Cryopreservation 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 sandwich culture of cryopreserved isolated 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
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series or carrying out investigations on the metabolism of the active
substances or for enzyme induction. Disadvantageously, freshly isolated
Despri@tAoBatocytes are not available regularly and at any time. There is
therefore the need for processes by which isolated hepatocytes can be
stored for a certain time. The physiological function of the cells, that is

Th@spesialytheinmetabaliciorenzymatic competenee, sBeHIi =21 fiela 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 sandwich culture of cryopreserved

isolated liver cells.
Prior art

Liver cells isclated from the tissue complex, specifically
hepatocytes, are employed especially in the form of primary
cell cultures for testing the physiclogical action of drug
candidates. Freshly prepared primary hepatocytes from humans,
especially, represent the "gold standard" for determining
active substance candidates 1in in wvitro test series or
carrying out investigations on the metabolism of the active
substances or for enzyme induction. Disadvantageously,
freshly isolated human hepatocytes are not available
regularly and at any time. There 1s therefore the need for
processes by which isolated hepatocytes can be stored for a
certain time. The physioclecgical functicn of the cells, that

is especially their metabolic or enzymatic competence, should



be retained as completely as possible here. As is known, hepatocytes are
stored in cryopreserved form. Generally, hepatocytes are cryopreserved
in suspension. In addition to the hepatocytes, the suspension additionally
contains a freezing medium which is intended to prevent damage to the
cells by freezing and thawing. For storage, the suspension is usually
frozen at temperatures below -80C. Eor- use after storage, the frozen cell
suspension is thawed, and the cells are plated out on culture plates or in
be ng re. ve sglg. Fgr r cuclte%ingaosf thgstg% fg c;gll}g the culture vessels
are generally Coated with miafrix méferlal, o'which the cells can adhere.
Successful adhesion is essential for the reculturing and the subsequent
investigation. Usually, however, only a small proportion of the originally
As frZenkcels calbepreserved ik tite vitapstade and recufioreth Mhieed  form.
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cells in the batch is dependent on the individual batch. Regularly, the
cothawed cropfeservedcelisoilyradhéréddedquatelyntocthécculture platemnt
a small number of the batches. A further known process for

da%ﬁﬂﬁn&?e&%ﬁoﬁ%%h§§%¥WFr@eZlng and thawing. For storage, the

suspension is usually frozen at temperatures below ~80°C. For
use after storage, the frozen cell suspension is thawed, and
the cells ars plated out on culture plates or in culture
vessels. For reculturing of the thawed c¢ells, the culture
vessels are generally coated with matrix material, to which
the cells can adhere. Successfiul adhesion is essential for
the reculturing and the subseqguent Iinvestigation. Usually,
however, only a small proportion of the originally frozen
cells can be preserved in the vital state and recultured. The
disadvantage of this procedure consists especially in the
fact that it cannot be foreseen whether or to what proportion
the thawed cells from the suspension adhere to the culture
plate. The proportion of adherent c¢ells in the batch is
dependent on the individual batch. Regularly, the thawed
cryopreserved cells only adhere adequately tTo the culture

vlate in a small number of the batches.

A further known process for cryopreservation consists in

plating out freshly isclated cells in culture wvessels in



plating out freshly isolated cells in culture vessels in - 3 order to freeze
the plated out cells subsequently together with the culture vessels. Here
too, the culture vessels are coated before plating out with a matrix to
which the cells can adhere. As is known, collagen gels are preferably
employed. In a known process, hepatocytes are inoculated onto a culture
plates coated with collagen type | angél allowed to adhere to the collagen
matrix for about 4 hours. The resulting monolayer culture (single-layer cell
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(Watts and Grant, 1998; Human & Experimental Toxicology 15:30-37).
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empnalrixare govered with gellsa conflyent, contipuaus, nion of cells isinek, .o
established. In another known process, hepatocytes are frozen in
a saptwich poafiguration that gifia double geharrapgenmertnFopthigjwad to
hePatoc%/te suspension js first inoculated on_cell culture
adhere o ©The collagen matrix for about 4 hours. The
resulting monolayer culture (single-layer cell culture! is
then cultured for approximately 20 hours. Subseguently, non-
adherent cells are washed off. After a further 6 hours, the
culture is covered with a layer of freezing medium, cocled to
-70°C and stored (Watts and Grant, 1998; Human & Experimental
Toxicology 15:30-37). For subsequent use, the monolaver
cultures are thawed and recultured. The thawed cultures,
hewever, 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, continuous

unicn of cells is not established.

In another known process, hepatocyites are frozen in sandwich
configuration, that i1s in a double gel arrangement. For this,
a hepatccyte suspension is first inoculated on cell culture
platés coated with collagen gel. After culturing the cells
for 24 hours, a second layer of collagen gel is poured onto
the inoculated cells. Subsequently, the sandwich culture thus

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



plates coated with collagen gel. After culturing the cells for 24 hours, a
second layer of collagen gel is poured onto the inoculated cells.
Subsequently, the sandwich culture thus obtained is frozen at -70C in
freezing medium and stored - 4 (Koebe at al., 1990; Cryobiology
27:576-584). By the immobilization of the liver cells on a matrix or
between two matrices before freezing, the cells are stabilized
mechanically and the survival rate is thereby increased. On account of

the fact that the cells.can adhere in the freshly jsqlated, highly vital stage,
(K?ﬁégdﬁgs%%’ faﬁeeélg Qﬁar%ééﬁ/%ﬁﬁ%rieo c?dr%zér—égdg tég)the adhesion of
cryopreserved cells frozen and thawed in suspension. Despite this, here
too large proportions of nonadherent or nonvital cells occur after thawing.
By Theérfdeadlrstatel, alearifiuent edituré of Vital hepatscyies, isnotachidvet: or

Moreover, it is seen that the cells frozen in susg,ension generallx lose
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from human organs are usually less robust than cells removed from
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in the freshly isolated, highly wvital stage, the adhesion
rate 13 markedly increased compared to the achesion of
cryopreserved cells frozen and thawed in suspsnzion. Des@ite
this, here too large proportions of nonadherent or nonvital
cells occur after thawing. The ideal state, a confluent
culture of wvital hepatocytes, 1s not achieved. Moreover, 1t
is seen that the cellis frozen in suspension generally lose
their metabolic competence within a few hours after thawing.

