;e3e,d6T,Ei..:l.. ;. WD 02/9:428 Preservation of Cells The present
invention relates to nethods for preserving cells, in particular pri rrary;“(_.'-; .
cells, suww @aolpgpat ocytes. The present invention al so relﬁgﬁémgmsﬁssgel \ored
contai ni ng hydrol ysed gelatin. The introduction of whole organ collagenase
perfusion techniques (Krebs et al., Regulation of Hepatic Metabolism

726-7S, 1974. and Seglen, Meth. Cell Biol., 3 29-83, 1976) has ‘tead to the
wi despread isolation of viable hepatocytes. The isolation nethods used are
mld with the result that the cells initially retainifs v”lmmm"mumw
properties in vitro However, hi glpregirlatidifbidSeRr € obt ai ned e
liver and generally the nunber of cells produced greatly exceedsivhe
'experimental requirements. |solated hepatocytes are a better approximtion

to the in é.ihvo Si t%lati on the}n est abl {is(g;(e)% cell lines_or hepatoma cells
(Sirica and"PiFEE™ BHSREQbIclatgjo meshodsotor preserving oplln in paiksulsapemerye

'di sadvant agg)sof | Je Mg @bt | j i e. pat qcyt es have
many feat urglss’ v%lla%: hdS nnh;aélgggtc ng%] gh% rﬁe@h?@}%ﬁ@&i di fq a‘ge;ﬂetggﬁi% avilgglr 80%%3]@
system Thbydrhlysed gelitimgh rate of netabolismand are the major cell type
involved in detoxification. However, in culture the cells divide poorly, if
at all, and undergo phenotypi c changes whereby many of their |iver specific
processes ; The £-J . i.atel yafter

S0l at on sy o SeuciPitef Sl BiepIFRRlBhisk pEESon EENALR KBk o o
monol ayer . Regilatienafiéepatic Mataelinmntie6-95019Pi: ah@Sdgfen|, ADGUT CeNEBE] YE as

t he nedi um)gggdf _/tg be changed every 24 hours. A further conplication

duri ng hepat eyl /0 det lrad t9 dhe Wideppreadisplation pf wiabledrepatedytehie The dsolationce of

phenot ypi c = e e SC.. 349, .8S-98, 1980),
These ¢ hang%{géggggedr%és ﬁ‘ﬁ@s"l’%}b@%iqﬁseuy tﬁ%ﬁﬁgg‘f%d&%@ Fﬁ%%lﬂl"f e Sﬂ‘ﬁ BTRSFLeS
appl i cabl eirt witrohEloweveas high' gaNyitlianré bo@meatTah Baghyb tlﬁeﬁﬁﬁ@géﬁe?éliéﬂm%e' !
| i nes. WO 02/ NON28 2 PCT/ CBOL/ 05688 The hypot herm ¢ preservati on of

hepat ocyt eSUBPEr K calls progeded greptlysaeseds thecdxpemuerteraquireneitd. Bi ol ogy
I nternational, 18, 999-1008, 1994; Evans, Cell Biology International, 19,
855- 860, 1995; Evans, Cell Biology International, 23. 117-124, 1999; and

Giffiths Boktedispatctytedireladhiter 4hrdiratida to 40 hive 1 H€aEL BRM egtg,?tei%{eﬁs the

preparation of gels made froma culture nmedi umcontaining untr
(non- hydr of&)sléngs ogdiepatpma galls (HdcaandRitote RharofacéleRav.o3 1t 205-227, 1 h8O)dslt

f . T hen . lald.with | t di d | t d
ot onper ey HPRALP it RRnBEE o AN Gia i i Rl ReR on gelatin

cont ai ni ng gels enabl es hepatocytes to be stored for at |east 7 days
Wi t hout agé substantive deterioration in the function of the cells. [ii
order to detRateryteidiaremany faabres Whichahaksuhémearticularly snitatels savyrotaodet! t t he

Jer 19 A rerPsr TnbOutEs R, o e GO AP OB CBr 0
medi um ovedatoiifigatione Bohackhedn cRlth®e HRedS1st Avie poorly, if at all, and undergo
phenotypic changes whereby many of their liver specific processes are lost. The cells
are generally used immediately after isolation and sustained viability is dependent upon
the formation of a monolayer. Maintenance of large numbers of plates is labour

intensive as the medium needs to be changed every 24 hours.

A further complication during hepatocyte culture is their limited life span and the
occurrence of phenotypic changes (Bissell, Ann. N.Y Acad. Sci., 349, 85-98, 1980).
These changes make results obtained using long-term cultures no more applicable to the

intact organ than those obtained with established cell lines.
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changed. As the cells are attached to an exposed surface of the gel, the
cells may be di sl odged or damaged when the nmediumis changed. Furthernore,
on transperd é2n@4m cul ture dish, the culture medi um can easﬂdﬁcﬁ@u@@ﬂ | ed.
US- A-5, 635, 344 and US- A-5, 736, 397 di scl ose a nethod of preserving cells
conprising culturing the cells at a tenperature of between 0 and 5C,
wherein the cells are in a gel conprising non-hydrol ysed gelatin. Culturing
cells bet n. ayers .of non-hydr sed gelatin.in t disclosed. The present
i nvent i on%r}%@% Presgtyau Bﬁgkéﬂto{c 8 Bpﬁﬁhagﬂﬁegg‘éﬁgf’%’t@ﬁfﬂ%e@ KEY#9S, pri or

art et hodscdinioRs g MathbraelibSoodl s 09£ Mo 8VCA} b¥ToRf Ay, T8I NoC

for preserving isolated cell s Conprising attachi'ng t

'conpri si ng 3WeB60) ¥3¥d HyahsitCeil Bindogyintemdtiogal; B8, tEI-124, a1998; imdnGefdhsige of
bet ween 0C_and . Lhe use of hydrolysed gelatin produces a gel which is
strong enof}ﬁmt’ glcré{@?mg’gyag—%dﬂﬁ 1, g@&ﬁhil@ﬁ aethod regyiep thepreppediion, ofigels weak
‘enough to hg,di sHG ddi ti. )| ion . such, as
excess cold cul tur eé Eglétl%énl}l Q%uﬁlmgér%é@ﬁg ceu.m%gt 388@&3ﬂﬁ%lg@%%&)ogelast}wda?hedevi ce
to facilit attechosmaodtiepatocfteqtel the rgehmirfase C Mheeligp@iokytea Breathe® ob&1aid Sdti O
assist with &he di sper si on. WO 02/ ~49~428 3 PCT/ GBOLl/ OS688 The use of
hydr ol ysed YH¥St Medjum tand gulturedester demperabiresofi AB°Gree§uely tresatvatioe ol to

37C | d t | id d to t ¥ d
by such. nederifoR G Beieli Btaiing Bl BIME nRboiBE A5 ppdtwetrest dammoe
and danmage dapaistolly ae sibsRmtive dBERoR¥iol ShNHe tHStBg! ofcmgpclfeh&i g dridr @l ysed

gelatin. Furthernore, by using hydrolysed gelatin in a gel, the attachnent
of cells tdetckdhe eelisufspor the (gel eurfagesit dadacatsary ts unelt tHet gul dytheatihgdt l astic

support such,as cul ture. di r well, e.g. PrimariaO and Corning) is

i nhi bi t ed é? o@i E‘%ﬁt‘%@‘eggéi g{@;go TRBY C%ﬁéﬁpgﬂ%ferthweﬂﬁhe‘\ dutheapeabiso Mith have

been treat Vi e i in_order to

i d in the s PAck AT B Sl OALECRAVRITHE el 60 e 83 1 e

hydr ol ysi s cbinggél ats tie roeHsilatesattanhddnie dnosposdd §iatice s tW%tﬂhth@ Reny hageecel | s
a

to attach to solid support and/or generates factors that inhibit cell
at t achment .dlS@@S‘ﬁ)(?F P’S?fo’g‘f Roepdhmgdism ishehapgeds e Rurthenpers, ioariraaspirtiag aone

skilled i ncﬁll?&eﬁfsth, 5Q cﬁftﬁl\éEiﬂédiﬁrg%??%gsﬁg#)Q?ﬁi@%%mc cells to a solid support

and t hereby enabl es easier harves ultured cells and in
particular facilitates the isolation of spheroids. Spheroids are cells that

forma multjcel]ular aggregate. The aggregate is usually spherical. The
spher oi ds yéﬁxféeéﬁ%‘l“r%@ttjglﬁétméﬁﬂ dislept e maethashef prerswing sdlseospeisingi ¢

functions - o.et._al., J. Bioche 972-979, 98), As the
presence o% ﬁlﬁ%&@?ﬁgggeﬂcf a&gtgr?p%m}uﬁ%?%e?\ge rBeélh‘f% iic hWé?mecfge Eé?sl%g 2 891 i d
supports weempssng iohydailysed eekih, Culuild W& W@eéﬁa:ybﬁ%ﬂﬂblﬁgﬁrcﬁ deqOr €
time to recover cells without the conplication of cell attac nt to a

sol i d supp8fltin ihpotfliscdeged. The pieseuirinvsition oyeicomes et/lenstisnme oékHesprableashi ng
to a solid ol bsence .of. serumfromthe mediumleads to a
decr ease oPSQS?ﬁg%%éYlfho‘@gipﬁgaﬂ?B}*“rtfiﬂ‘?ﬁ%@s&f"é%wgg preserved from about 7

days to 3 days. It is also preferred that the solid support does not have a
coating of an extracellular matrix factor, such as collagen, fibronectin
and matri géhe PEeRent éxientioe|frovides mamethrd ffac tpoessriting psotated cello catipaisingt 0 t he

solid supp ol d be avoi ded i he cells are not to be attached to
t he surfacgtrtaté#1 &%ﬂtgéggﬂ? go &ﬁ?ﬁ(‘f??@nﬁﬁg LH%TP%?‘E&GIBQH Gadl cyltyees treyestls agel at i n
in a gel, tdmpeasuleEBefridn@ethal s¢de gel nelts uniformy at about 37C. On
heating a gel containing hydrolysed gelatin, the gel nelts nore unifornly

than a gel containing non-hydrol ysed gelatin. The term"unifornily" as WO
- 02149-128 %hPCT/ 01 /05

88. . _
e use ot hy rolyseg gelatin produces a gel which is strong enough to act as a support
to which cells can be attached, but weak enough to be dispersed by the addition of an
aqueous solution such as excess cold culture medium. Rimming (i.e. use of a needle or

similar device to facilitate separation of gel from its container) can also be used to assist

with the dispersion.



used herein neans the centre of the gel nelts at substantially the sane
rate as the edges of the gel. This uniformnelting of the gel has the
advant agewid@bqolidze all the cells can . be isol ated fromtl]ecc?gﬁhoﬁfi()ss
substantially the same tine. ' The term "preserving"” as use ereinis
defined as maintaining the viability anddor in vivo-like function of the
cells. Viability can be judged by the retention of cytosolic marker enzynes
such as | actate d r ggenas L and b he maj ntenance of the cells’
ability to b‘ésgq‘tefgﬁ%if?agsfpt%?gﬂl %eﬁf F‘E%%tﬁ{?pﬁwdwﬁ’aéﬁeﬁdﬂhe%ﬁhsi&ebw

cul ture congppi; t i i I J tl i by the
cells mai n'[y:r Eilﬁgrgb?r trizrﬁgs&gh}% hgfr}%? éellldn&éd;?\%ﬁ%ilhyd{)%éioﬁge ggf]rlr%gglfs%&jag ?f?g° i
vivo-like riestionses distindtiomnemesiso by ragdd betebm hpothetthié Aemlagy @hd @bamage
cytochrone Paso and its specific isoenzynmes, and by the absence of a%ypi cal
enzyme charcaBicdhiydiepiing 93756 duasipgithe gt sampsisinybydrotysahgelatinof t hese

‘met hods can be used to determne in vivo-like cell function. Preferably in
vivo-lilce cell function is neasured by determning that the | evels of

cyt ochr one Fidierdse, BRLGhaIHARyME oM hof gt MRhAlnd BE Ul % s4ig and
in vivo-like cell function of cells are dlsglosed I'n Evans, 199 supsa),
Evans, 199Suppurpfie) a semidafd tissye anuEviemated a0 suppot ajchamd a Euhne, didHO

(supra). The.teen "attaching, as used herein refers to the cells being

i nmobi | i sed"%lrt». ° EHW&&@ aaﬁ%mngys laliﬂg}t vided ghe 26! dRpsmQtONEE) serhe t er m
"isol ated | o1 M L cept | at | nase.

pr oduci ng glgigtsg%liagy Pr ef%?ggké% tr%agé@lg&sgﬁ%g%%g%ggf% lnfi{saé]éa? eu%‘gﬁif&ﬁ“&%&%m such
as a nmanmmlordar toedill, inathplattathmeit | of( éolis | tocihe Guppet. OfTt A8§ Bren ITHSRCIhat thd S,
etc. It is 8{5’ icultarly_ preferred that the termrefers to primary cells
such as heﬁ& et galdtipneyulls Bsxthedesstaf fasters swhitls enceamaperaglle o atiathitala cel | s

and pri mar I The | ed .cel | al sqg be a genetically
engi neer ed)églgﬁgﬁ@gﬁ g]?dr/lﬁgé@ﬁaetesofacﬁgiﬁhé&gﬁﬁICSB(%?]%‘:}&B?‘} s gFC‘Wg@g’S’i e
genes. Prefestiadal §f thegrdsamnlinteadon ehabléSor SRARALIAMHE At RPERVARGNE tdcBiieRO
whol e organ col | agenase perfusion or an equival ent nmethod. Methods for

obt ai ni ng °66¢lkttad NER surRpOyaad therebyrenablag wasier haovesting ef thkidultectdicells 4rel art .
In particular i . t . [ 4928 PCT./ GBO 1/ 0568 re

di scl osed i”ﬁ_pﬁgg‘"‘wsag ?%%@%E‘;{gmm%?%l%%%%\fé%IO%%. Ssipids T° TEks ﬁ"agrfng\Fans
and Meyer efilsetir Hgnghs. RES-aggo islAalf koBlioat 9SThe MbHRAS.LO"
obt ai ni ng ki dney proximal tubule cells are descCribed In Evan I oc?‘uem

