Cryopreservati on of hepatocytes Description The
present application relates to the technical field of
cryopreservation and specifically to processes for
the preparation of liver cells for cryopreservation,
processes for cryopreservation of isolated liver
cells and processes for the preparation of a sandw ch
culture of cryopreserved isolated |liver cells. Prior
art Liver cells isolated fromthe tissue conpl ex,
specifically hepatocytes, are enployed especially in
the formof primary cell cultures for testing the
Cpivyst el coyiatabn ast | dpaifocgtug candi dates. Freshly
prepared primary hepatocytes from humans, especially,
represent the "gold standard" for determ ning active
pSubstgnce candidates in in vitro test series or
F¥2out i nvestigations on the nmetabolism of the
active substances or for enzyne induction.
D sadvant ageously, freshly isol ated human hepat ocytes :
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physi ol ogi cal function of the cells, that is
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for the preparation of a sandwich culture of cryopreserved

isclated liver cells.
Prior art

Liver cells isolated from the tissue complex, specifically
hepatocytes, are employed especially in the form of primary
cell cultures for testing the physiological action of drug
candidates. Freshly prepared primary hepatocytés from humans,
“especially, represent the "gold standard” for determining
active substance candidates in in vitro test series or
carrying out investigations on the metabolism of the active
substances or for enzyme induction. Disadvantagecusly,
freshly isolated human  hepatocytes are not available
regularly and at any time. There is therefore the need for
processes by which isoclated hepatocytes can be stored for a
certain time. The physiological function of the cells, that

is especilally their metabolic or enzymatic competence, should



As is known, hepatocytes are stored in cryopreserved
form Generally, hepatocytes are cryopreserved in
suspension. In addition to the hepatocytes, the
suspensi on additionally contains a freezing nmedi um
which is intended to prevent damage to the cells by
freezing and thawi ng. For storage, the suspension is
usual |y frozen at tenperatyres bel ow -80C. For use
after storage, the frozen cell suspension is thawed,
and the cells are plated out on culture plates or in
. beewetut ee¥ ess elamplEoRlY eculpagsithge ofietshe t hawed cel | s,
the culture vessels are generally coated with matrix
material, to which the cells can adhere. Successful
adhesjon is essential for th ul furl
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order to freeze the plated out cells subsequently
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process, hepatocytes are inoculated onto a culture
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adhere to the collagen matrix for about 4 hours., The
nyyesul t i vglshoRolsEPeE SEPPEFE (i Al Ehpayeidéepily frozen

culture) is then cultur for._approximtely 20 [,S.
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Toxi col ogy 15:30-37). For subsequent use, the
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hepat opytes are frozen in sandw ch configuration,
cibat irs 4 nraldoubhieegelf aheabngestes.. For this, a

hepat ocyte Suspension is first inocul ated on cel
-culture plates coated with collagen gel. After

culturing the cells for 24 hours, .a second | : :
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roze in“freezing nmedium and st ored



- 4 - (Koebe et al., 1990; Cryobiology 27:576-584).

By the imuobilization of the liver cells on a matrix

or between two matrices before freezing, the cells

are stabilized nmechanically and the survival-rate is

t hereby increased. On account of the fact that the

cells can adhere in the freshly isolated, highly

vital stage, the adhesion fate is nmarkedly increased

conpared to the adhesion of cryopreserved cells

frozen and thawed in suspension. Despite this, here
ord®o tar feeqrreopore i phstesd @iﬁha%sen%u%?e%{?iﬁ’altogether

cells occur after thaw ng. The ideal state,
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cafonpelenace within afsew, houssLafder gehawi age TEreyearkly
then unsuitable for a large nunber of in vitro tests.
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human cells fromdonor organs c g rally beurs.
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Toxicology 15:30-37). For subsequent use, the monolayer
cultures are thawed and recultured. The thawed cultures,
"however, contain a high proportion of nonadherent and non-
vital cells and cell debris. Although usually large parts of

the matrix are covered with cells, a confluent, continuocus

snion of cells is not established.

In another known process, hepatocytes are frozen in sandwich
configuration, that is in a double gel afrangement. Forkthis,
a hepatocyte suspension ‘is first inoculated on cell culture
platés coated with collagen gelf_After culturing the cells

For 24 hours, a second layer of collagen gel is poured onto
tﬁe inoculated cells. Subsequently, the sandwich culture thus

obtained is frozen at -70°C in freezing medium and stored



There is therefore the need for inproved processes
for cryopreservation of .liver cells which make
- possi bl e gentle cryopreservation, that is especially
gentle thawing with a high survival rate. An inproved
cryopreservation process should especially be
sui tabl e for successfully cryopreserving isol ated
human hepatocytes. It should be guaranteed here that
the thawed cells can be recultured to a |arge '
proportion on the culturing matrix, if possible as a
(Egedd wentlnpnodd@yeCrfyobntioniols :sirhgbes] ayer). The
process should further be suitable for being able to
prepare i nproved sandw ch cultures of isolated liver
cells which,contain a hi proportion .of vital cell.s.
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pEald S, thawed aftar. Cryopreser vatboni i ntahd theils  are
Met abol i ¢ and/or enzymati c conpetence over as |long a
sPeFindeafl dddBnasapogsidice, tisuchutkhatat heypteani bethereby
enpl oyed for a large nunber of in vitro tests. b5a
iSumrered . ofnl ageationef nthe ffast tdgPedte 19§l F£gn achere
_provided a process for the preparation_of liver cells,.
R oRPer oprBbkr aPTBrS L ORGTESY R e SFeps: Loy Sohefion
ovi.din I X [ ho ' i.sol d l\ver:
B S BB et el erer ot SP 5300 T08Tor o
P 2o debhedl Lo H0zt Tl XheRal edh Wk dp&8lilcs .t Despite
rest for 10 to 180 mn, so that cells can adhere to
thhe, ma¢rd x;od d)arwas mirngoot f omonal heventheoeinits ofr giwnvital
the matrix coated with cells, (e) allowng the matrix
cebht e@ORHE h addlers trvidst e updedlatsiidsr 180 FmAluent
and (f) freezing the matrix coated w.th cells, in .
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frozen matrix coated with cells, (h) thawing the .
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nonadherent cells fromthe matrix coated with cells,
“ef¥Scoating the thawed matrix coated with cells with
‘a layer of a second matrix, and (k) reculturing the
cells enbedded between the matrices. In a third
raspest, tdere i fHprnev dednd Eeeessghet bRe usually less
preparati on of a sandwi ch culture of isolated Iiver
roblhks, Wemprisihg timncstedpsited tanifie). ofrotipks pr ddess is

as defined above. Obj ective ,
especially to be attributed to the fact that human cells from

donor organs can generally be obtained under less favorable
conditions than cells from animals which are usually
expressly raised for this purpose and then euthanized (for
egample rats, mice or pigs). Therefore human cells require by
far gentler  culturing conditions. Up to nOW, no

