence of the cryobrotectant :

A cryoprotectant amount of 2 'monosacclix'aridé or a disaccharide is that amount of a
monosaccharide alone, a disaccharide aloné or d mixtufe of monosaccharides and/or
disaccharides which will permit the cryopreserv;nﬁon of epithelial or mesenchymal cells

30  according to the methods of the invention withotit the need of exogenous cryopreservation ageni:s
that interfere with wound healing when applied to a wound bed. For example, DMSO and PVP
are used routinely in crydpreservatién- but are always washed from tissue grafts prior to

n applied
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appl i cation '%L’Hgssgraft to the wound bed. The présent invent ?gﬁmﬁg"f"f'ﬂ‘f%
cryopreservation wi t hout such agents,_ghbereby avoiding the need for
extra, unnecessary washing steps. In the case of the preferred

h . . . . . . . d
350 The. PbiatBh 8P fRrad 18 B8 4dthd $R0 THE pRELATRvARON BEE G borSect R
gl ucose i nwhiheatisuchagents, thereby avaidingithe seedrfot etias ahnecedsatyewashirgristeps, 10 @bcase

M and is about twice as nuch as is present_in nutrient media with the
hi ghest | epéthe preferyed spnesaccharisieyglucaseds ysasras corcentiationstibepvees abeuts@ 05M and

monosacehani s T wer s Aol 1P ihes P it SenRHRHT ofpipfise faplood

condi ti NS eRiEleAURS ﬂuRPértty?iHéleﬁuu'i&lt nfedéd . 005599) aflis about twié¥ as!hiichdsqS BRSent in

and concentration of any her bi oconpati bl e protective agents such as
human 10 sauotrienbmediarwith thehighest lovels of gluoosel (1026 M) sThecprefemed memuatof glncnsais

GXCE20, . St W Bevern ] MR LS8 TR S TS S e
S0 5101 B G AORaB oA Bt AT Y e ST o

bed. Such eyewtieGieseies Aid conberftfationoF hnyl bthkbiotorhpatibloproteetive hgshts suchlas haumbn
and include materials coomonly used as cryoprotective agents. For
exanpl el0 Ds@em enmancepon albpminxin abedses prifopratectantameuntsrexgeaskbyaat least two

cryopr ot ect.i ve agents. It is, co n,Rractice to reppve such ent
From the. ¢ FERASEAsE STRURTPY FAsRpaGeTIeg g isbéchiatides drefchl I Tuictft i i e
wound bed. jjkbkewi se, dextran and nonhuman sources of protein I ncl udi ng
al bum n are used in cryopreservation protocols and are thoroughly renoved
prior to 20 app/Thesglutibes ¢fthe vention preferably aresfrescofiandumts ofl@xogénous triaterials that
hand, naterials such as humgn serum _, al bumnn, proline, spermne,.
nyristic adterfere th-wpundhoating a_ﬁsn aplisciie 2aPRITHLbg) SHHbFxOgenbus materials are well
Ccryopreser . ' ' :

or eaent niapi i BREE PUPintRE gl B bloFicR el Cffihol sl 6 crBfined iV agents.
bi oconpat i Pbeetingsi€, DM, PVIOindi gobytiydidisi cabisohiyiateaans 6ften used a diviopfoigdtiveas h
steps prior to iﬁpl I cation of the preserved tissue to a wound bed. 25

The i nvent agents; ditiscapumor pragtiesstorromaye such agents ftom the thawed tissue by waphing prior to
5 Uhe e cBPing e e o S TR S e B R i °
wher eby  t heychidtig b A bR lybritedtifition Protbed]s indard tRSr6SEH1Y FémdVedHRiek to

concern for spilTage, wthout the 'need for "seal ed dishes and W t hout "ot her

cunber Loneapplpingthé preserved tissae &xa wound bed. 0On tiresotheri hand materidls sucheagiuunancserum

advantage is the abjility to freeze-dry cultured cells_30 and tissye using

t he cryoprakbemm,\moh%ﬁwme,msmwﬁmmmmba&meima??n many, PRkt

i nvention e : ' ' _ _dried: s

Storod. 1 fyaPEaYHiC e ot e i Souifheafin OTHE, Wi réseaf inEftion in is
preferred:embodiments contemplates biocompatible preservation solutions that do not cause

addmonai;”ﬁ'ashsteps prior to application of the preserved tissue to a wound bed.

25 The invention contemplates preservmg the tissue in a minimum volume of solution. This
is a depanture from the prior art and is an advantage of the present invention. One advantage is
simplified handling, whereby the tissue can be placed in bags or dishes and-preserved without
concern for spillage, without the need for sealed dishes and without other cumbersomé protocols
characteristic of the prior art. An unexpécted advantage is the ability to freeze-dry cultured cells