They are then unsuitable for a large number of in vitre

Lests.,

Further, cells isclated from human organs are usually less
robust than cells removed from animal models. This 1is
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
example rats, mice or pigs). Therefore human cells reguire by
far gentler culturing cenditions. Up to LLOW, no

cryopreservation processes are knewn with which human



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 example rats, mice or pigs). Therefore

human cells require by far gentler culturing conditions. Up to now, no

cryopreservation processes are known with which human - 5 hepatocytes

can be successfully cryopreserved-irsorder thus to be able subsequently

to carry out in vitro studies over a longer period of time. There is therefore
neffl De6d Jor improved processes:for, ervopresenvation of ver cells which

hiake Eos&ble gentle cryopreseérvation, t(f‘la}/lg)espema?y genrfle(‘fﬁawmg

toWith airhigh supdvaluate: Ap impreved gryapreservation-pragess: skowder 2
especially be suitable for successfully cryopreserving isolated human

longpatasgresdt SHollénse guaranteed here that the thawed cells can be
recultured to a large proportion on the culturing matrix, if possible as a
confluent monolayer (continuous single layer) The process should further

Th8ee Suitablerfor peing-able to-prepare impraved; sandwich cultures Ofes  for
isolated liver cells which contain a high proportion of vital cells. Further, it
crghpukishe gahtanteat that tier recaltdredwellsthawetkaftepssible gentle

cgo}preservation maintain their , , '

crycpreservation, that 1s especially gentle thawing with a
high survival rate. An improved cryopreservation Drocess
should especlally be suiltable for successfully cryopreserving
isclated human hepatocytes. It should be guaranteed here that
the thawed cells c¢an be recultured to a large proportion on
the culturing matrix, 1if possible as a confluent monolayer
(continuous single layer). The process should further be
suitable for being able to prepare improved sandwich cultures
of isolated liver cells which contain a high proportion of
vital cells. Further, it should be guaranteed that the
recultured cells thawed after cryopreservation maintaln their
metabolic and/or enzvmatic competence over as long a period

of time as possible, such that they can be employed for a

large number of in vitro tests.
Objective
The technical problem underlying the present Iinvention

accordingly consists in the provision of improved processes

for the cryopreservation of isolated liver «cells, in



metabolic and/or enzymatic competence over as long a period of time as
possible, such that they can be employed for a large number of in vitro
tests. Objective The technical problem underlying the present invention
accordingly consists in the provision of improved processes for the
cryopreservation of isolated liver cells, in - 6 particular human liver cells,
such that cryopreserved liver cells.cgn finally be recultured as an
improved sandwich culture. The underlying technical problem is solved by
a process as set forth in patent claim 1, in particular a process for the

pa ptepratafion BERFET celld for cRfdpreservEfion, WHich Cortaing 1Re Toitbwidg €x

ce SEPS: In step (), 3 airix, i parficular 2, collagen, matrx, preferably 2.,
collagen gel, is prepare “The matfix is preferably intraduced into a c&?

cuculture vessel, for example a 6-well plate. The culture vessel is preferably
coated with matrix material. In step (b) , isolated liver cells, in particular
isolated from tissue, are prepared. In the subsequent step (c), the

isol liver.cells are, . .
Th?oéﬁeerTifﬁ% technical problem is solved by a process as

set forth in patent claim 1, in particular a process for the
preparation of liver «cells for cryopreservaticn, which

contains the fcllowing steps:

In step (a), a matrix, in particular a collagen matrix,
preferably a collagen gel, is ©prepared. The matrix is
preferably introduced into a cell culture vessel, for example

a 6-well plate. The culture vessel iz preferably coated with

matrix materiail.

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

from tTissue, are prepared.

In the subsequent step (¢}, the isclated liver cells are
inoculated on the matrix. The density of the liver cells on
the matrix here is from 2 to 4 x 10° cells per mm® of matrix
sﬁrface. 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
9.6 cm®, for example the pottom surface of a well in a 6-well
plate, the number of inoculated cells is from 2.5 to 3 x 10°

pexr well.



inoculated on the matrix. The density of the liver cells on the matrix here
is from 2 to 4 x 103 cells per mm2 of matrix surface. The preferred cell
density is from 2.6 to 3.2 x 103 MM-2 . That is, in a culture vessel having
a base area of 9.6 cm2, 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 106 per
well. - 7 In the further, preferably immediately subsequent, step (d), the
cells are allowed to rest on the matrix (resting phase, adhesion phase).

th| thQ matrix coa cells is IIow d tor tfor a erod ftim
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matrix can adhere to the matrix. Resting preferably takes place in the
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in step (e) are washed off, in particular carefully, of the matrix coated with
appels(washing step:Washisg offlis preférably catriediouthyl edvatingthet he
matrix coated with ,
matrix can adhere tTo the matrix. Resting preferably takes
place in the culture cabinet (incubator), in particular under
standard conditions at a temperature of 37°C, a proportion of

5% of CO; and at 95% relative humidity. Successful adhesion

can additionally be verified by microscopic checking.

After the resting in step (d}, the cells nct adhering to the
matriz in step (e) are washed off, in parﬁicular carefully,
of the matrix coated with cells (washing step). Washing off
is preferably carried out by covering the matrix cocated with
cells with a layer of culture medium, and subseguently
aspirating the liquid supernatant of culture medium and

nonadherent cells. This step 1s preferably repeated at least

once,

In a further step {(f} the washed-off matrix coated wifh cells
is again allowed to rest (second resting phase). Resting
takes place for a pericd of time of at most 180 minutes,
particulariy of 30 tce 180 minutes, particularly preferably

for approximately 1 hour. Resting preferably takes place in



cells with a layer of culture medium, and subsequently aspirating the
liquid supernatant of culture medium and nonadherent cells. This step is
preferably repeated at least once. In a further step (f) the washed-off
matrix coated with cells is again allowed to rest (second resting phase)
Resting takes place for a period of time of at most 180 minutes,
particularly of 30 to 180 minutes, pargcularly preferably for approximately
1 hour. Resting preferably takes place in - 8 the culture cabinet, in
particular under standard conditions, at a temperature of 37C, a
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95 phaseatheranatrix coated with cells is preferably washed off again,
especially in order to remove residual, nonadherent cells (washing step).
The procedure preferably corresponds to step (e). The process according

arld }:hetibpé/enteion gl&o Rroposes t%airs\’%cul%tgeis%gged, liver cells on a matrix

. sSero 2571 coat n il
In a certain d%nSIty ana, aﬁgr gcertafn sequencerojf}?estlng 8 aé‘iéstanﬁe ®
is frozen in a freezing medium in step {(g) (freezing step).

