Storage Mediumfor Cells Specification The present
invention relates to nmethods for storing human cells
in particular, cell nmedia for storage of cells and
use of such cell nedia for storage of cells, such
that the vitality of the cells is preserved during
storage. Cryopreservation is a nethod often used for
storage of viable cells for long periods of tinme. The
cryopreservation techni ques have been constantly
further devel oped and i nproved upon in the course of
the | ast decade. There is a demand for storing cells
even of a short period of tinme, e.g., directly after
isolation froman organ, before freezing or during or
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t NQ¥eB%y cryopreservation in particular to a human may be used

__especially for a clinical application, in particular as a therapeutic
application. For example human liver cell transplants have been
administered intravenously for therapeutic use. However, the freezing
process and thawing process and the in vitro storage either prior to that or
immediately following remain a problem with regard to the vitality and
viable cell count of the cells to be stored, especially in clinical use.

The present invention is based on the technical problem of providing a cell
-medium that is simple to prepare and is as inexpensive as possible for
storage of animal cells, preferably human cells, especially liver cells or
liver cell transplants. These cells should preferably be stored in
conjunction with cryopreservation before freezing and/or after thawing.
Therefore the object of the present invention is also to provide a celi




Therefore the object of the present invention is al so
to provide a cell i mediumthat allows short-term
storage of aninmal cells, preferably human cells,
especially preferably liver cells or liver cel
transplants with the [ east possible loss of vitality
and vi able cell count of the cells and thus
constitutes an alternative to the known cell nmedia. In
conjunction with cryopreservation, cell nedia for
storage and rethawi ng are known. However, they
contain ingredients such as 5%to 20%fetal calf
serum (FCS), which are not allowed by |aw or are
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PrigfREAIA iBd WMM#HS. Thereford®8&8bject of the present invention is also
" the technical problem of providing a cell medium for short-term shortage of
cells, in particular in conjunction with cryopreservation, that is allowed for
intravenous injection to humans and therefore the cells can be
administered intravenously to a human in this cell medium after being
thawed without requiring complex washing steps which would reduce the
viable cell count.

The present invention solves the technical problem on which it is based
essentially by providing a method for short-term storage of animal or
human cells according to the patent claims. In a preferred method, the
cells are stored in a liquid cell medium containing a salt solution selected
in particular from a salt solution containing sodium chloride, sodium
gluconate, sodium acetate, potassium chloride, magnesium chioride and




essentially by providing a nethod for short-term
storage of animal or human cells according to the
patent clains. In a preferred nmethod, the cells are
stored in a liquid cell nmediumcontaining a salt
solution selected in particular froma salt solution
contai ni ng sodium chl oride, sodium gluconate, sodium
acetate, potassiumchloride, nagnesium chloride and 2
sodiumcitrate and/or a salt solution containing
Ringer's lactate and/or phosphate-buffered saline
and/ or an aqueous solution of a high-nolecular sugar,
in particular hydroxyethyl starch and gl ucoses and
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-..In conjunction with the present invention, the term liver cells is understood

to refer to a mixture of cells consisting primarily of hepatocytes. However,
they may also contain various amounts of lymphocytes. Endothelial cells
and other nonparenchymatous cell groups may also be present.

The present invention does not include thawing and/or storage of
thrombocytes, also known as blood platelets. Platelets are not animail cells
- in the sense of this invention.

In conjunction with this invention, short-term storage is understood to refer
to in vitro storage in an inventive medium for a period of up to 24 hours,
especially up to 10 hours, preferably up to 5 hours, especially up to 3
hours.




The present invention does not include thaw ng and/or
storage of thronbocytes, also known as bl ood
platelets. Platelets are not animal cells in the
sense of this invention. In conjunction with this

i nvention, short-termstorage is understood to refer
toin vitro storage in an inventive nediumfor a
period of up to 24 hours, especially up to 10 hours,
preferably up to 5 hours, especially up to 3 hours. 3
Cryconservation usually refers to | ong-term storage of
cells at tenperatures below 0C, especially -20Cto
-200C. The freezing rate is wusually VOmn. In
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POh 28FjuHEIHU i thidGnvedMBGN G134 14 salt solution is understood to
refer to an aqueous solution of one or more salts. A salt solution that is
. preferred according to the present invention contains sodium chloride,
sodium gluconate, sodium acetate, potassium chloride, magnesium
chloride and sodium citrate, such that the salts are dissolved in water. The
water used is sterile water, preferably deionized water for injection.