30 and tissue usiﬁg the cryoprotective agents of the invention. In particular, the present invention
permits shéets of epithelial cells to be freeze-dried, stored, rehydrated (or not) and used in wound
repair. Storage can be at relatively high temperatures, pen'nitting'shipment and use in remote



repair. Storage can be at relatively high tenperatures, permtting shipnent )

and use i WO 96/ 14738
PCT/ USQS/‘??@E@WS% | ocations and avoi di ng the need for PETHSAY14648
space-limted -70[err] C freezer space.: Freeze drying is facilitated

by reaning as nmuch cryoprotectant solution as practicable prior to

IL:\?\AZInS pr oceegg (%?lc gyﬁ%%éa’l@é%n Al rrg%pat“‘L Hbfited: 5@% Pgﬁﬁrdm% aelr%g drying

cel | s. Tibfadilitatedty removitig BmadhiGyoprotEctas s&uﬁﬁrﬁﬁﬁﬁrﬁ&%aﬁlé‘ priviitd ﬁlee‘pﬁgrwﬁh a

repair tissue conprising a dry, confluent sheet of cultured epith
cells mnenmuaw@ums@fﬂgld,freemgxwmandtbamgpmcgeésqmddmapdmﬂxmmmhb :

e bR oReE TR besdili VRO s AEOVIken RiTservech ghiteal whecon:
NI S s S?‘F?P“g 0 e e e e <5 A1 LI it e R
appar entstared i dey stkﬂelahddppluedﬂoehasurfacbhfa&roiﬂd inla patier] Raintaiestiuchgalnor €

than 30 nml solutjon per_ graft of_ 50 crrgearr] of tissue although even |ower
amount s lﬁngnﬁ'r‘Edeﬁ“F%‘EPnalc teristics sy mqwenu!glmmggmepmemcordr ng

to the invent :‘“mL L& 9 Qé b "3=rme o % %y as.well as
agents whi ch ‘nus hf' ‘6?}1% P gﬁ?‘@@'erved
tissue td@alﬁmﬁggﬂﬁloh%rﬁﬂhé Mdg h)tﬁﬁﬁﬂétﬁddﬁ?ﬂl W@pﬁi‘&%@ﬂﬂh@&é NiflePinthe art. E]t is

pref err ed) nts 15 known to be useful as cryoprotectants include t

f ol | twi dgsirableteshayve marmorsshan:3Qml golution per graft of 50 unt’ of tissuewlthoagh evenllower
mannose, %ase% ?Fg charides (e.g. trehal ose, sucrose, cellobiose, (
. | act ose MR ?F%S (e.g. raffinose); sugar alcohols (e.g. nmannitol,

;glr 5 Is ;gl: har i ??%k%ﬂlvﬁ ;a/% r ox‘ﬁ?‘ﬁ%ﬁ %Eggﬁﬁ%afl ‘t:l“aé Bt and 1 hon- |

- phosphopyimdantiagknts, as welicas agents whikhnaustbesvishédoff prioy & applichiorPsf te

der mat an sul phate, 20 chondrollin suI phate gar ose); _carboxylic acids

(e.q. pFWG"é{FQ tisgie 0 ag lﬂcompaubénmmfs@edi Agents es |

ool o i OB He éré%g**’m mﬁ“ﬁ@eﬁr@‘ﬂfrﬁeeﬁmﬁcﬁr L g™

sol uti Oﬁ'ubﬁﬁé Ufiflfosa, ribue SARNGRE, ¥ose).WishcBRarides (k. Qrtre%alose su@i‘o§é \$eRobibse,
pr ot ei n. The preferred nonosacchar i e, glucose, Ts added at

concent lagtasg)y tosacgbandse(mganﬁhme), augar dlcohplsfog. mmmi,csoebltolpnqumsﬁnb

Vout - pr bR isted instol BeiE bnlRectharifes (S8 hutrprredit sl ) Bkt ween
a 1_a”ﬁyﬂo§ﬁ%ﬁlﬁe@a&%§epre er%&n@ﬁs@y#%t Z‘FW %%lggér e;e(r)vgg -

(@]

| s i20neckosdirollintshiphatel agarm),adarboxyhc acitle (@@pyruvace, 2:8)diphosphsitycedte); pidteiand |

40[err]g:%£nd prefera&é roomterrperature The tine of 30 |ncubat|on S
bet weenaRHBROFCHS Mk sermwlem%&%bmneﬂéw&oum

but not : |y desr rabl e. After the incubation, the material is
frozen Fn %e “mi mum vol ume of - -

.cryopreservative solunon includes:a:monosaccharide and a protem ora

mxxture e : The preferred monosacchahde, glucose; is added at a concentration of
25 between 0. 05 and 3.5M, and the protein or protem mixture is added at a concentration of between
0.1 and 40.0 mg/ml. Most preferably, the soluﬁon consists of nutrient media containing between N
0.1 and 1.0M glucose plus 1.0 - 5.0 mg per mi | humanserum albumin (orO 05 -40 mg/ml serum,
most preferably human). . The material to'be: préserved is immersed in-the solution ata
| - temperature range between 5°C and 40°C and iarefmbly at room temperature. The time of
30 -incubation is between about 5 minutes and S-hdiurs, althoug’lif‘longer periods are possible, but not
necessarily desirable. Afier the incubation, the material is frozen in the minimum volume of

solution remaining afier total aépira_t’ion or gravity-draining of the solution. Aspiration or



dolution remaining after total aspiration or gravity-draining of the
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dravity- drai ning | eaves no nore than abbuthO m of solution per 50

cnferr] of tissue and, nore, typically, |eaves mninmmvolunes (i.e.
anmount s s gﬁaﬁ.ﬁ v SteGRdn HRulSG A o€ Soluttéiper S0 cHFIfRsbiit! andBihole
frozen, f r%Jggl‘e& ri edﬁéo)lr%a ri ggﬁ . Con?/‘eln_ta i-,-.;(genral ?‘ reezisng, °

f r eeze- dr yiypizapdeaves migimmm vohmhes (fre.yantmintssol lowed.to Be impragticad tn mgasued). (The
pr esent nown protocols for freezing are