Before freezing and after the second resting phase, the
matrix coated with cells 1is preferably washed off again,'
especially 1in cxder to remove residual, nonadherent cells

{(washing step). The procedure preferably corresponds to step

le).

The process according to the invention also proposes to
incculate isolated liver cells on & matrix in a certain
density and, after a certain seguence of resting phases and
washing off, to freeze nonadherent cells in freezing medium.
Thus a matrix coated with cells, in particular a collagen
matrix, to which the cells adhere and are particularly
present in a monolayer, is £frozen. By means of the measures
according to the inventicn, surprisingly a culture of intact
cells is obtained, which can he frozen, that is
cryopreserved, particularly well. It is emphasized here that
the cultures prepared and cryopreserved according to the
invention are particularly viable (vital) after thawing and
contain a high number o¢f cells adherent to the matrix. The

thawed cells can advantagecusly be recultured here in a



washing off, to freeze nonadherent cells in freezing medium. Thus a
matrix coated with cells, in particular a collagen matrix, to which the cells
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, particularly
well. It is emphasized here that the gultures prepared and cryopreserved
according to the invention are particularly viable (vital) after thawing and
contain a high number of cells adherent to the matrix. The thawed cells

Co%%%ﬁ?ﬁ&éﬂﬁs‘fﬁﬁe recultured here in a 9 - confluent monolayer. The

process according to the invention is surprisingly particularly gentle to the

cells and therefore also suitable for less robust cells, such as the
Thdepatotydes isclatedframghuman arigansiEspecially, it appearsithat thengly

cells prepared and cryopreserved according to the invention, if they are

PaToVErdd With SIRYEr 6f aSeldiid fifatrix aftBFthaWing etain 2thef falfitable
£oMatabalic.agtivity and/grmetabglic competence far, a RUMbErARdays; £ron
particularly more than 3 days. In a preferred embodiment of the process
hurgccokgiiag i thew imvention] the freezipgdn stept(e) s caried«aUt withrepared
and cryvopreserved according to the invention, 1f they are
covered with a layer of a second matrix after thawing, retain

their full metabolic activity and/or metabolic competence for

a number of days, particularly more than 3 days.

In a preferred embodiment of the process according to the
invention, the freezing in step {g) 1s carried out with
freezing mediuvum which is added in an amcunt of approximately
0.5 ml per mm® of base area of the culture vessel. For this,
the matrix coated with cells 1s preferably covered with a
laver of the freezing medium. Preferably, the freezing medium
contains 10% of fetal calf serum (FCS} and 10% of dimethyl

sulfoxide (DMSO).

In a particularly preferred embodiment, in step (g)
controlled cooling, that is freezing, takes place after
addition of a freezing médiﬂm, preferably tc temperatures of
-80°C or less. Preferably, cooling rates of -0.5 to -20°C per
minute are employed for the cooling. In a preferred wvariant,

the phase transition is compensated here; this is preferably



freezing medium which is added in an amount of approximately 0.5 ml
per mm2 of base area of the culture vessel. For this, the matrix coated
with cells is preferably covered with a layer of the freezing medium.
Preferably, the freezing medium contains 10% of fetal calf serum (FCS)
and 10% of dimethyl sulfoxide (DMSO). In a particularly preferred
embodiment, in step (g) controlled ggoling, that is freezing, takes place
after addition of a freezing medium, preferably to temperatures of -80C
or |ess. Preferabl)%coolin rates of -0.5 to -20C per minute are employed

CRESHHE CBolingYind preferred Varidnt? the' BRasE Fansith i©f Preterably

£ r&eMmpensated here; this.is preferably - 10 carried out by brief heating at
heating rates of preferably from +1 to +3C/minute. After the preparation

and freezing according to the invention of the isolated liver cells on a
matrix, the matrix coated with cells is stored in the frozen state in the
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takes place in a freezer or in the vapor phase of liquid air, or liquid
witnitrogehl Of ceursecalkothén knbwn processes tertdew temperatureurse of

storage of cells are also
cryopreservation. Preferably, the tTemperature during storage
is -80°C or less, particularly preferably -150°C or less.
Expediently, storage takes place in a freezer or in the vapor
phase of liguid air, or liguid nitrogen. ©Of course, all other
known processes for low temperature storage of cells are also
suitable. The person skilled in the art will chocse the

storage processes according to his field of application and

according to their suitability.

The present invention accordingly alsc relates to a process
for the cryopreservation of isclated liver cells, which
contains the steps (a) to (g) characterized above, where in a
further step (h) the frozen matrix coated with cells is
stored for an indeterminate period of time, which is chosen

depending on the field of application and intended use.

Iin a subsequent further step (1}, depending on the field of
application and intended use, preferably immediately besfore
use or at ancther suitable point in time, the frozen matrix

coated with cells is thawed again. This is preferably carried



suitable. The person skilled in the art will choose the storage processes
according to his field of application and according to their suitability. The
present invention accordingly also relates to a process for the
cryopreservation of isolated liver cells, which contains the steps (a) to (g)
characterized above, where in a further step (h) the frozen matrix coated
with cells is stored for an indeterminate.period of time, which is chosen
depending on the field of application and intended use. In a subsequent
further step (i), depending on the field of application and intended use,

ouhrétdrabRVifimediatdly beforé eﬂ‘se“@r%jéhoﬂ%rtﬁﬁtaﬁl%tﬁbiﬁt% tine? _jtlrré"‘ a
1ad0zen mafux, coatad with cgll is.thawed.again;, This is preferably, Earr?fl'ggr ix

- 11 out by covering the frozen matrix coated with"cells with a layer o
coavarth eultiirecaedium.sPreferably; the frozenlmatrix coated withcellsismple
present in a culture vessel, for example a 6-well plate. Preferably, the