cryopreservation processes are known with which human



The techni cal problemunderlying the present

i nvention accordingly consists in the provision of

i mproved processes for the cryopreservation of

isolated liver cells, in particular human liver

cells, such that cryopreserved liver cells can

finally be recultured as an i nproved sandw ch

cul ture. The underlying technical problemis solved

by a process as set forth T patent claiml1, in
particular a process:for the preparation of |iver
kfe%at%cgeéscwﬁ%ssewééémx WMhiGRopeRs &A%t thE order thus

lowing steps: In step (a), a matrix, in particular

t&} G:@ |a@g@nsﬁﬁiéqﬁentﬂfyeﬁ:er ablkyy aom‘oliragartrgebtudises over a
prepared. The matrix is preferably introduced into a
loaklercnerrd ofegsae, for exanple a 6-well plate. The
~culture vessel is preferably coated with matrix

material. In step (b), isolated I|ver cells, in
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ubse uent “he T'sol at ed er ce
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ceI s on the matrix here is from2 to 4 x 103 cells

qreopraReofa trtatr,i xtisur f be eesfiéwt girlef arangdecehbwdepsiviyh a
isfrom2.6 to 3.2 x |OnrC2. That is, in a culture
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f@%ﬁgted human-hepatocytes. It should be guaranteed here that
the 'thawed cells can be recultured to a wlarg’e proportion on
the cultur:-i.ng.matrix, if possible as a3 confluent monclayer
-{continuous single layer); The process should further be
suitablé for being able to prepare improved sandwich cultures
of isolated liver cells which contain a high proportion of
vital ecells. Further, it should be guaranteed that the
recultured cells thawed after cryopr_es.e-rvation maintain their
metabolic and/or enzymatic competence over as long & period
of time as possible, such that they can be employed for a

large number of in vitrc tests.



7 ... In the further, preferably imediately
subsequent, step (d), the cells are allowed to rest
on the matrix (resting phase, adhesion phase). For
this, the matrix coated with cells is allowed to rest
for a period of tinme of 10 to 180 m nutes, preferably
from30 to 90 mnutes, particularly preferably for |,
approximately 1 hour, so that the cells inocul ated on
the matrix can adhere to tW& matrix. Resting
supiraf-er abbl yntrakesompl ace in the cul ture cabi net
(1 ncubator), in particular under standard conditions
at a tenperature of 37C, a proportion of 5% of CO2
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180 m nutes, particularly preferably for

approximately 1 hour. Resting preferably takes place
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enove resi nonadherent ce (washi ng step).
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a second matrix, and (k) reculturing the cells embedded

between the matrices.

In a third aspect, there 1s provided a process for the
preparation of a sandwich culture of isclated liver cells,
comprising the steps (a) to (k) of the process as defined

above.
Cbijective
The technical problem underlying the present invention

accordingly consists in the provision of improved processes

for the cryopreservation of isolated liver cells, in



(e). The process according to the invention al so
proposes to inoculate isolated liver cells on a
matrix in a certain density and, after a certain
sequence of resting phases and washing off, to freeze
nonadherent cells in freezing nmedium Thus a matrix
coated with cells, in particular a collagen matri x,
to which the cells adhere and are particularly
present. in a nonol ayer, i's® Fozen. By means of the
measures’ according to the invention, surprisingly a
pgHkiéwf%fﬁhdﬂybaQvag”d%lﬁ§ Oghéﬁnggatm@£§gbfégbﬂ%%d liver
frozen, that is cryopreserved, particularly well. It
ceglenpj?aalsr zBthher ebt hateduheuewsdit ursesapr appiredeancandwich
cryopreserved according to the invention are
cpattreul arly viable (vital) after . thawi ng and contain
a hi gh nunber of cells adherent to the matrix. The
thawed cells can advantageously be recultured here in
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ion IS surprisin parti cul a ent |
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robust cells, such as the hepat ocytes isolated from -

phepareorgansi Edpeeral Eyllst appeanyobhatethet cel,l s which
prepared and cryopreserved according to the

CPRAveRtS ome fPiifiein@rde®siered with a | ayer of a

second matrix after thawing, retain their ful

met abolic activity and/or netabolic conpetence for a

rAunder, of, days, marti.cul arl y.omie.than,3 daysgehn r@}rtm,

preferred enbodi nent of the process according to the
prBYerd BN, at heofr£eai N@din step gePpadredcar rhed madrix  is
with freezing nmediumwhich is added in an anount of
rappeoxi matigltyogused] inger anwR lof chbisweareaset tf@ﬁ example
culture vessel. For this, the trix cgated
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reezi Lun1 Preferably, the freezing nmedi um
m%%ﬁ?alryn%eﬁ of fetal calf serum (FCS) and 10% of

di met hyl sul f oxi de ( DVbO).

In step (b), isolated liver cells, in particular isolated

from tissue, are prepared.

In the subsequéent step {c}, the isolated liver cells are
inoculated on the matrix. The densityv of the liver cells on
the matrix here is from 2 to 4 x 10° cells per mm’ of matrix
sérface. The preferred cell density is from 2.6 to 3.2 x
10° mm™. That is, in a culture vessel having a base area of
5.6 cm?, for example the bottom surface of a well in a 6-well
plate, the number of inoculated cells is from 2.5 to 3 x 108

per well.



In a particularly preferred enbodi ment, in step (g)
controlled-cooling, that is freezing, takes place

after addition of a freezing nediUn preferably to
temperatures of -80C or less. Preferably, cooling

rates of -0.5 to -20C per mnute are enployed for the
cooling. In a preferred variant, the phase transition

i s conpensated here; this_is preferably carried out

by brief heating at heating rates of preferably from

+1 to +3C/ mnute. After the preparation and freezing
IACERs dEmg:Her ,t Rhe-citnyent y oefdithelysehlateg:dityerstep (d),
cells on a matrix, the matrix coated with cells is :
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opreservat.i on, ferably, the .tenperature dur
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for low tenperature storage of cells are al so
asprbalmae Thel person ski thed thet kelast iweklhlztrgbsen the
the storage processes according to his field of
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resent .nventi on_ac Qrdin elates 1o @
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characterized above, where in a further step (h) the
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use. In a subsequent further step (i), depending on
the field of application and intended use, preferably
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nbPawedi agaidh 4 Sadss Jreher altky car bhedic@ldr Marefully,
covering the frozen matrix coated with cells with a
cEaybe phtwnax neeadddna. e diedds PWéﬁb¥@®|§teHWK3Wﬂ3§ZBG off
matri x coated with cells is present in a culture
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athereafder cnencubatied £0he ADDPIOXI nBSfe|c¥al5:dFenU1§\&§lum and
under standard conditions (37C, 5% CO2, 95% relative
nhnadice tant ideltibe Culs usesicabi netefePrbler abbyatal at least
t hawi ng nmedi um (nmedium 1) is then pipetted,

cpfeferably slowy and dropwi se, onto the matrix
- coated with cells. As a reference point, about 1 mi

of medium 1l is added to an area of approximtely 9.6
TENg é@r%ﬁﬂ shlat e}, kmse SHRALAEHN L, Ofi d RETBGI MY Se11s
preferably approximately 37/C. The process is repeated
ikoraceaeh £Eldweul tair eevesselecoAad agdefiagente spol NtResting
at nost three 6-well plates are enployed, such that
tehes mpfiarg Coat ed wdtiecdcell stime coverpsd mwisth 180 ayemtes, -
of warmmediumin at nmopst 18 wells. Subsequently
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serum cont ai ni ng thawi ng nmedi um which preferably
contains 10% of fetal calf serum (FCS)