I nvention is that gny of .the
usef ul ma'&é‘ébﬂéYiﬁﬁi%%%@eﬁ?éE@E?r‘rqﬁﬁent ion. A sinple two-step procedure

has been found . - . eui 1 Bbl. - ste
oo thel | al - sheetSmtéisionsl ftBirk) fYesBidrvind dnd AYifie pAGIH Ha) BE effloy i fhn
- 20[ er r 5 C 4dvanfagé 6f thé préyéhSinverdtionris wat ﬁi_i[};] bfthe kKAbWA pdtoedls for dreeking aftOlseful] C

over the course of about 2 hours. e frozen material then ma%) be
stored or dsentding totthe prasentdnysntionu Acsimple twonssep procedure has bega founsda be

tonper a; urEtular paisbls, Sefeht bRl e 8 B R 4 Fhgrare
Qul tured egy ébpggifgrgﬁgﬁfkémﬁa&s,%il which thE YEIEFE ity (RO Bvéiatle Bbnirbbe At

-20[err] C or or a year. According to one aspect of

t he i nventabout 2 hbarsc The frozen amatdriabthien mayimecstered oe binked ae suthitemdperatures. Thshould
resultant material represents the first cultured, epithelial sheets

preser Ved beundesstgod; haweverthatghe material may bedrozsn din a perstep Prospdure 40 a dsmpstafyee

Por 20 o 4f 95 SAR RS ok b AE Bl iU ERL B 1 10

i nduce sucbéssfully tedhiafted efther®P20°T6E-80PC\fBs a ydar] S even possible to apply
the dried epithelral sheet directly to the wound, allow ng the body

“fluids to rehydActardingdo epé aspetrt oflthsinvention, the cultured epithglial sheetsare figeza-dried.
conventiongl prqcedures, are enpl qved except, t hat.. osacchari des 20 d/ or
i scchar | HheesHEnt SaPTAL P ats Gl LG P ORI CDPRe PEsE VRS Boadpi e, ©
M ni NURE vV : . S S
Can Do 3 o LiEE, ter being shirp Rl it b Blterif¥ eribl of Giiioean tifapBitd RABL Surfaedfe
m nut es, awound; nizitaininy thy strtdtaral inteprity end funetional charatteristics sufficieneth induce

conventional equipnment. The freeze-dried epithelial gheets, thep be
mai nt ai neawwvﬂwfmg. As meptignediaboygit mesaﬁmeaqamﬁbﬁ@@eﬁm et at

CLert LS, i o S bR NP Gafl G i o1 e

epi theli al 0 resu _ repalr pro o
Aternatively, ti\Vhefiflebse-d5ing)ConVentifnad prétetaey tre¥mpléyadasxaépt tiat nvdriosaticharides
freezing. Under the foregoing storage conditions, the in vitro

gener ated andérdisacchanidas ars used as cryoprotegtantsamid shexealis\are frozendn @ minimum velume of
or higher than that fqund i ti e. preserved b he t hpds of th

pri o? gar_t .CTQRIB@FEPE\?&[‘J‘FR‘EIQ_ ‘{sly ggﬁﬁf%}aﬁ%ﬁt%&#[@mb% mq{angefugéﬁlgn e,
ability is788c g ua,haz@ﬁﬂn@eﬁlya}.ﬁ,;sph%ggéndy, SefroZel 2Bithdlfa caf b Syophilibed tn

features in cells preserve known in the art.
conventional equipment. The freeze-dried epithelial sheets then may be maintained in heat-

sealedbagsand banked or stored, for example, at 4°C. This is the first known example of
25 freeze-drying of cultured epithelial cells to result in a useful wound repair product.
Alternatively, the cells may be dried at a range oftemperaturés without freezing.
 Under the foregoing storage ¢onditions, the in vitro generated tissue maintains a
biosynthetic activity about the same as or higher than that found in tissue preserved by the
methods of the prior art. Structural integrity, protein synthesis and cell secretion ability is
30 maintained similar to or higher than the corresponding features in cells preserved by methods '

. known in the art.
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_ Because%#ég’é?a’erred preservative sol utions enploy cryopr 8CEEISEH14648 hat .
are not toxic and not irmmunogenic, qphe rinsing of cultured cells,
cultured epithelial sheets or skin eqU|vaIents typical of prior art

t hod th |
;nreeegl f]gl Brggess ?h&%/r\néng otclr's I?%ﬁ@#%ﬁg&%tﬁeﬁmt Lh%??q’“; ase
in a mandimt imMonoRertit,| %bﬁcﬁtﬁh’&l tells, taltured epithelial'shidetd or Skinldgquidalents

can

The materjal, of course, e direct]y i nersed i.nto a thaw ng
medi umtypical of prior art metheds is|obuiatady Ig}s@kxse,l hecayseapninimum of solutipptis used intthe