Composol® and/or a solution corresponding to the composition of
Composol® is a preferred salt solution according to this invention.
Composol® is an aqueous solution of sodium chloride, sodium gluconate,
sodium acetate, potassium chloride, magnesium chloride hexahydrate and
sodium citrate. It contains 173 mmol/L sodium, 5 mmol/L potassium,

1.5 mmol/L magnesium, 98 mmol/L chloride, 10.9 mmol/L citrate,

27 mmol/L acetate and 23 mmol/L gluconate, preferably consisting
thereof.




chl oride and sodiumcitrate, such that the salts are
di ssolved in water. The water used is sterile water,
preferably deionized water for injection. Conposol(r)
and/or a solution corresponding to the conposition of
Conmposol (r) is a preferred salt solution according to
this invention. Conposol (r) is an aqueous sol ution of
sodi um chl ori de, sodium gluconate, sodium acet ate,
pot assi um chl ori de, nagnesi um chl ori de hexahydrate and
sodiumcitrate. It contains 173 mmol /L sodium 5

mmol /L potassium 1.5 mmol /L magnesi um 98 nmol /L
chloride, 10.9 mmol /L citrate, 27 mvol/L acetate and
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"salt solution preferably has a
pHof 7.0 to 7.4, especially preferably 7.2. In_
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PBS. PBS used according to the present invention has a pH of 7.0 to 7.4,
preferably 7.2.

In another embodiment, an ingredient of the medium is an aqueous
solution of at least one high-molecular sugar. Inventive high-molecular
sugars include, for example, dexiran, also dextran solutions such as
perfadex, hydroxyethyl starch (HES) and derivatives of hydroxyethyl
starch. Hydroxyethyl starch is the preferred high-molecular sugar
according to this invention.

According to this invention glucose is added to the cell medium in solid
form or as an agqueous solution.

According to this invention, the serum albumin is added to the cell medium
in dissolved or liquid form. Serum albumin may be, for example, fetal calf




PBS. PBS used according to the present invention has a
pH of . 7.0 to 7.4, preferably 7.2. In another

enbodi ment, an ingredient of the nmediumis an aqueous
solution of at |east one high-nol ecul ar sugar.

I nventive high-nol ecul ar sugars include, for exanple,
dextran, al so dextran solutions such as perfadex,
hydr oxyet hyl starch (HES) and derivatives of

hydr oxyet hyl starch. Hydroxyethyl starch is the
preferred high-nol ecul ar sugar according to this

i nvention. According to this invention glucose is
added to the cell nediumin solid formor as an
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The inventive method is preferably performed using a cell medium like that
~ defined above with a pH of 6.4 to 8, preferably 7.0 to 7.4, especially 7.2.

After thawing from cryopreservation in the inventive celi medium, the cells
are preferably washed, separated from the preservation medium and the
inventive cell medium and then placed in fresh inventive cell medium for
storage. The cells are then preferably separated by centrifugation.

This method is preferably carried out at a temperature of 2 to 40°C. The
cell medium preferably has a temperature of 2 to 40°C. The method is
especially preferably carried out at 4°C andfor the medium used has a
temperature of 4°C. In another preferred variant, the method is carried out
at 10°C and/or the medium used has a temperature of 10°C. In another
variant that is especially preferred, the method is carried out at 25°C
and/or the medium used has a temperature of 25°C. In another variant




the inventive ingredients and the inventive
concentrations. The inventive nethod is preferably
performed using a cell mediumlike that defined above
with a pHof 6.4 to 8, preferably 7.0 to 7.4,
especially 7.2. After thaw ng from cryopreservation
in the inventive cell nedium the cells are
preferably washed, separated fromthe preservation
medi um and the inventive cell nediumand then placed
in fresh inventive cell mediumfor storage. The cells
are then preferably separated by centrifugation. This
nmethod is preferably carried out at a tenperature of 2
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The cell medium preferably contains 0.01 to 0.5 wt% glucose, especially
preferably 0.1 to 0.2 wit% glucose.