2 AQttivé Vessdl i€ renfoveee fdi the frdezecorthatfitroteistank afd, igmoved
rHATtieYlar koo eé’é%te'%éhe%% “e%;{@%?%et?bd for Pf%iﬁ;,‘atel'g isaf%‘?uﬁeéuzar
, it

under standard conditions (37C, 5% C 5% relative humi in the
imeaHuee-eakinet Preferably, aithawing dsnedivm pedissmAd iSthers minutes

pipetted, preferably slowly and
under standard = conditions (37°C, 5% CO,, 95% relative
humidity} din the culture cabinet. Preferably, a thawing
medium (medium 1) 1s then pipetted, preferably slowly and
dropwise, onto the matrix coated with cells. As a reference
point, about 1 ml of medium 1 1is added to an area of
approximately 9.6 cm® (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. Subseguently, each cell culture
vessel cor well i1s preferably coated in the same manner,
preferably slowly and drcopwise, with a layer of the same
amount of medium 1 (1 ml per 9.6 cm®). In a preferred
embodiment, medium 1 1s a serum~containing thawing medium,

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 from the

matrix coated with c¢ells, such that a matrix free of



dropwise, onto the matrix coated with cells. As a reference point, about 1
ml of medium | is added to an area of approximately 9.6 cm2 (6-well
plate). The temperature of the medium is preferably approximately 37C.
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; snedium in at most 18 wells.
Subsequently, each cell culture vessel or well is preferably coated in the
same manner, preferably slowly and dropwise, with a layer of the same
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medium 1 is a serum-containing thawing medium, .which preferably . ... .
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o f esRedially nonadhetent cells argdefached: nonyity) cellsage thuswashed o1y
off from_the matrix coated with cells, such that a matrix free of - 12
as norrashekerit-cell8i® obtansed:sForthis, 2R Superdatant caovielthe nidtaxad,

coated. with cells obtained by the addition. of medium 1 in stepa§i) is at first
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eniaedn aONyitaland-neradhergnt gells. ta aipalficuladly prefefed un 2, is
embodiment, after this a further medium, that is medium 2, is
added, preferably dropwise, to the aspirated matrix coated
with cells. Medium 2 preferably has a temperature of
approximately 37°C. In the case of the addition of medium 2,
the two-step procedure presented in step (i} is preferably
chosen; initially the first half of the medium is distributed
in all cell culture vessels in each case and subseguently the
second half is correspondingly distributed. The amounts of
medium 2 added correspond to the amounts of medium 1 in step
(1). Medium Z preferably has a composition differing from the

thawing medium (medium 1). Medium 2 is preferably serum-

centaining and preferably contains 10% of FCS.

In a particularly preferred embodiment, the matrices coated
with cells and covered with a layer of medium 2 are then
incubated under standaxrd 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



added, preferably dropwise, to the aspirated matrix coated with cells.
Medium 2 preferably has a temperature of approximately 37C. In the
case of the addition of medium 2, the two-step procedure presented in
step (i) is preferably chosen; initially the first half of the medium is
distributed in all cell culture vessels in each case and subsequently the
second half is correspondingly 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
2R3 T piedunt 298 preférabhfsdrurit édrtafing Stk preféfably¥ont&ingly  @s
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WI'[Jh elis and covered wit a layer of medium 2 are then incubate

frstandard eanditions {nesting phase,q incybatian)ain the:guliure cabinetierreby
approximately 30 minutes. For the removal of nonadherent and nonvital

obgeligafe supernatant above the matrix coated with cells is then - 13
aspirated from the cell culture vessel as completely as possible. A matrix
coated with cells which is essentially freed from nonadherent and nonvital

In Cellsisitheegbys obtaingd., the thawed, washed matrix coated with
cells is covered with a laver of a second matrixz, preferably
of a collagen matrix, particularly preferably a collagen gel,
or the gel 1s poured con. Preferably, the gel preferably
poured on hardens within a few minutes to 1 hour. In a
preferred embodiment, the composition of the first, lower
matrix and of the second, upper matrix applied after thawing
is essentially the same, preferably identical. Preferably,
the second upper matrix 1s poured onto the monolayer of
thawed liver cells adhering to the lower matrix as a gel.
According to  the invention, a sandwlich culture 1s thus
obtained, in which isolated liver cells are embedded between

two matrices, in particular two collagen gels.

In a final step (1), the cells embedded between the matrices
are recultured and, depending on the field of application and
intended use, used as intended, that is preferably in in
vitre tests, ilmmediately or after a suitably chosen culturing

periocd.



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,
particularly preferably a collagen gel, or the gel is poured on. Preferably,
the gel preferably poured on hardens within a few minutes to 1 hour. In a
preferred embodiment, the composition of the first, lower matrix and of
the second, upper matrix applied aftey thawing is essentially the same,
preferably identical. Preferably, the second upper matrix is poured onto
the monolayer of thawed liver cells adhering to the lower matrix as a gel.

ThecEBRHITG CAHS iRFsTitibh BeshnddAcr? BERUre 3§ tHusC Bbidindtt SR aviieh and

isolated liver gells are embedded between two.matrl%eséin parti%%lg(r: wo

T Eoliagen gels: In & final step (1), the cells embedded betwean the matrices 7

h1igke tectitured anddepending endhe fipld of application andoigtendede for
use, used as intended, that is preferably in in vitro tests, immediately or
& pfistasuitabliychosed culéing Ipériod:hai mhe thawed@ut erltured-ess

|sol%teg liver cells prepare aggraciggﬁ%rnesherved according to the |nvent|.0nlly

“Rave a partculary TighVitaty tatd. They SHOW HelPmeTasaile ©F°

al lggmpggencg for@-patticyladly longitime after fhawing, Advantageously, the
pré?igure according o the invention, so that they can
subseguently be used over & large period of time in
approprlate in vitro tests. Surprisingly, a cell culture is
obtained in which the cells can essentially be recultured as

a confluent monolaver and in which the proportion of nonvital

and/or nonadherent cells is very low.