Bi ophys. A&gcanstiues functigenl zemplexeo2id simw Hssun spédfio finetionsBisop Hgmamdes &,
1221. 243-2 4) . hown that on preserving kidney proximal
tubul e cel Fggjusﬁ%%cg‘ehﬁel—z%%%%%gﬁa? e present invention that in addition to
mai ntaining the in vivo |ike enzyne profiles, the kidney proximal tubule

cells divide normal Iy when released fromthe gel. The conditions of
preservat i & thaveeserseof sydrolysed gelatin dehibits thettacintend oftellshie splidsepports

i nvention | r roprjate for hoth non-dividing and dividing cell
types. Mor é@sfé Egﬁlﬁ]gs ’%tg’g%)?gg ?tpéior%ﬁ o%:gﬂflgi E’e{}]lFsar‘i"élPKF S ICROVEY &%1?8\/@ y
on aer obi ¢ withapt hialdoRRlitlon! dRell #ASkEANMIEHNRLIAFRA e LBEABEBALAGN! ©S
have a significant capaci ‘tq!i;(for anaer obi ¢ respiration. The suceesst U

preser vat i 815 It prevantipg colls gitaghing to pselid whppolt. hEhe absenyge of fehan €rim the
characteristi.cs show that the thod of the presgnt invention is applicable
to a wide JNATLR f?agﬁ %0 ‘%Icretaf/ep ! e?ﬁ%"‘ﬁ’&%‘&ah cFﬁ%C%‘rtées%rﬁﬁerY?‘il\/@‘Pmi puti s a
very val uabldayhel Yine. Bri9eRE wrerk & thAf thERENd SBbb | late
for use with éstableigghe_d ceI}1é I?nes. In part?@gl Izrdég?ltlétgﬁ%ggggt&%oce}pdﬁeed to
"grow cel | sxtrgsellulaveuatax e facter i wicht os usdlagdy pfbiomectins andquiatiigyd. ¢ aifchuent

|1 | .. . Ca 2 | s, h f | be facilitated. Th
Corm mour t EY e S Fradts iy SpUF B bATLE e stk avmperieg shoul S b of
cell's. AnyagsilleCi@feadens B oy & 6 #8RH P! 1AL -@ga%?Bf he sPﬁ@guﬂrﬁgbrtE he method of

., the present invention provided it is suita or culturi he cells. The
gel preferably conprises a cell culture nedium and hydrol ysed gelatin. The

cell cultu medi um.cai i he a ell culture nedium capabl e of cul turing
the cells Fgﬂ%eé'm&ee §r‘\§@§a’yﬂr‘gﬁﬁe§£&:‘%mdﬁlat&ﬁié%ﬁ>% found ghap e gof mpalts 1 5)
medi um pr efigirasl W m‘% i d {1101 enabl i.ng it
to be exposed toy?ﬁéegogfgrfstp\rll\gﬁge a igélggﬂag%ﬁ?%ﬂ%dégflyg&{%g?%%gh%@%qj h's,
W lians', mow waibuoilsthen algehtentaetiguronihyidedlyd gelatihf ahederm t‘hiMQP’QQnat e
and require a 95 %air 5 % C02 gas phase. Were necessary, the nedia can be

suppl enent ed. Suitabl e suppl enents include carbon sources such as gl ucose,
growt h




WD 02/ =49-428 6 PCT/ G BO1 /05688 honzones such as insulin, serumsuch as
heat inactivated new bone calf serum and antibiotics such as gentainicin.
Pref er abl wad éeeioged conprises 1.5% (W v) hydrol ysed gel ati npdPch@idxeyd t 2
(L-15) nedium (pH 7.4) containing glucose (8.3 nVM and Hepes ((:25 . Th
cell culture nediummay in addition conpféise a cytoprotectant, such as
glutathione, to protect the cells against rewarmng injury. GQutathione is

known to e tyres. Preferab t he met hod of, t he
present i n\r}fesﬁc% P%%Hc%ﬁ%%si t@%@ﬁﬁ%ﬁ?ﬁ% n‘thﬁltg ak &y Sganglf‘ﬁgth[eesﬁﬁ‘&r%tf@? 9868 ween
4 and | 4C, ofulieggll efigs ahifymaineRidpesBe atiUiag B abRhWBE thA 1alsll 4R Cel19REN
preferably at a tenperature of about 10C. The term "hydrolysed gelatin" as
‘used her ei Peridpfsd Gonuthegel #subsiantiallp dhe sameltimast partial |y hydrol ysed to
reduce its gel strength. Gelatin that has not been hydrol ysed produces a
relatively strong gel. Wen using hydrol ysed gelatin, a weaker gel is

'f or med t hatTheasmb €nftk&RE; s e . : I ,
Preferably t he_terIr)n ".ir?drgg%slg%d ggﬁffi ?;&Pﬁgéﬁ‘ﬁifggﬁggéﬁ@gﬁﬁé'?é@@rtg5{1@/’35& atin
whi ch is hyéiodiles Buction af degyrcells. sWbilithatn ibe judgdd py ddurensiog i cpvsehic |

ffici tl t t i lid t whi ch |1 b
ttached ar RGrCSHRaTER She 8 el Aot eRIE L) Godl Rube mosisienap od lan | y
weak to be ogi® PRiBEORESdnt et @ln aa%aog%gsg' %@ep %nﬁ’@rﬁgﬁré bl Meukdre

hydrol ysed gel atin’is hydrol yséd BOOﬁEI oom t atin orci ne

ski n. Gel atconditiams. bBetensionlof s aivbslikanfundtivaveanriet jndged by thediolly nidigtatmhg
hydrol ysi s, proteolytic digestio ith ge| atinase_or trypsin, and chem cal
net hods i né?tgﬁ?ﬁﬂo% W%S]Pﬁf%a Xa?lp%fgwﬁr%mgn yivopilerrespaBpes te ermenest b i s
hydr ol ysed ¢BYs £a8f4TBincN1E" [ Gy s erybdi e ] referred. that

hydr ol ysed Cgesl atin i sngprgéﬁjgggrgvo }g%@?r?”%g{ig{sisﬁeélgk 380[%8%@?53%4 éygli’e

bet ween 85 absericd 21 a@picai cheinve elariktdistiog o8 phaiotypic M?eh%e@r ®AGE ARdnYond HE
gelatin is heate(t:hto a %enperature bet ween 90 and 100C for 1 to 2.5 hours.

Most pr ef eflesSe jrethads cga papised tp deteyrming i wiwer likp cplbfimichign.i t to about 95C for
about 2 hours or by heating it to about 121 C for about 20 m nutes. WO
02/ 49: 428 7 PCT/ GBOLl/ 05G88 The gel preferably conprises sufficient

hydr ol ysed Pgefemblynirt oivprlilducst] durgeibn tib beasres Wy Hste@iilng faf 80 1dvalsPeoduce
a solid gel on, or in, which cells can be preserved at a tenperature of
bet ween 0 &HAchsEe Hyptargumagtained. siefliods @?th{)eperm@akg ths Wabilltysqndris edvoelike

addition o 0 i 1 Preferahly, e, .gel .c ris bet ween 0. 5%
and 5. o6 (55RO HE SP d) AelohE TR 15T (P ErBrs cPHa P gel
conpri ses Geiffideand Exags, 200¢ Whipla) A E0hsS e9bou@lmLh.n, nost preferably 1.5%

(Wv) gelatin. The gel may in addition to the hydiol ysed gel atin conprise
non- hydrol ysed gelatin, provided the gel fornmed is sufficiently weak to be

di sper sed j &J Of 5 sol ytipn a.tenperat.ure of between O
and 15C. IEX%?%@efdé@?}gggeggg%ﬁ#%%B 5?&#8 t@? 8@&&“‘?&1%?‘?%‘?1?‘1 ?thé SEERISs are
attached tofmegaréxaiﬁﬁn@jiliﬁdﬂavi@lﬁhﬂf@%ﬂl@lri sing hydrolysed gelatin and

preferably covered with a liquid ce culture nedium Generally the liquid
cell culture nmediumis identical to that used to formthe

e

The term “isolated cell” as used herein, refers to any cell except gelatinase producing
bacteria. Preferably, the isolated cell is a eukaryotic cell such as a mammalian cell, a
plant cell (including protoplasts), insect cells, etc. It is particularly preferred that the
term refers to primary cells such as hepatocytes, kidney proximal tubule cells,
mammary epithelial cells and primary pancreatic cells. The isolated cell may also be a
genetically engineered cell containing one or more heterologous genes or modified
genes. Preferably the isolated cell is a hepatocyte obtained following whole organ
collagenase perfusion or an equivalent method. Methods for obtaining isolated

hepatocytes are well known to those skilled in the art. In particular, suitable methods



gel except that it does not conprise gelatin or hydrolysed gelatin and may
conpri se supplenents not present in the gel. It is particularly preferred
that the Wopeidszsel | cul ture nmedi um conprises a cytopr ot eGi@gpoSideds as
glutathione.In a further embodi nent of the present invention, the cells are
attached to a first layer of the gel condrising hydrolysed gel atin and then
covered with a second |ayer of the hydrolysed gelatin gel so that the cells
are held b : f I n t [ nment f the
o esent | momneaice it at B9 Wbl Py Mol s B YR AR

gel ati n befMagri(Bicghini. Bibpleys. Res.e:onah.,gglesm aggme of about 37C). V\hen the
gel solidifies (i.e. at a tenperature of about 10C) the cells are
‘imobilised with the gel. If necessary, a liquid cell culture mediumcan be

added in or r [ ired
nutrients. M@ﬂh gs\?fdggo(%t( l%g &Iﬁ]egﬁh?)\%e%h uPe e&‘?é‘?"* d%ﬁcrlﬁgcg %EV“%r(h i 1i sed
‘wi thin the tgephyst hects el 133, a158- mooue)@n)ednd mlﬂgﬁmeﬂunala@ﬁsr apspPofdprand it
is also easjer_ to change t he liquid culture medi um w t hout "di sturbrng the

cells. On A43pdPsilAgdk hb I@élbeen seowlthat areyreserviaghkidueeyt proximal ftalnde abilt he
lid f or ned ded th t

ond or t ho telne 0B E B i ch ST R a0 Yo g o ke

matri x factepzyme ptdfes) g I(Ghé’y pﬁo&ﬁnﬂ%ﬂnﬁe BB AGidRI R P I HER ?ﬁéé@%& %%ng i

the solid support by using a gel which does not contaln serum an

02/ 49" 428 dhegst) EBoerTiEes fmasssreativy hime nesiystpstatis effeats.support that has not
been coated with an extracellular matrix factor. In a further preferred
enbodi ment of the present invention, the cells can be attached directly to
a solid supperhethéd!6fthdpréseh v ; layer
of the gel conprising h?/)dro {/%ggméheﬁgttﬁe% gp%at@ﬁlbﬁﬁ}ﬁéf&v}%g%@r ed by
the gel. | fdl\rtémew]altxpest h@rg@\ter,cthn kidney ploximalvained calﬂst 1&1}Cﬂkﬂostcéidclus{\©l)ﬁ€dl um

in order tq prevent Iry, out and tq supply any required
nutrients. “Bg%R lf’hteéplbartgl“eé? }{ql.lg CREBY SBeNPBHPY ARl therh eﬁgtowt@mélpm ta and
on changi NQightTRaRe bApaCity HF GndBREihil Tes ﬁfdﬁ&{ﬂertﬂy cobdsall ¢ R{S%en%%?) gd Lo use

the cells when they are attached to surface |s net i% the

cells to berigyedeal type,thylchhamvamehf@éntrchsraaeﬁmoélsﬁ@tertﬁa&dha\jn%th@ufomﬁd ting
for cell attac 12Zlmsnt Pr ef erabl the syurface of the solid support has

coating of P&H® Y EEian 1§ 2plicalile it & wideoyariety, of el fipes, The nlﬁ}hhdobilﬂt@d
| at d
By ef or anly TFhet HavERibn R, & QS Syithe Rl pRhe 8 Bimgs el MRl i o

bet ween 0. Bppmpri&erfot bSGIWJtth‘SGabﬂl@DBd'ICHM' Hiyedt ohypaﬁ-dcm@,_l at bhvides thad&dd @an act
or_ pratection during distribution. The term

as a more t.obust top | a %J

"non- hydr ol §9&d° n‘g’q‘ 1gfelyi REEr BRoIvstv. EKReriFReIt degiring eropfleans neell
ilivention i support for supporting
t he gel. Sﬁglb grs’gf c%g%?tééﬂltﬁ%?fﬁuah&@%%?%ﬁ Fésjhes wel I's such as 96
wel | fonnat plates and colums. For exanple, the nethod can be used to

pr oduce Soh“nd suppo ts having cel|s affixed to their surface ready for use
in standar gtﬁ“@eﬁp g %%%%?ﬁeeapfe@sstgél}ew@t@amee@dm@rommmem t hose
skilled in the art as indicated above. It is surprising that it is possible
to cover the cells with the gel as it was |rnown that cells can easily be

damaged byAsiiegal domtaising lfSkieslysedopelgtn @6@ BeSaskdt B ML alenRIenr a8 boshit @
control |l ed, manner by, honogenati on, sonification and nitrogen cavitation.