It is preferred according to this invention for the cell medium to contain
human serum albumin. The human serum albumin may be replaced
according to this invention by human blood plasma, especially autologous

_ blood plasma. In a preferred embodiment, the medium contains 0.5 to
0.50 wt% serum albumin, especially preferably 3 to 5 wt% serum albumin.
In another preferred embodiment, the medium contains 0.5 to 50 wit%
blood plasma, especially preferably from 3 to 5 wt% blood plasma.



pl asma, such that the aforenentioned ingredients are
dissolved in water. An especially preferred cell

medi um contains 0.45 to 0.60 w % sodi um chl ori de,
0.45 to 0.55 wt % sodi um gl uconate, 0.20 to 0.25 wm %
sodium acetate, 0.03 to 0.04 wt % pot assi um chl ori de,
0.025 to 0.035 wt % magnesi um chl ori de hexahydrate and
0.31 to 0.33 wMt% sodiumcitrate plus glucose and al so
serum al bum n and/ or bl ood plasma, the latter
constituents being dissolved in water. The cell nedium
preferably contains 0.01 to 0.5 wt % gl ucose,

especially preferably 0.1 to 0.2 w % gl ucose.
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legend: HH142: number of the individual cell preparation (batch), warm:
storage temperature of 18°C, cold: storage temperature of 4°C, HES:

" ‘medium 2, PBS: medium 5, Custodiol® medium 1, Composol®: medium 4,

Ringer's lactate: medium 3, human plasma: medium 6;

Figure 2: Recovery of stored cells (before cryopreservation) as a
function of storage time, the storage medium used and the storage
temperature; see Figure 1 for legend;

Figure 3: Vitality of stored cells (after cryopreservation) as a function
of storage time, the storage medium used and the storage temperature;
see Figure 1 for legend;




The figures show Figure 1: Vitality of the stored
cells (after cryopreservation) as a function of the
storage tine, the storage nedi um used and the storage
tenperature; |egend: HH142: nunber of the individua
cell preparation (batch), warm storage tenperature
of 18C, cold: storage tenperature of 4C, HES. nedi um
2, PBS: nmedium 5, Custodiolo: nmedium 1, Conposol:
medium 4, Ringer's lactate: nmedium 3, human pl asma:
medi um 6; Figure 2: Recovery of stored cells (before
cryopreservation) as a function of storage tine, the
storage nedium used and the storage tenperature; see
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t i mfordegknidhe st orage nmedi um used; nedi an over three
i ndi vidual cell preparations (batches); see Figure 1
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Fi fpulegedd; for | egend; Figures 7A through C. Recovery,
vi abl e cell count (VCC) of stored cells

--Figures 7A through C: Recovery, viable cell count (VCC) of stored cells
(before cryopreservation) as a function of storage time and the storage
medium used; median over three individual cell preparations (batches);
Figure 7C: comparison with Custodiol (= 100%), average over four storage
times; median over three individual cell preparations (batches); see Figure
1 for legend.

a Example

Cryopreserved liver cells from special cryobags/cryotubes were used.
Since the number of cryotubes available from an individual celf
preparation was not sufficient for the extent of the study, they were used
only for comparison of results. All the preparation steps were performed
under aseptic conditions. The cell suspension was completely thawed
before adding the cell medium. The cryotubes were thawed at a point
independent in time from the thawing of the bags. The cell medium was
slowly added to the cells which had already been set out.

~ To achieve comparable results, the various experiments were conducted
in parallel by at least two people, optionally three people.



(before cryopreservation) as a function of storage
time and the storage nedium used; nedian over three
i ndi vidual cell preparations (batches); Figure 7C
conmparison with Custodiol (= 100%, average over four
storage tinmes; nmedian over three individual cel
preparations (batches); see Figure 1 for |egend.
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cryotubes avail able from an individual cel
preparation was not sufficient for the extent of the
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Medium 6: Human blood plasma (comparative example)

Approximately 50 mL cell medium was needed per run (one thawed bag).
Human blood plasma was thawed in a warm water bath at 37°C.

