2 6 MAR 2004 Preservation of Cells The present invention rel atle§ MAR mdbhods
for preserving cells, in particular primary cells, such as hepatocytes.
The present invention also relates to a gel containing hydrolysed gelatin.
The introduction of whole organ coll agenase perfusion techni ques (Krebs et
at., Reqgulation of Hepatic Metabolism 726-75, 1974: and Segl en, Meth.
Cell Biol., "13. 29-83, 1976) has lead to the w despread isol ation of

vi abl e hepatocytes. The isolation nethods used are mld with the result
that the cells initially retain in vivo |like properties in vitro. However,
high cell yields are obtained fpepmevatididdiecdiisver and generally the nunber
of cells produced greatly exceeds the experinental requirenents, I|solated
hepat ocytes are a better approximation to the in vivo situation than

est abli sh cell. lines or hepato cells (Sirica and .Pitot, .Pharmacol .
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obtained using long-termcultures no nore a e tot
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hypot herm ¢ preservati gn of hepatocytes on gelatin gels has been discl osed
(Evans, number of cells produced greatly exceéds the experimental requirements,

Isolated hepatocytes are a better approximation to the in vivo sitnation than established
cell lines or hepatoma cells (Sirica and Pitot, Pharmacol. Rev., 31, 205-227, 1980) but
they have the disadvantage of a limited viability in suspension culture.

Hepatocytes have many features which make them a particularly suitable in vifro model
system. They have a high rate of metabolism and are the major cell type involved in
detoxification. However, in culture the cells divide poorly, if at all, and iiﬁdergo
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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Cell Biology International, .18, 999-1008, 1994; Evans, OeI?DBNAIROéQDI"
International, 13 555-860, 1995; Evans, Cell Biology International, 23
117-124, 1999; and Giffiths & Evans, Cryobiol ogy, 40, 176-181, 2000). The
met hod requires the preparation of gels made froma culture nmedi um
cont ai ning untreated (non-hydrol ysed) gelatin and the attachnent of
hepat ocytes to the gel surface. The hé@patocytes are then overlaid with
culture nediumand cultured at a tenperature of 10C. Such preservation of
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culture dish, the culture medium can easily be spilled.

US-A-5,635,344 and US-A-5,736,397 disclose a method of preserving cells comprising
culturing the cells at a temperature of between 0 and 5°C, wherein the cells are in a gel
comprising non-hydrolysed gelatin. Culturing cells between layers of non-hydrolysed
gelatin in not disclosed.The present invention overcomes at least some of the problems

associated with the prior art methods for preserving celis.

The present invention provides a method for preserving isolated cells comprising
attaching the cells to a gel comprising hydrolysed gelatin and culturing the cells at a
temperature of between 0°C and 5°C.

The use of hydrolysed 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.



3 The use of hydrolysed gelatin in the gel therefore avoi’ds MR 488%kd to
heat the gel to 37C in order to detach the cells and avoi ds any damage to
the cells caused by such heating. A distinction can also be nade between
hypot her m ¢ damage and damage caused by heating to 37C by using the gel
conprising hydrol ysed gelatin. Furthermpre, by using hydrolysed gelatin in
a gel, the attachnment of cells to a solid support (i.e. a standard tissue
culture tregated sti.c su rt. sych a cul tur ish or well, e q.
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multicellular aggregate. =~ The aggregate is usually spherical. The spheroids can

reconstruct functional complexes and show tissue specific functions (see Hamamoto et
al., J. Biochem., 124, 972-979, 1998).

As the presence of hydrolysed gelatin inhibits the attachment of cells to solid supports
when serum is not present, it allows one skilled in the art more time to recover cells
without the complication of cell attachment to a solid support. The absence of serum

- assists in preventing cells attaching to a solid support. The absence of serum from the
medium leads to a decrease of the period in which the cells can be preserved from about
7 days to 3 days. Itis also preferred that the solid support does not have a coating of an
extracellular matrix factor, such as collagen, fibronectin and matrigel. Such
extracellular matrix factors help cells to attach to the solid support and should be
avoided if the cells are not to be attached to the surface of the solid support.

Furthermore, by using hydrolysed gelatin in a gel, it has been found that the gel melts
uniformly at about 37°C. On heating a gel containing hydrolysed gelatin, the gel melts
more uniformly than a gel containing non-hydrolysed gelatin. The term “uniformly” as



unifornly at about 37C. On heating a gel containing hydrolyse g@ﬁ a%;mﬁ t he
gel nelts nore uniformy than a gel containing non-hydrol yse The
term"uniformy" as 2 6 MAR 2004 4 used herein neans the centre of the gel
nelts at substantially the sane rate as the edges of the gel. This uniform
melting of the gel has the advantage that the all the cells can be
isolated fromthe gel at substanti aIIy4the sane tinme. The term "preserving"
as used herein is defined as maintaining the viability and/or in vivo-like
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Preferably in vivo-like cell function is measured by determining that the levels of
cytochrome Puso are maintained. Methods for determining the viability and in vivo-like
cell function of cells are disclosed in Evans, 1994 (supra), Evans, 1995 (supra),
Griffiths and Evans, 2000 (supra) and Evans, 1999 (supra).

The term “attaching” as used herein refers to the cells being immobilised on a surface
of the gel or immobilised within the gel. 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. 1t 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 hetefologous 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



genes. Preferably the isolated cell is a hepatocyte obtainedzﬁoNﬂBmfﬂb
whol e organ col | agenase perfusion or an equival ent nethod. Methods for
obtaining isolated hepatocytes are well known to those skilled in the art.
In particular, suitable nethods 2 6 -MAR 2004 5 are disclosed in Evans

(Bi ochim Biophys. Acta, 677, 433-444, 51981) and Evans and Mayer (Biochim
Bi ophys. Res. Comm, 107, 51-58, 1982). Methods for obtaining kidney
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established cell lines. In particular, it obviates the need to "grow cells
up” inmmediately prior to use. Experinents requiring confluent cell
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the cells to be preserved. A suitable culture

primary cell type, which have very different characteristics show that the method of the

present invention is applicable to a wide variety of cell types. The method of the

present invention is a very valuable holding procedure for primary cells and is also

appropriate for use with established cell lines. In particular, it obviates the need to

“grow cells up” immediately prior to use. Experimenis requiring confluent cell

monolayers, e.g. Caco 2 cells, can therefore also be facilitated.
The term “culturing” as used herein refers to the maintenance and/or growth of cells.

Any gel containing hydrolysed gelatin can be used in the method of the present
invention provided it is suitable for culturing the cells. The gel preferably comprises a
cell culture medium and hydrolysed gelatin. The cell culture medium can be any cell
culture medium capable of culturing the cells to be preserved. A suitable culture
medium is Leibovitz (I-15) medium preferably buffered with Hepes in place of
bicarbonate enabling it to be exposed to the atmosphere. Other suitable media include
Waymouth’s, Williams', Dulbecco’s or Ham’s medium which are buffered with
bicarbonate and require a 95% air 5% CO, gas phase. Where necessary, the media can

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



mediumis Leibovitz (L-15) nmedium preferably buffered with Hepgsg MARPRame
of bicarbonate enabling it to be exposed to the atnosphere. O her suitable
medi a i nclude Waynouth's, WIlIlians', Dul becco's or Hami s nmedi um which are
buffered with bicarbonate and require a 95% air 5% CO2 gas phase. \Were
necessary, the nedia can be supplenented. Suitable supplenents include
carbon sources such as glucose, gromth62 5 MAR 2°04 6 hornones such as
insutin, serumsuch as heat inactivated new born calf serum and
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t enper at SSI [g’ref erably, the nethod of the present invention conprises

cul turi ngt% ‘ells at a tenperature of between 4 and 14C, nore preferably
at a tenperature of between 8 and 12C, nost preferably at a tenperature of
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addi tion gf ganpedieous solution. Preferably the term "hydrolysed gel atin”
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
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The term “hydrolysed gelatin” as used herein means gelatin that has been at least
partially hydrolysed to reduce its gel strength. Gelatin that has not been hydrolysed
produces a relatively strong gel. When using hydrolysed gelatin, 2 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.