The gel ati SHepioOXided I'R/\H shiatlafer eudivring theeastle d Tho gebpreferatly compfiws @es on

cells in i ter from.the cells. It was
.~ therefore gﬂlr (‘é\%lﬁié?%@%@ﬂ%@%&%&%d ﬁ&% g&Ylﬁgf\A@r‘fott’ g‘}l]lﬁns‘iaﬁ ec"’@D’I@ivm t hin
. the gel thatltme regdiahooapablef §featlfuriag e rells to b 1@3@(rvec9 28 sQitdbtd 51%9
. 1/0S688 The Hr esent_ i_.nvention al so_provides a onpri sing hydrolysed

~ gelatin fofeid@ 1% LheiRovig: HodSomedivan mrefseably |bﬁffelr¢t1| with Mepasnili pltedfabove,
.any cul tur on, W t droI elalnto
formthe ggllcgigfEl h%tﬁgﬁ%{rimggh%bs tg%\e/* tslee{rgotlhggﬁl%sghgrgt g?fn l%t“FFéi? Etc"(SlF t he

present i nti\éiymouth’mawmmnsa,dmmag@s ofr HaaPs lrﬂailﬁxlﬂewlh'i&ﬁ%fé’ %ftgﬂ%%lotvﬁﬁel s

at terrpera s of tween O a)nd 15C wherein the cells can be ed from
the gel pRate |aH§ rqqx,léregaeSPS %019irat@iGQ:088s phasen Vatpue versssaoy, Uhé miedia can

be supplemented. Suitable supplements include carbon sources such as glucose, growth




The present invention also provides a solid support having the gel of the
present invention formed thereon. The solid support can be any support on
whi ch t hewgebz@am be formed. In particular, the solid suppsétcaafsis @

culture dish, a well or a colum. The solid support nmay have a coating of
an extracellular matrix factor. It is further preferred that cells are

attached to the gel forned on the solid support of the present invention.
As i ndi cat : t. o] f of the,gel;
2 ol d betaian s hab FRLE Rt ofn & nil BEARH Y §8in PP sl 8 %5,

4. attachedntibictioe sscl adlganippioid. Prsgderablyethe GeWebhpfifs 198Y6 (WRE hpdr85R&S
i nvention al fo, pravi.des a conpri sing hydrol ysed gel ati n and one or nore

el
i sol ated ceefadm meeibpvatzdhrlS) mesinm (pHal 4ocqmtaining educasertt. haaM) and flepser vi ng
i sol at ed cqbgmfrrprisi ng attaching the cells to a first |layer of a gel and
t hen covering wth a second |ayer of a gel so that the cells are held
‘bet ween the two | ayers of gel and culturing the cells at a tenperature of
between 0 and 15C, wherein at |east one of the layers of gel conprises
non- hydr ol yde¢elepipiemmediunymayin 46dition caiopieT GBitote@8G38uchis glentione,

"non- hydr ol hn" refers to gel.ati ,ch has not been hydro] ysed.
Preferably t%{ﬁgo%cgzﬂrﬁea&é%lgﬁgégsﬁ%‘yw Je1 ﬁ]mm% S SRR fentFn ¢S RROhot
been ' hydnehy&agerdsii. vitro, It is further preferred that the gelatin has

not been hydrol ysed by thermal hydrolysis, proteolytic digestion with
gelatinise or trypsin or chem cal nethods including acid or alkaline

hydrol ysi s. Lyt llatin is 300 bl ty A gelatin f [
ki m i cn BBt e Sneiiy PRI GE atkseRt, my gt Epatiare Reribe aolf R iayer o
kin which K . e

embod mont - pa i oo P af CEICT e ptlbr@ly 8L} B SRR T

second | aydR°Campstipseferablyrat byahiser-marcofg@batioac. hz a further preferred
altenlative enbodinent, the first |ayer of gel conprises non-hydrol ysed
gelatin and the second | ayer conprises hydrol ysed gel atin. Wien the cells

are requir ¢ . #an be.renoved by agueous di spersion,

| eavi ng t hg%ce;etl%ﬁg ?S/:&ﬁ%ms‘i %é@hgd % ISP erqin %e@gygﬁﬂdﬂnﬁ%g?%ﬁﬁ Pt 438t cell s
are parti cphaiall idladd ft® redlice il &Y haR i ' S

(e. g DNA  RNA Zn*‘éyfgﬁeﬁn;? o0 16 L LA, Gt hat YR bt B BREAREED e

cel I's. I n Predycesa repivelystrang atlo/When wainghysirolysed gelatin, a weaker gel is formed

that can be dispersed by the addition of an aqueous solution. Preferably the term

“hydrolysed gelatin” as used herein, refers to gelatin which is hydrolysed to a degree
such that it will produce a gel which is sufficiently strong to provide a solid support to
which cells can be attached at a temperature of between 0 and 15°C, but which is
sufficiently weak to be dispersed on addition of an aqueous solution. Preferably the

hydrolysed gelatin is hydrolysed 300 bloom type A gelatin from porcine skin.

Gelatin can be hydrolysed by any known method including thermal hydrolysis,
proteolytic digestion with gelatinase or trypsin, and chemical methods including acid
and alkaline hydrolysis. Preferably the gelatin is hydrolysed by thermal hydrolysis. In
particular, it is preferred that hydrolysed gelatin is produced by heating gelatin to a
temperature of between 85 and 121°C for between 0.2 and 3 hours. More preferably,
the gelatin is heated to a temperature between 90 and 100°C for 1 to 2.5 hours. Most
preferably, the gelatin is hydrolysed by heating it to about 95°C for about 2 hours or by
heating it to about 121°C for about 20 minutes.



cells, the progressive mcroinjection of the imobilised cells will give
essentially a uniformstarting tinme for subsequent netabolic experinents.
The gel cwpea/®ury t he non- hydrol ysed gelatin may in addi tﬂ@ﬁcﬁ{)ﬁ(ﬁaﬁ{mpri se
hydr ol ysed gel atin; however, preferably the gel conprising non-hydrol ysed
gelatin contains substantially no hydrolysed gelatin. Substantially no
hydr ol ysed gel atin nean the gel does not contain nore than the endogenous
| evel of hydrolysed gelatin present in a non-hydrolysed gelatin sanple.
Preferably the | evel of hydrolysed gelatin is |ess than 10% (ww) of the
gel atin. Hytkobysperashiatdomd i At el LS
soluble in tri gm g% oagg?idc?%aﬂéiﬁ aggg?g%rggi 2%%5’,59‘?Fg¥%glﬁp€?2?§?‘?éeed5%?;t%% i
‘non- hydr ol ysélcigrthastrangctorprailues 4 el giam, 4O, (Wikivh) ctlis ednobopeedrived ach d

soluble protein. Preferably the |, conmprising non-hydrol ysed gelatin forns
a strong gelPBRaP 8ﬁ%8@fqe§ Ocand gﬁgc’ g‘&‘d)"@?h asuffigient]y pieal Gpbe dispgssbon

preserved algadidnSIRg t .but _whi ¢ nnot. b

di spersed on ag%ll ti onﬁg?gﬁnﬁ@éﬁgb\ﬁ&%%?@g@ %ﬁ?ﬁ%ﬁi’e%eﬁnﬁﬁdg 311@5@(;

gel atin gel (w/pofchydeelpsadegatatin el ip figthep pefafredSRe tBY BB corkbtides BEGREN %

I nt ernati onal , A8, 999-1008, 1994; Evans, Cell Biology International,

855- 860, 1999:2%E(%(v3 hydelyseheelnian ynashprsfaratly 6:5% (w3 gdlatin124, 1999; and
Giffiths & Evans, Cryobiol ogy, 40 176-181, 2000). Furthernore, hydrolysed
gelatin is generally found to conprise a 30kDa protein fragnment whereas
non- hydr ol yHedgdehay im ad@€isn netthe WBolyaed @ei3fn kBl hh f&ﬁ@& i4S
detected by using SDS-PACE). The p?gﬁ[ ey;%re efeIz;turé)gi’Sof thghge co:%lral&lgi ng
non- hydr ol yl@f@ﬂdefgrb&taeh forped dg swiictendy week tube dispgreeibby sddifion bfargequeane t he
same as thaose indicated above. for the |, gonprising hydrol ysed gelatin,
except thatS%FLP‘i1 1 Ei‘?eﬁ%%ef%t}’éﬁf’;‘ egﬁeeﬁgﬁpﬁﬁérél ysed gelatin. The present

i nvention also provides a solid support having a first |ayer of gelatin gel
formed thereon and a second | ayer of gelatin forned on the first |ayer of
gel atin gellp apneferedernbodimeat ef thebreshie iveation, ke ¢elis agehtaicha] Bel stk@yE6s. The

gelatin gel,used to formthe first and second |ayer may be independently
sel ect ed frtg"rrgg R A¢ Tl B’d’“ﬁé‘fﬂétEeﬁﬁt’ﬁélndd’@fﬁmhb’rﬁwytﬁddmﬂs adiqyid celli qultged . The

sol id_suppeaddnaid crlelaBy aheligia 48] Ep@gfe%?éagﬁ? i et 9o Y Shed B oA W ' O

has never previously be use 0 preserve
hypot her ni sl kycept Huieéddedsenad ioynpeias gelatie foe hiytirolved ReRiint fdeday Stapagovi ch

et al., Cryobi,ol oqy, 32, 389-%%% 1995), it leads to rapid nmenbrane

bl ebbi ng aﬁHP@@PF‘%Ban?SePﬁ@ e}, dspartishlarlyoreferrod thet theriupst edlamiture

i nvention : T Lhst ISt t he two | ayer

confi gurat Plgeghlglrll ggﬁ?@?ﬁ%@%°%§? ?ucrlrloir%%hgt%/tﬁonte&n ﬁéﬂ%?rrfé% OgFng é’¥ ﬁ&?\/\e r

gel ati n | apesseirineentivo, thediehgarehitiachep @s a diedt ddyen of Beasel cdrﬁpﬁ@ﬁ%ﬁﬁiﬁ&lyseﬁf orage
igh ce

in a cell SUISaFenSi 0{11 W Il not be uniformand may cause |oca
densities &F2HA&HhemeRvsred with coveeendnlayercrt the dduslysed gelatin gobshy thaf thehe

sol i di fyi ngegelat} [ a f ccell sedinentation suggests_ that the
effect will ebelam)%(?d r?gpﬁ%%‘aﬁlgg%aﬁgﬂgt"ft% g8 RTa e e SoBORIRERPF theg) |

st acki ng i prdsedtahyertionahs celberamptaabligmiRsgel bomeiihs h?cﬁ@iﬂ@d‘éelatﬁu bafodeher
advant age relates to diffusion through gelatin gels. 1t rust be WO

02/ 49. | 28 iosqbiditiesgory abadempaarbef sbbut BFPChe Vil thengsl sobidifies ik, g aunder

02/49. | 28 Al ! 1 sotidifits (s, ng
heray 1 & Seirratpl oty 0rhheln drcimpithebuiabhe et odf puaspamn
pr ot et o, destgaaidanlurd iRl ke Rad AR 36 P b2 AL SLORAG! 5

the entire cell surface unlike when the ce re el f the
surface of SERdy gey aeduiredelutientsar Byaiavinghiad cetls aemiehdwauaﬁ@g bf adgdihgn
_covered wth tE%ngl athi ng]gel1 Eurtlger more, the depth of the gelatin gels
above the CBIPEUSET FihE} W gl (g cells prmprofested iFrum damese dyning wanspomtembitl i sed
on a sol i dissalpphsicddcREr W : ! J OW. . bet t.er
Cdiffusion of motrrants to\ét ﬁgéj(l:ﬂg‘llnlﬁgb'utltﬁf‘e BebiunPOBuPlisR¥SAZ LELURT on
dispersing the gel, the cells may attach to the surface of the solid support, in which the

gel is formed, provided the gel contains serum and/or the surface of the solid support is
coated with an extracellular matrix factor. Alternatively, the cells may be prevented

from attaching to the solid support by using a gel which does not contain serum and



Furthernore, by preserving cells between two |ayers, the cells wll have
uniformforces over their entire surface area. The cells will therefore
distort |wasozusdzsare |ess |ikely to undergo phenotypic chag@pgnoioscss
Furthernore, the inventors have found that cells survive longer 1n a

non- hydrol ysed gelatin gel two |ayer con$iguration than when cells attached
to a solid support are covered wth a non-hydrol ysed gelatin gel |ayer or
when cells

Accor di ngt e ETEBgLhg €S0t bibp et 2s BNCYRLL3REG BB AR BRI anatiy o
confi gur at ifaetof.or i mobilising cells.. As indicated previously, it is
desirabl e, although not necessary, to have the gelatin | ayers covered with
a liquid culture medium This is particularly preferred vvhen t he duration

of preser f L] The ent f the esent
i nvgnt ;Sonvagi/ag lfha h?(r) }Ioun‘%1 élﬂ&?d@g{nll gfvi\}h(r% rkéeﬁg n}vg?tﬁqnlg El\éer 8%} eeﬁqt%cllg >
t enper at ur e;hre@ﬂy e b weléhsuppandsuth @s coltgadadhl @ Svalgid tﬁeﬂ%&xﬁéﬁé@ﬂﬂﬁ 'aela}%g gregate

to the cent Lthe cells (Giffiths et al., Cryobiology, 40 6-7181,
2000). Thi é ?ﬁe a@nP%S%éY@elw%g@am Thﬁec@igstwskéﬂemb@mqvnredﬁs/ ﬂrel gel. If has

b f d t ot t
between 20 Joagritet o e (et witn Aoh iR et b i Wbyt dhan | o
bei ng too %&bﬂfymg)oumﬁl t8tsBplh @AY tegRired Qﬂﬁﬁ'ﬂﬂ%s Aghit 'ﬂﬁse ﬁf‘dt(l:c?s the O BomnP =28

13 PCT/ GBOl/ 05688 Preferably, the nethods of the pres I nvent1on
addi ti onal |9 NI%UWBP@@M m}]Chemgmylhb s%ilccuttmmmm@mr Farthérntvet ieg s about