In.a further process step (j), especially nonadherent
cells or detached, nonvital cells are thus washed off
fromthe matrix coated with cells, such that a matrix
free of - 12 - nonadherent cells is obtained. For
this,- the supernatant above the matrix coated with
cells obtained by the addition of nediuml1 in step
(i) is at first aspirated @S_conpletely as possi bl e.
The supernatant essentially contains thawed, nonvital
and nonadherent cells. In a particularly preferred
thenbedi neNtcapahbef ihisghraitul bheundedistmndthdt césditions,
medium 2, is added, preferably dropwi se, to the
ataspiteapedatate | X cHAIGd Wi PIORAINSN MEdi YmaE CO: and at

preferably has a tenperature of approximtely 37C. In
95¢ hee balsle 0P "FREIBYdi ti on of nedium 2, the two-step

procedure presented in step (i) is preferably chosen;
initially the first half of the nmediumis distributed

afkBrabhe ColdorGlut enyessel s, itheachreaseoandd with cells
subsequently the second half is correspondlng
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to the anbunts of nmedium 1 in step

Begpet erfaisiop iRgs %PQ:oﬁﬁe%¥t|§?ﬁ dFFFet 4I1§QPF%ﬁﬁtiﬁ ase, the
t hawi I um_ m1 Medi S AL Y 5 '
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6ated Wi th cells and covered with a I ayer of medi um
(wAsBhBgt Bespi neukatedceades staneeatd wandirksposds Lo step
(restlng phase, incubation) in the culture cabinet

(efior approximately 30 m nutes. For the renoval of
nonadherent and nonvital cells, the

The process according to the invention also proposes to
inoculate isclated liver cells on a matrixr in a gertain
density.and, after a certain seguence of resting phases and
washing off, to freeze nbnadherent cells in freezing medium.
Thus a matrix coated with cells, in particular a collagen
matrix, to which the c¢ells adhere and are particularly
present in a monolayer, is frozen. By means of the measures
according to the invention, surprisingly a culture of intact
cells is obtained, which can be frozen, that is
cryopreserved, particularxly well. It is emphasized hers that
the cultures. prepared and - eryopreserved -according to the
invention are particularly viable ({vital) after thawing and
contain a high number of cells adherent to the matrixz. The

thawed cells can advantageously be recultured here in a



- 13 - aspirated fromthe cell culture vessel as
conpletely as possible. A matrix coated with cells
which is essentially freed from nonadherent and
nonvital cells is thereby obtained. In a further step
(k), the thawed, washed matrix coated with cells is
covered with a layer of a second matrix, preferably
of a collagen matrix, partgcularly preferably a
col l agen gel, or the gel is poured on. Preferably,
the gel preferably poured on hardens within a few
coRENutes daachasheyr. In a preferred enmbodi ment, the
conposition of the first, lower matrix and of the
second, upper matrix applied after thawing is

essentially the sane, ef er abl entic
Ther ePEPEHTY, HHRTEELHN quﬁg %reé%%g? pg%reduﬁgrlSlngiy
pa:cglcgfan:%yay 219t tt%a‘é’ﬁg LLVEL €] IS cadheringid® ddieanlie

as a gel. According to the invention, a

Fosandwk choged LHeeLJJs$ thus @btm@aebpamcmeshm@mmdedrom
liver cells are enbedded between two matri ces

hupaht beghas . tEBwpwcdlaidgeniyetmpedns éhﬁﬁnéhesF%bi?]BrEPared
the cells enbedded between the natrlce§ _ eh

ande cAHMAEEE S ARE &éﬁ@ﬁ%ﬁ%@ bn the fEry %?nhppfica?yon ®
and intended .use, S | ;

cefff%fagr % GRS 9 aeecsatns%t %Qg§g %%%ry tglﬁw:'an%,erre;:aln

tl’ﬁel‘i' t §9|l¥ ﬁ@@aﬁ%ll“cula\EHE*!r% Q@H/@Q metaddl ic Ehepthaved for
Ad recultured isolated Iiver cells prepared and

a(aam@@keggrdgyh ,aceetdcngatiy trhveei hzent3 cirvsave a
particularly high vitality rate. They show their
met abol i c conpetence for a particularly long tinme

after thaw n eo | ess. r.obu
IhepaPdpyees® s%‘f‘%‘f%d“ orﬂﬁu%/%n rg%e:]sss c§aén esdriLé1 i all ythe
he cryopr esgfiul Ly thawedgbyuthewith
l%ﬁ%ﬁ%ﬁhfe‘%ggo?%$%%ﬁg% ﬂe%%%%enﬁfon so that they
£La sebsedunt hyide us Qﬂﬁd@\ﬂeﬁnaaha&gmrﬁerqmﬁw&ogamtely
in appropriate in vitro tests. Surprisingly, el |
0 culrlurnesn smdbbAi netk i arashiodh thhe cg F?%@(ﬁﬁ?sel For tnis,
essentially be recultured as,a con nDno r

thgdnp AT idhi ERE TR BUbofEith oF H6ﬁ%?¥%

1nggrado %nt fl(f:g{la%f’nd Juc¥ElX. | PWeferably, the free21ng medium

with a

contains 103 of Ffetal calf serum (FCS) and 10% of dimethyl

" sulfoxide (DMSQ).

In a particularly preferred embodiment, in step {g}
controlled cooling, that is freezing, takes place aiter
addition of a freezing ﬁgaiﬁm, preferably to temperatures of
~-80°C or less. Preferably, cooling rates of -0.3 to -20°C per
minute are employed for the cooling. In a preferz@d variant,

the phase transition 1s compensated here; this is preferably



The invention accordingly also relates to a process
for the preparation of a sandwi ch cul ture of
cryopreserved isolated liver cells, where at | east
the steps (a) to (1) of the process according to the
invention are carried out and a sandw ch cul ture of
cells enbedded between an upper and a lower matrix is
obt ai ned. The present appligation finally also
relates to a process for the preparation of a
sandw ch culture of isolated liver cells, where |iver
cddssbuecaf Bp BpieRl hest ot bediting friatst pfepaeéerably
and subsequently the liver cells are isolated from
fadre Hli sgues Ehdiamtkeast the process steps (a) to (1)
according to the invention are carried out. The
person - 15 - skilled in the art will choose, '
epenaLng_ | i invention
AT BB i hauh BFoceeee o T ha aal Bt ia o
ot iMmer £olilsefir aavtkirssuess Bhnal hacrihe pheseatrix coated
invention also relates to a sandw ch cul ture which
wian de lpr epareddey the gfor S onlert prijeesie aperjse of
preferably prepared by the grocess. A sandw ch
CRNAPEGRETEEEIH My A5G PRe YT nvBAt FOIP &5 Hi%t g‘%ﬁiﬂg storage

cafo nti oned advantage o_ rior :
i e £ Gor B5oNES® an FEmgs BOR Dol PUPEobT ool htod 1T ver™>""
ES8ld;S: tY\g[ ké{&%?@é‘k@% dhged nuent ireBeksrexplial red wapor
re detail 1n the follow ng exanples and figures. .
pIhe: efamphess afa netr Llaghed undersieoodOdschersryy all other
restrictive, on the contrary, the inventive idea
xumiderdipicrgs e hef Pr dsenteRGEHEY TN O TERES Of ntehded fodis°

be explained in nore detail and %he adyant.ages_of  the

. _ th
SP+ﬁ&9ﬁ%1n@@?l8???3?e6$ﬁ5§ﬁ%aﬁ§'o 22 ohE eﬁgﬁgkaﬁp‘%s. ©
storage processes according to his field of application and

according to their suitability.