and al kaline hydrolysis. Preferably the gelatin is hydrol yséd ByRt Belinal
hydrolysis. In particular, it is preferred that hydrol ysed gelatin is
produced by heating gelatin to a tenperature of between 85 and 121C for
between 0.2 and 3 hours. Mre preferably, the gelatin is heated to a
tenperature between 90 and 100C for 1 7o 2.5 hours. Mst preferably, the
gelatin is hydrolysed by heating it to about 95C for about 2 hours or by
heating it to about 121 C for about 20 mnutes. 2 6 MAR 2004 7 The gel
preferably conprises sufficient hydrolysed gelatin to produce a gel that is
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the gel conprising hydrolysed gelatin and preferably covered with a liquid
cell culture nmedium GCenerally the liquid cell culture nediumis identical

to that ughé gbDnfari 4dddtiondf) tieXSERilydeiadeldtin SRBprigtOhochydolys&l gehthi,i n or
hydrol ysed gelatin and nma rise supplenents not present in the gel. It
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cytoprotectant, such as, gl utathione. & further enbodi nent of the
present iﬁﬂﬁ‘gﬁlﬂq%}rﬁtﬂﬁﬁsmeg?@gwseﬂa‘ﬁ%iﬁe ‘to a first layer of the gel:
conprising hydrolysed gelatin and then covered wth a second |ayer of the

hydrol ysed gelatin gel so that the cells are held between the two | ayers
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‘medium. Generally the liquid cell culture medivm is identical to that used to form the
gel except that it does not comprise gelatin or hydrolysed gelatin and may comprise
supplements not present in the gel. It is particularly preferred that the liquid cell culture
medium comprises a cytoprotectant, such as glutathione.In a further embodiment of the
present invention, the cells are attached to a first layer of the gel comprising hydrolysed
gelatin and then covered with a second layer of the hydrolysed gelatin gel so that the
* cells are held between the two layers of gel. In an alternative embodiment of the
-+ present invention the cells are mixed with the gel comprising hydrolysed gelatin before
it solidifies (i.e. at a temperature of about 37°C). When the gel solidifies (i.e. at a
temperature of about 10°C) the cells are immobilised with the gel. If necessary, a
liquid cell culture medium can be added in order o prevent thc zel drying out and to
supply any required nutrients. By having the cells between two layers of the gel or
immobilised within the gel, the cells are protected from damage during transport and it
is also easier to change the liquid culture medium without disturbing the cells. 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



tenperature of about 10C) the cells are inmobilised with t WBEgMAR 2004
necessary, a liquid cell culture nmediumcan be added in order to prevent
the gal drying out and to supply any required nutrients. By having the
cells between two |ayers of the gel or immbilised within the gel, the
cells are protected from danmage during_transport and it is also easier to
change the liquid culture nmediumwt hoét di sturbing the cells. On
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and/or the surface of the solid support is coated with an extracellul ar
matri x f afack. Alternatively, the cells may be prevented fromattaching to
the solid support by using a gel which does not contain serumand 2 6 MAR
2004 8 preferably by using a solid support that has not been coated with an
extracel | ¥l arfufthér priferb@ @bdbdinhdht dfftbé bReéntih edntibh Sthe &¥l0 dhidBtatiaéhddhe
present invention, the cells can be attached directly to_a solid support,
such as céireaibyeodi sohid sprpeat, suchnes eullare disty ey wdlll wd thea chugied voih a laper @él

conprising hydrol ysed gel.atin.. The.cells wll..then be covered,b he. gel .
T neces s PrbrEne iRt s dheelt Wil iEEpf SRtREbE tedrhint §
order to RERYLRY, thdge] B thef ¥ ddGerel twitNdell SulfHPRIHIANh Sr@atioRevaiy e ents.
Again this protects the cells from damage during transport and on changi ng

the cel | gelldrying qubditditn suppiyt drgr reguiged inftriptsi Agatethisrmdtects ths eclihfomel | s
when they.are attached to a surface, this thod wi.J| epahle the..cells to
be. Used BT GPrRRERRRLAGT HSOIECH drLpURCEE e R TP T 51 el |
at t achmenfiesifRH @b %&@ﬁle)een@@héﬁlfﬂeg%e aftachétﬁtosmr@acé,gﬁﬁ%éma@%ﬁ cAQAL kipRg of an
extracellular matrix factor. FOrthernore, the hydrol ysed gelatin gel |ayer

can Eedco?dlsetg hbltlhxlefh dinectly Ia.ﬁﬁrr ey geldhagyebednagtispersedr iwﬁthgabhmitiﬁggfo; celld ,
LRt ok, - T AeBmer iR R ectiriyes of e seluf Slpepaias a gniting o Smerbiobust.
top | ayerqf Ci j i i i1 r y adkal, s ed
gel atin” ?gggxeﬁcgéerg E%@%V#Hfréhg&ng?#gysgf%%%gnﬁggga nfclg%\\?gwg%ﬁgan %e

per f or mednarshydrobuosd el tlaydre Sabfeehbdy pherion-hydrolysed gel layer is thin, ie.

approximately between 0.5 and 2mm thick. The top non-hydrolysed gelatin gel layer

can act as a more robust top layer for protection during distribution. The term

“non-hydrolysed gelatin” is defined below.

The method of the present invention can be performed using any suitable solid support
for supporting the gel. Suitable solid supports include culture dishes, wells such as 96
well format plates and columns. For example, the method can be used to produce solid
supports having cells affixed to their surface ready for use in standard screening or

biochemical assay procedures well known to those skilled in the art as indicated above.

It is surprising that it is possibié fo cover the cells with the gel as it was known that
cells can easily be damaged by shear forces. Shear forces are used to break open cells
in a controlled manner by homogenation, sonification and nitrogen cavitation. The
gelation of gelatin would have been expected to exert strong forces on cells in its
vicinity and possibly to rexmove water from the cells. It was therefore surprising to find
that on covering and immobilising cells within the gel that no cytotoxic effects

occurred.



for supporting the gel. Suitable solid supports include cmtJZQemﬁ%HQQ%
wells such as 96 well format plates and colums. For exanple, the nethod
can be used to produce solid supports having cells affixed to their
surface ready for use in standard screening or biochem cal assay
procedures well known to those skilled in the art as indicated above. It is
surprising that it is possible to coveg the cells with the gel as it was
known that cells can easily be damaged by shear forces. Shear forces are
used to break open cells in a controlled nanner by honpgenati on,

soni fi cat TEhPEAR AYaNEgR nlseaypYides pac! cPmprishgl mtdr@wedfge@émépt nswtth%l have

i T R R e
on cover i fGoa b tiFRGRH hf}h@]g'séd%eﬂa%n% e Rel Gahe f)ﬂ:@ént Meﬁﬁét@t ox. c effects

occurred. 26 MAR 2004 9 The present invention also provides a gel
conprising hydrolysed gelatin for use in the nmethod of the present

conbi nat | A LTS JEc GERRTRetLIFEriR %@saﬁw o 5% i e
| nvent] oyl GOLa RAYSrabnE 98RBT SRl Y BRILEAD Ao L e

advant ag enabl 1 ng the eservation o S at tenperatures of between

0 and 15GleMvbeéiion fhe gbby dispasing the g@ebaadditdod 60m dqueogedohitipndi spersing t he
gel on addition of an aqueous solution. The present invention also provides
a solid support having the gel of the present i nvention formed thereon

par 1 oul ar e Phecii SFPRRE, AT HURRA b Afta bl AR PPACBRRR L,

The sol i dinstipjoarformied/thegssg. a coating of an extracellular matrix factor. It
~is further preferred that cells are attached to the gel formed on the solid
support of the present invention. As indicated above, the cells can be: 1.

attached 0. 2 1RULE5T o2 bé B S8bort 8n WHEHNE BEYEE bel Hnd AR pirRbLL htﬁe gel;

solid support can be a culture dish, a well or a column. The solid support may have a

coating of an extracellnlar matrix factor.

It is further preferred that cells are aftached to the gel formed on the solid support of the

present invention. As indicated above, the cells can be:

attached fo a surface of the gel;
held between two layers of the gel;
immobilised within the gel; or

i

attached to the solid support and covered with the gel.

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

more 1solated 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.



3. imobilised within the gel; or 4. attached to the solid supporztﬁa{vr‘r%ﬁ 00
covered with the gel. The present invention also provides a gel conprising
hydrol ysed gelatin and one or nore isolated cells. The present invention

al so provides a nethod for preserving isolated cells conprising attaching

the cells to a first layer of a gel ang, then covering with a second | ayer

of a gel so that the cells are held between the two | ayers of gel and
culturing the cells at a tenperature of between 0 and 15C, wherein at

| east oneTh¢ terpe “naybydolysedggslatidhyniirs ds getatin-wilidh dlay sed bgeh dyillolysed.6 MAR
2004 10 Theterim ‘nopn- hydrolys el atin", refers to.gelatin which has not
been hydrg{e)gesr% Y ths (%F‘Eralﬁﬂ / ‘ﬁ‘gly?eé"r P T o%e;%‘gﬂ "Gﬁ?hdﬁ{aﬁ"n%}é‘?@

gel ati n whyEblyB&s i oD REY fultidRL4aed tidh 1Y EdiSin his § tﬂ}@} gy r ed

t hat themmél aty?n f1as got been h)fgr o’lsf;(';seo"l1 l% éﬁ{lﬁ‘é% hﬁy%#%l sPs&Sreab%}r

pr ot eol yt thermakldwesitalysis, wratbolgted difgestameritir gdlatyasé or wypsihentieaticatehdibes

i ncl udi ng. afidd or %I)%g#l ne hydrolysis. Preferably the gelatin is 300 bl oom
type A gel"st°HE& Y Ao dydigl$i$ni ch has not been hydrol ysed. In a

preferred enbodi nent, both |ayers of gel conprise non-hydrol ysed gel atin.
In an alternative preferred enbodinment, the first |ayer of gel conprises

hydr ol ysebrefagyahlatthegedatih it 360 droantipk aygslatrofigh ipsRSnd1skin Mpddiohassetbaeal at i n.
In a furtﬂe(#%lgfre erred alternative enbodinent, the first |ayer of gel

conpri ses® 5¥fydr ol ysed gel atin and the second | ayer conprises hydrol ysed
gelatin. Wien the cells are required, the second | ayer can be renoved by
aqueous di spersion, leaving the cells still attached to the first |ayer.