The invention accordingly alsc relates to a process for the
preparation of a sandwich culture of cryopreserved isolated
liver <c¢ells, where at least 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 finalily also relates to a process for
the preparation of a sandwich culture of i1iscolated liver
cells, where liver tissus of an animal or human body is first
prepared and subsequently the liver cells are isolated from
the tissue and at least the process steps r(a) to (1}

according to the invention are carried out. The person



robust hepatocytes isolated from human organs can especially also be
cryopreserved and successfully thawed by the procedure according to the
invention, so that they can subsequently be used over a large period of
time in appropriate in vitro tests. Surprisingly, a cell culture is obtained in
which the cells can essentially be recultured as a confluent monolayer
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 cryopreserved isolated liver cells,
skivhetrd atleadtthe sfps (@) tb (EhePtr préeessacterdiviy tolge field of
apfiiention are carried oyt and, sandwich,culture of cello embedded ..
Phetwéen an upper anda “1oWer mattix is clfbl}alned. The presen“cf application
i sEinally alsogelates 40 ajyocess foymthe prepasation of a sandwich culture
of isolated liver cells, where liver tissue of an animal or human body is
first prepared and subsequently the liver cells are isolated from the tissue
.and at least the process steps %EI% to (1) according to the invention are = |
Flgggril ou?.g'ﬁh Bere6n = 15°8Kilfel iR theart %illr(:%%o%%%? dépending R eh
cuihe field.pf japplication,and, suitability, known, progesses folihsned process

and is preferably prepared by the process. A sandwich culture
according to the invention exhibits all aforementioned
advantages and compared to the prior art represents an

improved culture of isclated liver cells.

Working examples

The invention i1s explained in more detail in the following
examples and figures. The examples are not to be understood
as being restrictive, on the contrary, the inventive idea
underlying the presént invention 1s thus intended to be
explained in more detail and the advantages of the invention

illustrated by means of concrate examples.
The figures show:

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

human hepatocytes;



isolation of liver cells from tissues. Finally, the present invention also

relates to a sandwich culture which can be prepared by the

aforementioned process and is preferably prepared by the process. A

sandwich culture according to the invention exhibits all aforementioned

advantages and compared to the prior art represents an improved culture

of isolated liver cells. Working examples The invention is explained in

more detail in the following examples and figures. The examples are not

to be understood as being restrictive, on the contrary, the inventive idea
Figingerlying the praseheinvedtioniisahudiereriduty feelse axplintdnatrhore of

detail and the ad%/gntafggzjfs of the invention. illustrated by means of

concrete examples.e The iEif‘tlJFelsfl ghgv%:rﬁlogu’re 1: micrographs of cultured

hepatocytes (scale about 150 times) ; Figure IA: freshly isolated human

hepatocytes: Figure 1B: cryopreserved human hepatocytes; - 16 Figure
Figapenioer of vitaf hepatocyresas furetibn of:dhel Caltiiigy pefiod; Figuremne

3: formation of 6(3-OHT and 16a-OHT, after enzyme
nouction with rifampicin.

Example 1: Preparation of human hepatocytes for
cryopreservation
1.1 Isoilaticn of human hepatccytes

Eepatocytes Irom human donors were isclated in a manner known
per se from tissue parts anvway removed surgically, which
were taken with the agreement of the donor. For this, the
tissue was perfused, the hepatocytes detaching from the
tissue complex and being able to be obtained from the
perfusion solution. 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 following experiments, cell culture vassels in the

form of multiwell plates, 6&-well plates (type 637 160,

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



induction with rifampicin. Example 1: Preparation of human hepatocytes
for cryopreservation 1.1 Isolation of human hepatocytes Hepatocytes
from human donors were isolated in a manner known per se from tissue
parts anyway removed surgically, which were taken with the agreement
of the donor. For this, the tissue was perfused, the hepatocytes detaching
from the tissue complex and being able_to be obtained from the perfusion
solution. The viability of the harvested hepatocytes was determined by
means of Trypan Blue assay. For the further experiments, only cell
napigsarationsueie ased Vickkhowed pacréahah 70% TojpdreBluérom rat
exclusio .2 Preparatjon of a matrix In the following experiments, cell
a5 fire VOLEER T thd ot of M bates Sl platds (5 pe G5F 1362
pr&feines Bio;Qne) were usedy The plates;werg: goatedawith 195 mativer .coar,
collagen gel, which was preferably isolated from rat tails. Alternatively,
Grpnultiwel plates £6-walirglates:; dpretovated with lcafldgér sype d (bype687 area

f9 0 CELLCOAT, Greiner Bio-One) were used. The 6-well plates had a
°Thas8 arla BF8.6'6m2 per well.

1.3 Inoculation of the cells

The isoclated hepatocytes were inoculated into the multiwell
plates. For this, a suspension of the isolated hepatocytes
was prepared which contained from 2.5 to 3 million wvital
hepatocytes per 2 ml of suspension. 2 ml of this cell
suspension were pipetted in per well of the 6é-well plate. The
celil density was thus from 260 to 320 vital hepatocytes per

1 mm® area of the cell culture vessel.

After the inoculation, the plates were allowed to stand for
approximately 1 hour. For this, the plates were transferred

to a culture cabinet, in which standard conditicns (27°C, 5

o

Cls, 55% relative humidity) prevailed. The resting phase
~allowed the cells from the suspension to adhere to the
collagen gel. It was possible to assess the successful
adhesion by microscopic checking. After the adhesion/resting
phase, the supernatant of the «c¢ell suspension, which

essentially centained nonadherent cells, was aspirated.



1.3 Inoculation of the cells The isolated hepatocytes were inoculated into
the multiwell plates. For this, a suspension of the isolated hepatocytes
was prepared which contained from 2.5 to 3 million vital hepatocytes per
2 ml of suspension. 2 ml of this cell suspension were pipetted in per well
of the 6-well plate. The cell density was thus from 260 to 320 vital
hepatocytes per 1 mm2 area of the cell culture vessel. After the
inoculation, the plates were allowed to stand for approximately 1 hour.
For this, the plates were transferred to a culture cabinet, in which

1. tandard conditions:(37C: B% L ChRe 9595 Falativee harTidity Prevaileds The
resting phase allowed the cells from the suspension to adhere to the
collagen gel. It was possible to assess the successful adhesion by

A BHeroseepie sheckingoAfter-theadhesionlresting (ohase, the supeaant
of the cell suspension, which essentially contained nonadherent cells,

ofwaguspiratsidin 18 274 Frégzingesf thednatriveoatedlwith Eekis Adterthehen
aspiratign of the supernatant, approximately 1 ml of warm medium 1 at

Fe37E%as AldethpEr W *Tiid ell§ Tien Testelftor appixintstdond™  he
cufrther hous again inthe culture, gabinetuinder standard sonditigns. The .,

supernatant,
which essentially contained nonadherent cells, was then

thoroughly aspirated.