The present invention accoréingly also relateés to a process
for the cryopreservation of isolated Iliver cells, which
contains the steps {(a) to {(g) characterized above, whers in a
further step (h} the frozen matrix coated with cells is
stored for an indeterminate period of time, which is choseﬁ

depending on the:field of application and intended use.

In a subsequent further step (i), depending on the field of
application and intended use, preferably immediately before
use or at another suitable point in time, the frozen matrix

coated with cells is thawed again. This is preferably carried



The figures show. Figure 1:mcrographs of cultured
hepat.ocytes (scal e about 150 tines); Figure 1A
freshly isolated hunman hepatocytes: Figure 1B:
cryopreserved human hepatocytes; - 16 - ' Figure
2:nunmber of vital hepatocy es as a function of the
culturing period; Figure 3:formation of 6p-OHT and
1l6a- OHT after enzyne i ndgcﬂo_n with rifanpicin.

out by covering the frozen matrix coated with cells with a
layer of warm culture medium. freferably, the frozen matrix
coated with cells is present in a culture vessel, for example
a2 6-well plate. Preferably, the culture vessel 1is remcved
from the freezer or the nitrogen tank and, in particular
immediately thereafter, incubated for approximately 5 minutes
under standard conditions (37°C, 5% COp, 95% relative
numidity) din the culture cabinet. Preferably, a thawing
medium {medium 1} is then pipetted, preferably slo#ly and
~ dropwise, onto the matrix coated with cells. As a reference
point, about 1 ml of medium 1 is added to an area of
approximately 9.6 em® {(6-well plate). The temperature of the
medium is preferably approximately 37°C. The process is
repeated for each cell culture vessel. As a reference point,
at most three #6-well plates are employed, such that the
matrix coated with cells is covered with a layer of warm
medium in at most 18 wells. Subsequently, each cell culture
vessel or well is preferably coated in the same manner,
preferabiy' slowly and diopwise, with a layer of the same
amount o¢f medium l (1 ml per 9.6 cm’). In a preferred
embodiment, medium 1 is .a serum-containing thawing medium,

which preferably contains 10% of fetal calf serum (FCS3).

In a further process step (j), especially ncnadherent cells
or detached, nonvital cells are thus washed off from the

matrix coated with cells, such that a matrix free of



Exanpl e 1: Prepar at i onof humanhepat ocyt esf or

cryal/ eservation 1.1lsolation of human hepat ocytes
Heoat ocyt es from human donors were isolated in a
manner known per se fromtissue parts anyway renoved
surgically, which were taken with the agreenent of
the donor. For this, the tissue was perfuSed, the
hepat ocytes detaching fromthe tissue conplex and
being abl e to be obtai ned-ftom the perfusion
solution. The viability of the harvested hepatocytes

aﬁ’ﬂégﬂ&eﬁ{t‘“ QSPle {Leans %ﬂne-élr yPal BI{;HQF asSay. gg;gegn%gant

er experinents, prepara f ons wer

a%@b@htﬁgoﬂ@grW@r@béﬂgﬂ1ﬁayﬁ)E%i@@nogkyﬁn@%0$#stﬁg‘addltloﬂ
1. 2Preparation of a matrix In the follow ng

oéxpedinent sin cetdp cUl t ure atesSelss iaspthetédras ofompletely
multiwell plates, 6-well plates (type 657 160,

2y AL PBRo- GE) WP séERt W%%ﬁééymﬁ@t@ééﬁedmawed

n\flamn%:ilﬂ.]tal é}n?d nonadhexent cells. In a partlcularly‘ preferred

empodiment, after this a further medium, that is medium 2, is
added, preferably dropwise, to tﬁe aspirated matrix coated
with cells. Medium- 2 preferably has &a temperature of
approximateiy 37°C. In the case of the addition of medium 2,
the two-step procedure preseﬁted in step (i) is preferably
chosen; initially the first half of the medium is distributed
in 21l cell culture vessels in each case and subseguently ther
second half is correspohdingly distributed. The amounts of
medium 2 added correspond to the amounts of medium 1 in step
(i}. Medium 2 preferably has a composition differing from the
thawing medium [medium 1). Medium 2 is preferably serum-

containing and preferably contains 10% of FCS.

In a perticularly preferrad embodiment, the matrices coated
with céiis and coversd with a layer of medium 2 are then
incubated under standard conditions (resting phase,
incubation) in the culture cabinet for approximately 30

minutes.

For the removal of nonadherent and nonvital cells, the

supernatant above the matrix coated with cells is then



native coll agen gel, which was preferably isolated
fromrat tails. Alternatively, nmultiwell plates,
6-wel | plates, precoa ed with collagen type 1 (type
657. _950 CEI LCOAT, Geiner Bio-One) were used. The
6-wel |l plates had a base area of 9.6 cn2 per we'll,
1.3l nocul ation of the cells The isol ated hepat ocytes
were inoculated into the multiwell plates. For this,
a suspensi on of the i sol at ed hepat ocyt es was prepared
whi ch contained from2.5 to 3 mllion vital _
2DEPALQGYt €5, Pehn2 Mo0f SUSPEAS| QBssdl MasOf cbib St as
suspensi on were pipetted in per well of the 6-well
pphaiie.e The gellidepsityawastihuslisowh260 tie 32Bentially
vital hepatocytes per -1 nmmR area of the cell culture
fyvessel froaf t eronehidelraptul acfonnortic€ap| ates lwer es  thereby
allowed to stand for approximately 1 hour. For this,
PRl it es were transferred to a culture cabinet, in
whi ch standard conditions (37C, 5% CO2, 95% rel ative
hum dity) prevailed. The resting phase allowed the
1aC8l bgrfHamsthg suspensd ot cadkaEBed Ond e >caldadganwith
gel. It was possible to assess the successf ul
catlhesi ondyereticwostopi taheck rg.sehbhérmatielz, preferably
adhesi on/resting phase, the supernatant of the cell .
o5y pehisiagnn Thr ek e SSEREFHLEYL ¢ tedichal l hohatiherdsh et
- cellLs, aspi rat ed. 18 -.1. 4Freezi,ng of .t he ]
ohmtti Tt 08 AT oBel I APFRF i T aapty ot B8R OF TRESTHY
pSHPEL N3har m&l@ﬂgr%t'mtnelé/ Pl ofopeEmMuediumkat o
37C was a J% per well. The cells then rested for
pBPPE oddraéRbydieRe ] urither chopsiagann din the cilktur e lower
cabi net under standard conditions. The supernatant,
nphith awbaft ithel pecond ai werk howadhigr epplied | aftaipghawing

t hen thoroughly aspirated. : .
is esgsentially '¥he game, preferably identical. Preferably,

the second upper matrix is poured onto the monolayer of
thawed liver cells achering to the lower matrix as a gel.
According ﬁo the invention, a2 sandwich culture 1is thus
obtained, in which isolated‘liver cells are embedded beitwsaen

two matrices, in particular two cecllagen gels.