Such i nmohi d prefedredelhdbadiaient, bath [agelsdF byl @Hipieendiehydidlyse@pshg! i on studi es.
Vari ous substances (e.g. DNA, RNA and proteins) can be directly injected
into the imobilised cells. In view of the | ow netabolismrate of the

S sont i o B QBEARR Brdflfl P bAbSSHRE B Al BP oot BSHpRSES' Rydtbiyted®’ v

gelatin and the second layer comprises non-hydrolysed gelatin.

In a further preferred alternative embodiment, the first layer of gel comprises
non-hydrolysed gelatin and the second layer comprises hydrolysed gelatin. When the
cells are required, the second layer can be removed by aqueous dispersion, leaving the
cells still attached to the first layer. Such immobilised cells are particularly éuited for
microinjection studies. Various substances (e.g. DNA, RNA and proteins) can be
directly injected into the immobilised cells. In view of the low metabolism 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 2 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 nqn-hydrolysed gelatin forms a strong gel on which cells can be



uniformstarting tinme for subsequent netabolic experinents. Thz Bga'ﬂAR 2004
conprising the non-hydrol ysed gelatin nmay in addition also conprise

hydrol ysed gel atin; however, preferably the gel conprising non-hydrolysed
gelatin contains substantially no hydrolysed gelatin. Substantially no
hydrol ysed.gel'atin mean the gel does hbt contain nore than the endogenous
| evel of hydrol ysed gelatin present in a non-hydrolysed gelatin sanple. -
Preferably_ t l, of dro ed gel atiQqi . ot %: f the
gel at i n. Pyrarard S8 oty PLOOBRaTRLa%: O phf iR Al & {0
sol ubl e i Radifibk WOmPAGREIE RBhithn, ASKREIE NNV hydrélyted peleferdeRdhiveabeen
non- hydrol ysed gelatin contains |Iess than 10% (ww) tricloroacetic acid
sol ubl e pdescebad Pedbusintsse Bvans, dedll Fedoey sinkagnationalnyids A% sKE8gdPEt n

forms a stron ich cells can be 04_11 pr rye a

t enper at u:EE’“b‘g %ilwﬁﬁ Waﬁ%‘?’%ﬁ‘@,ﬂib&% \Aﬁg%%ég?ﬁr?ég g 3%"%5’5 p(geﬁge]émgo

addi tion gfteniaaesss) sl 14 11099, MAd (RETifN@NEMHE! ChvsRlogelsal ingagls have
been described previously (see Evans, Cell Biology Internafional, 18,

999- 1008, 20094 FurtBeansre, IGerdlyBid gtlaty id ganerailytfiownbto, coppgiss a 368Da 1I98In Evans,
Cell Biol International , 23, 117-124, 1999; and i.ffiths Evans,

Cr yobi ol ol Emans WheaOn-Ryelised e FHrBPECOmRFEF G %%‘8%3 gorsR E

general | yf&%%tgdﬁgf%fﬁgﬂ@%m protein fragment whereas

non- hydrol ysed ge oes not ‘conprise a 30 kDa protein fragnent (as
detected by using SDS-PAGE). The preferred features of the gel conprising

non- hydrol ysed gel atin including the various,c onents .of.the.qgel, are the
sane as tﬂ‘égeprie Fedatfceiresh oy dhs SrlcoRPriges H%H}SC%BF?@ gﬁfﬁﬂF‘o E@Hgggg}eati n,

except that.the f L1S - ydr : [ t
i nventi on@%ﬁlésl% %c%%é?%gggs gfgicﬁ)?%} %ﬁg%gr’t a\Q/% )r%%g ]Plggét?aldg’%%qg? FL)ll‘iégglegti n

gel for medompssiag myatslyseds gelatig dx@ysy thet thel gl imudtosompdise nndrhkydrolysdd | ayer
of gelatin gel, wherein cells are held between the two gelatin gel ]|ayers.
The gel at BAlagel Thespreseny ipvmion sof progides fgsalis mort RAvinga firgfelayer o

| ndepende L in 381 fhRA G Ina LIRSS SPLAM téiflca¥n Mot DYEX of YSed

~gelatin g

f

gelatin gel, wherein cells are held between the two gelatin gel layers. The gelatin gel
used to form the first and second layer may be independently selected 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 bé 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 diffiusion through gelatin gels. It must be



The solid support and cells are as defined above. This two IngWMR 2004
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
menbr ane bl ebbing and cell death. The two | ayer configuration of the
present invention has a nunber of advddtages. The first is that the two
| ayer configuration enables a uniformcell nonolayer to be formed on the
| ower gel ati i ddi th I latin_| r. | rast,
st or age f%aaébégﬁﬁﬁgﬁé%%%g#ghgﬁgpﬁgﬁ%g?%ggﬁﬁnggﬁﬁgﬁﬁmﬁgég%éﬁs@mﬁgggl hi gh
cel | densird heSindusgea8ed BoinhaoH, 0Enkie iCL Righiedd OF nRShdcK pufbobérqelgody of
the solidifying gelatin., The rapid rate of cell sedinentation suggests

t hat t he 1o fregtpsvud plistcimnsicgragaticnd Beatwardayeatconfiguration tablowsfdiffasion

i ner. Cell stacking is |ikel |so b h N
ceai ment 23R e RS Sl WA YhedP sl #F elaed onthy Broi heFufR ofer . 1
nust be ZnSgdiiith 2004 aatiENERINB QN U d khsortRidahal éo&r@}éd&mﬁ@ﬂie;gawﬁﬁggeynder

hypot herm ¢ condrtions i.e. the cells ™ are not in suspended ani'nmati on.
Energy is still required for maintenance purposes (e.g. ion punps and
protein adatiop)..The | ayer contiguration .all ows. diffusio across
Phe. ent i FatgRRoey e deat At fecsaHan SFREVEES 16 SAlS iaiseRBRUGdesoms Bit of ¢ he
surface Qfhent the &k akd MmBRhilREd Hre %BE@%Mn;anﬁcé redl v Bfér%el,a&?aiﬁ hen
covered with the gelatin gel. Furthernore, the depth of the gelatin gels
above t hellowvingbdter defusioal df putreenss bhlnedilhat  when the cells are i mobilised
on a solid support and covered with the gel, again allow ng better
diffusion of nutrients to the cells. Furthernore, by preserving cells

bet ween tpABHLAYEGE Shy bldGrGigh ! | i : i ntire
surface area. Tﬁg’%\gl ger@MﬁFl&ﬁ‘gé@;@?éﬁ%ﬁ%@%%@éﬁ%gaﬁ/e f&é%?ofciegel y to
under go phentieyEntrechafage sreaFIHeheilooni therdfore disterttlesssanidaare Idso likelytthat

cells survive |longer, in a non hydrolysed gelatin gel two |ayer
conf i gur ALABREOMRSPONPE shangess Fyrtharpasd the invanier) hayedoppd that splls ¥8V8E ed wi t h
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non- hydr o
to a solid support are covered with a non-hydrolysed gelatin gel layer or when cells are

immobilised within a non-hydrolysed gelatin gel.

Accordingly, there are numerous advantages associated with the two layer configuration

for immobiliging cells..

As indicated previously, it is desirable, although not necessary, to have the gelatin
- layers covered with a liquid culture medivin. 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 o
of cells at temperatures of between 0 and 15°C, organelles such a mitochondria
aggregate to the centre of the cells (Griffiths et al., Cryobioclogy, 40, 176-181, 2000).
'This is due to the collapse of the cytoskeleton in the cé]l. 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.