Medium 1 is derived from a standard cell culture medium for

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

For freezing, 0.5 ml of freezing medium per well was zdded.
The addition of the freezing medium was carried out briskly.
After addition of the freezing medium, the plates were
immediately placed in the freezing machine precooled to 0°C

and the freezling program was configured.

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

sulfoxide (DMSQO).

The freezing program provided for a compensation of the phase

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



which essentially contained nonadherent cells, was then thoroughly
aspirated. Medium 1 is derived from a standard cell culture medium for
hepatocytes and contains 10% of fetal calf serum (FCS). For freezing, 0.5
ml of freezing medium per well was added. The addition of the freezing
medium was carried out briskly. After addition of the freezing medium, the
plates were immediately placed in the freezing machine precooled to 0C
and the freezing program was configured. The freezing medium is based
essentially on medium 1 and contains 10% of fetal calf serum (FCS) and

Thg 0%rofzdimettd suifoXide (DMSOY. thevfreezing programprovided foed  at

B 1§§0gépepsatiog of the ghase tran ition and reached a tar%et temperature }?f
2100C 1§ THE Fozen Telldlitae phtss wkia Subsequihtly Storld at™ -
-151C in a freezer or in the gas phase in a nitrogen tank. Example 2:
Thawing of cryopreserved hepatocytes The hepatocyte cultures frozen

Ex giopérding td Example dfand sioretsat-154 Cwere thavwed and recultured
for further use in in vitro tests after a storage period of up to 4 weeks. For
the thawing of the cryopreserved hepatocyte cultures, the 6-well plates

Théve’f?e@@%g@ﬂ?%@”@gf@ﬁ?é@im{t?éi%ﬁ 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 hepatocyte cultures, the
6-well plates were first transferred for 5 minutes to a
culture cabinet, which was operated usging standard
conditions, immediately after taking Zfrom the freezer or
nitregen tank (see Example 1). Subsecuently, 1 ml of medium 1
per well prewarmed to 37°C (see Example 1) was added slowly
and dropwise to each well. This process was repeated for at
most three simultanecusly thawing 6-well plates, that is for

at most 18 wells.

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

egsentially 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



culture cabinet, which was operated using standard conditions,
immediately after taking from the freezer or nitrogen tank (see Example
1). Subsequently, 1 ml of medium 1 per well prewarmed to 37C (see
Example 1) was added slowly and dropwise to each well. This process
was repeated for at most three simultaneously thawing 6-well plates, that
is for at most 18 wells. Subsequently; 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

de ggsdhtrally2dotitainé@ thawed Wonvital &nE rivRdefefeht @ald E6rfurther two
washinsg, igghe same way, in eac case two times_.1 ml of war[? medium 2

pasa‘?%g% was adc}ed.nﬁére, rkﬁ%diﬁ)maz as - Srgesgﬁﬁa’end all)%\%l grtr%ediblrrﬁder

st daMasaddedtoreastswell intwo passages ehd ml Theplategpverethene 1y
incubated under standard conditions in the culture cabinet for

30 approximately® Boeminties. Aftentsd incubatidis, theebhplete supernatant,
rnatant, whjchfcon ined further nonvital and nonﬁldherent cer:, was

o S H W18 babliLl betiE Tho frondiager of SANSTER Repatbestos
asfhusehtained-was eqvered,with afugher layer of collagen gel, in order to
obtain a sandwich configuration. The collagen gel hardened

The monolayer o¢f adherent hepatocytes thus cbtained was
covered with a further layer of collagen gel, in order fo
obtain a2 sandwich configuraticon. The collagen gel hardened
after approximately 30 minutes after pouring on. It had a
composition which corresponded essentially to the composition
of the lower collagen gel which was introduced into the

culture vessels.

Medium 2 1s a standard medium for the long-term cuituring of

hepatocytes and contains 10% of fetal calf serum (FCS).
The further reculturing of the sandwich culture obtained was
carried out 1in 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 isclated  Thepatocytes and in cultures of



after approximately 30 minutes after pouring on. It had a composition

which corresponded essentially to 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 hepatocytes and contains 10% of

fetal calf serum (FCS). The further reculturing of the sandwich culture

obtained 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
Cr Rt B fréshiyEBelatedy hepatotyies and th clifureshst - 2pvention Dby

cryapreseryed hepatocytes accqrding to_the invention counting the
oo Il haLF LA R0y GG Rl e of EormEaHeon RIAC G 520

of Sizef0:288Mmanwere-gounted Erom thexwimber of theintaetgalls. rrom

found in the comparison area, the number of intact cells in the entire cell
theuhurdwessel wdsscancladad (for tie 6aveltplatestised-having avvarearea,

of 9.6 cm2 per well, a correction factor, of 3700.resulteg . Before freezin
e B OLE P& Tt eiater tatliy SREF RopredercAtG e o2 oe]

wa narphelogyof the-racultyreds hepatocytes-was doeumentethy an area of
photographically and compared with

9.6 cm® per well, a correction factor of 3700 resulted).

Before freezing and at various points in time after thawing
after cryopreservation, the morphology of the recultured
hepatocytes was documented photographically and compared with

cultures of freshly isclated and cultured hepatocytes.

Results:

Figure 1 shows the morphology of human hepatocytes which were
freshly isclated and inoculated on a collagen gel laver
(Figure 1A) and the morphology of isolated human hepatocytes
which were cryopreserved, thawed and recultured for seven
days (Figure 1B). The recultured c¢ryopreserved cells can
barely be distinguished morphologically from freshly isolated.

cells.

The propeortion of living ¢ells 1in the c¢ulture was only
slightly decreased compared to the proportion of living cells

in cultures of freshly isolated hepatocytes. Figure 2 shows



cultures of freshly isolated and cultured hepatocytes. Results: Figure 1
shows the morphology of human hepatocytes which were freshly isolated
and inoculated on a collagen gel layer (Figure 1A) and the morphology of
isolated human hepatocytes which were cryopreserved, thawed and
recultured for seven days (Figure 1B). The recultured cryopreserved cells
can barely be distinguished morpholagically from freshly isolated cells.
The proportion of living cells in the culture was only slightly decreased
compared to the proportion of living cells in cultures of freshly isolated
Ehpephibeytese Figurd shows £ 22) tHeunambeebRiviay (¢italFRumafunction
hepatocytes.as a function of the reculturing period after thawing the -
o L. He EOmIBBRESH cAtic SnoWe T furk b BF ARG HLRRAn e
coﬁ@@@ﬂ%ﬁ@e%dﬁh%uMHEWhﬂQﬂ@yﬁﬁH§%¥i@ﬁbﬂﬁﬁﬁﬁae§@ﬁ¥%pﬁgggﬂgcytes
time. Initially, 3 million cells were inoculated for the cryopreservation, 1.5
onnfiionforithe flashspreparations fids seen thvatahe thavwed reouturetkiod of
. human hepatocytes grow confluently and that the nymber of living
*88heraRt el ddes. ot Bifel SRiEaNOY o e rotfer 6 Riing cdlls =he

cribcomparable; frash cullures, 1tisremarkable here thateven vt 1 on .