In a final step (1), the cells embedded between the matrices
are recultured and, depending con the field ¢f application and
intended use, used as intended, that is preferably in in
vitro tests, immediately or after a suitably chosen culturing

period.



Medium 1-is derived froma standard cell culture
medi um for hepat ocytes and contains 10% of fetal calf
serum (FCS). For freezing, 0.5 m of freezing nmedi um
per well was added. The addition of the freezing
medi um was carried out briskly. After addition of the
freezing medium the plates were inmediately placed
in the freezing machine precooled to OC and the
freezing program was configured. The. freezing nmedi um
is based essentially on nmedium 1l and contains 10% of

rnketahyeal Enserum (S and1:k0%of idémetayls spitdmeriede and
(DMBO) . The freezing program provided for a
crgoppessatédmabrtiheg phaseht r amsintiion Aaver eaghedialarly
target tenperature of -100C. - 19 - The frozen cel| .
hlf@bl vice! prates awerdeuBiequehtty TGP ht COTBICT T 4°F
reezer_or_in the

a @ﬁgﬁﬁFglﬁglﬁhtﬂr%dg%% B?%é% Eﬂaﬁﬁﬁﬂt'ﬂ%¥aﬂt5885usly, less

! cryopr éserved hepat ocyt es
robust hepatocytes isolated from human organs can especially

also be cryopreserved and successfully thawed by the
procedure according to the invention, sco that they can
subsequently be used over a large periqd of time in
appropriate in vifrc tests. Surpﬁisiﬁgly, a cell culture is
obtained in which the cells can essentially be recultured as

a2 confluent monolaver and in which the proportion of nonvital

and/or nonadherent cells is very low.

The invention accordingly also relates to a process for the
preparation of a sandwich culture of ciyopreserved isolated
liver ¢ells, where rat ieast the steps (a) to (1) of the
process according to the invention are carried out and a
sandwich culture of cells embedded between an upper and a

lower matrix is obtained.

The present application finally also relates to a process for
the preparatioﬁ of a sandwich culture of isclated liver
cells, where liver tissue of an animal or human body is first
prepared gnd subsequently the liver cells are isclated from
the tissue . and at least the process steps —(a) te (1)

according to the invention are carried out. The person



The hepatocyte cultures frozen according to Exanple 1
and stored at -151C were thawed and recul tured for
further use in"in vitro tests after a storage period

of up to 4. weeks. For the thawi ng of the

cryopreserved hepatocyte cultures, the 6-well plates
were first transferred for 5 mnutes to a culture

cabi net, which was operated;4isj ng standard

conditions, imediately after taking fromthe freezer

or nitrogen tank (seekExanple 1). Subsequently, 1 m
sefilbedi um Thperrmeldilpr enacred tlep87€. (seen Exhaplféeld of
was  added sllowy and dropw se to each well. This
aﬁ?ee%%%“%hs F@bea?%ﬁ“ﬂﬁ#laﬁfno§ﬁoﬁﬁre@r§FﬁﬁF?%ne§9§Iythe
; gm%ngh Elat hattlgsfor at nost 18 wells.

§u sequentl y;-'the process was repeated agai.n in each
case 1 ni of medi um 1 being slowl y added per well.

The supernatant was then aspirated wth a Pasteur
Fpinpetye. thhe psupennatantnessentiab | yetonsai ned at haweihich
nonvi tal and nonadherent cells. For further washing,
cuatihe dakeh weah ite qdcEivacgsie Mwd e ﬁé@remﬁtticrnaﬁamocess

di um 7C was adde Her e
ST TSR A Pﬁ?pfrreecﬂ i, ERE s SR o 5 B T vure
aCEOL asé@gefﬁl lglvghtlgllpe &fgb@.‘?" V\B[itfeLllit hg@ rementioned

i ncu ted Under standard conditions in the culture
agebhneted omnappesngddraiiel Yo 30cHd nytresr Afdter rkpeesents an
i ncubation, the conpl ete supernatant, which contained
ifiprohed mdrvireabfanek ngraddherent cekld.s, was aspirated
with a Pasteur pipette.

Working examples

The invention is explained in mere detail in the following
examples and figures. The examples are not to be understood
as being restrictive,‘oﬁ the contrary, the inventive idea
~underlying the present invention 1is thus intended to be
explained in more detail and the advantages of the invention

illustrated by means of concrete examples.
The figures show:

Figure 1: micrographs of cultured hepateocytes (scale
about 150 times); Figure 1A: freshly isclated
human hepatocytes: Figure 1B: cryopreserved

human hepatocytes:



The nonol ayer of adherent hepatocytes thus obtained
was covered with a further |ayer of collagen gel, in
order to obtain a sandwi ch configuration. The
col | agen gel hardened after approxi mately 30 mi nutes
after pouring on. It had a conposition which
corresponded essentially to the conposition of the
| ower collagen gel which wag i.ntroduced into the
culture vessels. Medium 2 is a standard nmedi um for
the long-termcul turing of hep'atocytes and contains
F199%e<0f2:f et al romiferserfumi(tkCS)hepihiecitet hes a function of
recul turing of the sandw ch cul ture obtai ned was
carried out iSEELGHI22SWETHRMas repl aced by fresh
medi um approxi mately every 24 hours. Exanple 3:
Determ nation of the nunber of viable cells The '
rigiRers.of vi abligbvbhaldr epllosrwasqdeterbhfedrtdr enzyne
culture - 21 - cryopreserved hepatocytes according
to the inventirauchyoaouhth ng d=le ivwnphol ogi cal |y
intact cells. Here, photographs of conparison-areas
of a size of 0.259 mmwere counted. Fromthe nunber
of the_.intact_cells found in the conparison_area, the
E L8 1if ¢ Ereparation; ' man . HIEPALD e for

- am a afa'

vessel was c Aded (for; 4he 6-well plates used
havi ng an argggé#Lgfg"cn%“per well, a correction

factor of 3700 resulted).