Accordi ngly, there are nunerous advantages associated with thd g WMAR 0
configuration for imobilising 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 when the duration
of preservation is over a long period of tinme. The inventors of the present
I nvention have also found that follow g | ongtermstorage of cells at
tenperatures of between 0 and 15C, organelles such a mtochondria

f | | iffi
176 igife by, T oo o e Bitnat byt 2 BRoRY rrbu e B St o ne
cell. It ?@@gt&zﬁ%@s M‘@étweéi"zgi %9’20 REH 57 &R labSutl 1010l BurdP@hdfedplAt

terrperatures 0 tween 20 and sufficient to restore cyt oskel eton
st ruct ur esbaviid kotre) mdedso onsdhorety fow days (i.atabopteyent Y pi £ dayﬂ)aiﬂig:wvcm if he
cells. 2 6 MAR 2004 13 Preferably, the nmethods of, the present

addi t | onalthwyueéeras@d éenaqyﬁqlechsw& phihe gelatinggelomeling dp-gr Hes %]chg

about 20 %nﬂtxﬁ7 119 rsu%&%& b4 ?etége g}&ér Sf Ql%l.g ?{) égeréwhél?%ulﬁ%nlsh hﬂbﬁrﬁe)df at t he

| east oncé& éever ever

i ncreased gbﬁﬁﬂ%éhismﬁjeb%&l!b Ta&emlﬁbrﬁtbﬁa @eﬁbatw 37°0R lit iepkdfemgl, (et the crtienrea
hydr ol yse gelatin gel is subjected to a tenperature of about 25C , or when

a non- hydit@nsiswed tg& wpwsgel cql@r% is5j the daention of the pyaeased fanRsTatErsoMd 370)

for tho! quil Faentd %o At Lhulhlie SOORP SHiRd B RRHRRET Sl U1 ©

gel atin cefhaedaftOweR nb®h 16 ARsk RUBRI Bk qseemaum pActicBdS REisp@RionCdulltuty es ar e
wel | known to those skilled in the art. In particular, a sus enS|on culture

_for hepat denhepatocytes éssdnseried ih vansaBipchish.déiabhys. Beiapi$Z, 438c4
433-444, 1981. The present invention also provides a nethod of preserving
I sol ated cells conprising attaching the cells to a gel conprising

non- hydr oltg gdeQal ﬁ_weﬁu@ﬁl dise &r&b{éésod HREbAGH ;?-Eée?vmgfiéblﬁéﬂ blld dinprivengcel | s
at a tenperature of between and 15 C, and further conprising subjecting
t he cel | s attechingrihercails tes gdf cobprisimgmontiydtolped galatig 2ad/ophydblysed gelaty 16
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 femperature of between 0 and 15°C.,



hours (preferably about 5 hours) at | east once every few days-l(ﬁ .i@ﬁ %l%lht
every 2 to 5 days). The cells nmay be attached to a surface of the gel,
hel d between two | ayers of the gel, immbilised within the gel or attached
to a solid support and covered with the gel. The methods of the present

i nvention enable "cell banks" of primary cells to be nade from one ani nal.
The cells can subsequently be used ovet4a period of days, avoiding the
conplications of genetic variation. The methods enable cells to be used

i mredi ately without waiting for the cells to multiply. The_methods enabl e
the presérRaKey g}fés‘ﬂl%@}ﬂpo %é@nﬁﬁﬁtl%ﬁﬂﬁ@mwwd&”%%ﬁ%g@g%ti on and
al  ows geggtical {51?% j cahl -0: di St tions
wi th m nimal rgos!éée{%r.l gtépgggeﬁhiﬁﬁégﬁﬁ'oya%?g%g%&%@l glssd%&t#g?ﬁ% or
preser vi ntp thegloat pesavghnsfdie orbimgreeificseellf b ths preapsansitBitge ey f usi ng t he
organ or tissue with a liquefied gel conprising hydrolysed and/or

non- hydr of lisd pells ning jhe binod vestsdedulghnt ¢t ¢/ t#8ilor2ds e organ or
tissue is el 8NPES I . ' 6MAR 2004 14 A
maj or di fp?&cﬁfet%%og\n&}eﬁc%%an '?%%r%?g%jén a%%/\geﬁﬂi gloﬁﬁ’goéﬁglretw e peri od

avai | abl erdpeffosien id fteengtgialeadiigas ooglasies of e ®loodbredsths dndrsubsdques ) . Many
argue that this is not initially due to the poor preservation of the organ

speci fi c eapdamage dpptogmpaired cisaation; Perfysion of nEeshinisotaied ¢rgpn withias | i ni ng

he bl ood .Eber {. | . d in._ BioTh ' ics, 3
265- 209, - T80 PR B afsons MR RS (i Bne S BROIG G 1 <
at t enpt edihe 3381 RGtdred AWt @l 15008y BB IRA R SishiPstiiveRreent  organ

damage due to inpaired circulation. Perfusion of a freshly isolated organ
with a guiithin theplosieregsts an amd diciendothelieitedls tivdshl inttheig estredt pbbitionamg

conpl ete rfusj.on,. the orgap is stored at between 0 and 15C with the
fesul t thibe BRE SFla‘:t"F’E“%eBIﬂ%‘dFeﬁ“é Of\BiSPﬂflﬁ“RHﬁ’é‘“fﬂ’%"d‘xv%g@‘é‘i} 3\ ©nTalRd t he

endot hel i gk ; Bt el It ti0 gel
comi nes. (i Fe Bt Sud Flot uBing Uhperaht e mBeelorBils reckifeg iR AN

porting nmatri X; a usion rate
W th the perfimedsvidraimadinmwenekiline) at 31tRer Themreseriifig gelatie gol gavashad saqui red
is can be perfused with a nedium (e.qg. saline) at 37C. The preserving

gel ati n g&Pqly. [he Hegpidhe gelatin has a er benefit that gelatin is a normal body

material and is unlikely to be immunogenic.

The organ can be any organ such as a heart, liver, kidoey etc. The tissue can be any
tissue having vasulature capable of being perfused. Preferably, an organ is perfused and
then tissue samples taken from the perfused organ. Alternatively, a tissue sample can

be perfused directly provided it has sufficient vasculature to allow perfusion.

The liquefied gel is a gelatin gel which is liquefied by maintaining it at a sufficiently
high temperature (e.g. 25 to 37 °C) to ensure that it does not solidify. Preferably the
gelatin gel comprises hydrolysed gelatin or non-hydrolysed gelatin and is as defined
above. Most preferably, the gelatin gel comprises hydrolysed gelatin as defined above.

The present invention will now be described by way of examples with reference to the

following:

Figure 1 shows schematically cells preserved on a layer of gel comprising hydrolysed
gelatin.



rapidly. The use of the gelatin has a further benefit that %ﬁlﬁﬁanmé a
nornmal body nmaterial and is unlikely to be i munogenic. The organ can be
any organ such as a heart, liver, kidney etc. The tissue can be any tissue
havi ng vasul at ure capabl e of being perfused. Preferably, an organ is
perfused and then tissue sanples takehsfromthe perfused organ.
Alternatively, a tissue sanple can be perfused directly provided it has

sufficien vas Iature erfusio he uefied ge . atin
Gol | whi ch FEEE oL R S e e Y Bl pE Y fogptisHiE

t emper atU'h?fd&%rsgd 2faiiho 37 C) to ensure that it does not sol [ d| fy.
Preferably ™t he geI atin gel conprises hydrolysed gelatin or non-hydrol ysed

gelatin and is as defi ned above Most preferably, the geI atin gel

conpri ses draol ys t| n. defi ned above. . The prese invention wll
now be de%‘h b‘? 'Fm@ ‘i?ilsvﬁ’rFWrYeé]f i & {l)aé’e]i I ge\flocfm“ e

Figure 1 @[\e%, @Hﬁél cal ly cells preserved on a | ayer of gel corrpri si ng
hydr ol yseg& at% 6 MAR 2004 15 Figure 2 shows schematically cells
preserved bet ween two | ayers of gel conprising hydrolysed gel atin. Figure

3 shows schematically cells preserved w.thin a er of ng
hydr ol ysediges 4ishawspsehratically pelisimpahilised; ong ch}ldé’%\PP%fﬁaﬁﬁ&B FF 3’&%&1

solid suppgrt E‘gcs%ﬁ%’% g g%}@s@doélé%?r of gel conprising hydrol ysed

gelatin. FIgure ovéry of rat hepatocytes after hypothernic
preservation at 10C. The values refer to the enzyne activity subsequently
found in ceIIs whi ch adhered after 2 hours. Figure 6 shows the effect of

hypot her nifégyse éSS@PWétth‘?)FPCGYPW 96 13t hepaiogytespist Bypothyrmin BEsevae it H°6. shows
the activigy v%{ %%&gﬂ ﬁ]?é 50?1%%?15@%&%%19 Lg%”iﬁlce Q%Edh%gcredfa&lﬂl oW ng

preservation ture ne ture fumwth
2 hours.

-

Figure 6 shows the effect of hypothermic preservation on the rates of protein synthesis.

Figure 7 shows the activity of tyrosine anﬁnotranﬁferasc, + hormonal additions,
following preservation. (M) basal culture medium, (OO) basal culture medium 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 bS5.