A S o BT e R
t enper at ur eellesol HeSuded dxﬂé@tlgeif@} ithe Gl hH?le%rf‘nggrs&% g@ﬁ%ﬂt %vvé;é{r% oy E§f

gelatin gel is subjected to a tenperature o
non- hydr ol yiaehmegstt.aPrefergely thessustaop of thedsotid sapgoemmraaiouﬁﬁg of arbticelBnlfa) 1t

is preferr th |1s ar ferre to a suspension culture for
the durat | g’ﬁa %1% r}?‘%t%r ot i ttﬁw@&éﬁm Selfine 851 dover (oap fhedoavered wiha i n
cont ai ni ng ngelhylif] S@@nédln ?5} prﬁ%&&%'ﬂ@ ncﬁluﬁﬁﬁgl%e n 81“1 [rrelsﬁ @]ﬁl wel |
ssSpe 0

known to those skl led”in the art. In particula a t 4Pe for

hepat ocyt egpﬁ)l@xmdm Hetweenr). Sanad @mnBititicki Mhe Bow ﬁbxy-ﬁydlﬁg};sad gelafd geﬂﬁ§61444
1981. The gr ese i nventi OQ]f al so provides a method of preserving isol ated

cell's conpff&i&i aﬁtat TP F901sh doR JRYR 105 Ryolgetion: ghpng glisigbutdon. hylireobeymed

gel ati n andhed-h{iodretdy el add ulturing the cells at a tenperature
of between O angd&% Céﬁgﬁld furtmeg%g%n“grl sing subjecting the cells to

tenperatures of between about 20 and 37C for about 1 to 16 hours

(preferabl y about urs) at. |east once every few days (i.e. about every 2
to 5 days) )fherﬁlééﬁi& ‘Pgtgﬁﬂ SEfU inysnHen san be per %mneﬂa@@g@ytsnéa@e|sohcheunpottet ween

two | ayer s fgf I e t.tached to. a lid
SUppor T - ana copDoa e parTRAIN? SSd bl WM Bwiile Bhsdeels Hbe 3B
enabl e " cewelldanka plasés andi amhnmlscérdraxampbﬁthﬁmhdd GMHRNBed R pRlduceligiqcel | s

can subsequent be. useq over riod of days, avoiding the conplications
of genetic WfPF%tanWg & aﬁéﬁ%@s%éﬁa%llf@c%&aﬂﬁ f@busfelmsféﬂdﬂrmmrheamgqr

t hout d
b esorvat | e aicd] oo ERdRs o ROl Yoqsb yERE W A Bt S vanc

al l ows genetically m)dl fied cells to be transported to distant | ocations
Wi th mni r’rﬁl | osses. present invention also provides a nethod for

preser vi ng-i's SRSHS F‘@ra‘ﬁés BOSSTOHE, ihegies qulss@@eﬂtﬁogqbraﬁst wgs ;Immfvuﬁhmg t he

organ or t I dr ol
non- hydr ol !}:/e;lgél% a‘gagpl % &%‘35 bﬁ%ggﬁsfg%ggﬁﬁ hé ?%8?%/?35 iuS%‘/f,FFOtd\‘F@ E)PE)%{hceé]fS
_tissue is st aroedtralﬂedania&nmd)“}ahmmegsmhtl&eté@ﬂﬁl’baﬁo@@ﬂd %gen cavitation. The

gelation of gelatin would have been expected to exert strong forces on cells in its

vicinity and possibly to remove water from the cells. It was therefore surprising to find

that on covering and immobilising cells within the gel that no cytotoxic effects

occurred,



WO 02/ NON28 14 PCT/ GBOLl/ 0~688 A major difficulty with organ transplantation
is the short time period avail able before the organ deteriorates (e.g.
36-48h fowa@od/ives ). Many argue that this is not initiallypdpeghPosile PoOr
preservation of the organ specific cells but the greater sensitivity of the
endothelial cells lining the bl ood vesse?s (T.Ebert et al., Mdern Trends

i n Bi oThernoKi netics, 3 288-293, 1994). These cells "dough off' the walls,
when reper fpgd I$ i : [ t ; ' t hlood vessel s
and subsequon oy IRHAOR SRS oo AR LEL RS A ed BB B0 ROR
freshly i sonethed obthgapresdnt mvanijel. ahs indivaesieibost, 41y i ME@LRAVAATLS sbse
changes. Fol |l ow,ng. .complete perfusjion, the organ is stored at between 0 and
15C with t HB PROHHHIOR pat Iideolyred gelafin & foren the gel afjthepresenhinvshidaod vessel s
etc. and the endothelial cells are held in their correct positions. The
gelatin gel conbines the features of a solid supporting matrix, a good

di f f usi on rAg indidatdd dblowef the SEESS M6 Gredehiainy Siiohi 1 the RRRLALYLE enéMﬁg thde
organ is required is can be perfused with a nmedium (e.g. Saline) 37C.
The preser AEYTGEPALAL eele it tempreatirediobhetweamOcing. 15PRewhareinothe tchits gl B¢ i n

has a furt fit.that | atin is normal bo material and is

unl i kel y trol% aeCB?dr:ﬁﬁIr%Béﬁ?lcb. é“lséli‘%bﬁ gg]zfﬁ" %ﬁﬁw Heaussalutigna neart
liver, kidney etc. The tissue can be aizy tissue having vasul ature capabl e
of being perfused. Preferably, an orgasi is perfused and then tissue

sanpl es t akidi® prceent tiheerpions alse drovidgana solid euppdrt \laving thet ged Sufeths airpdesit can
be perf useq Yd]énﬁ(ﬁc ‘lﬂé}e%r Bvi ded it has sufficient vasculature to allow

per f usi on. e PE |et era%rr. is agelatin gel which is |liquefied by
maintaining it at a sufficiently high tenperature (e.g. 25 to 37 C) to
ensure that it does not solidify. Preferably the gelatin gel conprises
hydr ol ysed Tdelsatid supporiem-teyay sliymeicbrgehishitite geldah be fsntaf npsiohay the Most

pref erably, e gelatin gel conprises hydrol ysed gelatin as def ned above.
The pr esentsoﬁ(lﬂ\%g%tofto‘ﬁ“\%q . CWBU\FHBQL{%WE iobwowahéﬁow 8upPPEpimay havera
reference tBatildeoif 8l dx@WEIRiar T shows schematically cells preserved on
a | ayer of gel J(gc;eoorrpri si ng ha%llr‘%gdgg?r'gel atin. WO 02/ a9428 15

PCT/ GBOL/ G GB88 Figure 2 shows schematically cells preserved between two

| ayers of gel .c rising hydrolysed gelatin. Figure 3 shows schematically

cells pres @&5‘%& PFﬁSfJFl"‘nghéVeﬁ?lsé’fe "é@ghe@dﬁﬁhq g5l dgrmrddrothy selid spppattiofitheri gur e

4 shows SC@%&Stiiﬁ@édtiksnc%'iﬁdi'gmﬁ’ddvg%ﬁg &;Lcaan%g! I d support and covered with
i Si ydrol ysed gelatif

a |layer of gel conprising igure 5 shows the recovery
of rat hepatocytes after hypotherm c preservation at 10C. The val ues refer
to the enzyne ctivitﬁ subsequent|y found in cells which adhered after 2

hours. Figure © shehgs ?%8’%$F3@?°6%@H¢pothernic preservation on the rates

of protein synyhesj§q petween two layers of the gel;

3. immobilised within the gel; or

4. attached to the solid support and covered with the gel.

The present invention also provides a gel comprising hydrolysed gelatin and one or

more isolated cells.

The present invention also provides a method for preserving isolated cells comprising
attaching the cells to a first layer of a gel and then covering with a second layer of a gel
so that the cells are held between the two layers of gel and culturing the cells at a

temperature of between 0 and 15°C, wherein at least one of the layers of gel comprises

non-hydrolysed gelatin.



Figure 7 shows the activity of tyrosine am notransferase, ~ hornional
additions, follow ng preservation. () basal culture nedium (0) basal

cul ture mad azmovast h dexanet hasone and di butyryl cAMP. Fi gus@r/EpsiiRis:

y-Q utanyl transpeptidase activity duri na/I hepat ocyte cul ture. Hepatocytes
were preserved continuously () or, foll&d ng 96h of preservation,
re-cult<tred at 37C (O . The y-GTI induction profile is identical to that
where fres ieSQ ¢ » cLll t L hout _nri or -preserwvation.
Flgure Sa ohnes RofyaRRAkP AR ReRrol SHLEr AR o B RIRG A

cyt ochr one Frefsmbiyndhe yterac Hinonbydiolysed delgint em@hnss Betatin t WRicA! h&ChoObeen
Ppreservatiqgn.on hepatocyte | evels of cytochronme Paso and cytochronme b5.

Fi gure 10 MYSF é" FHThilb Salvetheroprefsyred theighe splatimhamnot heqiy hyelysad by

hepat ocyt e , : : I I . r.ot ei.n degradation in
h egat oczt ezh%r@'a? lt]l{r’(ggljyél? ’ %@%\9@% ta}e %%ﬁzrn{e%ﬁ geiééhge\gfxsig I%tr %lﬂ ©F ﬁﬁ%f}licg’lt %Ftﬂﬁ%l%t ei n
degr adat i onné¢lwdipg esidrov eltaleplaidoclysies . WO 02/ 49=428 16 PCT/ GBOLl/ OSG38

Trichl oroacetic acid-insoluble radioactivity () arid trichloroacetic
aci d-sol ubl e radioactivity (0). Figure 12 shows the norphol ogy of

I convent rarareR e Beiaih REI0bIAGE sieER efiin fey o2 3603 Erk Risiii hesn nac
W t hi n 24h hytifotysedc! eus becones distorted and the cell is very flat (b).

Usi ng the preservation gelatin gel and under hypotherm a, the rounded
nor phol ogy is retained (c), approximating to the situation i~z vivo. The

cells retai 1S shape thrau t preservation. Figuyre 13 shows cell
viability %?%ﬁggtg %?@%@Wé??@n‘%ﬁlfwgs ?&LWIW n@@ﬂﬂgfﬁ%ﬁyﬁedrge%aﬁment s (} or
hormones (0). Figure 14 shows the TCA soluble content of native, thermally

hydr ol ysed _native and 75 bl oom gel atin. The gel atin solutions were heated
at 37C andm@e gjematiye yrefpred pabpiliman,Chel fist 1BOCof )gehrdmPhices( hyiirdlybar t he
-}

peri od showp. .. CA_solybl e prot.ein cqontent of aytoclaved native (- -
(upper Iingglaggggdig‘eﬁf%odﬁqw85‘?’3“?‘?5 npngyd{qlmg,gelﬁnﬁe} are al so shown.
Figur a 15 shows the hepatocyte attachnent to Primaria plates at 37C after
2h followi ng rel ease from preservation gel containing non-hydrol ysed or
hydrol ysedIged duither Preferfadr sitemetivanenstiodissertelthes ikt tdyeveste geklceapeidesdy
heat i ng (370% and }gi(ye&é& to attach, The second colum shows the viability
of cells wAPERYHRREe] & R the: PR, Ly erraprsse dydiobsed eslation When Hye

addi ng excedf SR d rl?.l@r S fi.om.t he
suspensi on b c_en%ﬁl?u’ggl? :S%%e?lge e'té ??Flg& r%g%%%%ﬁgﬁy@?@%@é@glﬁy%@ﬁ
serun) or éﬂ'ﬁlst stdbatfached ®ethafirstflaym tSueh gramobfisedi cellsldre PaaivmlBHSuRAGEOf
native gel at.in. ga%.; 858#:&352. §/h . heat treated gelatin (b); 95C (2.5h) heat
treated gelaFPHY{EPR Saut'GEPEY SHOHNCEY de-ge PNAN agg| prgteins) rambe 95KDa

Gel b (1) ahidtlySiafebRd iftoithe MMoBBELRCSHR! 1 vidl of MY 108 et Bolism rate of the

cells, the progressive microinjection of the immobilised cells will give essentially a

uniform starting time for subsequent metabolic experiments.

The gel comprising the non-hydrolysed gelatin may in addition also comprise
hydrolysed gelatin; however, preferably the gel comprising non-hydrolysed gelatin
contains substantially no hydrolysed gelatin. Substantially no hydrolysed gelatin mean
the gel does not contain more than the endogenous level of hydrolysed gelatin present
in a non-hydrolysed gelatin sample. Preferably the level of hydrolysed gelatin is less
than 10% (w/w) of the gelatin. Hydrolysed gelatin is considered to be gelatin protein
that is soluble in trichloroacetic acid. Accordingly, it is preferred that non-hydrolysed
gelatin contains less than 10% (w/w) tricloroacetic acid soluble protein. Preferably the

gel comprising non-hydrolysed gelatin forms a strong gel on which cells can be



WO 02/4928 17 Gel d: (i) MW 30KDa PCT/ GBOLl/ 05688 - Figure 17 shows the
viability of hepatocytes preserved in different configurations (relative to
t he gel) wuddxmsisn gel s conposed of either non-hydrol ysed lqu/&gg{/@k%sed
gelatin. Data is expressed as a percentage of the number of viable cel

(as determined by LDH activity) in the hbn-hydrol ysed gel atin sandw ch at
each tinme point. Native Cel/cell sl urry (--) wherein hepatocytes suspended

[ I t I
bl anker (- PjESRE 46 b e rbEbd:henl b B 13" Cotul SRR iRt drber or e
bei ng bl ankgdition yf gelagaéouosbilticd Olsyaasle qﬂ@ﬁydﬂalyéaadgahﬁﬁ &d1s0RhAL beknS! Ur Ty
(-x-) wherein hepatocytes suspended in a gel of non-hydrolysed gelatin

hydr ol ysed defcrigs€; prowionsly ogess [Fyensy Cell Biglogy dintertesiontio chg 6299510081884 i n a

B - ot nchEd e killcyRBBe TReRgUPEEy 00 Bor-SHp ariear” (Bt Wil ofiiogy

hepat ocyt esntainbawed, 29 adbere oot hg ewising fe | d by a
gel of hydro@d/sed eTatin. Fi gure 18 shows ?%elﬁ%ggtrﬁgbﬁﬁ%é}gg_@l ?qu%?ofr | e

of a preselQe)i diurthetmarerhydrolysed galetin iyghnetajlydourgitoabmprise & B0kDa pbeteim
Corning pl ate ure 19as t.he erature profile within different
wel | s of a%f@%mﬁ% ‘?h @f%vﬁﬁ’ﬂﬁ?&%{l L BY Gomprise 3g0 kDa prefein gé@“ﬁ‘iﬂgure
19b for th@asr&teéidd\kgrr&ﬁfgSDQJPA@E each well. Exanple 1 Materials & Method
Col | egenase was purchased from Bo)ehrr nger Mannheim Opti Phase X from LKB,

Croydon, Surrey, u il ~. Le| bovitz (L-15) culture medi um new born calf serum
and genta I i ed bﬁ I Cg by Bionedicals LTD, Hi.g conbe,
Bucl cs U. K %er eﬁ?@rl uﬁﬁs of, $he, i gRleamPFiSRE BRR-Bydralysed ﬂghﬁm n dmAlﬂJeot her

chem cal No) f 49: | 2
PCT/ GBOl/S Ogﬁée»cgl H%%ﬁ%do}%g?eép\%er g&”ﬁe tPQC% as%é@gérlgaga tre)crl ea\;%) i%' =5 ns

| 981 (supr ac)mplEsmglshydmiysIIdHygaflat11ﬂ,933r2e1(tsthpf ah9 -gell heusy onGrist Neonh
i nvention col ceI | culture nedium consisting of Lejbovitz (L- 1
nedi um ( pHES angj) aPrﬁF% IBYShE8R ls0anraKilps anwlidepdport dBiivg, a dind lh)ﬁﬂr ysed
| ati |, at % t
ge atin. Qﬁﬁ’ﬁ r.gl%h%érgo & QQ%@dnﬁelgy%soéhg ngﬁxﬁ%g 3 't&f ) rPaf %’Eg

frompo I ne n In sterr (0]

3%@ hydr ol ygeiaitnggblawmram kells 8 h\amsoews@dthb awd gé@tﬁl%l fPé[yeﬁh 2The g@éﬁﬁ ban of
the
used to form the first and second layer may be independently sclected from a

hydrolysed gelatin gel or a non-hydrolysed gelatin gel.