1.1 Isolation of human hépstocytes

Hepatocytes from human donors were isolated in a2 manner known
per se from tissue parts anyway removed surgically, which
were téken with the agreemenﬁ of the donor. For this, the
tissue was perfused, the hepatocvies detaching -from the
tissue complex and being &able tTo be obtained from the
perfusion sclution. The viability of the harvested
hepatocytes was determined by means of Trypan Blue assay. FOr
the further experiments, only cell preparations were used

which showed more than 70% Trypan Blue exclusion.
1.2 Preparation of a matrix
In the fcllowing experiments, cell culture vessels in the

form of multiwell plates, 6-well plates (type &57 160,

Greiner Bio—-0One) were used. The plates were coated with



Before freezing and at various points in tinme after

thawi ng after cryopreservation, the norphol ogy of the

recul tured hepat ocytes was docunent ed '

phot ogr aphi cal ly and conpared with cul tures of

freshly isolated and cul tured hepatocytes. Results:

Figure 1 shows the norphol.ogy of human hepatocytes

which were freshly isol ated;and i nocul ated on a

col l agen gel layer. (Figure 1A) and the norphol ogy of

- isolated human hepatocytes which were cryopreserved,
rnaltawed cahtagec utdiur echifadr weevemedaysh i gt teld) .frbhe rat
recultured cryopreserved cells can barely be

tild i ng it S ABR FHotptiel ogivd&REF9LE r ol #Feshl yo vl lat eedlates,
cells he .proportion of living cells i h ul fure

RUSOBRTY STgnt 1y tiEFeastdt compardict o The st ctiifoar,

eQRer th ON-Rf | LYY, £&! | SribngCl 1 Ures Qls fL8SHIYace area
i sol ated hepatocytes. Figure 2 shows - 22 -

of 9.6 cm® per well.

1.3 ‘Inoculation of the cells

The iszolated hepatocytes were inoculated into the mﬁltiweli
‘plates. Foi this, & suspension of the isclated hepatocytes
was prepared which contalined from 2.5 tc 3 million wital
hepatocytes .per 2 ml of suspension. 2 ml of this cell
suspension were pipettgd in per well of the 6-well plate. The

cell density was thus from 260 to 320 vital hepatocvtes per

2

1 fm area.of the cell culture vessel.

After the inoculation, the plates were allowed to stand for
appreoximately 1 hour. For this, the plates were transferred
to a culture cabinet, in which standard conditioné (37°C, 5%
-COQ, 95% relative humidity) prevalled., Ths resting phase
~allowed the -cells from the suspensiocn to adhere to the
collagen gel. VIt was possible <o assess tﬁe successiul
adhesicn by microscopic-checking. After the adhesion/resting
phase, the supernatant of the «¢g£ll suspension, which

essentially contained nonadherent cells, was aspirated.



the nunber of living (vital) human hepatocytes as a
function of the reculturing period after thaw ng the
hepat ocytes. The conpari son curve shows the nunber of
l'iving human hepat ocytes on culturing freshly
isolated cells over the sane period of tine.
Initially, 3 mllion cells were inoculated for the
cryopreservation, 1.5 mlLi for the fresh
preparation. It is seen that the thawed recul tured
human henat ocytes grow confluentLy and that the
lndnber of |ivingeatdhercenttheehbsrdoesanetl ditherells
significantly fromthe nunber of living cells in
conpar abl e fresh cultures It is remarkabl e here that
even after a . relative Ion cult ring period the_ -
AR e Fhtt PP i bl PFGRP b et VG Ty 1 ml
oR %%%b@ﬂ&nrf@ﬂf ng; & %%t ae%gt 30t wEXBMPEE: 4e115 then
Enzyne activity of cryopreserve epatocytes A goo
werker ofr t Beppetaholdig, apdéorsenzyerat hu£O0PELEENCEY  the
of liver cells is the inducibility of the enzymatic '
cny@neﬁybabim ofndesst 9stwieonie .copithens nt Ace Fanpernatant,
Ils, a basal _level of this reaction exists;
wﬁﬁ&?ox??%%ﬁ?i@@é?on%°?¥§$ﬂeq s PPBRABY Mdr e CoFhE, was  then
n be increased in intact cells by
-tgg%gﬁéﬂﬁﬂdﬁgﬁggtggThe detection of the formation.of
OHT in cultured hepatocytes can therefore allow
concl usions on the enzymati c conpetence and a
Mphysiol ogicatrfwnctiom of dthedeubt veed bepat o€ tiesiun for
- 23 - Analysis and quantification of the regio-
hgraresysaeEes- seneeinsy e Yestodeerbrealdy deaxi 4FFon
‘was carried out in a manner known per se, published,
for exanple, in Friedrich et al., 2003 (J.
F@rQ%EQ%% B 57814 49- 8o s QT LRk $ry dﬁé@s&égft&&n'added
hurman “hepat'ocytes cryopreserved according to the
ThBvenli ooivesfe dnRkawedeantdy resd driuned fcakrtve dayso@antly.
subsequently incubated in rifanpicin for a further 24
radars.aRfdepi cbh ivigucésetesiosrerone, hydreoxylatéon were
in the 05|t|ons 6[ 3; 16a and 2p,. The testosterone

iﬁ%%@( .F&ﬁqeﬁl .feeorf-re&zeg nBECRI RSB ERGRP 5 o 0°C
a?hféﬁf@'ffé%mlp £ §azhydroxyl at ed
] hg ore serveg f

test ost erone e conparison
measur ement of the enzyne induction by rifanpicin.

The freezing medium is based essentially on medium 1 and
contains 10% of fetal calf serum (FCS8) and 10% of dimethyl

sulfoxide {(DMS0) .

The freezing program provided for a compensation of the phase

transition and reached a target temperature of -100°C.



As a control, freshly isolated cultures were |ikew se
i ncubated in rifanpicin for 24 hours after they had
been cultured for two days. The culturing conditions
wer e chosen anal ogously to the process according to
the invention. In addition to the enzyne

induci bility, the testosterone basal |evel was
determned in the cryopreseryed and recultured cells'
and in the freshly prepared and cultured cells. - 24
- Results: Cryopreserved, recultured hepatocytes _
Thecordearg tell heultnwventdateandvddeeshinsepriepal edstored at
cul tured hepatocytes showed conparabl e enzyne
“tpdueiBi B £yeeThe dream FaRUBSeS f¥raxchdn| pduttfarerofcank.
test ost erone hydroxyl ation are shown in the foll ow ng
table: Cryopreserved, recul tured hepatocytes(acc.

Example 2: Thawing of cryopreserved hepatocytes

The hepatocyte cultures frozen according to Example 1 and
stored at -151°C were thawed and recultured for further use

in-in vitro tests after a storage period of up to 4 weeks.

For the thawing of the cryopreserved hepatobyte cultures, the
6-well plates were first transfezred for 5 minutes to a
culture cabinet, which was operated using standard
cenditions, dimmediately after taking from the freezer or
nitrogen tank {see Example 1). Subkseguently, 1 ml of medium 1
per well prewarmed to 37°C (see Example 1) was added slowly
cand dropwise to each well. This process was repéated for at
most three simultaneously thawing 6-well plates, that is for

at most 18 wells.

Subseguentliy, the process was repeated, again in each case
1 ml of medium 1 being slowly added per well. The supernatant
was then aspirated with a Pasteur pipette. The supernatant

essentially contained thawed nonvital and nonadherent cells.