Figure 10 shows the maintenance of cytochrome Pus0 1Al 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.



dexanet hasone and di butyryl cAMP. Figure 8 shows y-d utanyl tr%ﬁsHéBt ?@ése
activity during hepatocyte culture. Hepatocytes were preserved
continuously (0) or, follow ng 96h of preservation, re-cultured at 37C
(0). The y-Gr induction profile is identical to that where freshly

i sol ated hepatocytes are cultured w tjgout prior-preservation. Figure 9a
shows the effect of culture (37C) on hepatocyte | evels of cytochrone P450
and cytochrone b5 and figure 9b shows the effect of preservation on

hepat ocyFechlerpatetic gidcipseiuhicoredipagiyitsn (M} yanst Hrisherassetic apid-eol4®ieshows

t he mai nt enance gh)cyt ochronme P450 1A1 in preserved hepatocytes. Figure 1la
shows t HEH°RT }Vg ul ar protein degradation in hepatocytes cultured at 37C
and figure 1 Ib shows the intracellular protein degradation in preserved
hepatocytes. 2 6 MAR 2004 16 Trichl oroacetic acid-insoluble radioactivity
(U) and Figishl Hshewe thecmpeplblegyt ablhepatecytitsosuc vivrvi {peshly isofatefli cellst f8)shows

t he norphol o of patocytes in vitro., Freshly isolated.cells,(a possess
2t oundab e haSadr BRI FEmueontl Gt e PpeSRe ey el s Ba o
the extgmintihalwithth Dih the Alcledd WecBHih Atk rRAGATRR CIISE QEtyatht @)IULRE cell is

very flat (b). Using the preservation gelatin gel and under hypotherm a,

t he rountliegraservptian gystin gelrapd andethyppthermiapfheoxintiet isngrphologhis refaingdt i on i n
vivo. The cells .retain this,shape throughout preseryation. Fiqure 13 shows
cel | vi d6H ?Rpgowf% Br & SPARTOA? % eaﬁ%n’?éa%f%lﬁe?lt?ﬁ?(%o%gﬁ?ﬂtri ents
() or h o). Figure 14 shows the TCA sol uble content of native,

t hermal | ydrol ysed native and 75 bloomgelatin. The gelatin solutions

were heated at 37C and 40C (), 50C (A), 60C (1), 70C (0), 80C () and 95C
(X) for the period shown, The TCA soluble protein content of autoclaved

native (Eigurelp showpesll yiehidity dwangprepiryaianga|tag shseqee of seyum (M) apienise)  are
al s0 SNO: or hormones ().

Figure 14 shows the TCA soluble content of native, thermally hydrolysed native and 75
- bloom gelatin. The gelatin solutions were heated at 37°C and 40°C (®), 50°C (a), 60°C
(#), 70°C (O), 80°C (M) and 95°C (X) for the 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 cenfrifugation/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 (d)

Gel a: (1) MW: 95KDa

Gel b: (1) MW: 95KDa; (i1) MW: 30KDa

Gel c: (i) MW: 30KDa



Figure 15 shows the hepatocyte attachment to Prinmaria(r) plkbddAft208sc
after 2h followi ng release from preservati on gel containing non-hydrol ysed
or hydrolysed gelatin. The first columm shows cells which were rel eased by
heating (37C) and given 2h to attach. The second col umm shows the
viability of cells which were recovered fromthe hydrol ysed preservation
gel by addi ng excess anpunts of L-15 nEdi um at  10C and t hen separated from
t he suspension by centrifugation/pelleting. Serumwas either present (+ve
serum or gyt )qu(( ~ygSerum) fromthe gel. Figure 16 shows SDS-PAGE of
native gelatin’(a); 80C (2.5h) heat treated gelatin (b); 95C (2.5h) heat
treated gelatin (c); and autoclaved native gelatin (d) Gl a: (i) MAN 95KDa
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per cent ageclefin. tIhﬁa nmai;ﬁ-essed as/a@bioentagé bBtheammtet ef mabbcbellbﬁasl_c[alterammdvl ty)

in the nop h ysed.gel atin sandwi ch at each tinme point., Native Cel/cell
slurry (- hy;ﬁi%]@mﬂa() %@3@8@%@@%&%&@%%%@ YEPCIHImABATHy dr ol ysed

gel ati n; I AoV, I

hepat ocyt 528 éll ggwégsto ad ﬂgﬁlﬁiﬁh%t&%ksstsﬁlg de%h?gtgéf 1(e}ilorillg 3f)q‘l%lgiet ed by
gel of nopelbyslr Gry-a@kered @kpdtodyieshyith Mlayise el blaakétn(-Mburwherdin hepatvdyessei n
hepat ocytes suspended in a gel of non- hy rolysed gelatin hydrolysed at

95C, 75 bprbwwed ﬁdl:gprqm}hevwbsiéamﬂv@ﬁa@ yxgebl by, gelgof #ongh sgliwef‘dnposed
f 75 bl | at l.abl.e f Sj tt gched

hepat ocy: S8bt AVbER NS B Gif aitpeis Beogierdt Ahaged Bt b8°H oued
to adher enéx@hﬂ/&k%ly%b@%&l%ﬁﬁ HABRLA! & J3ebNgsHank _iues (0¥ )awlga%m%patba@désol ysed

gel atin

suspended in a gel composed of 75 bloom gelatin (commercially available from
Sigma); Pre-attached hepatocytes with Hydrolysed gel blanket (-O-) wherein
hepatocytes allowed to adhere fo the substratum before being blanketed by a gel of
hydrolysed gelatin.

Figure 18 shows the heating and cooling profile of a preservation gel contaming
non-hydrolysed gelatin within a 60mm Corming plate.

Figure 19a shows the temperature profile within different wells of a 96-well microplate
during the cooling stage (10°C). See figure 19b for the relative position of each well.

Example 1
Materials & Method

Collegenase was purchased from Boehringer Mannheim, Opti Phase X from LKB,
Croydon, Surrey, UK. Leibovitz (1-15) culture medium, new bomn calf serum and
gentamycin were supplied by ICN by Biomedicals LTD, High Wycombe, Bucks UK.
and insulin was obtained from Boots, Nottingham, UK. All other chemicals were
obtained from Sigma, Poole, Dorset, UK.



Figure 18 shows the heating and cooling profile of a preservatifbmlAfei20lt
contai ning non-hydrolysed gelatin within a 60mm Com ng plate. Figure 19a
shows the tenperature profile within different wells of a 95 well

m croplate during the cooling stage (10C). See figure 19b for the relative
position of each well. Exanple | Materials & Method Col | egenase was
purchased from Boehringer Mannheim Ob8i Phase X from LKB, Croydon,
Surrey, U K Leibovitz (L-15) culture nedium new born calf serum and
gent anycti i i .Gal 1 odd C cks
U K angﬁ P%@E F%%ésbo tmft';%&i\i nalest(j%#srg%lr)n g%ﬁsgugﬁo@tv %%%%é% mﬁ% %W%%ot er
chemi cal $Mayer,el 98 i¢h:ai-apd The @l & QivgrestonineentidarceaipristicellofiubdiRedid 18
Hepat ocyt es,vv,erefprepared as described previously (Evans 1981 (supra),

Evans an@onsiiipgrof Legipyitg Endp hinpdivny (Hyes) eomtaimpg glusesnt®-ImbR sad siepevnpri ses

cont ai ni (5T EMICAAE RS8R Su), Byahstedd elefnvi HTBEbY el e,
Hydr ol ysbe08igatad hpaBFopbp@tine dxby i eRtild Waeelods°l fof 3%ous. %8 vouRss | from

porcine skin) in sterile water to 95C for 2 hours. One volume® of the 3%
hydr ol ys e thyed %ttivdradpded tdetatineedutiidwes adsled to dl wohemefa 2xxsobtbontafdhe of t he

cell culture dium.to.farma sol.uti on containi 1. 5% (w hydr sed

col bt o ol g e 10 S 2 R0k oo SOt Dok Gy inEebird Sate T ool o
10C.in a G 1 d od | m s of
Lei bovi t§a?°|_-E 15”? %e%ﬁyrﬁr ?15’?4‘;7& @a@ﬁrg%ﬁ@ﬁﬁ%«%ﬁﬁﬁgﬁgﬁgwﬁé ,eHe;es
(25mMV), diskul2i5Hx(10° gpatocytes ween hddeddh 3 misSéF Leghovizz )-18Nehddaat (pHAg) i vat ed
new born cal f serumélO% v/ V%é One hour was allowed for attachnent of the

cel | s t oStipéerpaytedivithorlucorp £5.8miVDy Hapes iwe,i ingnlin (Ocdugal geentamicimer e not
ble t i th bst.rat T | at | d i
o ai FRCEREY ol Hishh SreBiste v oot B APE I e vyt es

at t achedafi@wdd for @@ cHrRof the cells to the gel at 10°C. The cells attached firmly to the

gel but were not able to spread or migrate across the substratum. The plates were
placed in a humidified 10°C incubator. Figure 1 shows schematically the hepatocytes
attached to the gel layer.

The plates were sampled at daily intervals and found to maintain high viability as
judged by their retention of the cytosolic marker enzyme lactate dehydrogenate (LDH)
and their subsequent ability to attach to a solid support. The cells were also found to
maintain their rates of protein synthesis and to show in-vive like responses to hormones.
The levels of cytochrome Pusp and its specific isoenzymes 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 imming,

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

other experiments.