It is seen that the thawed recultured human hepatocytes grow
confluently and that the number c¢f living adherent cells does
not differ significantly from the number of living cells in
comparakle fresh cultures. It 1is remarkable here that even
after a relatively long culturing period the number of living

cells in the cryopreserved thawed preparations remains almost

constant.

Example 4: Enzyme activity of cryopreserved hepatocytes

A good marker of the metabolic and/or enzymatic competence of
liver cells is the inducibility of the enzymatic hydroxyl-
ation of testosterone. In the intact liver cells, a basal
level of this reaction exists; hydroxytestosterone (OHT) 1is
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 physiolegical function of

the cultured hepatocytes.



after a relatively long culturing period the number of living cells in the
cryopreserved thawed preparations remains almost constant. Example 4:
Enzyme activity of cryopreserved hepatocytes A good marker of the
metabolic and/or enzymatic competence of liver cells is the inducibility of
the enzymatic hydroxyl- ation of testosterone. In the intact liver cells, a
basal level of this reaction exists; hydroxytestosterone (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
ANk thérefors alldwreshddsivns °on tRé erZyatic gompetéhed @hd gtereo-

sef@¥%’%lzoeg'99ég netiop. of . the k‘fug%e%rﬁ%tgfﬁyt%% ; Z%a'%‘g?lé@'s i, a
quantification of the regio- andior steteo- selective testosterone

mahydioxylation Wwas carried-nuliin eh dagnnerknewaperse, published.foen et
example, in Friedrich et al., 2003 (J. Chromatogr. B. 78 4:49-61). For this
alinvestigatiod,- hGfaarepaiscytBs chfopredérvetl) according to the
invention were thawed and recultured for two days and subsequently
incubated in rifampicin for a further 24 hours. Rifampicin induces

FOEeStQﬁgéoneiM@&ﬂ@QQﬂ 4n thepasitionsibidalba-and:2,3. Ihgopreserved
testosterone hydroxylation
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 positions 6B, léa and 2B. The testosterone hydroxylation
in peosition 6o 1s not stimulated by rifampicin., The
measurement of 6o-hydroxylated testosterone therefore served

for the comparison measurement of the enzyme induction by

rifampicin.

As a control, freshly 1sclated cultures were likewise
incubated in rifampicin for 24 hours after they had been
cultured for two days. The culturing conditions were chosen

analegously to the process according to the invention.

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

cells.



in position 6a is not stimulated by rifampicin. The measurement of
6a-hydroxylated testosterone therefore served for the comparison
measurement of the enzyme induction by rifampicin. As a control, freshly
isolated cultures were likewise incubated in rifampicin for 24 hours after
they had been cultured for two days. The culturing conditions were
chosen analogously to the process agcording to the invention. In addition
to the enzyme inducibility, the testosterone basal level was determined in
the cryopreserved and recultured cells and in the freshly prepared and
RegultGred cells. 24 - Results: Cryopreserved, recultured hepatocytes
according to the invention and freshly prepared cultured hepatocytes
showed comparable enzyme inducibility. The mean values for the
cringuction:efdestosterone hydraxylatien are shewsn in the-Jellowing table: the
Cryopreserved, Freshly isolated recultured hepatocytes hepatocytes
in@@gﬁ%@@nmymkoﬁ@g@hﬁﬂeﬁw@ﬂh@nﬁdenﬁ@hyared hepatocytes showed

comparable enzyme inducibility. The mean wvalues for the
induction of testosterone hydroxylation are shown in the

following table:

Cryopreserved, Freshly isclated
recultured hepatocytes
hepatocytes f{acc. | (comparison example)

to the invention)

63-hydroxylation 2.8-fold 2.3-fold
L6a—hydroxylation | 2.4-fold 1.6~-fold
2p-hydroxylation 2.3-fold 2.4-fold

As expected, rifampicin was unable to induce the formaticn of
bo~hydroxytestosterone (6o—0OHT) either in the cryopreserved
and recultured hepatocytes or in the freshly cultured

hepatocytes.

Figure 3  shows the absolute concentration of hydroxy-
testostercone formed (shown by way of example for 6B-~0OHT and
16a—-0HT) befcre and after induction of  testosterone
hydroxylation with rifampicin. In the left part of the figure

the results for the freshly cultured hepatocytes are shown,



6(3-hydroxylation 2.8-fold 2.3-fold 16a-hydroxylation 2.4-fold 1.6-fold
2(3-hydroxylation 2.3-fold 2.4-fold As expected, rifampicin was unable to
induce the formation of 6a-hydroxytestosterone (6a-OHT) 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 6(3-OHT and
|6a-OHT) before and after induction of testosterone hydroxylation with
rifampicin. In the left part of the figure the results for the freshly cultured

in hepafocyfesilife sRGWA, - 25 in%thé right PaFeof thesigure the Fésulfscfer the

the _cryopreserved and recultured hepatocytes according to the invention,
e T SRS fo b o 613 DI POl a8 Shove o ene
i ndmation o lGa-RHEAThe bex andwhiskes blois indicate therquariles:e 31
The significance level indicates p < 0.05 (t test). From experience with
shiiver cells criyoprederoad mfsuspensiBa,- it TRnowHthaticry opresspation ot s

. greatly decreases the basal leyel during testosterone hydroxylation
"‘“mg%Fnapaeredtct%efre%‘ﬁ?yr%p?gﬁgr'ed %%atsé:ég{élsf%\%aélxcp%ct{;%Yﬁgle b"}“ansajfCates e
< actvtyef these )

From experience with liver cells cryopreserved in suspension,
it is known that crvopreservation greatly decreases the basal
level during testostercne hydrcexylation compared to freshly
prepared hepatocytes. As expected, the basal activity of the
recultured hepatocytes also decreased in the liver cells
cryopreserved in the monoclayer 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 inducibility of testosterone hydroxylation
at a point in time 7Z hours after thawing and after prior 24-

hour incubation with rifampicin.