For further washing, in the same way in each case two times

1 ml of warm medium 2 at 37°C was added. Here, medium 2, as



to the invention) Freshly isol ated hepatocytes
(conpari son exanpl e) 6P-hydroxylation 2.8-fold
2.3-fold 16a- hydroxylation 2.4-fold )

_20_.

described abové for-medium 1, was added to each well in two
passages of 1 ml. The plates were then incubated under
standard conditions in the culture cabinet for approximately
30 minutes. After the incubation, the éomplete supernatant,
which cbntained f;zther nonvital and nonadherent cells, was

aspirated with a Pasteur pipestte.

The monolayer of adherent hepatocytes thus obtained was
covered with - a further laver of collagen gel, in order to
obtéin-a sandwich configuraticn. The collagen gel hardened
after approximately 30 minutes after pouring on. It had a
composition which corresponded essentially tb the composition
of the lower- collagen gel which was introduced into the

culture vessels.

Medium 2 is a standard medium for the long-term culturing of

hepétocytes and contains 10% of fetal calf serum (FCS).

The further reculturing of the sandwich culture cbtained was
carried out in medium 2, which was replaced by fresh medium

approximately every 24 hours.

Example 3: Determination of the number of viable cells

The number of viable (vital) cells was determined in cultures

of freshly isolaﬁed hepatocytes and in cultures of



1.6-fold 2p-hydroxylation 2.3-fold 2.4-fold As
expected, rifanpicin was unable to induce the
formati on of 6a- hydroxytestosterone (6a-CHT) either
in the cryopreserved and recul tured hepatocytes or in
the freshly cultured heoatocytes. Figure 3 shows the
absol ute concentrati on of hydroxytestosterono-forned
~(showr by way of exanple faoy; 6P-OHT and 16a- CHT)
before and after induction of testosterone
hydroxylation with rifanpicin. In the left part of
cthecfdsgutvedt heepasulttssf oncthedinesidey €bkt uredntion by
hepat ocytes are shown,

counting “the morphologically intact cells. Here, photographs
of comparison areas of a size of 0.259 mm’ were counted. From
the number of the.intact cells found in the comparison area,
the number of intact cells in the entire cell culture vessel
was concluded (for the 6-well plates used having 'an area of

9.6 cm? pér well, a correction factor of 3700 resulted}.

Before freezing and at wvariocus peints in time after thawing
after cryopreservation, the morphoiogy of the recultured
hepatocytes was documented photographically and compared with

cultures ¢of freshly isolated and cultured hepatocytes.
Results:

Figure i shows the morphélogy of human hepatocytes which were
freshly isoclated and inoculated on a collagen gel layer
(Figure 13a) and the morphology of isolated human hepatocytes
which were c¢ryopreserved, thawed and recultured for seven
days (Figure 1B). The reéulturedA cryopreserved cells can
barely be distingﬁished morphologically from freshly isolated-

cells.

The proportion of living cells in the culture was only
slightly decreased compared to the propeortion of living cells

in cultures of freshly isclated hepatocytes. Figure 2 shows



- 25 - in the right part of the figure the results
for the cryopreserved and recul tured hepatocytes
according to the invention. Figure 3A shows the
formati on of 6p-CHT, Figure 33 shows the formation of
16a- OHT. The box and whi sker blots indicate the
guartiles. The significance level indicates p < 0.05
(t test). Fromexperience_w4dh liver cells
cryopreserved in suspension, it is known that
cryopreservation greatly decreases the basal 1evel
tder nngb¢estDstieriomge (hydabdXyhatdromepehpayess tax a function
freshly prepared hepatocyte As expected, the basa
o&cthei F§Cot tHeor @@ml?ér @ét%p‘a%aéeyﬁe@@l BPPHETEGSed The

in the liver celk eser gl i,n the nonol ayer
FHPROHAT i S0T ot 8" Pe THedHIBGr ot oL PO ovAG EE SRt H s
oqu§§E§biI?g hovevier .; 24,304 Zgli@u&%raftih%r stal?r@W'pQQ:Lod of

It is particularly seen that' the cryopreserved
thepat aeyteslexhi Bi tna nnkeskindugdbi | Lhycwfated for the
t est ost erone hydroxylation at a point in tinm 72
chgopse @t ithawl ng mind iaht dprprliorizz4h hoewaration.

i ncubation with rifanpicin. The basal activity

obtained over at |east three days together with

5ug S&r@z?aﬁfdc QNAucLBL! LLY, ARG LSSEALI af £
gl 1 ons O gLe ?ﬁct th % ?%eehryoprese?%%dxﬂ’es grow
ﬁbﬁﬂﬁi&%’lﬁye%nacﬁﬂéﬁlﬂgetrﬁmﬁa@@ bAVENREIQN 2688rB: cells does:
enpl oyed successfully for a large nunber of in vitro
nbestisffeR6significantly from the number of living cells in
comparabie fresh cultures. It is remarkable here that even
after a relatively long cultuiing period the number of living

cells in the cryopreserved thawed preparations remains almest

constant.

Example 4: Enzyme activity of cryopreserved hepatocytes

A good marker of the metabolic and/or enzymatic competence of
liver cells 1is the inducibility of the enzymatic hydroxyl-
ation of testosterone. In the intact liver cells, & bhasal
level of thisrreaction exists; hydroxvtestosterone (OHT) is
formed here. The formation rates can be increased in intact
cells by enzyme induction. The detection of the formation of
OHT in cultured hepatocytes can therefore allow conclusions
on the enzymatic competence and a physioclogical fuanction of

the cultured hepatocytes.



Cainms 1. Process for .the preparation of liver cells

for cryopreservation, conprising the steps: (a)
providing a matrix, (b) inoculating isolated liver
cells on the matrix in a density of 2 to 4 x 103

mm 2, (c) allowing the mattix coated with cells to

rest for 10 to 180 mn, so that cells can adhere to

the matrix, (d) washing aof f,-nanadherent cells from

the matrix coated with cells, (e) allowing the matrix
coated with cells to rest for up to at nost 180 mn,
Appdysis and quantificaticn o©f the regio- and/or stereo-
selective testosterone hydroxylation was carried ocut in a
manner known per se, published, for example, in Friedrich et

al., 2003 (J. Chromatogr. B. 78 4:49-61}.

For this investigation, human hepatocytes cryopreserved
according to the invention were thawed and recultured for two
days and subsequently incubated in rifampicin for a further
24 hours. Rifampicin induces testosterone hydroxylation in
the positicns 68; 1o and 2B. The testosterone hydroxylation
in position 6a is not stimuléted by rifampicin. The
measuremént of 6ba-hydroxylated testosterone thersfore serv@d
for the ccmparison measurement of the enzyme induction by

rifampicin.

As a contrel, freshly isolated cultures were likewise
incubated in rifampicih for 24 kours after they had been
cultured for two days. The culturing conditions were chosen

analogously to the process accerding to the ilnvention.

In addition to the enzyme inducibility, the testostercne
basal level was determined in the cryopreserved and
recultured cells and in the freshly prepared and cultured

cells.