The plates were sanpled at daily intervals and found to mai nfd MAR ghd4
viability as judged by their retention of the cytosolic marker enzyne

| act at e dehydrogenate (LDH) and their subsequent ability to attach to a
solid support. The cells were also found to maintain their rates of
protein synthesis and to show in vivo 1I9| ke responses to hornones. The

| evel s of cytochrone P450 and its specific isoenzynes were found to be
mai nt ai ned. Furthernore, atypical enzyme characteristics of phenotypic
changes did not appear. The preserved hepatocytes maintai ned the above
menti oned_properties for at | east seven days. The hepatocytes were detached
fromthe Eé?m yﬂaddi tion of excess cold culture medium with rinmmng. The
hepat ocyt es detached fromthe gel were harvested and could be used in
assays and other experinments. Z 6 MAR 2004 19 Exanple 2 The experi nent
descri bedThe ekpesimping dbsosited rieBxatmplt bxeaptpdasit exabptathatbiftactiagmiendfof t he

hepat ocytes to the gel | ayer, the cul ture_nedi um was rerrgveq and .reEI aced
with 1~ nthederatpeytes tosthediel] Iaé’ETI’tﬂlPr‘éﬂ?ﬂ‘Ef‘dmﬁﬂﬁ%ﬁ'ﬁ? Ff‘é]ilcﬁ’@dﬁ? el %@adv@e atin
1.5% (W v L . o t - 1 p<ih | ayer
of gel folé:'j f}:ﬁ%%uﬁ)gé%g%ﬁ% ?ﬁ%ﬁ?&@ﬁs%%@y%gy%ﬂmaﬁa A’c@/@%& e then
pl aced atupgde€ deb 1kt st NRwadl tot Mtacls @b itk lowerAagdsrdfhgsl far dhoat ateddmcul ture

medi um was added to the top of the upper tgel I%?/er. See Figure 2. The
pr eser vedeppsERiwey t Eee grlrlayers gpdi cells whersrtheroplagef pinlQM% togdioy &g g8ldfner to

adi 1 on S & LB of et O @ ER AR HENED BRGEshiB O O, ¥

medi um corpér VebFigar@% hydrol ysed gel atin as described in exanple 1 above

~ 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 medinm

(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



is nelted at 37C and hepatocytes are added. The gel cont aiZ‘B”ﬂAR e
hepatocytes is then placed at 10C so that the gel solidifiés and the
hepat ocytes are immobilised within the gel (see Figure 3). The preserved
hepat ocytes were found to be preserve. in an identical nanner to the
hepat ocytes of Exanple 1. Again the c%ds were detached fromthe gel by
addi tion of excess cold culture nediu with rimmng. Exanple 4 2 6 MAR
20011 20 Hepatocytes are cultured in a petri dish in the L-15 nedium

descri bed Hepatexpepbe culturafhinCpeteiedisinal 1ok ins&didm s ayshdomysadpieh at i n,
at 37C for 2 hours. The hepatocytes attach to the surface of the dish. The

L- 15 nedi s deasnape dcompaise r bphadpdrolyped heelating Satnd@iCLfor dpetissi nglhes, 5%
hydr ol ' i bed_ | le..1. .The di.sh i.s placed at 10C and
the gel - SupRAILGERH B8 G ST TEe Sistno iba T SoRetital T RO HHE aron
See Fi gur geplacedh ﬂwEasrﬂﬁhﬂ@@ﬁbﬁgﬁgq%%ﬁyt%{}@éwlgezgr% 88 cRLEPR 48l an

identical manner to the hepatocytes of Exa e e gel was renoved by
heati ng of- bihet digh sopipeddori 16PCardebs gelododidifies coveringetie wellpitidched itortheng and

t he cell ss%?%ns:glo?z%dgp%ﬁ%%&gg&%ét he surface of the dish ready for use in

assays or r will be apparent to one skilled in the art,
the anobunt of gelatin, solid support to which the cells can attach and the
type of culture mediumused to formthe gel can vary depending on the

exact reqibe enesnsddfepstheytet weie fofind rtplbesprasehad4inhay Rleatisad tamer tp i or ned

usi ng non; hydrolys el atin in place of hydrolysed gelatin and the cells
det ached P?%agﬁcty% OSEP‘%B‘?%HEM ing the gel to 37C. Exanple 5 Measurenent of
functional integrity of preserved cells
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 essentiaily 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



The functional integrity of preserved cells was exanm ned usihg MBe o4
followng criteria 1. Over a 7 day period 90 -95% of the cells rel eased
fromthe gelatin gels (both non-hydrolysed gelatin and hydrol ysed gelatin
gel s) excluded the dye trypan blue. This figure is essentially the sane as
the viability of the freshly isolated cells. 2. Exclusion of -vital dyes or
retention of soluble enzynes indicatesgthat the cells are alive at that

i nstant. However, sustained viability is not necessarily indicated by these
techni ques., Poullain et  al. (Hepatology.15, 97-106, 1992) reported that the
|l actate 2 @etveogeasseoactiyihyadich geldateragt in e Yniyprsty Oégi*’bs)cele%‘? SOLUPT 1§ he

Uni ver si ty, of )M ‘&%ﬂséd%nsaﬂ{) | 80 cLfis weft! @hdnyeley %lﬂicgr{o ¥aRctRaughitde cells
were unable to tach to plastic and survive. I'mlarly cryopreserved

cel |l s al soSphilaty siyopretdieaeelisalor @ttinashowytheserepatrddicory” Puepertias. t Dse
uncertaint‘},/d;J cells preserved using the gelatin gels of the present

i nvention teds uresraiahe ¢elopressresd using thetgplatiy salsiofdhe PBsEUIBGLED KEEF a

period of 2 _hours. at, 37C.and t Xpr.ess, bi.achem.cal r |

dehydr pgengfsr en(eeéf% &Wh%@?g%8&%%‘3"(:58?11"’?%%"%@a%%ﬁﬁaf?g“’g‘ﬁ%?h tgﬁég‘fopor ts
i n an i dentiats BBEHERIcAl0nikesThdtate HehRi6 EbnaSO(I-TIITE Sk R ehervedeadells wobee
Figure 5. 3. Attachnent to a support is not conclusive proof that the

hepat ocyt efound| to atteehbtre sunparts yn pmidentiral manser tf Gagdy telaled GrEpressredyer

the cells rrgy ;feggg.re g recovery period and have deteriorated netabolic
function, 5% ®dbserved for cryopreserved cells (De Loecker et al.
Cryobi ol ogy 30, 12-18, 1993; Chesne et al. Hepatology 18, 406-414, 1993).
Accor di ngly, €%, O i n ' 0 =Y of

nor mal Doy anE@CE 2 SRR i3, B TEARR e it A B b AT, ¢
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for at lea ours and were not prece 1ag phas¥e.
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
msoluble 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
mduced preserved cells maintain in vivo like enzyme levels as opposed to

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



4. Protein synthesis nmeasurenents show a general cell functi or? B JIAR LOkor
indicate whether the latter is tissue specific. Follow ng preservation
using the gelatin gels of the present invention, cells were tested for
their hornonal induction of the enzyme tyrosine am notransferase. This is
a liver specific property. It involves hornone receptor binding, occupied
receptor translocation, transcription agg translation. Typical results are
shown in Figure 7, wherein the preserved™cells cultured in the presence of
t he i nducers dexanet hasone and di butyryl cAMP have increased | evels of
tyrosi ne ani-nbt eddisbr rta seamtrimieg divich epai s duvtidns elf | the ippegehedadzdlenre tof t he
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clearly does after 48h of culture at 37C. It is interesting that follow ng
pr eser vat i dnducting of WGluiamybiranspepdddsk sverdbe barge fimetpseiod iam forddsbly isdlated

y-d utanyl transpeptidase oyer the. sane tine period as for freshly isol ated
vell s, i Uiy s el thef it ﬂlaﬁégevo@éﬁl%?ﬁm@awsy%ﬁ&%?@ﬁi on
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i sol ated cells when gubsequent?y cul tur eagr%smgg%ﬁ%&%gjsegéfégﬁﬁg@g&%r '
phenot ypi ¢ cwluredat3{°€lich as the induction of y-dutanyl transpeptidase)
are prevented. However, phenotypic changes occur at different rates. It

was possibl e that rapid changes would still occur in the preservation
systens. MosSinrly tlerg sem’i phenosyrie chenges (Sheinge the ingectfonl df y+Gloiamyt hr one

P450 whi ch t}ivlngﬂegﬁhgsleYare prevented. However, phenotypic changes occur at different rates.

It was possible that rapid changes would still occur in the preservation systems.
Possibly the earliest phenotypic change is the fall in cytochrome Pusy which ultimately
reduces the value of long-term cultures of hepatocytes in toxicity testing. The effect of
various forms of culture on the levels of cytochrome Pas, and the more stable
cytochrome bs were compared. As expected conventional culture led to a rapid decline
in the level of cytochrome Puso (figure 92). However, the preservation models retained
high levels of cytochrome P.s, almost equivalent to those of cytochrome bs (figure 9b).

