Encapsulated liver cell composition The present invention relates to microcapsules comprising liver
cells and erythropoietin, methods to prepare said microcapsules and methods to treat a patient
comprising applyiRgSaid-microcapsules to Sthe patient. Although the live gfr&g%%%%% bject is able
to regenerate itself by repairing or replacing injured or ill tissue, unfortunat€ely once a cértain amount of
liver cells has died or has severely been damaged through disease or injuries, the whole organ may
fail. Such a failure, be it an 10 acute or chronic failure, may cause disease and death. The therapy of
liver diseases encompasses conventional means, such as the administration of drugs. However, it is
also state of the art to transplant livers or parts thereof. Furthermore, it is widely known to transplant
liver cell populations in patients, such as described for instance 15 in WO 2004/009766 A2. It is,
however, still a major challenge in devising therapies for curing acute or chronic hepatic diseases to
deliver liver cells g a43aiaatda eed Hredmididitpgthods are optimized in terms of viability,
engraftment, proliferation and differentiation of the transplanted liver cells in the target tissue. 20Hague

et al. (Biotechnolggy Letters 27 (5) (2005), 317 - 322)) de- scribe in vitro studies of alginate-chitosan
microcapsules as . Eﬁ RresRaLiVRSHOS, EiateS R FUFRCRP IHIS S eatRiiing Ilver ealie.

Chandrasekaran il efytasoisoiznginaesiepds (1, H7699% disipsaibrivtissnregeanigr cells embedded
in electrostatical%ggﬁdgc?d ESbFads. . . . , .
0ds o treat a patient comprising applying said microcapsules to
5 the patient.

Although the liver of a healthy subject is able to regenerate itseif by
repairing or replacing injured or ill tissue, unfortunately once a certain
amount of liver cells has died or has severely been damaged through
disease or injuries, the whole organ may fail. Such a failure, be it an

10 acute or chronic failure, may cause disease and death. The therapy
of liver diseases encompasses conventional means, such as the
administration of drugs. However, it is also state of the art to trans-
plant livers or parts thereof. Furthermore, it is widely known to trans-
plant liver cell populations in patients, such as described for instance

15 in WO 2004/008766 A2. It is, however, still a major challenge in de-
vising therapies for curing acute or chronic hepatic diseases to de-
iiver liver cells to a patient in need thereof which methods are opti-
mized in terms of viability, engraftment, proliferation and differentia-
tion of the transplanted liver cells in the target tissue.

20 Haque et al. (Biotechnology Letters 27 (5) (2005), 317 — 322)) de-
scribe in vitro studies of alginate-chitosan microcapsules as an alter-
native to liver cell transplants for the treatment of iiver failure.
Chandrasekaran et al. (Tissue Engineering 12 (7), (2008)) disclose
hepatic progenitor cells embedded in electrostatically produced

25 beads.



In spite of the efforts to develop therapeutic systems which efficiently deliver liver cells into the
patient's target tissue, there still remains the need to provide more reliable therapeutic means to cure
liver diseases, in particular means which provide a high viability and physiological activity of the liver
cells in the target body. In one aspect, there is provided a microcapsules comprising a capsule shell
encapsulating a suspension of a therapeutically effective amount of liver cells in physical contact to a
liver cell stimulatingpitecfrihefeffotts dpsieuaiop taesapataispiystarns whigh efigentiymethod for
preparing the migigeapsies asdefifedaPRussaunicing aRloviting asisernsian ofa
therapeutically effect amount of liver cells and a liver cell stimulating amount of erythropoietin, b)
mixing the suspehgidreatitie REYiEs! saRe fedaniaripEeartie BIRRNEEM SHPNYSEal contact to each
otherand c) encapsplaiing;the sHrpensiRRahthvlivar csisvard thegrythiappigtiarda a biocompatible.
capsule shell material so as to form the microcapsule. In yet another aspect, there is provided the use
of the microcapsRIVSRE I MR iHebval SRR iIRe SP9mi &fe¥ment for the prophylactic or
therapeutic treatment of a liver disease in a subject in need thereof. In still another aspect, there is
provided a miethosl fopectiltivating dineideells mmaced faremestiymstaneisingcsitir mgaporatapsules as
defined above in a suitable culture rp‘edium. TT prese tteachina giol\ée§ \?E’lridc%[]sbll%m by providing
microcapsules cosrﬂfﬁgﬂ?éoﬁ' CE%SE[:IE EE%?E%?S? Valﬁy% '?{J%O?nnﬂ)% BeCapstie’s ell, encapsulating a

“ suspension of a thieyajpetticaliy e ctiecaceUsiinLivbng e sonpthySioatrooptaetito a liver cell
stimulating amount of erythropoietin. In a preferred embodiment the present invention provides
microcapsules comprising a capsule shell and a core, wherein the capsule shell encapsulates in the
core a suspeRABAIHT £IREFLJEEIR BIPRHERH R MRS ReRteadheaigRcaseiap amfalariy amount
of erythropoigtisnyeirgastisiigr wherein the erythropoietin (in the following termed EPO) and the liver
cells are in physical contact to each other so as to provide a stimulating effect of the EPO to the liver
. cells. Thus, in a pefdrredidinmedsrepensiopraientthramiitalysefetd prodidd Aficrocapsules
comprising a capslig;sagi, Qﬁﬁfsrﬁm&'&ﬂcﬁim&ﬁﬁi%ﬂ@&ﬁ@?|§r99°9§5|ﬁe§ﬂ?}?,|| material, and a core
being enveloped by said capsule shell. In one preferred embodiment of the present invention the core

contains a suspen%on of at %a%euagﬁg}logf%\fcm/e amoun} of Ilvc?r cells n p sucgrl} contact to a liver

h
cell stimulating am Rafeviyel g liver cells and the erythropoie
to bring them in physical contact to each other and

¢) encapsulating the suspension of the liver cells and the
erythropoietin in a biocompatible capsule shell material so as 1o

form the microcapsule. -

in yet another aspect, there is provided the use of the microcapsules as defined above in
the manufacture of a medicament for the prophylactic or therapeutit treatment of a kiver
disease in a subject in need thereof.

In still another aspect, there is provided a method for cultivating liver cells in a culture
medium comprising culiuring microcapsules as defined above in a suitabie cuiture

medium.



In another preferred embodiment the core contains a matrix, pref- erably made from a biocompatible
matrix material, wherein the sus- pension of the therapeutically effective amount of liver cells is em-
bedded in said matrix in physical contact to a liver cell stimulating amount of erythropoietin. Preferably,
the material of the matrix is the same as the capsule shell material. In another embodiment the
biocompatible matrix material may be another material than the capsule 5shell material. Thus, the
present invention provides the teaching to encapsulate both erythropoietin and liver cells together in a

biocompatible cam#getﬁ!@ggﬁy@ggﬁmghgmgg\rgmqie@imig@mpbysmy@ﬁ@a@htg&@gdwer cells S0 as to
exert at least one of its b|oIoF%lcaI functions on thﬁqlq’%e;ﬁ\c@}& m,gé)artlculgéi?nsstlmulatlng the liver

cells. One advantSHEDCHBBIREER FRRFHISFEM A BROESPERAYIS GRAEWS the capsule
shell and thereforgtish n@religitalayirmglversaispackion inopagicilarapkengially igfagtiadogical reaction, in

of the erytopoieHT e et S Lttt RO B o bR T DIGIBUREA fmction 5o as
to provide the patmmiowith¢heyiblogisietifunictieryeferie embadiontinutheyppestsrtéd-embodiment the
liver cells are con@éﬂﬁgr{'n&%ﬁgg%%pé%%&Iggc@matrgtig&gg;‘gsstﬂéhe&il%)rysical con-

core, wherein the capsule shell encapsulates in the core a suspen-

sion of a therapeutically effective amount of liver cells and a liver cell

stimulating amount of erythropoistin, in particular wherein the

erythropoietin {in the following termed EPO) and the liver cells are in

physical contact to each other so as to provide a stimulating effect of

the EPO to the liver cells.