In three experiments, the media were warmed for at least 15 minutes in a
"~ warm water bath at 37°C (= "warm"). In two experiments the cell media
were cooled under refrigeration for at least 15 minutes (= "cold").

- Six 50 mL tubes labeled according to the solutions were set out and
stored at room temperature.

In the warm experiments, the cells were centrifuged at 50 g's for 5 minutes
at 18°C and in the cold experiments they were centrifuged at 50 g's for 5
minutes at 4°C.

Cryobags were cautiously removed from the aluminum cassette. The
cryosuspension was thawed for 2 to 5 minutes while shaking constantly
until no more ice crystals were visible. The entire process took no longer
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Medi um 6: Human bl ood pl asna (conparative exanpl e)
Approxi mately 50 nL cell nedi umwas needed per run
(one thawed bag). Human bl ood plasnma was thawed in a
warm water bath at 37C. In three experinents, the
media were warned for at least 15 mnutes in a warm
water bath at 37C (_ "warm'). In two experinents the
cell nedia were cooled under refrigeration for at

| east 15 minutes (= "cold"). Six 50 niL tubes |abel ed
according to the solutions were set out and stored at
roomtenperature. In the warm experinents, the cells
were centrifuged at 50 g's for 5 mnutes at 18C and
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W thdrawn. 10 nL portions of cell suspension were
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sugmitivadliant s were renoved by using a Pasteur pipette.
The cell pellets were conpletely resuspended in 5 nL

of Tl‘ié‘@eil%%eﬁ‘@ §rﬂ9ﬂé’d o?(‘ﬁhé td@ﬂ'déﬂht?’nac A o‘r&x %Qd a liver celtll

CaUtIOUS count to ce
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For a total storage time of 3 hours, the last two steps were repeated every
60 minutes.

Only liver cells with a vitality greater than 40% before cryopreservation

~ were used. The experiment was repeated at least three times with
different individual cell preparations (batches). At least one bag was
thawed per batch. The resuits of thawing cryotubes of the respective
batches were used for comparison.

For individual cell preparations (batches) were tested with regard to the
effect of the thawing solution. These results were tested with regard to the
parameters of vitality and viable cell count (VCC) after thawing and vitality
and viable cell count preserved during storage in suspension. The
temperature of the medium and for centrifugation was set at 4°C for the
liver cell transplants. The experiment with batch HH142 was performed
once "warm" and then was repeated "cold" (see Figure 1 and Figure 2).
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cul ture was prepared after each cell count. For a
total storage tinme of 3 hours, the last two steps were
repeated every 60 mnutes. Only liver cells with a
vitality greater than 40% before cryopreservation

were used. The experinment was repeated at |east three
times with different individual cell preparations
(batches). At |east one bag was thawed per batch. The
results of thaw ng cryotubes of the respective

bat ches were used for conparison. For individual cel
preparations (batches) were tested with regard to the
ef fect of the thawi ng solution. These results were
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transplants. The experinment wth batch HH142 was
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cobatthdatbsted aha petted ¢h theigapteinFagure secondl y, the
recovery based on the viable cell count after washing
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f opdgiea §¥ 7 i b 5'5 abies Shipiebaiches, P dtF
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graph in Figure 5.

For a better analysis of the results shown here, the following approach

was used. The parameter of recovery of frozen VCC was tested on

__Cu:stodioi® 100%. For the five batches tested (comparative

example/inventive examples) the percentage deviation in this parameter in

comparison with Custodiol® was calculated (see Figure 7a and Figure 7b).

Immediately after washing the cells, three of the solutions (PBS,
Composol® and HES) showed a comparable agreement’ (greater than
' 80%) with Custodiol® with regard to the recovery of VCC as a parameters.
Composol® yielded even better results than Custodiol® {recovery greater
than 100%). After one hour, PBS had the best results, but after two hours,
Composol® and human plasma again had approximately 10% better
median results than Custodiol®.