The solid support and cells are as defined above.

This two layer configuration has never previously been successfully used to preserve
cells hypothermically. Indeed the only case where it has been tried (Stevanovich et al.,

Cryobiology, 32, 389-403, 1995), it leads to rapid membrane blebbing and cell death.

The two layer configuration of the present invention has a number of advantages. The
first is that the two layer configuration enables a uniform cell monolayer to be formed
on the lower gelatin layer prior to adding the upper gelatin layer. In contrast, storage in
a cell suspension will not be uniform and may cause local high cell densities at the
bottom of the container or possibly in the body of the solidifying gelatin. The rapid rate
of cell sedimentation suggests that the effect will be most marked near and at the
bottom of the container. Cell stacking is likely to also be a problem as the cells

sediment. A further advantage relates to diffusion through gelatin gels. It must be



cell culture nmediumto forma solution containing 1.5% (w v) hydrol ysed
gel atin. The gel containing the hydrolysed gelatin was allowed to cool to

10Cin a oy ture dish. 2.5 x |06 hepatocytes were adlgj(glq %/&6&8 of
Lei bovitz (L-15) medium (pH7.4) supplenmented with glucose § , pes

(
{25n~IV1), insulili (O 8p,g mM-"), genta2icin (50 ~,g/m-") and heat
i nacti vated new bona calf serum (10% v/v). One hour was all owed for

el but e Sshberithbert @nhiig Kcorfing o fipoennic s gnperess *
pl at es wer earpndtBCkukpended biihvihtibh & Bind6 id Elﬁ}‘h ﬁgéeq fc{%irﬂéiﬁt%n%rh%rb%s%ss(e\ﬁér o

schematical ]y the hepatocytes attached to t ayer.
sanpl ed at @i pympsnansk protein ategradetion). t Therdwatlayen dondiguratiohi dliotw dffugibgged

by their retention of t cytosal.i c rker enzynge | actate dehydrogenate
(LDH) and t"}‘fg‘i’%s t@%‘ﬂ‘g‘éﬁ&%ﬁ%‘ﬂéﬁ? Priike whensthe gells atp eighey i the tampefghe surfase of el | s

were al so fiaeBglatif g8 akithchdeh" Aol Hadhel theshs and to show in
vivo lilce regponsgs tro hor ﬁones.a {Fﬁg(ﬁ ve agrldg@&{(:{/}}v%}é%r%ﬁtéh}gﬁga%grﬁl'i ts
specific isoenzymes were found to be maintained. Furthe~rnore, atypical

enzynme characteristigs of phenotypi ¢ changes did not appear. The preserved
hepat ocyt eslfjl eﬂfl%ﬁenﬁ’d’ ‘f%gpag&%gﬁm B%lﬁe?gob? tsesallsds generally lgsedban thaten
days. The hgpat : rOf e addi ti.on .of excess cold
cul>/t ure medi um \?\/Iﬁ %/ eﬂ?ia\ﬁrﬁﬁﬁlﬁb@m}ﬁg@ﬁ’gpgatsglg%/%g@%e%%&gﬁ%ﬁrﬂ Xﬂﬁ’t HE grls 287kt o

harvest ed atidwingibaltebdiffisioad df muaiaams tiknstllet her experinents. WO
02/.49428 19 Exanple 2 PCT/ GBOLl/ 05688 The experinent described in Exanple 1
was repeated except that after attachnent of the hepatocytes to the gel

|l ayer, the g LA YR ved and repl aced wt m of the L-15

cell culture n%ﬁ?ﬁrﬁﬁ%%rl Si gﬁglﬁ%@?%g‘é‘) %@%&’tatﬁﬁciﬁ\gs%qt&?%m HB Ioseer gel
| ayer was alveotkeit entireedurfachaten. e cDyWRill HRYF6re AistoR ok Qhd hrd R Iil?élyF om
tenperatur e.. The gel layers and cells where then placed at 10C to all ow

the gel to "COFi8Qip§notypie ghangser Furthermere, deg inveutbrsuraye fedid thateedlsadriges t 0
the top of : a.0ee Figure 2. The preserved hepatocytes

wer e found 1{ngg%ggp g?é%%?é\i/rgggi&gégﬁéil ggm%gyer ﬁﬁ?ﬁ%’l’at?(ﬂl ﬁ%“ﬁ’@ﬁ&?@%ﬁaége%f
Exanpl e 1. t8gablid siygpoeteirt SovepePwilAAH ddl AR oA Yol BeANALLIR T EX Cess
cold culture medium (with rinm n]g). Exanpl e 3 The L-715 medi um conprising

1. 5% hydr ol'SEwilised #tthin aontbydrelysetigslatinegednpl e 1 above is nelted at 37C

and hepatocytes are added. The gel containing the hepatocytes is then
pl aced at 10C so that the gel solidifies and the hepatocytes are

i mobi | i sedcebidingly, thee Ql%'ntﬁfie‘i‘&ls':dd%&tit@ge%)asso-gﬂ?ed%ﬁlg ﬁ%“t@% I%%Bﬂﬁ%{rﬁ@mr €

found to be preserved in an identical manner to t epat ocyt es anpl e
1. Again t A BEnobilisieg eellget ached fi om the gel by addition of excess cold
culture nediumwi th rimm ng. Exanple 4

As indicated previously, it is desirable, although not necessary, to have the gelatin
layers covered with a liquid culture medium. This is particularly preferred when the

duration of preservation is over a long period of time.

The inventors of the present invention have also found that following long-term storage
of cells at temperatures of between 0 and 15°C, organelles such a mitochondria
aggregate to the centre of the cells (Griffiths et al., Cryobiology, 40, 176-181, 2000).
This is due to the collapse of the cytoskeleton in the cell. It has been found that
subjecting the cells to brief periods at temperatures or between 20 and 37°C, is

sufficient to restore cytoskeleton structures while being too short to initiate phenotypic

changes in the cells.



V~' O 02/ a928 20 PCT/GBA 105688 Hepatocytes are cultured in a petri dish in
the L-15 nedium described in exanple 1, which does not conprise 1.5%

hydr ol ysesv@el/ghzgh, at 37C for 2 hours. The - hepat ocytes péf/gﬁbl /‘It!f%s’{he
surface of the dish. The L-15 nmediumis renoved and repl aced y{ e L-15
nmedi um conpri sing 1.5% hydrol ysed gel ati® described in exanple ' 1. The
dish is placed at 10C and the gel solidifies covering the cells attached to

h f ' e ki . Ih r IV hepat.ocyt es .were found
e e e P e
gel was remeNes ipBRAINEr Bitwbih 038t 261ghd BPT R B3GESHR f@h&ugwrﬁﬂfagww um
with rimming and the cells renmni ned attached to the surface of “the di'sh
teady for @beutinhhewrspsideast Omerwer}efcp/edaiymé'r.let&blowtzemyl tdo s d?jmpahmv\':]evfﬁ if)neI I

killed in_th t he anmount of gelatin, solid support to | C e cells
galn ate t al:ﬂ ﬂé%ﬁlc?ffr”?ééq %?t“{?ufet‘@[Fse i Sriatins8el melting (ae; mdegar hydsalyses v

'dependi n - i t o g ve al so
begn per 19 O%ﬁ%&ﬁ%@ﬁg%&gjﬁéﬁgdt ngp}rgtéﬁea%%ﬁuﬁ%l gE&éa{(@lﬂE?dﬁ%l{ @%‘%819’8% atin
and the celgeltingehishsatjebiedio bhemgeituizyofbant 3C) iteis gedferral, IeEthevetgRte 5
Measur enent of fg(g&tional inte~rity of preserved cells The functional

integrity GPOHPREDLIQ @puseenson gdtues, fxithe duistipp fithe incaeaseditergpesatiteeands = 1.

Over a7 d o= 5 f I | eas fi the gelatin.gels

(bot h non- %eclilr %F%fgg%lqge? %% ?%Ba%%nﬁl)}@goé%s%g "S’gﬁg ?dnb{gfg%ﬂ“gkpl et dye

trypan bl ueultiks sref wellkeows tesissaiskidled ¥n tHeears aFEp@fictibe avsuagnlsiohycuﬁtué he

freshly isg(:} ted cells. 2. Exclusion of vital dyes or retention of sol uble
I,

enzynes in #ecytanis depaibed in EvanseBigchive Biophysatician $7AM33-44dn9850r
sustained viability is not necessarily indicated by these techniques.
Poullain et al. (Hepatology 1S, 97-106, 1992) reported that the |l actate

WO 02/ 9. 128he present invention also provides a method of preserving isolated cells comprising

attaching the cells to a gel comprising non-hydrolysed gelatin and/or hydrolysed gelatin
and culturing the cells at a temperature of between 0 and 15° C, and further comprising
subjecting the cells to temperatures of between about 20 and 37°C for about 1 to 16
hours (preferably about 5 hours) at least once every few days (i.e. about every 2 to 5
days). The cells may be attached to a surface of the gel, held between two layers of the

gel, immobilised within the gel or attached to a solid support and covered with the gel.

The methods of the present invention enable “cell banks” of primary cells to be made
from one animal. The cells can subsequently be used over a period of days, avoiding
the complications of genetic variation. The methods enable cells to be used
immediately without waiting for the cells to multiply. The methods enable the
preservation of cell types which are sensitive to cryopreservation and allows genetically

modified cells to be transported to distant locations with minimal losses.

The present invention also provides a method for preserving isolated organs or
fragments of tissue comprising perfusing the organ or tissue with a liquefied gel
comprising hydrolysed and/or non-hydrolysed gelatin, wherein subsequent to perfusion,

the organ or tissue is stored at a temperature of between 0 and 15°C.



21 PCT/ GBOLl/ 05688 dehydrogenase activity after cold storage in the

Uni versity of Wsconsin solution is relatively high even though the cells
were unabmo éxvatst ach to plastic and survive. Sinmilarly cryepEgepisygd cells
al so often show these "contradictor' properties. Due to this mcertalnty,
cells preserved using the gelatin gels d4 the present invention were '
screened for their ability to attach to supports over a period of 2 hours

at S7C and AngsPaitfeulAelGahe RhndiBitARhSs 1n8shat ArlHiids 208ARG LR - The

preserved cells were attach to suppor finer to
fi eshly isteargo detmivrpes(sar 96d3h @l d iverSadaly geiethat th is bt AGMBHMyet 0 a
support is @ob concl usive proof that the he%g ocytes wi Il subsequéently

mai ntai n t iSRS PRRTAIRSSHYaHPN gfthe oRgptapoeific cellscbut did meaterysensitjuity ef ther ecover y

period and i ek | ¢ ction s, has, been observed for
cryopr eser véﬁﬁﬁgﬁﬁs&zlghﬁg% @gwg&ss}ﬁ ({Hg%%ﬁf %lr’&\g?/d%,%i@%ié‘? 1993; Chesne
et al. HepaBoTagyndiBinedd3,2B4-293008)4). Ma6RIHi1NHIdughldTe’ thahafis Andd’ Ot €i n

synthesis were used as a criterion of normal behaviour. Protein synthesis
requires a KPHERyisatienptedeleading tocodchisiagrofahs blnod Tessels ahd setmpqueses gi ven

by the cell 1 yation i.n the.gel atli S qf the present

i nvention a@g%ﬁ%ﬁ#e{}%egg%?@é .Clrdéq?h%n'og erf}g@ﬂlequﬁr}?gﬁ{yﬂéﬁf‘@d\%ﬁaé Y& ur ed
py the | ncogehainairoseevation tnediihn prefhis KRS Lhihebd! Ioifowifig CoMPRARBALIGY 2C! d
insoluble form The rates were |inear for afg | east 7 hours arnd wer € not
preceded bythg orgag ipsiersd at betwlern® eid 1 S3Chwith shesresthar thogalatn shigtifia gener al
cell functi Oqgib,lﬁt@ﬁ 0 (ﬁot ilndi cate whether the latter is tissue specific.
Fol | owi ng py QB Rabloadvesssls gicy snd the eadathelisheallsgre held imtheireatrettpositionsn,

cel I's were TiRSIeBfin I | ophal of ti f the.enz t Mrosi ne
ami not r ansf er ase. _nﬁ%i g(mi%sihéaS tPig\&;er sp%{:?go?@ sjf)lﬁ }g(f)rgurlg §,n_aﬁﬁ, aié‘l?ggl 997 Hfone
recept or biwidi thy tiseuss apd e tbw ewititpotempeanst OWeh @b orARRSEA kiR i Barfthd

transl ati on. Tg"%rfaﬁ}‘] results ar a shown in Figure 7, wherein the preserved
cel I's cul t EEYSGdWith 8 medawn (o saling) 19637964 u T be preserxingegehsingebisavathet] butt yr y|

CAMP have i 1yrosine amn ansferase whereas the
preser ved ggﬁpgg?lglgtdﬁgxa ggg%gﬁégs?hgﬁ\e g%ﬂ?gi éiaF%ﬂ?g} 15(?1H°F’i§‘|agb9ﬁjé(di um) do
not have i muaterded edd imeiksly t6be pafmun6gndd, i Nterest is that the induced

preserved cells maintain i~a vivo |like enzyne | evel s as opposed to
non-preserved cells cultured i~a vitro at 37C. WO 02/ a928 22