Thus, in a preferred embodiment the present invention foresees to
provide microcapsules comprising a capsule shell, preferably made
from a biocompatible capsule shell material, and a core being envel-
oped by said capsule shell. in one preferred embodiment of the pre-
sent invention the core contains a suspension of a therapeutically
effective amount of liver cells in physical contact o a liver cell stimu-
lating amount of erythropoietin.

in another preferred embodiment the core contains a matrix, pref-
erably made from a biocompatible matrix material, wherein the sus-
pension of the therapeutically effective amount of liver cells is em-

23



20 tact to each other providing an even more pronounced effect when stimulated by the erythropoietin.
Thus, the invention foresees in a particularly preferred embodiment that the liver cells contained in the

microcapsulgspyg én playsical contact to each other and are in physical cg%g,%&glm&%%thropoietin.
25In the context of the present invention the expression "liver cells are in physical contact to

erythropoietin” means that erythropoietin is able to exert at least one of its biological functions on the
liver cell, in particular is able to reach and being reversibly or irreversibly bound by the receptors for
erythropoietin present on the liver cell. In the context of the present invention the expression "liver cells
be- ing in physical contact to each other" means that the liver cells are 5 present in the microcapsule
of the present invention in such a close vicinity to each other that the cells touch each other and

provide a stable egggagmﬁp%q%swﬁﬁmﬁﬁ?‘%égg W@é p@i%icg%gi'%@”sjs%gﬁ%ﬁ%a liver. In the

context of the present invention the term s ating the Tiver s means e erythropoietin

increases the biolggiearfupteanamepeetie Riefarely pheanaigrinl ofchanoairin wiish the -
microcapsule is tragsflasiageinGsaneSsHIa iahibha PhithadivfereRnibERaaeHb gistorage stability

and/or increases their potential to successfully perform their biological function once being
transplanted in 15tRE'BAbRIE Matrix material may be another material than the capsule

5  shell material.

Thus, the present invention provides the teaching to encapsulate
both erythropoietin and liver cells together in a biocompatibie cap-
sule shell such that the erythropoietin is in physical contact to the
liver cells so as to exert at least one of its biological functions on the

10 liver cells, in particular in stimulating the liver cells.

One advantage of the present invention is that the liver cells are en-
capsulated in the capsule shell and therefore do not elicit any ad-
verse reaction, in particular allergic or immunological reaction, in the
patient, in which the microcapsule is preferably transplanted. Fur-

15 thermore, the close contact of the erythropoietin to the liver cell
stimulates said liver cells to perform their biological function so as to
provide the patient with the biological functions of a liver.

in a particularly preferred embodiment the liver cells are contained in
the microcapsule in such a concentration so as to be in physicai con-

20  tact to each other providing an even more pronounced effect when
stimulated by the erythropoietin. Thus, the invention foresees in a
particularly preferred embodiment that the liver cells contained in the
microcapsules are in physical contact to each other and are in physi-
cal contact to the erythropoietin.

25 In the context of the present invention the expression “liver cells are
in physical contact to erythropoietin® means that erythropoietin is
able to exert at least one of its biological functions on the liver cell, in



Inthe context of the present invention "biocompatibility" means that the material, in particular the
capsule shell material and/or the matrix material is able to keep the integrated liver cells viable and
allow the int%yéciﬂ%)lg yeen the_erythropoietin and the Iivel_r cells. Ina par 1lc/ _ijzglq)ﬂ‘%ggﬁ referred
embodiment the term "biocompatible” means that the material allows, preferably a long-term,
implantation in a patient while still retaining the function of the embedded liver cells without eliciting
any undesirable local or systemic effect in the subject, in particular allergic and immunological
reactions. In a particularly pre- 25 ferred embodiment the term "biocompatible” means that the
material is able to perform as a substrate supporting the liver cell activity including the solicitation of
molecular and mechanical similar system between the liver cells and the EPO, preferably in order to

optimize liver regen%ratipn withgut elicitirg;(ijl an ngdesirable e chts in the ¢ ”F %nd tlg{e subject. In the
a {cu aris a ﬁt reach and being. reéversioly or ir{evers: oun
context of the pre@en invention the term “erythropoietin™ des-~ 5 ignatés a glytoprotein hormone that

controls elythropdigdbe cedsptatair prythuogoneiorgfersdht arstitsstiveceshiat, in appropriately dosage,
controls the growth, differentiation and maturation of stem cells via erythroblasts to erythrocytes.

Erythropoietin is 0 i | ' ids, e 1 i ifes and a
molecular weight%?%og(tr)%%%%o%ﬁﬁagEgrugrgr?qgﬁgﬁ%?iﬁgﬁggg %%%é%%‘ﬁo%%%ﬁ@ﬁ r%éyte progenitor
cells, globin synthBgidnsinyRiealdceyintietisasanoiancdeeansidhas tgyliventeel'armiehe number of
ferritin receptors isHOGIRRAGEthd RALPOYADS RS LEALI BRSSP MNEARIA 3R sthesizg functional

hemoglobin. In ma- 15 ture erythrocytes, hemoglobin binds oxygen. Thus the erythrocytes and the

hemoglobin contafifRithErRRPagtaseP bR Selb ARG SAgBnA b eR2BryRIYIAS These processes

are initiated througlahe iggiasiioRef ERSathsseaiaprite raaentar pRybriegicayrface of the
erythrocyte progen('gtor cells (G[.aber and Krantz, Ann. Rev. Med. 2029 (1978), 51-56). In the context of

the present inventit Hattﬁ%ntg}rﬁ l)é?}r/‘[hropoietin" both encompasses the wild type erythropoietin, in
particular the human erythropoietin, and derivatives therefrom. In the context of the present invention
derivatives of erytihré¢mietintaxe ¢ toenpinsatenytierdion the term “stimulating the liver

10 cells” means that the erythropoietin increases the biological function-
ality of the liver cells, preferably in the patient in which the microcap-
sule is transplanted, increases the viability of the liver cells, in-
creases their storage stability and/or increases their potential fo suc-
cessfully perform their biclogical function once being transplanted in

15 the subject.