7. As a further test of relevance to the in vivo situation, the isoenzyme profile of
cytochrome Piso should not be changed by the preservation procedure.  Figure 10
ilustrates the maintenance of the specific cytochrome Pusy 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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reduces the value of long-termcultures of hepatocytes in tOXICIty testing.
The effect of wvarious forns of culture on the |evels of oytochrone P4so
and the nore stable cytochrome b5 were conpared. As expected conventi onal
culture led to a rapid decline in the |level of cytochrone P4so (figure
9a). However, the preservation nodels rgtained high |evels of cytochrone
P450 al nost equivalent to those of cytochrone bs (figure 9b). 7. As a
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and/ or t hecanubhp\ade oyer mﬂt@dggfﬁmﬁfesﬂ‘éé@%ﬁﬂ@ﬂﬂéﬁ ¢ beppagde\hath 1n torgs of e

d dat | t
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reutilisat hﬂﬂh)ommc%mmﬂﬂ@werﬁpuﬁmmﬂaﬁﬁnt | FRurd\BasndeFipines] 10ahoke made

both in terns of the loss of trichloroacetic acid insoluble material in
the cel | s thedratdseofaprmésin dngredation ¢ff identical Slongtliveda prateinslatiBI &C damerpall i n

the medium  Figure 1la and Figure 11b s t he rat.es of
degr adat i of* IBFg a&g | PISSERRH O iSysiem- 'E}gff BfSEY S(i wa’lﬁaﬁ ﬁg?‘pdgeq Pur e
and in thesBheaR yaldRiion é}%ﬂiﬁ SN Sl tHeR] Atfaches Ehe Bl Bsit BHowk! ect |y
fromthe preserval%fla%on ngt?ﬁl% rattﬁer than by Tetting themattach to the dish
for 2 hour This Wi aariied ouidhyrhicatingtlie dey td’l@ﬁt(ﬂ fior 20umingéds (hon-BydiGlylsed) @by
m nut es (non-hydrol ysed) or by

aqueous dispersion (hydrolysed) The resulting cell suspensions were cenirifuged 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



aqueous di spersion (hydrolysed). The resulting cell suspdhglﬂmﬁ l e
centrifuged and the cell pellets and supernatants anal ysed separately for
their radioactive content. Preservation using the gelatin gels of the
present invention increased the half-Iljife of the proteins by 20 fold.
Under both conditions the radi oactivity released fromthe trichloroacetic
acid insoluble fornms could be accounted for conpletely by the
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ener gy dependen preservation the rate of protein

degradati on ren&ﬁogﬁﬁmﬁged dﬁgovvl ng that detrinental effects do not occur
over the neasured tinme span. Exanple 7 Cell norphology is maintained Cell
nor phol oggxhmpldgrinsically linked to cell function. The inventors have
per f or med stud| es whi ch have denonstrated that changes to phenotype during
culture at 37C are 2 6 MAR 2LD4 24 assom at ed W|th changes to cell shape.
Many ot heCelitvirtiléty duriue the bes UEh BETPNISRTNIEAORESNg the in
vivo cell shape if cell functlon is to be retal ned See Fi gure 12 which

shows that cells cultured using the gelatin f ese i on
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induction” profiles. If the cells are exposed priQqr n the

to the StUdﬁ% t}%
effect of behmaﬁléswlag@mmd@mddtheﬁﬁwwém Yeriops gelatinsel SORRPAMTHIS PR ect of
the vari ous e at | r%egual waR pE ORENLS witihRE pbfeﬁtlal aim of simplifying its make-up.

Fxgure 13 shows the effect upon cell viability of omitting one of the three key

- components: Senum, 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.
B 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-Glutamy! iranspeptidase are maintained
at the level of the freshly isolated preparation for at least a week. The cells are



preserving potential was performed with the potential aim ofZ 8 HpRi23kng
Its make-up. Figure 13 shows the effect upon cell viability of omtting
one of the three key conponents: Serum Nutrients or Hornones. Cell
“viability is conpared to cell viability at the relevant time point, if
the gelatin gel contained the conplete @orrpl enment of conponents. This
study reveals the stability of the system allowing a gel with a very
defined cpARASihtd O ptleRBiAEMRIRRE thekingaitpirBodiePThs afabiliy ¢ff thedsglated dney
proxi mal tubule cells Hepatocytes have rranf/ advant ageous gr operties but at
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have been prepared. The results show that the proxinmal tubule cells can be
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200k 25 mal eservation nedi um [ acking bicarbonhate. The
viability af 37%@ theotalsegtowcabinsallysins bizarboyattsygrdeméritede nesdeum siooformTabul e
viability is denonstrated by placin them.in hypot oni c. nedi u itially
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their len : | nere 1t 2l th$ta hBt ieem, t ubul es
begin to ?%1{}83 u%é(%lfé%g%h%%gglg.%%gépregltea?%g%t%ﬁ?ﬁ n% t ubul g’ prepar ation
shows one difference to that of hepatocytes. The proximal tubule cells

w |l not agkaﬁﬂ,lgma support unless the gelatin is renoved by washing the
cells. Follow ng cell attachnment, at 37C, the cells grow normally in

bi carbonat e- suppl enented nediumto forma confluent nonglayer at the sane
rate as frEhysiotonmehatied npnrewithd gélpntentdeinkgelsThe

| Th "physicc?mﬁhaﬂic al natufe of the hydrolysed gelatin gel differs from that of the
non-hydrolysed gelafin gel: The hydsolysed gelatin gel melts at a temperature lower
han that of the non-hydrolysed gelatin gel.In addition the hydrolysed gelatin gel can be
15p cdth.rough the addition of an excess of aqueous medium (e.g. cell culture

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

= The hydrolysed gelatin gel is formed by the thermal treatment, under conirolled
o conchtxoDs’ of native gelatin. Changes to the molecular nature of the resulting gelatin is
s ;g;yéé@d by changes in the gelatin's resistance to precipitation by TCA (figure 14).

= Throughexpenmentatlon it wés found that hydrolysed gelatin inhibits hepatocyte
attachment to synthetic cell culture substrata (in this case Primaria®). Figure 15 seveals

- 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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preservation procedures have no detrinmental effects on cell Dat a
not shown. Exanple 10 Physi oconechani cal nature of the gelatin contalnlng
gel s The physi conechani cal nature of the hydrolysed gelatin gel differs
~fromthat -of the non-hydrolysed gelatin. gel: The hydrol ysed gel atin gel
melts at a tenperature |ower than that ek the non hydrolysed gelatin gel.
In addition the hydrol ysed gelatin gel can be di spersed through the

addi ti on of an_excess of aqueous mnedi um{) cell culture nedi ur;ll. The
non- hydr ol ysé%%Pé&%@naﬂysgep eelntl@rhyglr%xsedl ypf@m@d@mﬁﬁg{sep fhgueithy alowpd The
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to precipitation by (figure 14). rough experinentation it was found
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that the cell’'s are viable (please note that aqueous harvest 1|s”not

possi bl e f aquivakenhon- hydrol ysed gelatin gels). The inhibition is lost if

cells are cultured in the presence of serum Also attachnment inhibited
cells vvere_ﬂglckly able to attach if re-cultured in conplete, serum
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that there is an increasing Frequency of polypeptides with smaller

nol ecul ar v@siagntis supeving)for meqe Livhabiliy e bathef e pebvatidragryed,
froma lar Q:%Em%%on—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 comme_rcia_lly 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 shury or overlay are not present in their hydrolysed counterparts.
Although both forms of hydrolysed gel have similar properties only the gelatin heat



fragnent in-non-hydrolysed gelatin to a smaller 30KDa fraarﬁemRi r%gqqhe
hydr ol ysed equival ent. These small er pol ypeptides nay account for the
weaker gel, making it nelt at a |lower tenperature. It also accounts for
“the susceptibility of the gel to dispersion by aqueous nedia. However nore
importantly it may al so explain why a 987 enpl oyi ng hydrol ysed gelatin is
superior for retaining cell viability and function to that of a
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This allows the cause of