PCT/ GBO1/ ~ Ltion to i ntaj, ni liver specgific functions, if
t he pr ese??glg%(r:%l llc-sgnﬁF gﬁi)?{))}gggﬁycg S:‘T?g%e@ﬁt ‘_’elr’rr}gd‘?erye%‘hl "Ph‘? UFracarbeEM s, they
shoul d not tﬁﬂﬂ@ﬂfa@ﬁg@'ﬁ&ﬂﬂhﬁ%a@a&?@%&ﬁ% ?&ffhéé& PF&&%IWy&%g? }[J;fer@%%&r;“e

of the enzyme gamma gl utanyl transpeptidase Is an e r
cancer and e YsseRsaEplestiaeenegra thayarBsedoman uAttemetivaly, 37s6ué kavss 6  Cancer

Res., 42, - . . Fl.gyre 8.sho t hat the phenotypic marker does
not rise di’% %rgtt%e?j ?érg%%a@ glﬁje%%tq’aé F'é%isrcfef/‘%m?@@a‘é‘ﬁ forallegtpesfusian t ure at 37C.
It is interesting that follow ng preservation, the culture of the cells

results in_the induction of y-G utanyl transpeptidase over the sanme tinme
period as fl6p linpeficd gpl iseaelatinget which is Hhuefiedfyusaintanting het & sifiorRhilpn has
been mai nt gj reser i that the cells eventually behave in the
same rranne?dgggg?qpée&sa ‘ileigsésfﬁ? 3’[]°€§fq Qsed té&f&@é&%@?ﬁ’ﬂﬁ@cﬁﬁ%ﬁ@é{ﬂm 37C. 6.
Cearly "l gelgtih gelMomPreadidrhigscaANGIADr (S G: i ] - @ ut anyl
transpepti dase) are prever%dg%? Hot.g%ever,r pﬁe%@&ﬁ%g‘%}hﬁgﬁé&sfs%g%ﬁn%

di fferent Peaves Most praferablistbie igbletin gelt congpises Infiavigesl getutinchsstefihéd Aol i N
the preservation systens. Possibly the earliest phenotypic change is the
fall in cytochrome Paso which ultimately reduces the value of |ong-terns
_cul tures offhbeRaEMGHYRSioh Will BChd YesktBELd yarious forms of
culture on the levels of cytochr one Paso %ga{ﬁgeﬁa@@% g Irseﬁwfbi"n{h(?rre b5
wer e corrpafcél@wlm;' expected conventional culture led to a rapid decline in
.the level of cytochrone P4so (figure 9a). However, the preservation nodels
retai ned high levels of cytochrome P4so al nost equival ent to those of

cyt ochr oneFiard f isBowe stiehatidallyAlR fralebR8 ont £ ! o AR
vivo situation, the isoenzyme y|§er%of iplfre of Cytoc ?Igérfeé é’?‘o?’gﬁﬁ’ﬁﬂﬁdwgﬁese
changed bygﬁlh@l-preservati on procedure. Figure 10 illustrates the

mai xi t enance of the specific cytochrone P4so iso enzyne | A 1 by the
preservation procedures. Exanple 6 . Metabolism continues under
preservation conditions




Unl i ke cryopreservation, the cells are not in a state of suspended

ani mati on during preservation in the gelatin gels of the present invention.
Sone net alwa o2zsz30Nt | NUES, WO 02/ ~9: ~28 23 PCT/ GBO 1/ OS%/@MIW at a
very low rate. To denonstrate that this was the case, a process, I ch
could be nonitored over a long tine, wag5required. Protein synthesis
measurenments can only be neasured over a relatively short tine period due

to the exh ' t he | abel.ling, radioi sat gpe and/ qr the_.turnover . of

newl y synt no2rs B et lﬁe}lxee/%%ﬂprﬁﬁﬂme??w%%sw BPYSH RESSLPURRINGE |
the presencgdaflyscigertitvat ed | evel s of the unl abelled substance originally
incorporated into the protein (to prevent reutilisation) can be nade over
‘an extended tine. Measurenents can be made both in terns of the |oss of
trichl oroa i.c acid insoluble tecial in the cells and the appearance of
trichlor oaﬁé‘i‘% gciS OWE) SHPEatl¥ gl praseryRd ENRA laver pfesel 16PBRTFINE gur e
11b show t M dfodysed gBhtiRr ot ei n degradation of identical "long Iived"
proteins at "37C innornmal culture and iii the preservation system The
preserved cells were harvested directly fromthe preservation matrix rather
than by letting themattach to the dish for 2 hours. This was carried out
by heati ngthlﬁPég deiltﬂo‘evé Sgl‘fef@tlrcaﬁy odlsimmpabilised para sl sppew and epvayyd witheous

di sper si on 1{Ry dF Q188 isi ' cel | suspensions were centrifuged
and the cel I}}épelgéet Sﬁ%%}m ngg‘g‘é{"%%%‘%@%anm ysed separately for their

radi oactive content. Preservation using the gelatin gels of the present

i nvention iFncreS;gd the half life of the proteins by 20 fold. Under both
condi ti ons FISTEC P SHPHALRS TFCPVETY OF B Seppteqyian afiee hypathérmie presevationaasi 19°C.

i nsol ubl e t |letely by the radi qactivit
recovered :I%E?Egﬁtg ?%fg:ntlggpggc | ca%ggi{tﬁgusbgf?%f@y ??Lé‘gtlﬁ&ﬁﬁs ?5@-}“?1 aagﬁﬁi ab{%})s/
t herefore @ioursl under both sets of conditions. This was verified by total

protei n measurenments, which showed that the cells were in a steady state of
protein netabolismat 37C with only a margi nal decrease in protein content

pr o _ | y a mar e in protein cont
puri g pr codriep pisve He SR ASRARRIS RRabTRih el B M eheh e i omligia

showi ng that detrinmental effects do not occur over the measured tinme span.
Example 7 Cell m)rBhoI otgy i's maintained Cell norphology is intrinsically
lii~lced t &7 shewsithp. activiy i ofvbmestns ahinaranefefase, red hetmatiab ssdditionk, hav

deronstr at ?ﬁlomﬁé p%@s%p\ga%%n.t ?lf) %gs%?tcﬁﬁgredrlﬁggliﬂgm, C(‘IEI)t ggs%l %Elltl?l%cmgcrliﬁm with |
dexamethasone and dibutyryl cAMP.

Figure 8 shows y-Glutamyl transpeptidase activity during hepatocyte culture.
Hepatocytes were preserved continuously (@) or, following 96h of preservation,
re-cultured at 37°C (O). The y-GT induction profile is identical to that where freshly

isolated hepatocytes are cultured without prior-preservation.

Figure 9a shows the effect of culture (37°C) on hepatocyte levels of cytochrome Paso
and cytochrome b5 and figure 9b shows the effect of preservation on hepatocyte levels
of cytochrome Paso and cytochrome b5.

Figure 10 shows the maintenance of cytochrome Puso 1A1 in preserved hepatocytes.

Figure 11a shows the intracellular protein degradation in hepatocytes cultured at 37°C

and figure 11b shows the intracellular protein degradation in preserved hepatocytes.



WO 02/:19: 128 24 PCT/ GBA /05688 associated with changes to cell shape. Many
ot her studi es have al so noted the inportance of maintaining the isa vivo
cel | shapwo b2/avetd function is to be retained. See Figure paruBhGEsssons
that cells cultured using the gelatin gel of the present invention nmaintain
t he rounded norphol ogy. Exanple 8 Cell V$ability during t~resei-vation in
t he absence of serumnutrients or hornones For research purposes, it may be

desirabl e t1gicrPoRRH: C&lidnddhutI@CHN Gaclilht" WP - LT oSl SRl
cell function e. g. %efélls 1<'31re expoage%ctlgtsﬁoﬁonagelg ?l{l)ctﬁg 8%&%%3(31&8%%16’
profiles. Irhdivimtivatgl(ll. are exposed prior to the study then the effect of
the test agent could be invalid. Wth this in mnd the effect of the

various gelatin gel conponents, upon its preserving potential was perfornmed

with the pagf ial aai ' i fyi ' e- up.. H.qure .1 ows t he
of fect upon ear1 %, fRhtY @b REERClek; Adeo By % Wi R 5B S e L.
Serum  Nut possetsa oourided sipesn &eiventicrabthltiry theShdpatietes tagi@lyGpldad b @l 11 ty,
at the relevasit tine point, if the gelatin gel containe tf){e conpl ete

conpl enent ¥FENEGFh SHbR 24h, e nyclaug bpcomssalistartedandshepell istuerpflati(hp Using em

allowing a 1.t 0 : i iti.on to be devel oped. Exanp]e 9
Pr eser vi n~51?(ﬁ?rr§¥g\f® {g@%@%ﬁ%@g&%&%ﬁ §§?°3ﬁ66&1?’3hwaﬁg%€99@0%ﬂés WEPA{M
advant ageoys), pibpfRititag foutheatitlaBast inOfeo,0TAE icBls Hthiefig SRare! %@Bﬁt cells
in culture. ha vitro, hepatocytes have a poor growh potential and the

initially P5SFERBAN.cel|ls cannot be maintained by subculturing. To assess
the effect of the preservation systens on growing cells prinmacy kidney
proxi mal tubule cells have been prepared. The results show that the

jma o i s - f
proxi mal t Wigire 13 ghdvs @gnumlwd@ﬁﬁgﬁﬁéieﬁafé&mthsaw%r%{z@é6%&%@226?1&{1@{% cel |

present invention by using thé sane procedures. er enzy

type, such(®sonhagionee(Cdhosphat es and y- G utanyl transpeptidase are

mai ntai ned at the level of the freshly isolated preparation for at |east a
week. The cells are W O 02/ 49:128 25 PCT/ GB01/ 05688 mmi ntained in

preservati Pipuipdi WRBWAGK ok RIGHE BBRRL o phAGE, thatflalil hadlystd fad ROLALAC
cells is show by trypan blue exclusion. Tu u?e Vi a y "I'S denonstrated by
pl aci ng t hékoimgeatiny Jdie @rlatinrsebiiions werd lidasddl at 30tCnd 00°0a(® QB0 (A9e60*Cat t he

ends of the,t b | at er occur along their Iength. Follow ng the
occurr ence?g}’ u@%ﬁg@), %Lb}ﬁ% (!53 and; 95°% ¢ for tge period shown. The TCA soluble protein
content of autoclaved native (- - -) (upper line) and 75 bloom gelatin (- - -) (lower line)

are also shown.

Figure 15 shows the hepatocyte attachment to Primaria® plates at 37°C after 2h
following release from preservation gel containing non-hydrolysed or hydrolysed
gelatin. The first column shows cells which were released by heating (37°C) and given
2h to attach. The second column shows the viability of cells which were recovered
from the hydrolysed preservation gel by adding excess amounts of L-15 medium at
10°C and then separated from the suspension by centrifugation/pelleting. Serum was

either present (+ve serum) or omitted (-ve Serum) from the gel.

Figure 16 shows SDS-PAGE of native gelatin (a); 80°C (2.5h) heat treated gelatin (b);
95°C (2.5h) heat treated gelatin (c); and autoclaved native gelatin (@

Gel a: (i) MW: 95KDa

Gel b: (i) MW: 95KDa; (ii)) MW: 30KDa

Gel ¢: (i) MW: 30KDa



tubul es begin to take up trypan blue. The preserved proxi mal tubule
preparati on shows one difference to that of hepatocytes. The proxi nal

t ubul e celwomidizs not attach to a support unless the gel atli(flll'/%;ﬁmr/(ﬁ%ved by
wasl ung the cells. Following cell attachnent, at 37C, the cells grow
normal Iy in bicarbonate-suppl enented ned7umto form a confl uent nonol ayer
at the sane rate as fleshly isolated proximal tubule cells. The

preservati py. i ave no detrinental effects on cell growh. Data
not shomn.qéﬁégﬁﬁg%@g% & oconechani cal nature of the gelatin
cont ai ni n~~el s The physi conmechani cal nature of the hydrol ysed gel atin gel
differs fromthat of the non-hydrolysed gelatin gel. The hydrolysed gelatin
gel nelts dilguret Ehpshows vhe viabikty ¢fhhepatdegtes ofresemeedn an-diffstent! yagguaeivoas i n
gel. lii addition the hydroJysed gelatin gel can be dispersed through the
addi tion of i iocle g %ﬂﬁ]ﬂ‘éolﬂsgeg%ﬂ‘?m?ﬁs@g.(ﬁ elther po-hydrglysedren hydrplysathe

‘non- hydr ol ; i J [ I ' . Th
nyar of ysact St oo e i Py R VU genpiEe Of TRCRATSG T LS I The BB o1 oo

condi t i ons bydiDHatiiviey)ge tistrion-hy@range elatn shalwioh ecabREinRaouite of t he
changes in the gelatin's resistance to

[ ti | ati i b
L?Zg i p: tn gt %g’ﬁﬁep@;llr _L}\ég’ﬁgrggl‘ﬁ reiniepageytexpspendsdtinw gshof nomhwdrblysedi t hat
o berr hr o et | Pretddehy oA TSl e 3T Bkt QR Mot SieBsiapviiy

substrata (in this case gure _ _

i nhi bi ti on allsweéas adRé%oto Agiatidatidl Vi HeinEblahR&SY 8YigeDof H(?n—ﬁﬁ‘drblérsé@' ng
aqueous nedi a to _dissipate the gel) and dye exclusion tests reveal &d that
the cells &ektip; yiwlyssd egetasiongtery t(rad veltareioukepatocytes tsubimended ipasgélbbe f or

t he non- hydrol,yse | ati.n |s). . The inhjhition is lost if cells are
cultured i H°Pﬁé’a‘bc’i‘ésgg r%Efé‘“B#’-g/g@ﬁ?ﬁﬁl a%?e%é; ??ﬁﬁeww (R ovheeindepatacyies e
qui ckl y ablsgsgefd@f §RCD okf cbSiz t | 0 LM coNt ai ni ng _nedi a.
W0 021 Soaz5 36 b eor S B AL Ao PR Spo e By iabls e
varyi ngt ple@ﬂg?ﬁ); ( Z_BE-aﬁtaghec@a hle@)lt],coc%bd owittel I }tiydmrﬁlecﬁegeait I_)lgﬁik&t udy) O&Ihéx%ﬁl
conposi tion. e distri ion o e atin pol ypeptides are seen to
change, brglgﬂaéﬂ‘f%?f ajllﬁfaye# E éeeFPeﬁF %%ﬁtFPtFlﬁebcf@& lgingiblasketed dyreegel ofy so
t hat therehg,&oqa}@ea eheasi ng frequency of pol ypeptides with smaller

nol ecul ar wei ghts (MA8). Moreover the predom nant MM have al so changed,
froma |larger 95KDa fragnment in non-hydrolysed gelatin to a smaller 30KDa

fragment in.the hydrolysed equivalent. These smaller pol ypeptides may
account fo?lguﬁ% l%eglk%ﬁ’g&@ heatingi s peoling| profile af |2omeaservaligiegal cemaining al so
accounts f gpn1b8roPis i DL 2| di spersion by aqueous n

i edi a. Howevrér 5}”8?% ?ﬁg%iru?gdﬁﬁ%a ?qnlﬁr?art;org'%géﬁace%%pl ain why a gel enploying
hydr ol ysed gelatin is superior for retaining cell viability and function to

that of a preseryation gel containing ngon-hydrolysed gelatin. Exanple 11
Viability 6t8He E)éq %J@“égstgwe@wwg pirw%e ivfithin diferend irally wf at96omell migraploteyt es

Compost 11 one T L Solth Pe 6K, Yo eI KB BT paP e pErack e

rel ati onship between the cells and the preserving gelatin gel) as shown ii
Fi gure 17.