In the context of the present invention “biccompatibility” means that
the material, in particular the capsule shell material and/or the matrix
material is able to keep the integrated liver cells viable and allow the
interaction between the erythropoietin and the liver cells. In a particu-
20 larly preferred embodiment the term “biocompatible” means that the
material allows, preferably a long-term, implantation in a patient
while still retaining the function of the embedded liver cells without
eliciting any undesirable local or systemic effect in the subject, in
particular allergic and immunological reactions. In a particularly pre-
25 ferred embodiment the term "biocompatible” means that the material
is able to perform as a subsirate supporting the liver cell activity in-
cluding the solicitation of molecular and mechanical simiiar system



25 poietin proteins which are characterized by at least one amino acid deviation, in particular deletion,
addition or substitution of one more amino acid compared to the wild type EPO, and/or erythropoietin
proteins wit iffer ycosylation pattern compared to the wild type erythropoietin. In a particularly
preferred er[r}ygg ﬁrf@é%tné%thropoietin derivatives are also fusion proteins 5%{? 8%{‘3806%3@% of wild
type erythropoietin or derivatives thereof. In a particularly pre- 5 ferred embodiment a derivative of
erythropoietin is also a wild type erythropoietin having a different glycosylation pattern compared to the
wild type glycosylation pattern. The term "erythropoietin” used here includes EPO of every origin,
especially human or animal EPO. The term used here thus encompasses not only the naturally
occurring, or in other words wild-type forms of EPO, but also its derivatives, also termed modifications,
muteins or mutants,,as long as, they exhibit the bi ical effects of wild-type erythropoietin. In
connection with tk%)eé B’FSSQn%‘.ﬁja’r‘?ﬁo‘f?, émﬁf?b%Bu%dBF & I OFRT I APELNZRS o those
derivatives of eryfhvepmgtnehatiowiwithceinadicigibebasiodsyibloiftivaiiachasglle obtained by
substitution of on%ﬁ)ig mgrgd%- s or molecular groups or residues, especially by substitution of sugar
chains such as ethylene glycol, and/or whose amino acid sequences differ from that of the naturally
occurring hu- 20 man or animal erythropoietin protein in at least one position but essentially have a
high degree of hodhsygenttd afifine prsddot énendicotheatabte Eoltyopbiettivigedsrythropoietin

derivaives vfich gagibe SRS FXARBIE, MEORIESETANFORBRAALE kpguRdrom WO

94/25055, EP 0148605 B1 or WO 95/05465. 25"Homology™ means especially a sequence identity of at
least 80%, prefer&BHiRICRG T RrafrIiR ARy BReRIRBLY Bt apRsoRTie I 4o, 95%, 97% and

99%. The term "hesngleaythenarswiy, tBffeRntiation and maturation of stem cells via
eryvthroblasts to erythrocytes.

Erythropoietin is a glycoprotein having 166 amino acids, three glyco-
10 sylation sites and a molecular weight of about 34,000 Da. During
EPO-induced differentiation of erythrocyte progenitor cells, globin
synthesis is induced, synthesis of the heme complex is augmented
and the number of ferritin receptors is increased. Thereby the cell
can take up more iron and synthesize functional hemoglobin. In ma-
15 ture erythrocytes, hemoglobin binds oxygen. Thus the erythrocytes
and the hemoglobin contained therein play a key role in supplying
oxygen fo the organism. These processes are initiated through the
interaction of EPO with an appropriate receptor on the cell surface of
the erythrocyte progenitor cells (Graber and Krantz, Ann. Rev. Med.
20 29 (1978), 51-56).

In the context of the present invention the term “erythropoietin® both
encompasses the wild type erythropoietin, in particular the human
erythropoietin, and derivatives therefrom. in the context of the pre-
sent invention derivatives of erythropoietin are recombinant erythro-
25  poietin proteins which are characterized by at least one amino acid
deviation, in particular deletion, addition or substitution of one more
amino acid compared to the wild type EPO, and/or erythropoietin

wh



son skilled in the art thus refers to the degree of relationship between two or more polypeptide
molecules. This is determined by the agreement between the sequences. Such agreement can mean
either identical az%reement or else a conservative exchange of amino 5acids. According to the
invention, the tefm "&&fivative" also includes fusion proteins, in which fun&diEd8HEm& of another
protein are present on the N-terminal part or on the C-terminal part. In one embodiment of the
invention, this other protein may be, for example, GM-CSF, 10 VEGF, PIGF, a statin or another factor
that has a stimulating effect on endothelial progenitor cells. In a further embodiment of the invention,
the other protein may also be a factor that has a stimulating effect on liver cells. The differences
between an erythropoietin derivative and native or 15 wild type erythropoietin may arise, for example,
through mutations such as substitutions, insertions, additions, base exchanges and/or

deletion. ; 2
recombinations oﬂrﬁéefﬂftlﬁ'gi?dﬂ 95&%@%@%)46%9tﬁ@%h?SBEﬁ@ﬁﬁdaFﬁiﬂBeac‘i‘fﬂdsequences.
Obviously such difjgrerepthaspotin bie natpaatlyiseurprgaesyienas o@HiignNenaHeR as 20

sequences from a {% er 8&9ﬁn§\,@30%§§%§8c{95'that have mutaéed r%%ur ”EY' r_mu%tions introduced
selectively into the nucleic acid sequentes codfﬁéopopé?y?m%p%i fi ‘ng 5 eans known in
the art, such as chdihitypeageptisrapdietiploy sitziaies theemindotapadticdtetingeation, therefore,
the torm “derbaligralF L iREURR PR BIRARN SRORIDIBRET s o 1 gltererds
erythropoietin muteins. According to the invention, peptide or protein analogs of € ?t%ropmetln may
also be used. In cONHEORSIEHR e 2 ifferesht@icasyiation 'palttsgsconthaded compounds that do
not have any amige:agig W@%. e} erythropoietin amino acid sequence but 5 have a
three-dimensional structure greatly resembling that of erythropoietin, so that they have comparable
biological activity. Erythropoietin analogs may be, for example, compounds that contain, in a suitable

conformation, the IRt BLicPRAIERRASHR JHngd ese Uirlie st BRh RfpeweiH @iBéreceptors, and

that are thereforeespecially human or animal EPO. The term used here thus encom-
10 passes not only the naturally occurring, or in other words wild-type
forms of EPQO, but also its derivatives, also termed modifications,
muteins or mutants, as long as they exhibit the biclogical effects of
wild-type erythropoietin.

In connection with the present invention, there will be understood by

15 derivatives" also those derivatives of erythropoietin that, while re-
taining the basic erythropoietin structure, are obtained by substitution
of one or more atoms or molecular groups or residues, especially by
substitution of sugar chains such as ethylene glycol, and/or whose
amino acid sequences differ from that of the naturally occurring hu-

20 man or animal erythropoietin protein in at least one position but es-
sentially have a high degree of homology at the amino acid ievel and
comparable biological activity. Erythropoietin derivatives which can
be employed, for example, in the present invention are known from
WO 94/25055, EP 0148605 B1 or WO 95/05465,

25  "Homology” means especially a sequence identity of at least 80%,
preferably at least 85% and particularly preferably at least more than
90%, 95%, 87% and 98%. The term "homology" known by the per-



10 able to simulate the essential surface properties of the erythropoietin binding region. Compounds of
this type are described, for example, in VVrighton et al., Science, 273 (1996), 458. The EPO used
according to the invention can be produced in various ways, for example by isolation from human urine
or from the W%g%?ﬂfgsﬂlasma (including serum) of patients suffering froﬁggfmg‘?ﬁ%%ia (Miyake et
al., J.B.C. 252 (1977), 5558). As an example, human EPO can also be obtained from tissue cultures of
human renal cancer cells (JA Unexamined Application 55790/1979), from human lymphoblast cells,
which have the ability to produce human EPO (JA 20 Unexamined Application 40411/1982), and from
a hybridoma culture obtained by cell fusion of a human cell line. EPO can also be produced by
methods of gene technology, using suitable DNA or RNA coding for the appropriate amino acid

sequence of EPO to produce the desired praotein by genetic engjneering, for example in a bacte- 25
rium, in a yeast, G0 %{(B?ﬁ‘?ﬁfnél‘hm PYRIRSEE if?%?’%wa? rﬁéﬁ@&?%@'a &8, for example, in

EP 0148605 B2 awbPd26%w764 EayarupbiidR 04idi6Z8ibs 1. Thishés caetexiriidae ipyeseat invention

derivatives of ery%hrlo eor{]ethrl %ret‘;lré a Eﬁgersrgdu%r{qgggirgs%fun%gn%lninc% climg%’l‘y I:éi{_roven EPO
derivatives, prefergo y'se Ccted o the gro&p consisting of %%oef.‘?], NS rocrit, Epogen,