P o iR b B s 05 dpinian 3B ?%fe%&ska‘igﬂ%?%ﬁ{%ﬁhéﬂ %f
procedtalmﬂae% ASAE vdtin W BSEI 7 bith. The idrisl S o8 eﬁséfk%}l'b%'

(obtained by culture of 10 human or nonhunan epi thelia

epi der rmnnersﬁm&aadxav\ang)mdmnepl thelial cell types), skin- subst itutes
or other cul urte?l cell &é‘rr i . _ .
EXAMPLE 1 ollowing m: examplesvilldlivatrate theiprposdures of the inventiog, whemn

ol o Ppligh Pk BriEalibh 8P lifted qpidermid? ikl MoV S HeSiehS HBo0b e 8
det acheglodedarssaed extemdedi féhﬂ%smaﬂtﬁx 3 culterd epithéIB Shédts\@blained by e@ﬁﬂa gfm at

a final concentration of 2.5 ng/m . After detaching from culture di shes,

the10 hunmplqrmnhunaem&ehws\mlgpid i8, gomsairanethenépithelial eeblltypes),(skﬂS)(
room eratu i n aibacking material, and incubated for

10 i mﬂléé{%ef ﬂrB{hEg%‘mH?‘i?ﬂilg’BF%t i on ¢onsi sting in Dul becco- Vogt

nodi fication of Mninmal Esenti al IRANMPPRS containing glucose and 20

human serum al bumin at the indicated concentrations if desired, o

preser vat i orEpidémmial shieetsyere@btained Wﬁrmghmm&ﬁnmmqﬁfmﬁes, ‘|

I ncubati on, the preser vai i on_solution. is asp| rated | eaving t he m ni num '

vol ume usinghe pracgdures,d ped Sy dthemnyvald i€, Greeny (A7 $MP1 | um  Af t er war ds,

el e e T o ol B TR 680 Gl e BB it

t hey aMariiheith)pdtacfhal tonodfiratibil 6f 05 Bnghmil rmmmﬁ@ﬁeﬁmﬁﬁes,ﬂﬁ to
-70C. Fi nallax the frozen epithelia arz banked or stored at -70[err]C.

Epl t heepisheliah shaets are washed-washi phespbatet m{ltfwlatmntammram imounted on

ern ASBTEARD o o o il
quant i yHeceEIV Yk mddifiéakioh of BliRirRal Eentidl MEdia mwgw bftaining g,g,wge%ﬁﬂl .

rel eased to culture nmedium The thawed iepit hel ia

metd0i ohumean 3€runt sbiimin hgherixidndalsmomentd!mns;gf fi¢stved] ﬁtsenmimmlutmn(rﬂaﬁbe
[err]C/d) .at 3rlerr]C _and r% i pactivit . incorporated into TCA

per ci pPutfered with VREPER:t After incubgtions the presevagion solution s sspiaigehleaving

the m:mm:mvolumeof solution in the vessel cbntammg the epithelium. Afterwards, epltheha,
which. = mounted on a backing material, ai'e kept in heat-sealed bags and frozen following |
a two-s ure: Fust, they are mamtamed at -20°C during 5 hours; then cooled overmght |
25  to-70°C. Fmally, the frozen epithelia are bankdd or stored at -70°C. ' |
Epithelial sheets were thawed in culture 1\nedium (Dulbecco-Vdgt modlﬁcatlon to
Minimum Essential Medium, DMEM) or in. buffered saline contalmng trehalose and serum
albumin, and viability was determined by quantiiﬁéatibn of [*S]-methionine incorporation into

protein released to culture medium. The thawed i_epitheliai were incubated with low methionine
30 (6 pg/ml) DMEM containing [**S]-methionine (4.0‘ uCi/ml) at 37°C, and radioactivity

incorporated into TCA percipitable material was !;_cletennined in aliquots of culture medium.
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Table I shows 8 Pesul ts obtained in this experiment. To norlr;%?’iu%ésn“‘s
radi oactivity i ncorporation values, cuylftured epithelial sheets used as
controls were incubated wth DVEM contai ni ng- 10%v/v) animal or human

serum and 1 0% Wabje [Hhw&8 HR rebifitsubtané R this@stpéraherito Todrmalize railiddétddty and
frozen follow ng the above two-step procedure. After thaw ng, epithelial

vi abi | ity irfcorpgoratitn ealuespeultived epitbeliali shgets nsed dseonirels weee incubdted with DMEM
I ncorporation jnto r and I m t cont.ro

| eased tein, tg f h
Lo CrEYT R oAl e i ot MR oo TR D) 1
triplicat ' ' . . . P
| “18 |._ca enﬁﬂﬁt&&%&?x&;)zen followm% the abo etcvm-tstg? gapcg%llxrg.ef&ri;taer thsahwgé%, Sepggx/el% \erf%ﬁhﬁ

opreservation o

i nvent ed pivas déwiMined by measuring the [**S]-methionine inciposationdntoveleased protein, and
Protein Synthesis and . ] )