! TN: The source actually puts “Ubereinstimmung” (agreement) inside the parentheses, but that
leaves “vergleichbare” (comparable) w/o a noun.
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The two sel ected sol utions - Conposol (r) and HES -
were anal yzed additionally on the basis of the nedian
val ues of four batches, with the results depicted
graphically in Figure 6. For a better analysis of the
results shown here, the follow ng approach was used.
The paraneter of recovery of frozen VCC was tested on
Custodiol (r) 100% For the five batches tested
(conparative exanplel/inventive exanples) the
percentage deviation in this paraneter in conparison
Wi th Custodiol (r) was cal cul ated (see Figure 7a and
Figure 7b). Imediately after washing the cells,

tth;efuﬁﬁertJb@np%ﬂbbﬂ iPBhet Bty sns@g 885 @Mach'ES)

Lt e

as thiosiy  infguse C) Conposol (r) vyiel ded even better
results than Custodiol (r) (recovery greater than
10Begardisks ef tmanapsedFﬁB&erm@ehdnembHEB drelsRihgeér's but

af lafatd YRR oPDECTHEBA Q.l.s%% rgai n
I oo b Lo e vaiec o el B

Usempdrailieiterthosg Ob(aa@defeﬂre(ﬁls)todm@ l(ctmﬂattlba lesartieart TE5ES,
but that |eaves "vergleichbare" (conparable) wo a
noun. 12 For further conparison, another analysis was
performed. For each solution the average of all four
points in tinme was cal culated (hours 0O through 3,
Figure 7c). Regardless of the tine elapsed in the
experinment, HES and Ringer's |actate showed
approximately 20% 1 oss of VCC in conparison with
Custodiol (r), but PBS, Conposol(r) and human plasma
showed results conparable to those obtained with
Custodiol (r) (deviation less than 10%. 13 Patent
d ains
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1 Method for short-term storage of animal cells, in
which the cells are placed in a liquid cell nedium
containing a) a salt solution selected from- a salt
solution, in particular containing sodiumchloride,
sodi um gl uconat e, sodi um acetate, potassium chloride,
magnesi um chl ori de and sodiumcitrate, - R nger's

| actate and - phosphate-buffered saline (PBS) and/or
an aqueous sol ution of a high-nol ecul ar sugar,
especi al ly hydroxyethyl starch b) glucose and c) serum
al bum n and/ or bl ood plasnma and stored in this cel
medium 2. Method according to Claiml1, wherein the
cells are cryopreserved cells and are thawed and then

afPatem%%g' are washed in a cell nedium separated
fromthe ce medi um and then placed in a fresh cell
medi um m.%oé ?&fsﬁeﬁ terth st Nl:/%g;la%@'aﬁﬁ%%éi!s”ﬁ mgm c%psear%f

the precedin ein

t enper eéi%ﬁeg gﬁ‘%ﬂ”'@&eﬁﬁ"@ diun cQURIRBE according to any
one of the preceding clains, wherein the cells are
liver @l saselfsglutigmseleeedfienrding to O ai m 4,
wherein the cells are hepatocytes. 6. Method

accordi ng te amsaltcobition, it iparticulac eshtaiginglsatiioe chidrizieei n

the cells ar %oﬂﬁm‘@hécﬁi%té%bézﬁm Jcetah@ edla &ﬁ&%clég to

any one of the precedi cel
are human cel M a?gnesmmc rrdle angssodlum citrate,

— Ringer's lactate and
— phosphate-buffered saline (PBS)

and/or an aqueous solution of a high-molecular sugar,
especially hydroxyethyl starch

b) glucose and
c) serum albumin and/or blood plasma
and stored in this cell medium.

2 Method according to Claim 1, wherein the cells are cryopreserved
cells and are thawed and then after thawing are washed in a cell
medium, separated from the cell medium and then placed in a fresh
cell medium for storage.