Eprex or NeoRecthenodeRped gttt alseisermecoDyanative arvepow odlsoaaied Aranesp,
PDpoetin, CERA feoptinuous erythropoietin receptor antagonist) and methoxy polyethylene
glycol-epoetin beta, also termed Mircera. In a preferred embodiment of the present invention a
microcapsule is a, preferably spherical, bead made from a biocompatible capsule 10 shell material

which contains erf\Beaisitntite (& meericapthfiteln) ededvetivemalsat ioriudesc&igion physical contact
to a liver cell stimglatilg2mOWRic AMEIORIIRIBMEHSSCARANEPhtHesRNbIBYERIION a
microcapsule is preferably a sphere, preferabI%/ with a diameter from 10 pm to 10 mm, preferably 140
pm to 10 mm, pré?arﬁtﬁy%@?rm'”a' part or on the C-terminal part. In one embodiment
of the invention, this other protein may be, for example, GM-CSF,
10 VEGF, PIGF, a statin or another factor that has a stimulating effect
on endothelial progenitor cells. In a further embodiment of the inven-
tion, the other protein may also be a factor that has a stimulating ef-

fect on liver cells.

The differences between an erythropoietin derivative and native or

15 wild type erythropoietin may arise, for example, through mutations
such as deletions, substitutions, insertions, additions, base ex-
changes and/or recombinations of the nucleotide sequences coding
for the erythropoietin amino acid sequences. Obviously such differ-
ences can also be naturally occurring sequence variations, such as

20 sequences from another organism or sequences that have mutated
naturally, or mutations introduced selectively into the nucleic acid
sequences coding for erythropoietin, using common means known in
the art, such as chemical agents and/or physical agents. In connec-
tion with the invention, therefore, the term "derivative" also inciudes

25 mutated erythropoietin molecules, or in other words erythropoietin
muteins.



15 pm to 1 mm, preferably 60 pm to 800 pm, preferably 100 to 700 pm. In a preferred embodiment of
the present invention the microcapsules of the present invention consist of the liver cer:Is, ttr;e )
erythropoieti jocompatible capsule shell material. Preferably in addition to the above three
elgmenr'ss a c%vgt%éqg%ﬁgp microcapsule 20 and/or a biocompatible matrixtif the Lot B the
microcapsule is foreseen. Thus, in a particularly preferred embodiment the present invention relates to
microcapsules comprising a therapeutically effective amount of liver cells encapsulated in a
biocompatible matrix material 25in physical contact to a liver cell stimulating amount of erythropoietin.
In a particularly preferred embodiment, the liver cells are embedded in the capsule shell in form of a
suspension, preferably in a cell cul- ture suspension. The liver cell suspension is preferablly i_n for_lr_r;1 of
liver cells contained.in a,cell culture medium or_in_a physiologically acceptable aguequs solution. The
liver cell suspens%ﬁ?grgﬁg?etrgébea‘%ﬂes%é%i(ﬁ? %ﬁé)e% 'ifgg aag@?ocgﬁtﬁ eer?rf(ﬁ?ﬁﬁ."&n a particularly
preferred embodirekimtytaie dilser kellssace bmbeddsdion twéhiatipesaiainadeintie, shell in form of a

suspension, prefe{g]lp,l‘yu%%%g.cm rg&;ggmﬁgﬂdgrﬁgﬁg%m ]‘%\% %f nl\i(vgrrn (Ezgtl)lsagwtained in a cell

culture mediumorinap ogically acceptable aqueous solution.
sequence identical to the erythropoietin amino acid sequence but
5 have a three-dimensional structure greatly resembling that of
erythropoietin, so that they have comparable biological activity.
Erythropoietin analogs may be, for example, compounds that con-
tain, in a suitable conformation, the amino acid residues responsible
for binding of erythropoietin to its receptors, and that are therefore
10 able to simulate the essential surface properties of the erythropoietin
binding region. Compounds of this type are described, for example,

in Wrighton et al., Science, 273 (1996), 458.

The EPO used according to the invention can be produced in various
ways, for example by isolation from human urine or from the urine or

15 plasma (including serum) of patients suffering from aplastic anemia
(Miyake et al., J.B.C. 282 (1977), 5558). As an example, human
EPQ can also be obtained from tissue cultures of human renal can-
cer cells (JA Unexamined Application 55790/1979}, from human
lymphoblast cells, which have the ability to produce human EPO (JA

20 Unexamined Application 40411/1982), and from a hybridoma culture
obtained by cell fusion of a human cell line. EPO can also be pro-
duced by methods of gene technology, using suitable DNA or RNA
coding for the appropriate amino acid sequence of EPO to produce
the desired protein by genetic engineering, for example in a bacte-

25  rium, in a yeast, or in a plant, animal or human celi line. Such meth-
ods are described, for example, in EP 0148605 B2 or EP 0205564
B2 and EP 0411678 B1.



10In a particularly preferred embodiment the present invention relates to microcapsules, wherein the
liver cells are selected from the group consisting of hepatic precursor cells, hepatic stem cells,
hepatoblast hepatocytes. In a particularly preferred embodiment the present invention relates 15
to Fhicrocap:‘ﬁgsg?iv(\}/r%%r%% the liver cells are selected from the group conﬁgﬁﬁFgP g'flwg?)za’ﬁﬁ precursor
cells, hepatic stem cells, hepatoblasts, hepatocytes and endothelial cells. In a furthermore preferred
embodiment the present invention relates to microcapsules, wherein the liver cells are obtained from
adult liver, 20 embryogenic liver, fetal liver, neonatal liver or liver cell cultures. Preferably, the liver
cells are living liver cells. In a preferred embodiment, the liver cells may be obtained from a living or a
dead, in particular a recently deceased, donor.  In a furthermore preferred embodiment the present
invention relates 25tQ microca s%etg), wherein the liver cells are human liver cells, non- human

, do

primate liver cells" by VeI UE fREEE TYERION ARLVAINER IRfPRRNLRRHR liver cells or rat
liver cells. In a pagieuiardy grestareet entiatitneet finechoase Ene inkicxiyelrtas o FRCFocapsules,
wherein the microgeaﬁvsa%sgsr?%\égfgpagwesr;% e eiza from the group consisting of Epoetin,
also termed Procrit, Epogen, Eprex or NeoRecormon, Epoetin delta,
5 also termed Dynepo, Darbepoetin, also called Aranesp, PDpoetin,
CERA (continuous erythropoietin receptor antagonist) and methoxy

polyethylene glycol-epoetin beta, also termed Mircera.

In a preferred embodiment of the present invention a microcapsule is
a, preferably spherical, bead made from a biocompatible capsule
10 shell material which contains embedded therein the therapeutically
effective amount of liver cells in physical contact to a liver cell stimu-
lating amount of erythropoietin. In the context of the present inven-
tion a microcapsule is preferably a sphere, preferably with a diameter
from 10 um to 10 mm, preferably 140 pm to 10 mm, preferably 50
15 pm to 1 mm, preferably 60 pm to 800 ym, preferably 100 to 700 ym.
In a preferred embodiment of the present invention the microcap-
sules of the present invention consist of the liver cells, the erythro-
poietin and the biocompatible capsule shell material. Preferably in
addition to the above three elements a coating of the microcapsule
20  and/or a biocompatible matrix in the core of the microcapsule is fore-

seen.