The basal activity cobtained over at least three days together
with the undecreased inducibility are essential indications
cf the fact that the cryopreserved human hepatocytes
according to the inventlion can be employed successfully for a

large number of in vitro tests.



recultured hepatocytes also decreased in the liver cells cryopreserved in
the monolayer 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 inducibility of
testosterone hydroxylation at a point in time 72 hours after thawing and
after prior 24- hour incubation with rifggmpicin. The basal activity obtained
over at least three days together with the undecreased inducibility are

Pa

essential indications of the fact that the cryopreserved human

ccording to the invention can be employed successfully for

a large number of in vitro tests. - 26 - Patent Claims 1. Process for the
preparation of liver cells for cryopreservation, comprising the steps: (a)
1. preparing & matixs(b) preparing isolated diver cells ofc) inaculatingdhes for
liver cells on the matrix in a density of 2 to 4 x 103 mm-2, (d) allowing the
CTHRAR ORIET-WRR ceflSTh festifor 101 £8GHTn, so that cells can adhere

to th(aa)

o)

()

2.

preparing a matrix,

preparing isolated liver cells,

inoculating the liver c¢ells on the matrix in a
density of 2 to 4 x 10° mm’%

allowing the matrix coated with cells to rest for
10 to 180 min, so that cells can adhere to the
matrix,

washing off nonadherent cells from the matrix
coated with cells,

aliowing the matrix coated with cells to rest for
up to at most 180 min, and

freezing the matrix cocated with cells in a freezing

medium.

Process as claimed in Claim 1, the matrix being a

collagen matrix.

3.

Process as claimed in one of the preceding claims,

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

4.

Process as claimed in one of the preceding claims,

covering with a laver of culture medium taking place in step



matrix, (e) washing off nonadherent cells from the matrix coated with
cells, (f) allowing the matrix coated with cells to rest for up to at most 180
min, and (g) freezing the matrix coated with cells in a freezing medium. 2.
Process as claimed in Claim 1, the matrix being a collagen matrix. 3.
Process as claimed in one of the preceding claims, the resting in step (d)
taking place for 30 to 90 min. 4. Progess_as claimed in one of the
preceding claims, covering with a layer of culture medium taking place in
step - 27 (e) and the liquid supernatant above the matrix coated with
(e celsrsubisequentiybeing Espiratedh's: PrOcEss ad'élaiméd ifose of ik with
%CeSdLil%g_s é:lgaiilr{grs{t %:?Iekg%sitrilr;ﬁ iﬁns%)tgg a(@gﬁgl_(ing place for 3_0 to 180_ min_. 6.
rocess as claimed-in‘one of the'preceding claims, freezing medium in an
amount of 0.5 p1 mm-2 being added in step (g). 7. Process as claimed in

Claim 6, the freezing medium comprising 10% of fetal calf serum (FCS)
5.and 10% A DMSEs as claimed in one of the preceding claims,

ce

the resting in step (£) taking place for 30 to 180 min.

5. Process as clalmed 1in one of the preceding clainms,
f H H . 4‘: "‘2 + J 2
reezing medium in an amount of 0.5 pl mm™® being added in

step (g}.

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

comprising 10% of fetal calf serum {FCS) and 10% of DMSO.

8. Process as claimed in one of the preceding claims,
the freezing in step {g) taking place by covering the matrix
coated with cells with freezing medium and controlled cooling
to -80°C or less at cooling rates of 0.5 to 20°C min™t,

opticnally with compensation of the phase transition.

9. Process for the cryopreservaticon of iscolated liver
cells, comprising the steps:
{a} to (g) of the process as claimed in one of Claims 1
to 8,
(h} storing the frozen matrix coated with cells,
{1} thawing the frozen matrix coated with cells,

{(3) washing off nonadherent cellils from tThe matrix



8. Process as claimed in one of the preceding claims, the freezing in step
(g9) taking place by covering the matrix coated with cells with freezing
medium and controlled cooling to -80C or less at cooling rates of 0.5 to
20C min, optionally with compensation of the phase transition. 9. Process
for the cryopreservation of isolated liver cells, comprising the steps: (a) to
- (g) of the process as claimed in oneof Claims 1 to 8, (h) storing the

frozen matrix coated with cells, (i) thawing the frozen matrix coated with
cells, (j) washing off nonadherent cells from the matrix - 28 - coated with
cells, (k) ceafng the'tHdwes Heﬁrix coated with cells with a layer of a
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mat iC SS as C alme storage In step king

place at -1§Q§26111@Prgcg%sgggcglaim@@lgplgm 9 or 10, the matrix
coated with cells being covered with a layer of warm culture medium in
stepl@i). reculturing the cells embedded  between the

matrices,

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

(h) taking place at ~150°C.

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

medium in step (1i).

12. Process as claimed in one‘of Claims 9 to 11, the
matrix coated with c¢ells being covered with a laver of
culture medium in step (Jj} and the liquid supernatant above

the matrix coated with cells subsequently being aspirated.

13, Process for the preparation of a sandwich culture
of cryopreserved isolated liver cells, comprising the steps
(a) to (1) c¢f the process as claimed 1in one of Claims 2 to

1z.

14. Process as claimed in Claim 13, step (a) comprising

the steps:

(al) preparing liver fissue from an animal or human body



12. Process as claimed in one of Claims 9 to 11, the matrix coated with
cells being covered with a layer of culture medium in step (j) and the
liquid supernatant above the matrix coated with cells subsequently being
aspirated. 13. Process for the preparation of a sandwich culture of
cryopreserved isolated liver cells, comprising the steps (a) to (1) of the
process as claimed in one of CIaimsZ% to 12. 14. Process as claimed in
Claim 13, step (a) comprising the steps: (al) preparing liver tissue from an
animal or human body - 29 - and (a2) isolating liver cells from the tissue.
15. Sandwigki culture of cryopreserved liver cells, which can be prepared

he pr lai |nan|m1r1
byt eﬁ OgeS% g%fn% gvero Cee C%IO?H %}98 tlSSLe

i5. Sandwich culture of cryopreserved liver cells,
which can be prepared by the process as claimed in one of

Claims 13 or 14.