Rel ease by rasplts from these control epithelia were referred as the unit. It is shown the mean value from

Sheet (nornalized).. .. DVEM + 109 v/ v) 1.00
ani mal serﬁﬁ'ﬁllpaﬁfg?{@?% 15 - gl ycerol (CONTROL)

DVEM + 0.5M gl ucose + 1.95 5.0 ng/ M serum

al bum n DMVEM + 0.5M gl ucose + 1.40

20 nmg/ M serum al bum n 20 TABLEI DMEM + 0.25M gl ucose 1.59

+ 20 /M serum al I n \
DVEM z“g B oM gl ﬂcos Lryopresegyation of cultured epidemat]ljsﬂéets by the iventad procedurey,
al bum n 25 '

Cryopreservation solution | Protein Synthesis and
Release by Epithelial
Sheet (normalized)
DMEM + 10%(v/v) 1.00
animal serum + 10%(v/v)
15 glycerol (CONTROL)
' DMEM + 0.5M glucose + | 1.95
5.0 mg/ml serum albumin
DMEM + 0.5M glucose + | 1.40
20 mg/ml serum albumin
20 DMEM + 0.25M glucose | 1.59
+ 20 mg/ml serum '
albumin : _
DMEM + 2.0M glucose + | 1.32
o 5.0 mg/ml serum albumin
25 :
’ EXAMPLE II

In other _expe‘riménts, after incubation in preéérvation solution, epithelia were lyophilized
30 ordried. Cultured epithelial sheets are detached, mounted in a backing material and incubated in
| the preservation solution as above. The preservation solution is aépirated, leaving the minimal
volume of solution at the vessel containing the epithelium. Then, epithelia are frozen by pooling
at -70°C, at least for 20 minutes. Afterwards, frozen epithelia are lyophilized in a Lyphlock 6
Freeze dry/Shell freeze system (Labconco). The freeze-dried epithelia can be kept in heat-sealed



EXAMPLE | | I n other experinents, after incubation in
preserva%wgﬂz‘g) tion, epithelia were | yoph| lized 30 or dried. Cultured
epi thelia are detached, nounted in a backing mat eri BFVER¥/ 1468 bat ed .
in the preservation solution as aboveg The preservation solution is
aspirated, leaving the mni mal vol ume“of ‘solution at the vessel

CON 1 N1y LS PR A7 o ot A1 AR OB e ST Ut filhe | 20 O
a Lyphl Qﬁborﬁtrtutedfy‘ﬁﬁﬂr@rsﬂ:’rl%mf Eb?ﬁhéﬂﬁvﬁﬁxlﬁ abrscaagéy)ed ad h@scnbed a |

freeze-dried epithelia can be kept at - seal ed 4738
PCT/ US9 Hxanmplsl. Results are shown at Ta le II In this 1llustrat1ve experiment, [”S]-methk)mne

opi t hol TACATBP@Hn valESpERal r&lfi%ed,.nfwlps il Shesipoen es Brotsoation wath

abi § t
Table | IDMEM pliSTOARS, @ﬁ%ﬁ%‘@é@er. %?@%4 ﬁﬁ?&%#ﬁ%‘mf Sbtlfed
i ncor porwiienasthetablitionsech & Msmmmmmhm ogisephichalinetomiiatigsefum@zen

- after preincubation with 5 DVEMplus:1 Q0% v/v) FBS and 1 0%V Z‘% gl ycerol

as ref erathiugia, anéhrmm- ordisagobaridese wers used dor reconstitytion of theoepi sheets, skirth

as phosphat fferﬁd saline, or isotonic saline containing serum

al bum n QH’(YPB"P ‘or di saccharides, were used for reconstitution of the
epithelial sheets, skln eqU|vaIents or cells. 10
TABLE || : Freeze-drying of protected cul tured
epi d&r mal sheet s. ' Wﬁlon sol ution o (
Protein Synthesis and . : g
Rel ease by Epithelia Si&ggze-dryingof proteeted cultured epidermal sheets.
DMEM + O 5M gl ucose + 20.0 ng/m  0.80.15 _ serum al bum n
DVEM +-0.5M gl ucose + 10.0 ng/m  0.72: _ ' serum al bum n
Preservation solution Protein Synthesis and
: : Release by Epithelia Sheet
(normalized)
DMEM + 0.5M glucose + 20. Omg/ml 080
15 serum albumin . .
DMEM + 0.5M glucose + 10.0 mg/ml 0_.72__
'serum albumin :
20 -

Smce the way to determme cell vrabxlrty by cell growth parameters or specific dye

i es trypsinization of the cell sheet into single cells, and since this procedure of
tryps by itself causes cell damage and decreases cell vrabrhty and cell growth abrhty, .