Thus, in a particularly preferred embodiment the present invention
relates to microcapsules comprising a therapeutically effective
amount of liver cells encapsulated in a biocompatible matrix material
25  in physical contact to a liver cell stimulating amount of erythropoietin.

in a particularly preferred embodiment, the liver cells are embedded
in the capsule shell in form of a suspension, preferably in a cell cul-



5 ameter from 100 to 700 pm, preferably from 200, 300, 400, 500, 600 or 650 to 700 pm. In a
particularly preferred embodiment the present invention relates to microcapsules, wherein the

therapeutlg%%gﬁ)(i{% 3qmount of liver ceIIs‘ls 104 to 108, preferablyP%Qr%ﬁ)o(}]jglggjliggsr cells/mi
suspentosion. " Ina particularly preferred embodiment the present invention relates to microcapsules,

wherein the liver cells have an average diameter of 8 to 14 pm, preferably 9 to 12 pm. In a furthermore
preferred embodiment the present invention relates 15 to microcapsules, wherein the liver cell
stimulating amount of erythropoietin is 10-7 to 10-2, preferably 10-7 to 10'3, preferably 104 to i05 and
preferably 10.6 to 10-5 U/ml suspension. In a furthermore preferred embodiment the present
invention relates to microcapsules, wherein the EPO is wild type erythropoietin or re-20combinant

erythropoietin. In a furthermore preferred embogdiment the. present invention relates to microcapsules,
wherein the capsﬁées enmaterial if‘s%seelg%%c? "raronsw"{?%egrsci)u% & é%ﬁﬁagbjz% é'?g?ﬁgt%,Qilginate-chitosan
(AC), alginatepolyiistysae @uRiEingimegetdtioniipotymedaml BEG-ayehggelogicaliurthermore
preferred embodigmtp@agigrga[ggwygemlaﬁelﬁgé wépigégcg%%%i%qgrgp%@%&?trix material is
selected from the group consisting of alginate, alginate-chitosan , alginate-poly-Llysine (APA),
thermogelation-p@lyeRedifder GGt Es s insmegh rairmsredivelerred embodiment the present

invention relates
5 In a particularly preferred embodiment, the liver cells are embedded

in the matrix contained in the shell in form of a suspension, prefera-
bly in a cell culiure suspension, preferably in form of liver cells con-
tained in a cell culiure medium or in a physiclogically acceptable
aqueous solution,

10 In a particularly preferred embodiment the present invention relates
to microcapsules, wherein the liver cells are selected from the group
consisting of hepatic precursor cells, hepatic stem cells, hepatoblasts
and hepatocytes.

in a particularly preferred embodiment the present invention relates

15 to microcapsules, wherein the liver cells are selected from the group
consisting of hepatic precursor cells, hepatic stem cells, hepato-
blasts, hepatocytes and endothelial cells.

in a furthermore preferred embodiment the present invention relates
to microcapsules, wherein the liver cells are obtained from adutt liver,
20 embryogenic liver, fetal liver, neonatal liver or liver cell cultures.
Preferably, the liver cells are living liver cells. in a preferred embodi-
ment, the liver cells may be obtained from a living or a dead, in par-
ficuiar a recently deceased, donor. '

in a furthermore preferred embodiment the present invention relates
26 to microcapsules, wherein the liver cells are human liver cells, non-

10



to microcapsules, wherein in addition to the liver cells at least one further cell type is present in the
microcapsule. In a particularly preferred embodiment the at least one further cell type present in the

microcapsule, j I rom the group consist- 10ing of liver stellate cells, biliary cells, hemopoietic
cells, monoc?}éés%ﬁn(?a%%%p;hage lineage cells, lymphocytes and endothelialpgjérﬂgl.)?ﬁ/’Q(Wfférmore
preferred embodiment of the present invention it is foreseen that the microcapsule comprises in
addition to the liver cells and the EPO at least one further growth factor, preferably selected 15 from
the group consisting of FIGH (human growth factor), VEGF (vascular endothelial growth factor), CSF
(colony stimulating factor), thrombopoietin, SCF complex (Skpcollien, F-box containing complex), SDF
(stromal cell-derived factor-1), NGF (nerve growth factor), PIGF (phosphatidyl inositol glycan anchor

biosynthesis, clas u@f ZOH;\/IG C reductﬂse inhjbitor, A‘%E éané_;iotensin converting enzyme) inhibitor,
AT-1-inhibitor and 2 ROPIGABIE WE' S5t REHIMGTerE % LR BYeh i it ueslisvention relates to
microcapsules, whabbih ither wids capestekivarecetiaiedrat liver cells.

in a particularly preferred embodiment the present invention relates
to microcapsules, wherein the microcapsules have an average di-

5 ameter from 100 to 700 um, preferably from 200, 300, 400, 500, 600
or 650 to 700 pm.

In a particularly preferred embodiment the present invention relates

to microcapsules, wherein the therapeutically effective amount of

liver cells is 10 to 10°, preferably 10° to 107 liver cells/ml suspen-
10 sion.

In a particularly preferred embodiment the present invention relates
to microcapsules, wherein the liver cells have an average diameter of
8 to 14 uym, preferably 9 to 12 um.

In a furthermore preferred embodiment the present invention relates

16 to microcapsules, wherein the liver cell stimulating amount of
erythropoietin is 167 to 107%, preferably 107 to 107, preferably 107 to
10" and preferably 10® to 10°® U/mi suspension,

In a furthermore preferred embodiment the present invention relates
to microcapsules, wherein the EPO is wild type erythropoietin or re-
20  combinant erythropoietin.

In a furthermore preferred embodiment the present invention relates
to microcapsules, wherein the capsule shell material is selected from
the group consisting of alginate, alginate-chitosan (AC), alginate-
poly-L-lysine (APA), thermogelation-polymer and PEG-hydrogel.

11



In a particularly preferred embodiment of the present invention, the 25coating is a polymer coating, a
sugar coating, a sugar alcohol coating and/or a fat or wax coating. In a furthermore preferred

embodiment the Bresent invention relates to a method for preparing the microcapsules according to

the above comprising 83 broviding a suspension of a therapeutically effedthASEHOL8 I er cells and a

liver cell stimulating amount of erythro- poietin, b) mixing the suspension of the Ii\_/er cells and the_
erythropoi- etin to bring them in physical contact to each other and c) encapsulating the suspension of
the liver cells and the 10erythropoietin in a capsule shell material so as to form the

In a furthermore preferred embodiment the present invention relates
to microcapsules, wherein the matrix material is selected from the
group consisting of alginate, alginate-chitosan (AC), alginate-poly-L-
lysine (APA), thermogelation-polymer and PEG-hydrogel.

5 In a furthermore preferred embodiment the present invention relates
to microcapsules, wherein in addition to the liver cells at least one
further cell type is present in the microcapsule.

in a particularly preferred embodiment the at least one further cell

type present in the microcapsuie is selected from the group consist-
10 ing of liver stellate cells, biliary cells, hemopoietic cefls, monocytes,

macrophage lineage cells, lymphocytes and endothelial celis.

in a furthermore preferred embodiment of the present invention it is
foreseen that the microcapsule comprises in addition to the liver cells
and the EPO at least one further growth factor, preferably selected

15 from the group consisting of HGH (human growth factor), VEGF
(vascular endothelial growth factor), CSF (colony stimutating factor),
thrombopoietin, SCF complex (Skpcoliien, F-box containing com-
plex), SDF (stromal cell-derived factor-1), NGF (nerve growth factor),
PIGF (phosphatidy! inositol glycan anchor biosynthesis, class F),

20 HMG coreductase inhibitor, ACE (angiotensin converting enzyme)
inhibitor, AT-1-inhibitor and an NO donor,

in a particuiarly preferred embodiment the present invention relates

to microcapsules, wherein the microcapsules are coated.