Example 1
Materials & Method

Collegenase was purchased from Boehringer Mannheim, Opti Phase X from LKB,
Croydon, Surrey, UK. Leibovitz (L-15) culture medium, new born calf serum and
gentamycin were supplied by ICN by Biomedicals LTD, High Wycombe, Bucks U.K.
and insulin was obtained from Boots, Nottingham, UK. All other chemicals were

obtained from Sigma, Poole, Dorset, UK.



The commercially avilable 75-bl oom gelatin cannot be used for the
preservation of hepatocytes since it is cytotoxic and causes great

nmor phol ogmamby/ahgsor mal i ti es. The use of autocl aved gel ati nPé.@ g{; ogﬁ /e the
cells provided identical results to that of preservation in g' ]?2 §
treated gelatin. A conclusion fromFigurl 17 is that a non-hydrol ysed

gel atin sandwi ch is superior in the preservation of cells to either a

non- hydr ol y r r - / i overlay. This.my either
Do dus 1o { e ugrs YerR préhabal s MR KE BB} (Ehah (5T ) g i
stacki ng) aMaytrs 198P(sapedh. dTHe g io® thedFroftDE irvestion Etnprideh ball cOfuraRRANEAt 10
the non-hydrol ysed slurry or overlay are not present in their hydrolysed
count er par t DS BfEHOHEKL- 15 mpasiiim (PRI GAbtoniziningludoas €8.3inM)l znd Hepes
properties | . 21 49428. 27 PCT/ (B0O.1/.0S688 treated
Bt 55 { on o) Ao 5abisp BRRln, Pt o VoL ohaRee 1y Mo et col
monol ayer. (Bh Sigth® €JpaV aFbnd Borlre kD) in sterild RatePR 6bC B2 2N RALL |k Do gLE0US
medi um The advantage of the 95C support is that 1t can allow the culture
medi wl z t o dfethe Bénbediolysed gajatpr sdetioatva addedab dnvdlaineyofadplixn@hftioasdt we! |

stabili zers(%‘?1 Thi s alé}.ows t he cauFe, of hypothernlic inj uri/ inlong term
preser vat i ol Wedinmda forpm asalytion gopteguns § SV iy Axdalysed selatyw| The

strength s i nkhe.non- hydralysed and 80C treated
el at i gert bopeiile hE B0l L SRS neNE PRI P 5 Y Pt bot
the 95C tr etitted2.ged 1@intepatiopeek auee a@@idani NmeAsr Rebslis 3i.P3Y gekdiin Teays
medi um or heating. In the same way that the 80C treated gélatin requites a

shorter heat'PRigmentsg wikngluease (BmViydHepey {2t intulin (8igpib| kémamicime
t ocl d | at,i n,\gel. i dily_ di db | uti whi |
the 95 gelC0 2™ Qg b5 SRrsCivatsi] oL by B3 sebim GL0%prv/e). (Qechesawes on i n
. HTe D | i
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Figure 18 shows the rate of heating/coofing of
fi~om 10C FeCbanerew et atde S& sprebe o2 xPigkdteabiosyvaie ARfsHrAtuAEd ThY rﬁé@&%& a
t hernocoupl e at the periphery of a 60mm pl ate containing non- er ol ysed
gel atin. | tPlaced dmpdranidified d0°¢ ncubetope Figue & shows siltemticalak d® Inpatoeged 14
mnutes to F{&i(éﬁ'to Qi ) jas much shorter than the tine allowed for plating
(2h). 1t i SPTREI s ‘W Rere is a tenperature gradient across the plate
and that this would have a substantial effect on the distribution of the
cells prior_to gelatin solidifying. To prove that such a tenperature

gradi ent ddds Rlgies twase samplshl| atrdadlyoipteavals wad foselto Meathindhighywgslligeat i n
was added t h .of. the wells, and the thernmocouple could now be | ocated
preci sely ﬁlgdggﬁ%ly r%g?l{/fe&ﬂ‘ﬁ’lonv?)ﬁh‘? CﬁPﬁﬂ’l"é‘éax eengyare Jagats kighydmgenatsoLDR) r at e
of gel ati nahth thdiesubisé i I b SA h t ral I cool
| ess rapidly than t hecrug{ijtteﬁllllwmglblaztagﬁf %E?lg& tglgjrr%{et'r a lﬁr%ﬁaﬁ’g%%gnf) %ﬂ% mean
an uneven dantaingheil tatesoff pratbinsynthesiamseth showan vhp-Iikedegioys@do BBmeHeH! 'Y,

| eadi ng to- Stacking effects._ The |lower neltin WO 02/:19428 28
9 The 1§/l concﬁrome P4so and its spemgg 1soenzgymes were found to be maintained.

Furthermore, atypical enzyme characteristics of phenotypic changes did not appear.

The preserved hepatocytes maintained the above mentioned properties for at least seven

days.

The hepatocytes were detached from the gel by addition of excess cold culture medium

with rimming,

The hepatocytes detached from the gel were harvested and could be used in assays and

other experiments.



PCT/ GBA / 05688 tenperature of hydrolysed gelatin neans that the effect of
the tenperature difference is mnimsed. Figure 18 and 19 suggest that the
better cemopresm vation properties of hydrol ysed gelatin ﬁéﬁbﬁbﬁ&ﬁﬁ]d
overlays, relative to their non-hydrol ysed counterparts are due to better
di ffusion properties and/or the avoi dand® of cell stacking. To further
argue the inportant effects of diffusion in the preservation of hepatocytes
it is noteworthy that when glycerol (0.5M is included in the system(to
investigate its ability to protect the cells as in cryopreservation) it is
cytotoxi c. ExamplesX antially reduces the viability of the cells ( 10%
remaii >ing after 7 days). While we cannot rule out an overt cytotoxic
affect of glycerol, its viscous nature would certainly limt diffusion to

W0 091 - 104705 TRFHEER il b R, BREKRSE ol el oA RRE At aonvnd 68 ot e
cel I's conprths hegptedytesctouhg gélgyd the Sult@ean SBImGR P fehvEd gﬁﬁé ijerfgié¥é gﬂtbﬁllﬁ le atin

and cul turi ng E]he cel s at a tenperature of between 0 an
met hod accdhbiphiiet 16| eallnsultupn medium corapgsing dydiolyssé gelatinel. 5% qult)ur Eheredi um

and hydr ol | at,1 . The hod. according tqQ any one of the

previ gus clxg)?rgrrs ga\/\%&érg?vﬁslg ngﬁ% 19 S’R% e Oc et IEWFEEIE‘}%f Og g@E%%e]r i‘?\h‘r al rom

bet ween 4 aadpdrdfire.4 ThEhel el of &1 3,
wherein the QgJ S e;lre c[ﬁ@t %ﬁ%@@@%@ﬁ%r@%ﬂgg&@ t§§@bﬁ@%££ﬁe
met hod of &Rljdidhe Aofurthie prlead esllculties mediwinewas addel ao hiyetop! arskelugdratel n i s

pr oduced b)ﬁa%pes% h%ed%ol ysis of gelatin. 6. The nethod of claimb5,
wherei n t he™~hydro &l elatin is produced by heating 20 gelatin to a

tenperature of 85 to 121 C for between 0.3 and 3 hours. 7. The nethod of
claim5, wherein the hydrolysed gelatin is produced by heating gelatin to a
t enper at ur &hgfpregsovad Ppatocyies atzoe) foudhio Wespre2av@d inl e ideatibaomafnes iy ygne of

t he previoys Ctl ai mdfgé/merii ﬂet he gel conprises between 0.5% and 5. 0% (W V)
hydr ol ysed “(RFR0H OIFXaHRLe het hod of any one of clainms 1 to 7, wherein the
gel conprises between 1 and 2% (w v) hydrol ysed gelatin. 30 10. The net hod
of any one of clains 1 to 7, wherein the gel conprises about 1.5%w v)

hydr ol ysed Ageirathereells were detached from the gel by addition of excess cold culture medium

(with rimming).
Example 3

The L-15 medium comprising 1.5% hydrolysed gelatin as described in example 1 above
is melted at 37°C and hepatocytes are added. The gel containing the hepatocytes is then
placed at 10°C so that the gel solidifies and the hepatocytes are immobilised within the
gel (see Figure 3).

The preserved hepatocytes were found to be preserved in an identical manner to the

hepatocytes of Example 1.

Again the cells were detached from the gel by addition of excess cold culture medium

with rimming.

Example 4



WO 02/ 49428 30 PCT/ GBOL/ 05688 11. The nethod according to any one of the
previous cl ains wherein the gel conprises 1.5% (wv) hydrolysed gelatin in

Lei bovi t zweeeliismsconpri sing gl ucose and Hepes. 5 12. The r’rpéﬁ%g)o%lsﬁg@y one
of the previous clainms, wherein the cells are primary cells . e met hod

of any one of clainms 1 to 11, wherein tR€ cells are hepatocytes. 10 14. The
net hod of any one of the previ ous claims, wherein the cells are attached to

the surfaceqgfatddyeesded cﬁ‘iﬂﬂe&@/ﬁ (?%%\Mshhnathé rQ gleﬁéﬁ %SS.?}'@E (gltlfijg%

met hod of any oné of clalns erein ec othe

15 surface which ddesshot! ayprieel 11396 lgekolged péletin cavared wirt b ﬁou’%@COTﬂe| ayer
of the gel so that the cells are held between the two |ayers of gel. 16.
The net hod R5PalRRYies alach &g the surfase1gf thmh@sb. nThehé-?éedenanels memevedvand t he

| bef I efs t ll’lt bi.lised in_the
0ol when  nePRE bthe LEFS fESiu ddibrldhd. 0 P B el PEFFARDIE | o

13, wherei .t ke dshhSphrcaiattIGwadi i:h@ 21 §6lid1ﬁiesséle@H V\%ﬂ?é"@’elfs cIfe‘&VtS &Eéj wi th
a layer of the gel. 25 18. The method of claim 17, erein the soli

support is S¥taeq efithedighsRee Bigwel4. or a colum. 19, A gel conpri si ng _
hydrol ysed gelatin for use in the method of any one of the previous clains.
30 20. A gel conprising hydrolysed gelatin and one or nore isolated cells.

The preserved hepatocytes were found to be preserved in an identical manner to the

hepatocytes of Example 1.

The gel was removed by heating or by the addition of excess cold culture medium with
rimming and the cells remained attached to the surface of the dish ready for use in

assays or other experiments.

As will be apparent to one skilled in the art, the amount of gelatin, solid support to
which the cells can attach and the type of culture medium used to form the gel can vary
depending on the exact requirements of the study. Examples 2 to 4 have also been
performed using non-hydrolysed gelatin in place of hydrolysed gelatin and the cells
detached from the gel by heating the gel to 37°C.

Example 5

Measurement of functional integrity of preserved cells

The functional integrity of preserved cells was examined using the following criteria :-

1. Over a 7 day period 90 -95% of the cells released from the gelatin gels (both
non-hydrolysed gelatin and hydrolysed gelatin gels) excluded the dye trypan blue. This
figure is essentially the same as the viability of the freshly isolated cells.

2. Exclusion of vital dyes or retention of soluble enzymes indicates that the cells are
alive at that instant. However, sustained viability is not necessarily indicated by these

techniques.  Poullain et al. (Hepatology 15, 97-106, 1992) reported that the lactate



WO 02129428 PCT/ GB01/ 0s688 31 21. A solid support having the gel of claim
19 or claim 20 foanmed thereon. 22. The solid support of claim2l, whichis
a cul turewd emo4mel | or colum. 5 23. The solid support ofp /éh(ﬁ}/{%éssor
claim 22, wherein cells are attached to the gel forned on the soli _
support. 24. A nethod for preserving isdlated cells conprising attachi ng
the cells to the surface of a first layer of a gel and then C(ﬁvered YMth a
second | ay th | M&n: t wo_ | ayers
of gel andSoroReRe vt ahe O WAl bowl nidisfy B WBEh Si e
wherei n at teldiselydiigh efen lieughytiy sellsf werel unablepto afefah ﬂiﬁlpidaﬁéira_ﬁdi ¥aeevegel atin.
25. The nethod of claim 24, wherein both layers of gel conprise
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conpri ses hydrol i,,sed gelatin. 28. The nethod according to any one of the

previ ous cl PSS Firsheminahmaykess tstatss lehydmgspasedLDAY. The praskived tells were

t enper at ur n ut 20 and 37C for about to 16 25 hours at

I egg t oncee%e/lg&r §/(p%11(ta‘)’\‘llv‘¥?l 2yS B&#S P @S‘?‘W&ﬁm&%‘?ﬁa i#?fhé'dsgﬁﬁarﬂl%spfm? in the
i ncreased telipeséd Pigard ®sults in the gelatin gel melting, additionally
conprising transfering the cells to a suspension culture for the duration
of the increased tenperature and then attached to a gel 30 containing

gel atin foB. céttadimend tor eseuppatti Gnnot AALINRINVE IPRSf RGTY AROMPHOSRe32wiB0. A
sol id support havi of gelatin gel forned thereon, a second

f | ) .
layer of gSYEsPIYP g?m%’élﬁﬂé;h@ﬁaﬁ;ﬁél@i P 87 ey Boreavegethar pallsgairy ramiramser ei n
cells are Rgbderheli@aNdd Ravie\Ret@RIrAbd gleﬁﬁ%olilcaﬂlﬁ&tfon 'asqg§]tiee%2)§§ci51‘§elds gqre cted

support of claim28, wherein gelatin ge ayers are I'ndepen
from hydr oktpyepetserebditcells Bk Toowdkeroer- by dlrobbisRgy 030, B3-18) 09J3; Chesne et al.