25 cultured human eptdermal keratinocytes were harvested during exponential growth phase 1 using a
(1:1) mixgure of trypsin 0.15% and EDTA 0 02% Cells were extensrvely washed with culture
medium and pelleted. Then, cells were resuspended and xncubated with preservation medium.
After incubation cells were frozen followmg the two-step procedure descnbed above, or freeze-

| .. dried as in the Example 1. The cryopreserved cell suspensrons were stored at temperatures about
30 -20°C or lower, and freeze-dried cells were stored at ambient or lower temperatures at least

during 24 hours. Cells were thawed or reconstxtuted with culture medium, and aliquots were



20 EXAVPLE |11 Si nce
the way to algaisge cell viability by cell growth paranet er%@fm@%ﬁ?&fsi c
dye staining requires trypsinization of the cell sheet into single
cells, and since this procedure of try¢3ni zation by itself causes cell
damage and decreases cell viability and cell gromh ability, 25 cultured

human epi dgeded diemaine REIE YiabHity8y erypad umsfdgd exelidionl R¥suds GFoim fHis §peof h

phase using a (1:1) m xture oftrypsin 15% and EDTA 0. 02% II's were
ext ensi vel expermigntaraishown.ul t ur e medi um and pel |l eted. Then, cells were
resuspended and incubated with preservation nedi um After incubation
cells were frozen followi ng the two-step procedure descri bed above, or
freeze- - dried as in the Exanple Il. The cryopreserved cell suspensions
were stored at tenperatures about 30 -20[err]C or lower, and freeze-dried
cells were stored at anbient or |ower tEABEEMIlres at | east during 24
hours. Cells were thawed or reconstituted with culture nedium_and aliquots
wer e WO Breseryatign of keratinocyte suspensions by freezing or freeze-drying.
PCT/ US95/ 14648 ' _ ' -13 -
used to determne cell viability by trypan blue dye exclusion. Results from
this type of EXPEr . MeENt _ar € SNnown. b ..
TABLE |11 Presérvation so Wioser vat i on of keFsHs Bxelyding drepanBiug (%) 1y
freezing or freege-drying. - reservation -solution
Cel I s Excl udi ng [r? rg%exg%&lé (% a) Frozen cells 10 .
DVEM +140% v/ v) pnimal serum+ 97.15 +/-|0.15 1 0% v/ V)
gl ycerol ( CONTRQ.PMEM + 10%(v/v) animalyeesm + 0. 5\MPGL&d6BIS 5.0 ng/ 93. 10
+/- 0.80 10%(v/v) glycerol (CONTROL) '
DMEM + 0.5M glucose + 5.0 mg/ml 93.10 +/- 0.80
serum albumin ' :
15 b) Freeze-dried cells - .
DMEM + 10%(v/v) animal serum 66.00 +/- 0.58
+10%(v/v) glycerol (CONTROL)
DMEM + 0.5M glucose + 5.0 mg/ml 80.30 +/- 2.82
20 serum albumin
EXAMPLE IV
25 In similar experignents to those shown in Example III, human epidermal keratinocytes

were harvested, washed, and after pelleting, cells were resuspended and incubated with
preservatxotrmedmm consisting of DMEM plus 0.005M to 3.5M glucose, pluls. 0.1 mg/ml to
40.0 mg/nﬂ- serum albumin plus either 1.0% . 10% (v/v) glycerol or 1% - 10% (v/v) DMSO.
After incubation, cells were frozen following the step procedure described above or freeze-dried
30 asinthe E;xample II. The cryopreserved cell suspensions were stored at temperatures about -
© 20°C or lower, and freeze-dried cells were stored at ambient or lower temperatures at least 24
hours. Cells were thawed or reconstituted with culture medium, and cultured to determine cell
proliferation abilities. The results obtained from these experiments are as shown in Example I.
" The procedures illustrated above were successfully employed for the preservation of
35  cultured epithelial sheets or epithelial cell suspensions either by freezing, freeze-drying or
drying. : : .



serum al bumn 15 b) Freeze-dried cells 'DIVEM'_+

109 v/ v) i erum 66. 00 +/- 0.58 _ +10% v/ v :
gl ycerol-ﬁ%@i) . DVEM + 0.5M gl ucose + 5. F?H’J““ 80. 30 »
+/- 2.82 20 serumal bumn 44 T -
EXAMPLE 1V 25 In simlar experinents to those shown in Exanple - Ill, -

el ot po o et GloBl ORI e col R BRI o tRARGH SR Db Bheryason
30, 0. My o Sor Lon A n“'gft“?zﬂmﬁer N T R R A

(v/v) Diviagiml) or glatoser(0i065vbtot 4.0M) and iahisnalor buman seminf (1.05omgmgl to46.Gmgfml), or
procedure descgri ahoye or freeze-dried. 30 i n, the Exanpl e The

P vorr o tnehen (LOPIMLB AN Blys strier dbamin 0 1a A0 ML 5309 of 8y cert
or Iogfver(i%a_nfb.%f eeze-dried cells were stored at anbient or |ower '

t enper at'ures at’ | east 24 - hours. Cells were thawed or reconstituted with
cul ture medi Ulhe disclosud hetheds érsurtadetl/tisstesttiiral integhitpand membolidadtivitiéstsuek -
The results obtained fromthese experipents are as shown in Exanple I. :

The pr o@éeotein synthesisiand seleass daxexamnlessaf grewtir fartops enmatrggalnlaramatrixe
o ons RohBboRhE T S Bl Bl b e S  ohfost¥y cutre of