In a particularly preferred embodiment of the present invention, the
25  coating is a polymer coating, a sugar coating, a sugar aicohol coating
and/or a fat or wax coating.

12



microcapsule. In a furthermore preferred embodiment the present invention relates to a method,
wherein the microcapsules obtained in step c) are cryopreserved. 15In a furthermore preferred

embodimenwgez[ﬁ%(?é%@?invention relates to a method for the prophylactllgcquép%%eﬁ%g treatment of
a liver disease in a subject in need thereof comprising administering the microcapsules according to

the present invention to the subject in need thereof. 20In a particularly preferred embodiment the
present invention relates to a method, wherein the liver disease is hepatitis, cirrhosis, inborn errors of
metabolism, acute liver failure, acute liver infections, acute chemical toxicity, chronic liver failure,
cholangiocitis, biliary cirrhosis, Alagille syndrome, alpha-l-antitrypsin deficiency, autoimmune hepa-
25titis, biliary atresia, cancer of the liver, cystic disease of the liver, fatty liver, galactosemia,

gallstones, Gilber}'s s¥nadlﬁome hemogchromatosis hegatti hs A hega itis B {Jelgi)atip% C and other
. A Tu erm%re. referred embodimen & presen nventio reldles .
hepatitis viral mfe@uons, poryphytia, primary sclerosing cholangitis, Reyé’'s syndfome, sarcoidosis,

tyrosinemia, typett alyoetier st agepdisagdbe mivieSgemikdiseasadihgdduhherbmre preferred
embodiment the %ﬁ?%m ention relates to a method, wherein the administration is effected by
introduction of the microcapsules under the liver capsule, into the spleen, into the liver, into the liver

pulp or into the spleenic artery or portal vein. 10In a furthermore preferred embodiment the present
invention relates a) providing a suspension of a therapeutically effect amount

5 of liver celis and a liver cell stimulating amount of erythro-

poietin,

b) mixing the suspension of the liver celis and the erythropoi-
etin to bring them in physical contact to each other and

c) encapsulating the suspension of the liver cells and the
10 erythropoietin in a capsule shell material so as to form the

microcapsule.

in a furthermore preferred embodiment the present invention relates
to a method, wherein the microcapsules obtained in step ¢) are cryo-
preserved.

15 In a furthermore preferred embodiment the present invention relates
to a method for the prophylactic or therapeutic treatment of a liver
disease in a subject in need thereof comprising administering the
microcapsules according fo the present invention o the subject in

need thereof.

20 In a particularly preferred embodiment the present invention relates
to a method, wherein the liver disease is hepatitis, cirrhosis, inborn
errors of metabolism, acute liver failure, acute liver infections, acute
chemical toxicity, chronic liver failure, cholangiocitis, biliary cirrhosis,
Alagilie syndrome, alpha-1-antitrypsin deficiency, autoimmune hepa-

25  f{itis, biliary atresia, cancer of the liver, cystic disease of the liver, fatty

i3



to a method for introducing liver cells into a subject comprising administering the microcapsules
according to the present invention into the subject. In a particularly preferred embodiment of the
present inve%iB% e, dministration is effected by introduction into the suk%[e’ct in need thereof,
wherein the administration is a topical, enteral or parenteral administratiot GiH ﬁ%@?r"é@embodiment
the topical administration is an epicutaneous, inhalational, vaginal or internasal administration. In a
preferred embodiment the enteral administration is by mouth, by 20 gastric feeding tube or rectally. In
a preferred embodiment the par-enteral administration is by injection or infusion, preferably
intervenous, intraarterial, intramuscular, intracardiac, subcutaneous, intraosseous, intradermal,
intrathecal, intraperitoneal or intravesical administration. In a furthermore preferred embodiment the

parenteral ad- ZSWnlistra ioréis transder[gfl, transqg%cosal or ‘ié}halational. In a furthermore preferred
embodiment the praserfITvartion fel SRS EetIGE TS SXRYAG 08N 8T e Biilture medium,
preferably in vitrasisohepatig Aultepatiis Br depatiile Camedroihgrthdbetitikesieat imfeention in a suitable

culture medium a n(i)eg gﬁ}w 0 6}) intaini .Incgeasing viahility of the liver cells. In
a particularly prefggrré%' mlgf n{%nﬁﬂ%{% e%i%ﬁﬁgﬂi%‘éﬁ%&B 558 r#e od ?cp)('r'emaintaining or
increasing the en&RIQUUSRISHT (WesibENim Avpdturediveehan, Srsagablijsease orcdiiprising culturing
microcapsules acggraingde-the present invention in a suitable culture medium and under conditions

suitable for maintaining or increasing the energy state of the liver cells. 10Further preferred

embodiments of the present invention are the sub-_
in a furthermore preferred embodiment the present invention relates

to a method, wherein the administration is effected by introduction of
the microcapsules under the liver capsule, into the spieen, into the

liver, into the liver pulp or into the spleenic artery or portal vein.

10 In a furthermore preferred embodiment the present invention relates
to a method for introducing liver cells into a subject comprising ad-
ministering the microcapsules according to the present invention into
the subject.

In a particularly preferred embodiment of the present invention the
16 administration is effected by introduction into the subject in need
thereof, wherein the administration is a topical, enteral or parenteral
administration. In a preferred embodiment the topical administration
is an epicutaneous, inhalational, vaginal or internasal administration.
In a preferred embodiment the enteral administration is by mouth, by
20  gastric feeding tube or rectally. in a preferred embodiment the par-
enteral administration is by injection or infusion, preferably interven-
ous, intraarterial, inframuscular, intracardiac, subcutaneous, intraos-
seous, intradermal, intrathecal, intraperitoneal or intravesical admini-
stration. in a furthermore preferred embodiment the parenteral ad-

25  ministration is transdermal, transmucosal or inhalational.

In a furthermore preferred embodiment the present invention relates
to a method for cuitivating liver cells in a culture medium, preferably

14



ject matter of subclaims. The figure shows the ATP/ADP ratio of liver cells encapsulated with or
without EPO after culture as a measure of the cell's energy state. Example 1 15Liver cells, in the
presence of @%C%] E{S}&( 18(%-73 units/nil), encapsulated with alginate at a concentration of 104 to 108
cells/ml into beads With-an average diameter of 100 to 700 pm will fare bt FRAH (562 Is
encapsulated identically except without EPO. The ATP/ADP ratio is used as a measure of the cell's
energy state. If the ATP/ADP ratio is 20 increased during the course of the experiment at a faster rate
or remains higher than in the untreated cells, then this evidence would support the hypothesis.
Encapsulation of liver cells Cell encapsulation of liver cells from a single stock of cryopreserved
human liver cells was performed using an electrostatic bead generation apparatus. Liver cells were
suspended in routine culture medjum and mixed with 2 % sodium alginate solution in a 1:1 ratio. The

re- 5 suiting 1 % Hlgfi5te CURRISH I AHIHINGIMICTOSAR SIS BRERIIRG JA 1% PRARBRAtcells/ml was
drawn into a 1-cc swengerditied withab2leghugarmniionathatehdeiacanginsathsiaeanias pierced at the

hub with a 23-ga ?s@i%‘?rqjﬁﬁ% erve grség%l?ae(osig%ﬁ elgétécl;% %’.%}é the electrostatic casting process. The

syringe was loaded onto a syrirfge pump rainfree 28000, Braintree, MA) and
arranged such that the droplets ejected from the angiocatheter would fall orthogonally onto the surface
of a 125 mM calcitmacpésticdaha ot sollitonbadinventtitie bos sSytoimsichitiiar deiaiéz 1 % human

albumin, withg5 x g)-g;_ ﬂﬂﬂtﬁ)é }Qrwmhﬁr@aggvgﬁtﬂggggéq% én é?n %Oyrg% gtlgsosf.qfx\alallger. 15 The

distance from the angiocatheter tip to the su \C[2 was Tixed at approxma%ely 2.5 cm. Pump
flow rates were séliftth thEWHEHER BrEGPSoRreerabhininAvifrourntedpsisitgodeltvesgmmersed in the

CaCl2 receiving batbrtaslerosiisanerliflavsedsvsiansfianinss Laangiagathgter tio and CaCi2

bath using a high-voltage DC " _
medium and under conditions suitable for maintaining or increasing

the energy state of the liver celis.