Hepatology 18, 406-414, 1993). Accordingly, the rates of protein synthesis were used as

a criterion of normal behaviour. Protein synthesis requires a high degree of metabolic
integration. Typical responses given by the cells following preservation in the gelatin
gels of the present invention are shown in Figure 6. Rates of protein synthesis were
measured by the incorporation of L- [4,5-°H] leucine into a trichloroacetic acid
insoluble form. The rates were linear for at least 7 hours and were not preceded by a

lag phase.

4. Protein synthesis measurements show a general cell function but do not indicate
- whether the latter is tissue specific. Following preservation using the gelatin gels of
the present invention, cells were tested for their hormonal induction of the enzyme
tyrosine aminotransferase.  This is a liver specific property. It involves hormone
receptor binding, occupied receptor translocation, transcription and translation.
Typical results are shown in Figure 7, wherein the preserved cells cultured in the
presence of the inducers dexamethasone and dibutyryl cAMP have increased levels of
tyrosine aminotransferase whereas the preserved cells in the absence of the inducers
(basal culture medium) do not have increased levels. Of particular interest is that the
induced preserved cells maintain in vivo like enzyme levels as opposed to

non-preserved cells cultured in vitro at 37°C.



32. A nethod for preserving isolated organs or fragnents of tissue
conprising perfusing the organ or tissue with a liquefied gel conprising
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cytochrome P4so should not be changed by the preservation procedure.  Figure 10

illustrates the maintenance of the specific cytochrome Paso isoenzyme 1Al by the

preservation procedures,

Example 6

Metabolism continues under preservation conditions

Unlike cryopreservation, the cells are not in a state of suspended animation during

preservation in the gelatin gels of the present invention. Some metabolism continues,
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" " %8888/ Mo@ild be monitored over a long time, was required. Protein synthesis measurements
can only be measured over a relatively short time period due to the exhaustion on the
labelling radioisotope and/or the turnover of newly synthesised proteins. However,
protein degradation measurements, in the presence of the elevated levels of the
unlabelled substance originally incorporated into the protein (to prevent reutilisation)
can be made over an extended time. Measurements can be made both in terms of the
loss of trichloroacstic acid insoluble material in the cells and the appearance of
trichloroacetic acid soluble material in the medium. Figure 11a and Figure 11b show
the rates of protein degradation of identical “long lived” proteins at 37°C in normal
culture and in the preservation system. The preserved cells were harvested directly
from the preservation matrix rather than by letting them attach to the dish for 2 hours.
This was carried out by heating the gel to 37° C for 20 minutes (non-hydrolysed) or by
aqueous dispersion (hydrolysed). The resulting cell suspensions were centrifuged and

the cell pellets and supernatants analysed separately for their radioactive content.

Preservation using the gelatin gels of the present invention increased the half-life of the
proteins by 20 fold.  Under both conditions the radioactivity released from the
trichloroacetic acid insoluble forms could be accounted for completely by the
radioactivity recovered in the trichloroacetic acid soluble fraction. Cell death was
therefore minimal under both sets of conditions. This was verified by total protein
measurements, which showed that the cells were in a steady state of protein metabolism
at 37°C with only a marginal decrease in protein content during preservation. Protein
degradation is an energy dependent process. During preservation the rate of protein
degradation remains unchanged showing that detrimental effects do not occur over the

measured time span.
Example 7

Cell morphology is maintained

Cell morphology is intrinsically linked to cell function. The inventors have performed

studies which have demonstrated that changes to phenotype during culture at 37°C are
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maintain the rounded morpholo gy.

Example 8

Cell viability during preservation in the absence of serum. nutrients or hormones

For research purposes, it may be desirable to exposed cells to factors in order to study
their effect on cell function e.g. cells are exposed to hormones to study induction
profiles. If the cells are exposed prior to the study then the effect of the test agent could
be invalid. With this in mind the effect of the various gelatin gel components, upon its
preserving potential was performed with the potential aim of simplifying its make-up.
Figure 13 shows the effect upon cell viability of omitting one of the three key
components: Serum, Nutrients or Hormones. Cell viability is compared to cell viability,
at the relevant time point, if the gelatin gel contained the complete complement of

components.

This study reveals the stability of the system, allowing a gel with a very defined

composition to be developed.

Example 9

Preserving primary kidney proximal tubule cells

Hepatocytes have many advantageous properties but at least one glaring difference from
many cells in culture.  In vitro, hepatocytes have a poor growth potential and the
initially isolated cells cannot be maintained by subculturing. To assess the effect of the
preservation systems on growing cells primary kidney proximal tubule cells have been
prepared. The results show that the proximal tubule cells can be preserved using the
gelatin gels of the present invention by using the same procedures. Marker enzymes of
this cell type, such as alkaline phosphates and y-Glutaniyl transpeptidase are maintained

at the level of the freshly isolated preparation for at least a week, The cells are
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' tubules begin to take up trypan blue. The preserved proximal tubule preparation shows
one difference to that of hepatocytes. The proximal tubule cells will not attach to a
support unless the gelatin is removed by washing the cells. Following cell attachment,
at 37°C, the cells grow normally in bicarbonate-supplemented medium to form a
confluent monolayer at the same rate as freshly isolated proximal tubule cells. The

preservation procedures have no detrimental effects on cell growth. Data not shown.

Example 10

Physiocomechanical nature of the gelatin containing gels

The physicomechanical nature of the hydrolysed gelatin gel differs from that of the
non-hydrolysed gelatin gel. The hydrolysed gelatin gel melts at a temperature lower
than that of the non-hydrolysed gelatin gel. In addition the hydrolysed gelatin gel can be
dispersed through the addition of an excess of aqueous medium (e.g. cell culture

medium). The non-hydrolysed gelatin gel can only be dispersed using a heating step.

The hydrolysed gelatin gel is formed by the thermal treatment, under controlled
conditions, of native gelatin. Changes to the molecular nature of the resulting gelatin is

revealed by changes in the gelatin's resistance to precipitation by TCA (figure 14).

Through experimentation it was found that hydrolysed gelatin inhibits hepatocyte
attachment to synthetic cell culture substrata (in this case Primaria®). Figure 15 reveals
that the level of inhibition is near 100%. Aqueous harvest (i.e. recovering the cells
using aqueous media to dissipate the gel) and dye exclusion tests revealed that the cells
are viable (please note that aqueous harvest is not possible for the non-hydrolysed
gelatin gels). The inhibition is lost if cells are cultured in the presence of serum. Also
attachment inhibited cells were quickly able to attach if re-cultured in complete, serum

containing media.
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(MWs) Moreover the predominant MWs have also changed, from a larger 95KDa
fragment in non-hydrolysed gelatin to a smaller 30KDa fragment in the hydrolysed

equivalent.

These smaller polypeptides may account for the weaker gel, making it melt at a lower
temperature. It also accounts for the susceptibility of the gel to dispersion by aqueous
media. However more importantly it may also explain why a gel employing hydrolysed
gelatin is superior for retaining cell viability and function to that of a preservation gel

containing non-hydrolysed gelatin.

Example 11

Viability of hepatocytes preserved in different configurations

Hepatocytes have been preserved using preserving gelatin gels not only of varying
compositions (see example 8) but also of differing configurations (i.e. relationship

between the cells and the preserving gelatin gel) as shown in Figure 17.

The commercially avilable 75-bloom gelatin cannot be used for the preservation of

hepatocytes since it is cytotoxic and causes great morphological abnormalities.

The use of autoclaved gelatin to preserve the cells provided identical results to that of

preservation in 95°C (2h) treated gelatin.

A conclusion from Figure 17 is that a non-hydrolysed gelatin sandwich is superior in
the preservation of cells to either a non-hydrolysed slurry or a non-hydrolysed gelatin
overlay. This may either be due to the ability to create a uniform monolayer (avoiding
cell stacking) or its improved diffusion properties. The limitation apparent in the
non-hydrolysed slurry or overlay are not present in their hydrolysed counterparts.
Although both forms of hydrolysed gel have similar properties only the gelatin heat
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during preservation (potentially adding fresh cell stabilizers). This allows the cause of

hypothermic injury in long term preservation to be studied.

There is a progressive weakening of gel strength seen in out thermal treatments. The
non-hydrolysed and 80°C treated gelatin gel both require a heating step to release cells.
In contrast both the 95°C treated gel and autoclaved gelatin can be dissipated by
aqueous medium or heating. In the same way that the 80°C treated gelatin requires a
shorter heating step than the non-hydrolysed gelatin to solubilise, the autoclaved gelatin
gel is more readily dispersed by aqueous solutions while the 95°C gel (2h) is more

robust and requires rimming prior to dispersion in aqueous medium.

Example 12

Rate of heating and cooling a gelatin gel

Figure 18 shows the rate of heating/cooling of non-hydrolysed gelatin gels from 10°C —
37°C and vice versa. The experiment was performed by placing a thermocouple at the
periphery of a 60mm plate containing non-hydrolysed gelatin. It is apparent that the
temperature transition takes at least 14 minutes to occur, This is much shorter than the
time allowed for plating (2h). It is likely that there is a temperature gradient across the
plate and that this would have a substantial effect on the distribution of the cells prior to

gelatin solidifying.

To prove that such a temperature gradient does exist a 96-well microplate was used.
Non-hydrolysed gelatin was added to each of the wells and the thermocouple could now
be located precisely in an individual well, Figures 19a and 19b show the cooling rate of
gelatin in the different wells. It is clear that the central wells cool less rapidly than the
outer wells and this temperature gradient would mean an uneven distribution of cells is

caused in a non-hydrolysed gel slurry, leading to stacking effects. The lower melting
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Figure 18 and 19 suggest that the better cell preservation properties of hydrolysed

gelatin slurries and overlays, relative to their non-hydrolysed counterparts are due to
better diffusion properties and/or the avoidance of cell stacking. To further argue the
important effects of diffusion in the preservation of hepatocytes it is noteworthy that
when glycerol (0.5M) is included in the system (to investigate its ability to protect the
cells as in cryopreservation) it is cytotoxic. It substantially reduces the viability of the
cells (10% remaining after 7 days). While we cannot rule out an overt cytotoxic affect

of glycerol, its viscous nature would certainly limit diffusion to the cells.

All documents cited above are herein incorporated by reference.
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5 15°C.

2. The method according to claim 1 wherein the gel comprises a cell culture

medium and hydrolysed gelatin.

10 3. The method according to any one of the previous claims, wherein the cells are

cultured at a temperature of between 4 and 14°C.

4, The method according to any one of claims 1 to 3, wherein the cells are
cultured at a temperature of about 10°C.

15
5. The method of any one of the previous claims wherein the hydrolysed gelatin is

produced by thermal hydrolysis of gelatin.

6. The method of claim 5, wherein the hydrolysed gelatin is produced by heating
20 gelatin to a temperature of 85 to 121°C for between 0.3 and 3 hours.

7. The method of claim 5, wherein the hydrolysed gelatin is produced by heating

gelatin to a temperature of about 95°C for about 2 hours,

25 8. The method of any one of the previous claims, wherein the gel comprises
between 0.5% and 5.0% (w/v) hydrolysed gelatin.

9. The method of any one of claims 1 to 7, wherein the gel comprises between 1
and 2% (w/v) hydrolysed gelatin.

30 | |
10. The method of any one of claims 1 to 7, wherein the gel comprises about
1.5%(w/v) hydrolysed gelatin.
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comprises 1.5% (w/v) hydrolysed gelatln in Leibovitz medium comprising glucose and

Hepes.
5
12. The method of any one of the previous claims, wherein the cells are primary
cells.
13. The method of any one of claims 1 to 11, wherein the cells are hepatocytes.
10
14, The method of any one of the previous claims, wherein the cells are attached to

the surface of the gel and covered with a liquid culture medium.

15. The method of any one of claims 1 to 13, wherein the cells are attached to the
15 surface of a first layer of the gel and then covered with a second layer of the gel so that

the cells are held between the two layers of gel.

16. The method of any one claims 1 to 13, wherein the cells are mixed with the gel
before it solidifies resulting in the cells being immobilised in the gel when the
20  gel solidifies.

17. The method of any one of claims 1 to 13, wherein the cells are attached to a

solid support and then covered with a layer of the gel.

25 18. The method of claim 17, wherein the solid support is a culture dish, a well or a

column,

19. A gel comprising hydrolysed gelatin for use in the method of any one of the
previous claims.

30

20. A gel comprising hydrolysed gelatin and one or more isolated cells.
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5 23, The solid support of claim 21 or claim 22, wherein cells are attached to the gel

formed on the solid support.

24, A method for preserving isolated cells comprising attaching the cells to the
surface of a first layer of a gel and then covered with a second layer of a gel so that the
10 cells are held between the two layers of gel, and culturing the cells at a temperature of
between 4 and 14°C wherein at least one of the layers of gel comprises non-hydrolysed

gelatin,

25. The method of claim 24, wherein both layers of gel comprise non-hydrolysed
15 gelatin.

26. The method of claim 24, wherein the first layer of gel comprises hydrolysed

gelatin and the second layer comprises non-hydrolysed gelatin.

20 27. The method of claim 24, wherein the first layer of gel comprises

non-hydrolysed gelatin and the second layer comprises hydrolysed gelatin.

28. The method according to any one of the previous claims additionally comprising
subjecting the cells to temperatures of between about 20 and 37°C for about 1 to 16

25  hours at least once every few days

29. The method according to claim 28, wherein the increased temperature results in
the gelatin gel melting, additionally comprising transfering the cells to a suspension
culture for the duration of the increased temperature and then attached to 2 gel

30  containing gelatin for continued preservation,
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32. A method for preserving isolated organs or fragments of tissue comprising
perfusing the organ or tissue with a liquefied gel comprising hydrolysed and/or
10 non-hydrolysed gelatin, wherein subsequent to perfusion, the organ or tissue is stored at

a temperature of between 0 and 15°C.