96/ 1473%uman or nonhuman epithelial cells from epidermis, cornea or other epithelial cell tyfes, skin
PCT/ US95/ 14648 types,

In all cubstitutes branbthersiuitymed celItypespthetefers) ithey shqild be welueble fonsaltipie fields (

cryopreseryvat i on ) ol uti pns confai ni.ng either glucose (0.005Mto 3.5M
and ser amlh%@mew,fimwf)qg&aﬁm glsquorrﬁqumh) or glucose (0.005Mto

4.0M and aniy I AB4i JHn, . ' e ) gl ucose
(0.005M to 3. ou%ﬁléﬂiser L(I%’Iga Mﬁagnﬁ%gbﬁésgﬁﬁ&%%gn(@% Ehel%'ﬁ’/() or
glycerol 5 (Whatis tidRd is: The di scl osed met hods ensure a
cel I /tissue structural integrity and metabolic activities such




as protein synthesis xanpl es of growh factors or
extracel | Wono6/14a38 i X Tﬂﬂmmm ““Eml These procedures are usEaisysa4648
preserve epithelial sheets obtayned by cul ture of . human or nonhuman
epithelial cells fromepiderms, cornea orl4ot her epithelial cell types,
skin 10 substitutes or another cultured cell types; therefore, they should

be val uabl e fdn alheasesothe dressings, cells ogdispuesamples weve intuebateshwitheryapseseteation

11 o 8pfionR BoRabetber gluopsnQ HN B8 3RS nd &2 Wil G

IS Mfuliiekd 085M to 4.0M) and h 0.05 mg/ml to 4
PCT/ Usos I ELC e 0 4.0M) and animal or human serum (0.05 mg/ml to 40.0 mg/ml), or

In all cgheose (h@0iMde SiSM}plus séfum albumis SulctostnpingimhBMSO rﬁt%bal(l%) m gli}cerol
cr yopr eseryvatjon sol utions containing either glucose (0.005Mto 3.5M
and ser rﬂé‘l'blﬂﬁ‘h (0.1 my/m to 40.0 ng/ M) or glucose (0.005Mto

002 The ST St T 8

gl ycerol as §rotélh%ynth59i%nd release (as exampl&£ofigraoitly sRtorsof baseceHikat frﬁmx

cell/tissue structural integrity and netabolic activities such
prot ei n sompoaents). shhese prosedures are usktul o preseve gpishelial shesthobiained by culture of

or eser ve bRt eahima epiti T IR dtpth soitrns, Borges of ofitr G fhcligreet
epi thg i §ﬁ%ﬁﬁﬁt@§ of Atth&Rultifed cell snﬁﬁr&f)ré)m@rshﬁﬁldm&ﬂblgfdr mﬁlﬁﬂfésfelds (

“skin 10 substitutes or another cultufed cell types; therefore, they should
be val ualsiich 4stherapettiq iphafmarblbgical and also fomresedreh.apeut i ¢, phar macol ogi cal

and al so for research. Vari ous m)dl fications and, equival ents

wi || be appar é¥ariaus mogifications and gqvivalents wilk be apparent to those gy ed inthe gy e

iS: wmlgg%ﬁ% PCT/ US95/ 14648




kL A graftable tlssue corrprlsrng cul tured mamal i an

epithelial hymal cells. surrounded bstﬁt@ s&gf«‘gkggg@n spgﬁfsgs

wherein 'rhr:\ px e L ul ar phase cont-ains a cfyoprgg unt

~ nonosacchari de or a di sacchari de. -1 Ihe tispue of claiml
-mereuu,@muﬂn m" lar phase is free of ampunts of material s that
nmust e tissue prior to MchetrssuetoaV\ound bed.
3. The tissué of cfaim 1l wherein the exiracellular phase is free of

amounts of 10 exogendus materials that interfere with wound heal i ng when

applied to a wound bed. The tissue of claim1 wherein the
extracel lul ar phdse i4 grafisbledissug ?R!’E‘Pf}qm%ul f oxi de,

pol yvi nyl - pyrrol i don
5. The tissue of cf\céllltq’rrre?q%‘g]rel n ?lﬁ 2“%?@ S ee!?éﬁfr cuﬁletdbrye%}l
epi t hel il eg@hdetlular phase, wherein the éxtracellﬁl%r bh&‘éwenﬁfns(‘aloiydprétewdaﬁr dhéurit of 6

nonosacchari de or disaccharide is glucose. 15 : The tissue of
cl ai ms 1- 6 menosadcharide-ond disacgharidef r ozen. 8. The tlssue of
clainms 1-6 wherei,n t tlSSUEISf eeze-dri e ssue
of claims 1-6 whérei L teé‘tithee"t’m““l” Phasei%)f’ee°fﬁfa° %§§te of

clainms 1-6yAstal that fh%sttdlié@ébﬁed fro sde’brﬁ»r% Hﬁdtff}sigg\é%ar | efH 3 (v)vound bed.

sol ution containing sald nbnosacc arr e or said

11. A cryopr es@ér vedhsdissue ofabainn 1 whereirethe exfracellulag phase is free of amounts of
frozen cul tured manmal j an_epi t hel | al or chynal whi ch, after
being 10 expgsnens matesialsfhatinteror eoaﬂnaiea?mérmpp{s?f 9 ayAundbed haned

and applied to the supf, g&guﬁ?.ar acpfe)ir‘%grem the'e eﬂﬁfak Spisellgg'hgbia&lﬂtetharl sulfoxide,

structural and fuhction I'CS su cr en ceé Wo

heal ing  polyvinyl-pyfroli@siie, ghkerol and nonhdman séhn dlbfimise of claim 11 wherein
the cells are a sheet of confluent cultured lpr t hel i al cells.