10 Further preferred embodiments of the present invention are the sub-
ject matter of subclaims.

The figure shows the ATP/ADP ratio of liver cells encapsulated with
or without EPO after culture as a measure of the cell's energy state.

Example 1

15 Liver cells, in the presence of EPO (5 x 107 units/ml), encapsulated
with alginate at a concentration of 10* to 10% cells/ml into beads with
an average diameter of 100 to 700 uym will fare better than liver cells
encapsulated identically except without EPO. The ATP/ADP ratio is
used as a measure of the cell's energy state. If the ATP/ADP ratio is

20 increased during the course of the experiment at a faster rate or re-
mains higher than in the untreated cells, then this evidence wouid
support the hypothesis.

Encapsulation of liver cells



20 source (Spellman model RHR3OPF30, Hauppauge, NY) in the range of 3.8 to 6 kV. Bead size (500
pm) was controlled by adjusting the applied potential. When the syringe pump was turned on in the
presence ofwg #&i}g[p] 2e4|e3c7trostatic potential, the expressed sodium alginate solution was pulled away
as tiny droplets tha poigymerize into 25 solid calcium alginate immediatelly)/({fﬁ%l;?%!(%}‘gé’? ith the
CacCl2 solution. After encapsulation the liver cell alginate beads were kept in Wil- liam's E
supplemented with 10 % serum, 244 unit/ml penicillin, 0.244 mg/ml, 5.5 mM glutamine, 0.195 units/mil
insulin, 0.017 ug/ml gluca- gon, 0.73 ug/ml prednisolon, 0.54 ug/m1 dexamethason and cultured for 2
hours. De-encapsulation was done by placing beads in 100 mM citrate. When the alginate was
dissolved, cells were washed twice with PBS 5 and pelleted by 200 x G for one minute. Metabolites

were extracted by placing 4 % perchlaric acid on the cells.and homogenizing for 20 seconds with a
nand held micro FEHRIRPSH WA S M LS BT B R GRS GOYPRERT e minutes and
the supernatant, Wwitimdre iivetaedbtes e iemeddsiih eperigtpostatdhead gemeadized 10 with KOH
and the insoluble ' r r |0 le was then
analyzed by an Hg‘ﬁﬁ%@%@‘%ﬁk%ﬁ?ﬁ%@éﬁaiys%d@ééﬁ@?éé%%e%@ﬁ%m%%uo ATP in
Mammalian Cellsadaniedi withl 2\MetBodiz0eiy@ais svighe). Mhiet pasditel phagewere used to
perform the ATP/giifnlevebAleiginiRAs4R%BR: containing fiver cells at a concentration

of 4 million celis/ml was drawn into a 1-cc syringe fitted with a 24-
gauge angiocatheter. The angiocatheter was pierced at the hub with
a 23-gauge needle to serve as the positive electrode in the electro-
static casting process. The syringe was loaded onto a syringe pump
10 (Braintree Scientific BS-8000, Braintree, MA) and arranged such that
the droplets ejected from the angiocatheter would fall orthogonally
onto the surface of a 125 mM calcium chioride (CaCly) solution {con-
ventional or Cytonet buffer 4 with 1 % human albumin, with 5 x 10~
and 5 x 10° U/ml EPO or without EPO) in a 250 ml glass beaker.
15 The distance from the angiocatheter tip to the surface of a CaCl; was
fixed at approximately 2.5 cm. Pump flow rates were set within the
range of 0.75 to 1.5 mi/min. A grounded electrode was immersed in
the CaCl; receiving bath. An electrostatic potential was developed
across the angiocatheter tip and CaCl; bath using a high-voltage DC
20  source (Speliman model RHR30PF30, Hauppauge, NY) in the range
of 3.8 to 6 kV. Bead size (500 pm) was controlled by adjusting the
applied potential. When the syringe pump was turned on in the pres-
ence of the high electrostatic potential, the expressed sodium algi-
nate solution was pulled away as tiny droplets that polymerize into
25  solid calcium alginate immediately upon contact with the CaCi, solu-
tion.

After encapsulation the liver cell alginate beads were kept in Wii-
liam's E supplemented with 10 % serum, 244 unit/m! penicillin, 0.244
mg/mil, 5.5 mM glutamine, 0.195 units/ml insulin, 0.017 ug/m! gluca-

i6



Results The ATP/ADP ratio is a measure of the cell's energy and represents the effect of all
biochemical pathways on the metabolic state of the cells. The maintenance of the ATP/ADP ratio (see
figure) seen in 20 liver cells encapsulated with EPO clearly shows that the cells are able to maintain
energy gendt&#ld%aEdiWays which are required for every function of the BEREAH Y ESeriment, the
ratio of ATP/ADP was maintained in the EPO-treatment group but not in the untreated controls. While
the EPO-treated group was able to maintain the 25 ATP/ADP ratio, the ATP/ADP ratio in controls
dropped below 0.5. This shows that EPO may be signalling through a non-EPO receptor driven
pathway to afford the cell trophic stimulation. Patent claims 1.Microcapsules comprising a capsule
shell encapsulating a suspension of a therapeutically effective amount of liver cells in physical contact
to a liver cell stimulating_amount of eﬂythropmetln 52.Microcapsules according to claim 1, wherein the

liver cells are selSQBdGrbmUHEY RIGIUSANE: He AP RIBHEER R IR &Y em cells,
hepatoblasts, endethehalgeglls and hepatocytes.

De-encapsulation was done by placing beads in 100 mM citrate.
When the alginate was dissolved, cells were washed twice with PBS
5 and pelieted by 200 x G for one minute. Metabolites were extracted
by placing 4 % perchioric acid on the cells and homogenizing for 20
seconds with a hand held micro homogenizer. The sampie was then
centrifuged at 14,000 xG for three minutes and the supernatant, with
the metabolites, was removed. The perchloric acid was neutralized
10 with KOH and the insoluble potassium perchiorate was removed by
centrifugation. The sample was then analyzed by an HPLC method
for ATP, ADP analysis described in “Measurements of ATP in Mam-
malian Cells” (Manfredi et al. Methods 2002 (4), 317-326). Three
parallel plates were used to perform the ATP/ADP level determina-
15 fion.