3. Method according to any one of the preceding claims, wherein the
cell medium has a temperature of 2 to 40°C.

4. Method according to any one of the preceding claims, wherein the
cells are liver cells.
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8. Method according to any one of the preceding
clains, wherein the <cells are cells for therapeutic
adm nistration. 9. Method according to any one of
Claims 1 through 7, wherein the cells are for in
vitro culturing. 10. Use of a cell nedium as
characterized in aim1l for short-term storage of
animal cells, in particular by the method according to
any one of Cains 1 through 9. 11. Cell nmedium for
short-term storage of animal cells, wherein the cel
medi um contai ns a) sodium chl oride, sodium gl uconat e,
sodi um acetate, potassium chl ori de, nagnesium

chiori dg t um
al bum n gﬁ;g/é g? &%Figgg& g‘%@&‘:‘“’hgfeé'go QOC?@%

o BB RCERA Dol 1y b %,mﬁe%eeu%ﬁwem

accor di $Ys ere @apPmalan gellsc ai s 11 or 12, wherein the

bl ood pl asma is human bl ood plasma. 15 14. Cell medi um
ac€or di Mgthod agenydiog do aify Gheadiitbe pleceting atpmd, 3yheraihdéhreei n
t he celdggaed Rm&oedigi ns 0.45 to 0. 60 wt % sodi um
chloride 0.45 to 0.55 wt% sodi um gl uconate 0.20 to

chlor | i BN LTV ARGIEE o ind freBodilo B ihah B

hexahy ¢t &re calig qj_t@apwt@_aglgnmﬁ%t@ad, umcitrate.

9. Method according to any one of Claims 1 through 7, wherein the
cells are for in vitro culturing.

10.  Use of a cell medium as characterized in Claim 1 for short-term
" storage of animal cells, in particular by the method according to any
one of Claims 1 through 9.

11.  Cell medium for short-term storage of animal cells, wherein the cell
medium contains

a) sodium chloride, sodium gluconate, sodium acetate,
potassium chloride, magnesium chloride and sodium citrate

b) glucose and
¢)  serum albumin and/or blood plasma
dissolved in water.

12.  Cell medium according to Claim 11, wherein the serum albumin is
human serum albumin.

13.  Cell medium according to any one of Claims 11 or 12, wherein the
blood plasma is human blood plasma.
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15. Cell nedium according to any one of Clains 11

t hrough 14, wherein the cell nediumcontains 0.01 to
0.5 % preferably 0.1 to 0.2 wt% glucose. 16. Cell
medi um according to any one of Clainms 11 through 15,
wherein the cell nmediumcontains 0.05 to 50 wt %
preferably 3 to 5 wt%serumal bumn. 17. Cell nedium
according to any one of Clains 11 through 16, wherein
the cell nmediumcontains 0.5 to 50 wt% preferably 3 to
5 W% Dblood plasma. 18. Cell nedium according to any
one of Clains 11 through 17, wherein the cell nedium
has a pH of 6.4 to 8 preferably 7.0 to 7.4. 19. Cell

meditum egieRkaiuRtadcBrdtly oM Nk FCRlifE 133h Bngrgwh 18

cont ai nj at | ea]ist ne additi-onal 'ingredient selected
from arﬂ"ﬁ%e'n&t?? ge" mﬁa'ruﬁb MYi t ami ns, provitam ns and
ant i apop#dtad ¢.60 sdbstodivewe chididde

0.45 to 0.55 wi% sodium gluconate

0.20 to 0.25 wt% sodium acetate

0.03 to 0.04 wt% potassium chloride

0.025 to 0.035 wi% magnesium chloride hexahydrate

and 0.31 to 0.33 wi% sodium citrate.

15.  Cell medium according to any one of Claims 11 through 14,
wherein the cell medium contains 0.01 to 0.5 wt%, preferably 0.1 to
0.2 wt% glucose.

16.  Cell medium according to any one of Claims 11 through 15,
© 7" 'wherein the cell medium contains 0.05 to 50 wit% preferably 3to 5
wi% serum albumin.

17.  Cell medium according to any one of Claims 11 through 16,
wherein the cell medium contains 0.5 to 50 wt% preferably 3 to 5
wt% blood plasma.

18.  Cell medium according to any one of Claims 11 through 17,
wherein the cell medium has a pH of 6.4 to 8 preferably 7.0 to 7.4.

19.  Cell medium according to any one of Claims 11 through 18
- containing at least one additional ingredient selected from amino
acids, hormones, vitamins, provitamins and antiapoptotic
substance. |
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