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 themmocouple 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). Tt 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 n 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 shurry, leading to stacking effects. The lower melting



hypotherm c injury in long termpreservation to be studied. %ﬁem%Riémg
progressi ve weakening of gel strength seen in out thermal treatnents. The
non- hydrol ysed and 80C treated gelatin gel both require a heating step to
~release cells. In contrast both the 95, treated gel and autoclaved gelatin
can be dissipated by aqueous nediumorTheating. In the sane way that the
80C treated gelatin requires a shorter heating step than the

non- hydr ol yseskrgeteadfi hydtaiysed| gehitihirseans thee fleudfict af/thd tgapabiure diffetencs isTor e
readi |y dispersed by aqueous solutions while the 95C gel (2h) is nore
robust and ™BHUF%%s rinmming prior to dispersion in aqueous nedi um Exanple
12 Rate of heating and cooling a gelatin gel Figure 18 shows the rate of
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stacking effects. The lower nelting 2 6 MAR 2004 28 tenperature of

hydr ol ysed AJRicéhirn¥RRBs abbdart heresf ih@tporafediyqetoniriogy at ur e difference is

m nimsed. Figure 18 and 19 suggest that the better cell preservation
properties of hydrolysed




gelatin slurries and overlays, relative to their non-hydrol ys%ﬁ MAR 2004
counterparts are due to better diffusion properties and/or the avoi dance
of cell stacking. To further argue the inportant effects of diffusion in
the preservation of hepatocytes it is ”;?gt eworthy 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). Wile we cannot rule
out an overt cytotoxic affect of glyg:é’i'ﬁ’ls, its viscous nature woul d
certainly limt diffusion to the cells. Al docunents cited above are
herein incorporated by reference. 2 6 MAR 2004 29 C ains A nethod for
preservi ng- i sol At metheé|fbs prasepingsisplgtedt eeHe iomgrising asleshing s gellgefo a gel
conpnsi ng hydr.ol yse el atin.an ri he_.c a8 drankelat yrqof
bet ween OCS%'HHSI.“L%%@m&ﬁ%C?g?lﬁ“? ﬁgd %‘gllmrlyné @gfcﬂlsgineﬁﬁn;pev\eak to beg:%l gpaglrd sed
by addi ti ase@fwiRpeiReHeaRUS sl cithtlp Real2to bEREspaRtd Bladifticor dian gqicous balition.
wherein the gel conprises a cell culture nmedium and hydrol ysed gelatin. 3.
The net hod according to any one of the previous clains, wherein the cells
are cultyred a r e, of; -he . 4 S66Rr di ng
to any ong' of cl&i rﬁ%ﬁ{;@? %:%g%{n%oe%%?lng }teﬁ'g&énef}?rskq %a%n%nfjgﬁ g?'gcij E?{rd}gqn
t enper at uasd bfdrelpsudtge@aC. 5. The net hod of any one of the previous clains
wherein the hydrolysed gelatin is produced by thermal hydrolysis of
gelatin. 6. The nmethod of claim5, wherein the hydrolysed gelatin is
produced by heat.ng@64 aktdidink Qo Bnl YRR ESFAhY TRev@dusSilailid, dBerkin el QIsbatween
0.3 and 3 hours. 7. The nethod of claimb5, wherein the hydrol ysed gelatin
i s producedtissd dtedtmpeyatyed oftberweer d and t€%per at ure of about 95' C for about 2
hours 8. The nethod of any one of the previous clains, wherein the gel
conpri ses between 0.5%and 5.0% (W v) hydrol ysed gel atin.

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

temperature of about 10°C.

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 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.

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 ! to 7, wherein the gel comprises between 1 and

2% (w/v) hydrolysed gelatin.

10. The method of any one of claims 1 to 7, wherein the gel comprises about 1.5%(w/v)

hydrolysed gelatin.



9. The method of any one of claims | to 7, wherein the gel conpii ¥a8 2004
between | and 2% (w v) hydrolysed gelatin. 10. The nethod of any one of
claims | to 7, wherein the gel conprises about 1.5%wv) hydrolysed
gelatin 2 6 MAR 2004 30 11. The nethod according to any one of the previous
clainms wherein the gel conprises 1.5%¢w v) hydrolysed gelatin in

Lei bovitz medi um conprising glucose and Hepes. 12. The nethod of any one of
the previous clains, wherein the cells are primary cells. 13. The nethod
of any one of clains 1 to 11, wherein the cells are hepatocytes. 14. The
met hod of any one of the previous clains, mherein.th%%celks ane attached to
the surflice ofh¢ methgdlacensding & ameRnevilftihe Breriont FAIMEUFRETHR Ukt SREPEESS The
met hod of, an f L TRl .9 icBmbASne ehtse aneHapdsached to the
surface lof%éw&%g‘?miééﬁéﬁ%*r&? %/glbéﬁfzr\gﬁcg&?ﬁgﬁbcov%?ed Wi th ?second | ayer
of the gel so that the cells are held between the two | ayers of gel. 16.
The met hod of any one clains 1.to 13, wherejin,t . 7] ith the
gel befdke itT%‘?)‘F‘F@PflPg?yr%ﬁ?rhe%evf%stcﬁnem%éwqe%?rb@?%ﬁiaﬁgfgbﬁ%gg%% n the
gel when the gel solidifies. 17. The nethod of any one of clainms 1 to 13,
wherein the cells are attached to a solid support and then covered with a
| ayer of 18he gEhe meBod shaymuelbdaiars lcipdil pyvhereinipresels AeRRRAQEISY support is
a culture dish, a well or a colum. 19. A gel conprising hydrolysed gelatin
for use in the nethod of any one of the previous clains, wherein the gel is
sufficienyly weRKmbmoBefdhppay afate pyeviads chinom whkrcimthe aejlresse sttachrdite 81§, 20.
A gel conprising hydrol ysed gel atin, qg one(gr nore isolated cells, wherein
t he gel Spéa@@ﬁg‘?e(ﬂeéﬁﬂqﬁpvﬁﬁéwg’&]lﬂé‘“& WErBEU By additi on of an aqueous
solution. 21. A solid support having the gel of claim19 or claim20 forned

t her eon.
15, The method of any one of claims 1 to 13, wherein the cells are attached to the 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 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.

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, wherein the gel is sufficiently weak to be dispersed by addition of an

aqueous solution.

20. A gel comprising hydrolysed gelatin and one or more isolated cells, wherein the gel

is sufficiently weak to be dispersed by addition of an aqueous solution.

21 A solid support having the gel of claim 19 or claim 20 formed thereon.



2 6 MAR 2004 31 22. The solid support of claim?21, which is azcﬁjlm\\ﬁ’\"@% sh,
well or colum. 23. The solid support of claim2l1 or claim22, wherein
cells are attached to the gel forned on the solid support. 24. A method
for preserving isolated cells conprising attaching the cells to the surface
of a first layer of a gel and then covered with a second | ayer of a gel so
that the cells are held between the two |ayers of gel, and culturing the
cells at a tenperature of between 4 and 14C wherein at | east one of the

| ayers of gel conprises non-hydrol ysed gelatin. 25. The nethod of claim 24,
wherein both |ayers of gel conprise npnrhyd[olys d glathgg?ZG. The net hod
of claim 22, whEheiolidshporiofslaimay.arhigh sFAultggfisi WESOHP B ysed gel atin
and the second | ayer conprises non-hydrol ysed gelatin. 27. The nethod of
claim 24, wherein the first [ayer of gel conprises non-hydrolysed gelatin
and the segond figyefidcappoit sE<ldimdrioby sleih gal whérein EYs achatiaehech i thecedr di ng
to any one of the previous clains additionally conprising subjecting the
cells to temsdroatthy ¥idSRPREY ween about 20 and 37C for about 1 to 16 hours
at least once every few days 29. The nethod according to claim 28, wherein
the increased tenperature results in the gelatin gel nelting, .additionally
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for contifh@ ‘EStg?yggg‘?%%e?i én&m%ﬁgvei SO ﬂ?%jg%g%%%ﬁr%ﬁgvﬁﬁ%ogﬁfi rst |ayer of
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first layer of gelatin gel, and wherein cells are, hel d, hetween the two
gel ati n getheteay ar least2ng of firlaygrof 8¢ CQPPHW@O%-BY‘%B’Y&?%? “of claim 28,
wherein gelatin gel layers are independently selected from hydrolysed
gelatin gel and non-hydrol ysed gelatin gel. ) X

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

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

and the second layer comprises non-hydrolysed gelatin.

27.  The method of claim 24, wherein the first layer of gel comprises non-hydrolysed

gelatin and the second layer comprises hydrolysed gelatin.

78. 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 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 transferring the cells to a suspension culture for

the duration of the increased temperature and then attached to a gel containing gelatin for

continued preservation.

30. A solid support having a first layer of gelatin gel formed thereon, a second layer of

gelatin gel formed on the first layer of gelatin gel, and wherein cells are held between the two

gelatin gel layers.



32. A nethod for preserving isolated organs or fragnents of t'gqq@g 2004
conprising perfusing the organ or tissue with a liquefied gel ™ conprising
hydr ol ysed and/ or non-hydrol ysed gelatin, wherein subsequent to perfusion,
the organ or tissue is stored at a tenperature of between 0 and 15C and
the liquefied gel solidifies.

31. The solid support of claim 28, wherein gelatin gel layers are independently selected

from hydrolysed gelatin gel and non-hydrolysed gelatin gel.

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 non-hydrolysed gelatin,
wherein subsequent to perfusion, the organ or tissue is stored at a temperature of between 0

and 15°C and the liquefied gel solidifies.