Results

The ATP/ADP ratio is a measure of the cell's energy and represents
the effect of all biochemical pathways on the metabolic state of the
celis. The maintenance of the ATP/ADP ratio (see figure) seen in

20 liver cells encapsuiated with EPO clearly shows that the cells are
able to maintain energy generating pathways which are required for
every function of the cells. In this experiment, the ratio of ATP/ADP
was maintained in the EPO-treatment group but not in the untreated
controls. While the EPO-treated group was able to maintain the

25  ATP/ADP ratio, the ATP/ADP ratio in controis dropped below 0.5.
This shows that EPO may be signalling through a non-EPO receptor
driven pathway to afford the cell trophic stimulation.
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-3. Microcapsules according to claim 1 or 2, wherein the liver cells are obtained from adult liver,
embryogenic liver, fetal liver, neonatal wliver or liver cell cultures. 4. Microcapsules according to any
one of claims_1 to 3, wherein the liver cells are human liver cells, non-human primate liver cells, pig
liver cells, do‘afﬁ%}'ﬁ@@ﬁg‘?"’cat liver cells, rabbit liver cells, mouse liver cells®r¥E&PRUAERHS 155. The

microcapsules according to any one of the preceding claims, wherein the microcapsules have an
average diameter from 100 to 700 pm. 6.The microcapsules according to any one of claims 1 to 5,
wherein the liver cells have an average diameter of 8 to 14 pm. 207.The microcapsules according to
any one of the preceding claims, wherein the therapeutically effective amount of liver cells is from 104
to 108 liver cells/ml suspension. WO 2010/124837PCT/EP2010/002563 8. The microcapsules
according to any one of the preceding claims, wherein the liver cell stimulating amount of
erythropoietin is 1 t eferably 10-7 to 10-3 Wm! suspension.

1. Microcapsules comprising a capsule shell encapsulating a
suspension of a therapeutically effective amount of iiver cells in
physical contact fo a liver cell stimulating amount of erythropoietin.

5 2. Microcapsules according to claim 1, wherein the liver cells are
selected from the group consisting of hepatic precursor celis, hepatic
stem cells, hepatoblasts, endothelial cells and hepatocytes.

3. Microcapsules according to claim 1 or 2, wherein the liver cells
are obtained from adult liver, embryogenic liver, fetal liver, neonatal
10 liver or fiver cell cultures.

4. Microcapsules according to any one of claims 1 to 3, wherein
the liver cells are human liver cells, non-human primate liver cells,
pig liver celis, dog liver cells, cat liver celis, rabbit liver cells, mouse

liver cells or rat liver cells.

15 5. The microcapsules according to any one of the preceding
claims, wherein the microcapsules have an average diameter from
100 to 700 pm.

8. The microcapsules according to any one of claims 1 to 5,
wherein the liver cells have an average diameter of 8 to 14 um.

20 7. The microcapsules according to any one of the preceding
claims, wherein the therapeutically effective amount of liver cells is
from 10* to 10® liver cells/m! suspension,
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9. The microcapsules according to any one of the preceding 5claims, wherein erythropoietin is wild
type erythropoietin or recombi- nant erythropoietin. 10. The microcapsules according to any one of the
preceding claims, wherein the capsule shell is made from a biocompatible material being selected
from the groa‘f)oc%}ﬁg}i]s?t‘fﬁg of alginate, alginate- 10chitosan (AC), alginate-PeR/EEAYLI{R2IaPA),
thermogelation-polymer and PEG-hydrogel. 11. The microcapsules according to any one of the
preceding claims, wherein in addition to the liver cells at least one further cell type is present in the
microcapsule. 1512. The microcapsules according to any one of the preceding claims, wherein the
microcapsules are coated. 13.The microcapsules according to any one of the preceding claims,
wherein the microcapsule contains a biocompatible matrix embedding the liver cells and the

ietin. 2014.A method for preparing the microcapsules according to an
erythropoietin % miehe m?cro%a suiesg according tg any one of t%e pre%eding

claims, wherein the liver cell stimulating amount of erythropoietin is
107 to 10°%, preferably 107 to 10™ U/ml suspension.

9. The microcapsules according to any one of the preceding
5 claims, wherein erythropoietin is wild type erythropoietin or recombi-
nant erythropoietin,

10. The microcapsules according to any one of the preceding
claims, wherein the capsule shell is made from a biocompatible ma-
terial being selected from the group consisting of alginate, alginate-

10 chitesan (AC), alginate-poly-L-lysine (APA}, thermogelation-polymer
and PEG-hydrogei.

11. The microcapsules according to any one of the preceding
claims, wherein in addition to the liver celis at least one further cell
type is present in the microcapsuie. '

15 12.  The microcapsules according to any one of the preceding
claims, wherein the microcapsules are coated.

13.  The microcapsules according to any one of the preceding
claims, wherein the microcapsule contains a biocompatible matrix
embedding the liver cells and the erythropoietin.

20 14. A method for preparing the microcapsules according to any
one of the preceding claims comprising

&) providing a suspension of a therapeutically effect amount of
liver cells and a liver cell stimulating amount of erythropoietin,
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one of the preceding claims comprising a) providing a suspension of a therapeutically effect amount of
liver cells and a liver cell stimulating amount of erythropoietin, b) mixing the suspension of the liver
cells and the erythropoietin to bring them in physical contact to each other and c¢) encapsulating the
suspension of the liver cells and the erythropoietin in a biocompatible capsule shell material so as to
form the microcapsule. 15. The method according to claim 14, wherein the microcapsules obtained in
step c) are cryopreserved. 16. Use of the microcapsules according to any one of claims 1 to 13 in the
manufacture of a medicament for the prophylactic or therapeutic treatment of a liver disease in a

subject in need thereqf) JfixIie sesaeperding tof dadmivs, veieremmttiesliveytdispasifs hepatitis,
cirrhosis, inborn errors of metabolism, %cute y‘ver ailhjge, ac%te I'veré%&ctions, acute chemical toxicity,
9 og"er

chronic liver failure, ci®BHHOEIRE BN RiPheeLa 8%

giﬁe Syndrome, alpha-1-antitrypsin deficiency,
autoimmune hepatitis, biliary atresia, cancer of the liver, cystic disease of the liver, fatty liver,
galactosemia, gallstongs cdRestssygdridine shepeocivo matodis, Hogatittels repatitheB, hepatitis C
and other hepatitis viral infections, porphyria, primary scl ing lapgiti .S syndrome,
sarcoidosis, tyrosinIerﬁ’?g),}417|889[I |901(5lg%n% is?g?iﬂ ea?J%ga%s%ﬁ%? i ﬁﬁ%&g@g%gﬁ T§h¥e use according
to any one of claims 1t He wheretasmite medicament is to be administered by introduction of the
microcapsules under the liver capsule, into the spleen, into the liver, into the liver pulp or into the

spleenic artery or poytal veln, 19, fmefhod {pi,tfaiig YGieslava Hlkwseapediuan com-

obtained in step ¢) are cryopreserved.

16.  Use of the microcapsules according to any one of claims 1 to
13 in the manufacture of a medicament for the prophylactic or

therapeutic treatment of a liver disease in a subject in need thereof.

17.  The use according to claim 16, wherein the liver disease is
hepatitis, cirrhosis, inborn errors of metaboiism, acute liver failure,
acute liver infections, acute chemical toxicity, chronic liver failure,
cholangiocitis, biliary cirrhosis, Alagille syndrome, alpha-1-antitrypsin
deficiency, autoimmune hepatitis, biliary atresia, cancer of the liver,

cystic disease of the liver, fatty liver, galactosemia, galisiones,
Gilbert's syndrome, hemochromatosis, hepatitis A, hepatitis B, hepatitis

C and other hepatitis viral infections, porphyria, primary sclerosing

cholangitis, Reye's syndrome, sarcoidosis, tyrosinemia, type 1
glycogen storage disease or Wilson’s disease.

18. The use according to any one of claims 16 1o 17, wherein said

medicament is to be administered by introduction of the
microcapsules under the liver capsuie, into the spieen, into the liver,

into the liver pulp or into the spleenic artery or portal vein,
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prising culturing microcapsules according to any one of claims 1 to 13 in a suitable culture medium.

19. A method for cultivating liver cells in a culiure medium com-
prising culturing microcapsules according to any one of claims 1 to

13 in a suitable culture medium.