13. A preserved. wollhe tissyeoficlaimsk whersimtbeicellsaye a sheet of cultured epithelial celisy
cul tured manmal i t hel i al nchymal cells which, -aft

cored . T L85 ry nedabd i T pome S wospapeaics bt diesTaror i Hucose
patientys mai ntai p st rgetidea %q 3%@1‘&1?&1@"(1&1@5%&&{' stics- sufficient

to i nduce wound heal ing In a patie The tissue of claim
13 wherein the c@8lls ]&emsms&fm%mfl-@um&amﬁbussﬁdmlﬁeekmamel i al

cel I's. WD 96/ 14738 . . . . PCT/ US95/ 14648
-16- 9.  The tissue of claims 1-6 wherein the tissue is dried.

10.  The tissue of claims 1-6 wherein the tissue is frozen in a minimum volume of
solution containing said monosaccharide or said disaccharide. |
20 11. A cryopreserved wound repair tissue comprising:.
frozen cultured mammalian epithelial or mesenchymal cells which, after being
stored at between -20°C and -70°C for 3 months, thawed and applied to the surface of a wound
ina patlent, maintain structural and functional characteristics sufficient te induce wound healing

ina pati&f&'-‘-
25 12.  Thetissue of claim 11 wherein the cells are a sheet of confluent cultured epithelial
cells. .

13. A preserved wound repair tissue comprising: |
dry cultured mammalian epithelial or mesenchymal cells which, after being stored
in a dry state and applied to the surface of a wound in a patient, maintain structural and
30 functional characteristics sufficient to induce wound healing tn a patient. )
14.  The tissue of claim 13 wherein the cells are a sheet of confluent cultured epithelial

cells. L '
This Sheet Has Been RTlaced




15. A method for preserving cultured Tﬁmr@tﬁs%kﬁra i al or mesenchyrmal
cells ﬁqu:) sing: : Rmubgbl ng daid celdls in a
sol uti on ¥BAYH g a cryoprot ectant Amott—at monosHeVHEY 46480 o

di saccharide, renoving éxcess. soliution f msaid cells, and then preserving
5 the cells in the présence of said cryoprotectant anount of nonosacchari de

6. " “The mettioa o et it Ring bt fapiddRp G r bsncfimaleass, ,

The net egh Lai m 15 wherein the cells arefreeze dried. 18.
The met hod of aim 15 wherein the cells are dried. 10 - 19. The
met hod of cl ai m 15mmnhatm'grsaldmllehtesduﬁm coritainingsa cryoprotedtany amommtroftai ng or

drai ni ng excess f.| ui . The rreth d of 19 wherein
The Cel Ruohasachagiin g & disserharide, remo Bk xcess solfton APRSSitAllseRdiben PresesiE

goism | o?ilﬁfurt her C%ren%eﬂcggt;g% %’éwm@g %%Wghgﬁ%ﬁ&gégﬂ%by

al bum n freezing, drying or feseze-dryling said cblis) of claim 20 vvherel n sai'd solution is

free of anmounts of exogenous mat eri al s that interfere wth wound
heal i ng when 1§pp! i Ere methad @b eleim Jé whemein shexells grefrozen. naterials that nust
be Washedfr th ceII appl i.cat i 1ecJIs_toawound bed.
23, The metiiod apedbof oF Bl L ARt e s s et o1 o ot by
sul foxi de, 2Qg, pO"Dﬁé‘rﬂ%b@%f&Eidtd@%&élﬂﬂ@d@ﬂ@h@dn ' 24. The
met hod of claim20 wherein the cells are a sheet. of cultured epithelial
cel | W, 19. Tie methodofclabm ﬂﬁevdmﬂnﬂtbmpm solmloasmmnmredfbgrcasplramgagr (
the pro%?ss of clalﬂr’rs 15- 24.

aining excess fluid. -

20.  The method of claims 15-19 wherein the cells are incubated in a solution' '-
- containing between about 0.05 - 3.5M glucose. |
21. - The method of claim 20 wherein said solution further comprises between .1 mg ;
15 40 mg/ml of human serum albumin. - | ' " |
. 22. The method of claim 20 wherein said solution is free of amounts of exogenous
materials that interfere with wound healing when applied toa wound bed and amounts of
materials that must be washed from the cells. p‘nor to ap‘phcatlon' of the cells to a wound bed.
23.  The method of claim 20 wherelh the solution is free of dlmethyl sulfoxide,
20  polyvinyl-pyrrolidone and glycerol. '_ '
24.  Themethod of claim 20 whereth the cells are a sheet of cultured eplthehal cells.
28,

A preserved wound repair tlssue manufactured by the process of claims 15-24.
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