(f) freezing the matrix coated with cells in a
freezing medium 2.Process as clainmed in Caiml, the
‘matrix being a collagen matrix. 3.Process as clainmed
in one of the preceding clains, the resting in step
(c) taking place for 30 to 90 mn. 27 4. Process as
clainmed in one of the preceding clains, covering with
a |ayer of culture nediumtaking place in step (d)

and the liquid supernatant above the matrix coated

with cells subsequently being aspirated.
Results: '

Cryopreserved, recultured  Thepatocytes according to the
invention and freshly prepared cultured hepatocytes showed
comparable enzyme ‘inducibility. The mean values for the
induction o¢f festosterone hydroxylation are shown in the

following tTable:

Cryopreserved, | Freshly isclated
recultured hepatdcytes
hepatocytes (acc. | {comparison examplie)

to the invention)

6B-hydroxylation 2.8-fold 2.3~-fold
loa-hydroxzylation i 2.4-foid 1.6~fold
2B-hydroxylation 2.3-fold 2.4~-fold

As expected, rifampicin was unable to induce the formation of
to-hydroxytestosterone {6o-0HT) either in the cryopreserved
and recultured hepatocytes or in the freshly cultured

hepatocytes.

Figure 3 - shows the absolute concentration of hydroxy-
testosterone formed (shown by way of example For &f-OHT and
160—CHT) pefore and after induction of testosterone
hydroxylation with rifampicin. In tﬁé left part of the figure

the results for the freshly c¢ultured hepatocytes are shown,



5. Process as clainmed in one of the preceding clains,
the resting in step (e) taking place for 30 to 180
mn. 6. Process as clained in one of the preceding
clainms, freezing mediumin an anmount of 0.5 al nm2
being added in step (f). 7. Process as clained in
Caim6, the freezing nediumconprising fetal calf
serum (FCS) and DMBO. 8.. Rrsocess as clained in one
of the preceding clains, the freezing in step (f)
taking place.by covering the matrix coated with cells

imi the r eeshng pedi umiandheonfiwolited ool irﬁgultﬁ o€ the
or less at cooling rates of 0.5 to 20C mi n-

C%?R%rwdw 3! csﬁﬁ%%q%nh%ﬁaiiwtﬁﬁasaecw%ﬁt i . the
Argve Pro%es 8£et5h$|s%to‘2«r agﬁeaPS'rrEa %lézt UL @g &% Ly % zigure 3B

ver® ce conpri sing

sl@cﬁ&s OEhé h@oﬁﬁ@@f&ﬁ 88 ehkalome. !ﬁh@nsosaf Qqalmsieﬁozolots
, (g) storing the frozen matrix coated with cells,
ifdycdtrmwting qirerfilesen Tt réidgroddicedcal flkveel lisgdicates p

< 0.05 (t zest).

From experiencé with liver cells cryopreserved,in suspension,
it is known that cryopreservétion greatly decreasss the baszal
level during testostercne hydrbxylation compared td-freshlj
prepared hepatocytes. As expected, the basal activity of the
reculturedh hepatocytes also decreased in the liver cells
- cryopreserved in  the 3ﬂoholayeﬁ in comparison %to the fresh

culture. It was also still detectable, however, 24 and 72

hours after thawing.

It is particularly seen that the cryopreserved hepatocytes
exhibit a marked inducibkbility o¢f testosterone hydroxyliation
at a peoint in time 72 hours after thawing and after prior 24-

hour incubation with rifampicin.

The basal activity oktained over at least three days together
with the undecreased inducibility are essential indications
of the fact that the cryopreserved human hepatocytes
'aécording to the invention can be emploved sﬁcceséfully for a

large number of in vitro tests.



28 (i) washing off nonadherent cells fromthe matrix
coated with cells, (j) coating the thawed matri x
coated with cells with a | ayer of a second matri x,

and (k)

reculturing the celdg enbedded between the

matrices. 10. Process as clained in daim?9, the
storage in step (g) taking place at -150C. 11.

clkimsess as claimed in daim9 or 10, the matrix

coated with cells being covered with a | ayer of warm
culture nediumin step (h). 12. Process as clai ned
in one of Clains 9 to 11, the matrix coated with

l.cell s bePFRrevvered whbh PiompetdPrcurt urld ivedi Gfmtia for

c§3h

aj

(f)

2.

step (i) and the |iquid supernatant above the matrix
Petebi T e | b beudtent Y SbaPAG. aspi rat ed.
{

providing a matrix,

incoculating isolated liver cells on the matrix in a
density of 2 to 4 x 10° mm™?,
allowing the mattix coated with cells to rest for

10 td 180 min, so that cells can adhere to the

matrix,

washing off nonadheren£ cells from the matrix
coated with cells,

alloﬁing the matrix coated with cells to rest for
up - to at most iBO min, and |

Lreezing the matrix coated with cells in a freezing

medium.

Process as c¢laimed in Claim 1, the matrix being a

collagen matrix.

3.

Process as claimed in one of the preceding claims,

the resting in step (c) taking place for 30 to 90 min.



13. Process for the preparation of a sandw ch culture

of isolated liver cells, conprising the steps (a) to

(k) of the process as clained in one of Clains 9 to

12. 29 Abstract The invenppon relates to processes

for the preparation of liver cells for

cryopreservation, processes for cryopreservation of
4.1 sol at etPddaears el | Sl @nt:dpriocessesoff othd hereceding claims,

preparation of a culture of cryopreserved isolated
covéwiarg celills.a laver of culture medium taking place in step
(d) and the liguid supernatant above the matrix coated with

cells subsedquently being aspirated.

5. Process as claimed in one of the preceding claims,

the resting in step (e)'taking place for 30 te . 180 min.

G. : Process as claimed in one of the preceding claims,
freezing_medium in an amount of 0.5 pl mm™® being added in

step (f).

7. Process as claimed in Claim 6, the freezing medium

comprising fetal calf serum (FCS3) and DMSO.

8. Procesé as claimed in one of the preceding claims,
thé freezing in step (f) taking place by covering the matrix
coated with cells with fréezing medium and contrcelled cooling
to -80°C .or less ét cooling rates of 0.5 to ZO;C ,min'ﬂ

opticnally with compensation of the phase transition.

9. Process for the storage and reculturing of isclated
liver cells, comprising the steps:
{a) to (f) of the process as claimed in one of Claims 1 to 8,
{(g) storing the frozen matrix ccated with cells,

{h) thawing the frozen matrix coated with cells,
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(i} washing off nonadherent cells frqm the matrix
coated with cells,

(j) coating the thawed matrix coated with cells with a
layer of a second matfix, and |

(k) reculturing the cells embedded between the

matrices.

10. Process as claimed in Claim 9, the storage in step

(g) taking place at ~150°C.

T1l. Process as claimed in Claim 9 or 10, the matrix
coated with cells being covered with a layer of warm culture

medium in step (h).

12. Process as claimed in one of Claims ¢ to 11, the
matrix coated with cells being covered with a 1layer of
culture medium in step (i) and the liquid supernatant above

the matrix coated with cells subsequently being aspirated.

13. Process for the preparation of a sandwich culture
of isolated liver cells, comprising the steps (a) to (k) of

the process as claimed in one of Claims 9 to 12.
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Abstract

The invention relates to processes for the preparation of
liver cells - for cryOpreservation,k processes for
cryopreservation of isolated liver cells and ‘processes for
the preparation of a culture of cryopreserved isolated liver

cells.



