Encapsul ated |iver cell conposition The present invention relates to

m crocapsul es conprising liver cells and erythropoietin, nethods to prepare
sai d m crwoaprui2éss7and net hods to treat a patient conpriPSiCag2@pph2sohg sai d
m crocapsul es to 5the patient. Al though the liver of a healthy subject is

able to regenerate itself by repairing or replacing injured or ill tissue,
unfortunately once a certain amount of liver cells has died or has severely
been danaged t hrough di sease or injuries, the whole organ may fail. Such a

failure, be it an 10 acute or chronic failure, may cause di sease and
death. The therapy of liver diseases enconpasses conventional neans, such
as the adm nistration of drugs. However, it is also state of the art to
transplant livers or parts thereof. Furthernore, it is widely known to
transpl ant | BEncapsalateddiverscelbgomposjtionent s, such as described for

I nstance 15 in WD 2004/009766 A2. It is, however, still a major challenge
I n devising therapies for curing acute or chronic he atic_diseﬁ es to
deliver liver h@e‘PfP§ef‘b'”é(eBHPFéﬁ%‘%t%gﬁ%{%’ﬁe?%? W&Fﬁ"rﬁ%t"ﬁ%@eg‘? e
optimzed in r abl || af éﬂ’éﬂs [ i '

differentiat Phﬁ gfy‘ﬁ Y \qle?g*rism%tpl?gﬂ [ \‘/)Rér cel Isgro?rw@ﬁde%das%bef%dssue.
20Haque et ameth8dste tieabagupticnt tcoerprishy applying0esy migtdcapsBi®) fo de- scri be
in vitro st uﬂge]s of al gi nate-chitosan mcrocapsules as an alternative to
liver cel tfMMBRNSH s for the treatment of liver failure. Chandrasekaran
et al. (Tissue Engineering 12 (7), (2006)) disclose hepatic progenitor
cell s enbedd ' Legt ' r ' f the
efforts to dg‘\qﬁgbggﬁttﬁgr'glggtl?ﬁalcﬁ%lg e%%&%%%%é????éﬁ??iﬁ%iﬁ%ygo liver
cell jsdi nto tk@alp';m% ielntré%lat'mggajqredmﬁlbtissdeeuafmlfddtellymgmeﬂa: ceftaimeed to
provide nore reliable therapeutic neans to cu i ver di seases, .in
particul ar n@&?ﬁJWfEHeb?@& s died nag %\fqrfz{yfbe&mgamaged tﬁrough

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 2004/009766 A2. It is, however, still a major challenge in de-
vising therapies for curing acute or chronic hepatic diseases to de-
liver 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 liver failure.
Chandrasekaran et al. (Tissue Engineering 12 (7), (2006)) disclose
hepatic progenitor cells embedded in electrostatically produced

25  beads.



5physi ol ogi cal activity of the liver cells in the target body. The present
t eachi ng sol ves said problem by providing mcrocapsul es conprising a

capsul e sWel2010/ip#83er abl y a bi oconpati bl e capsul e shel | pCEFRPapPSODI2EH3 Ng a
suspensi on of a therapeutically effective anount of liver cells in physical
contact to a liver cell stinulating 10 anount of erythropoietin. In a
preferred enbodi nent the present invention provides m crocapsul es
conprising a capsule shell and a core, wherein the capsul e shell

encapsul ates in the core a suspension of a therapeutically effective anount
of liver cells and a liver cell stimulating amount of erythropoietin, in
particul ar wherein the 15 erythropoietin (in the follow ng termed EPO and
the |iver cellnsspitecofi thepfistsctal dewwiop therapeate bystehesr whichaafficiently ovi de a

tinmulati ffect of the EPO the | lls. T I, .ef d
crbod ment ¢ HEINRE TR cll aRi0: B Pafieat Brost Hsie e ol apaines ' ©
conpri i ng a apALk (6NBlokideP Rre! ANbKIETRIaBEUAIC PaDIGLRRANEP e capsul e

shell material, and core being envel oped by said capsule shell. In one

preferred enbdideases, of particytarcseeans which i povidee ac bigh siatility nand _
contact 18 a RARSHRRraNR arted ECteTn B8 Wagthetkor et in. 251 n anet her
preferred enbodinent the core contains a matrix, pref- erably made froma
hocania: | oo THR et i, Sheshac et b BSE yfigap,
matrix in physilesiconprisay atoapaule steall, petferably mbiacompatibleucapsafie
capsul o shl 1k cPRGARSUiingh G HEFSRERSEM Rine THESBPULGHISTBoR a1 x
material my RAfoaRPoPavel RS Rl phisital EsntadP Ty £ liven ekl dtb@atiAY -
10  amount of erythropoietin. In a preferred embodiment the present in-
vention provides microcapsules comprising a capsule shell and a
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 erythropoietin, in particular wherein the
15  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

20 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 to a liver cell stimu-
lating amount of erythropoietin.

25 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-



Thus, the present invention provides the teaching to encapsul ate both
erythropoietin and liver cells together in a bioconpatible capsul e shel
such t hatwoOle10é2y83fir opoi etin is in physical contact to PO#/EPRMEN0256S ]| s sO
as to exert at least one of its biological functions on the 10liver cells,
in particular in stinmulating the liver cells. One advantage of the present
I nvention is that the liver cells are encapsulated in the capsul e shell and
therefore do not elicit any adverse reaction, in particular allergic or

i mmunol ogi cal reaction, in the patient, in which the mcrocapsule is
preferably transplanted. Fur- 15 thernore, the close contact of the
erythropoietin to the liver cell stinulates said liver cells to perform

t heir bi ol ogitmezdde‘djircsainhmairiasint@wsiaﬂio@etadtdomtliventcem stimulatingi ol ogi cal

functions of a liver, In a parti preferred empdi nent .t l'iver
cells are corﬂ'rHPHBﬁof ﬁrygfp]rgpﬁf ?dﬁ%ﬁ?élyrh' Uﬂe%alccgﬁggﬁp? P‘l'ER €0 as to be
in physical cjine3 W&aﬁ@l@%@ll%ﬁ@naprIﬁVérthﬁér MR dRfeRPtR Bigonounced
effect when stinulated by the eryth gm etin. Thus, the invention foresees

in a parti culmyatphlefreaﬁre(dnetﬂf@dmmh e amathermateriabtharethescapslei ned i n
the mcro aps egls ?iﬁe' ,n physical contact to each other and are in physical
contact t '{7 ol etin. 25In the context of the present invention

t he expre55|on “"liver cells are in physical contact to erythropoietin”

means that eryiy lofli’@eﬁééﬁqtsm?ghﬁoﬁ 3){6%@5& Ak {egal;%rﬂengf’?@ éticq ﬁ%ﬁlal?ém ogi cal

functions on the” Icular 1s o reach and being
reversibly orbothrervthrspbie]mbandldlvby celie togethpr én 2 bocoenpatiblepaipet i n

g;g?ggta 82 trfq}lg'r\f'teéh g@ér{apétnthtehg l?r%tp%)l(ettlnofs |Inh8h sr,§§|e88nt'ar&}’ %‘ tthg n 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 physical 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



ing in physical contact to each other” neans that the liver cells are 5
present in the mcrocapsule of the present invention in such a close

Vi ci nity WO 208¢n48Ther that the cells touch each ot her ZQU/EPROVIONS6H st abl e
envi ronment closely resenbling the natural physiological situation in a
liver. In the context of the present invention the term"stinulating the
liver 10 cells" nmeans that the erythropoietin increases the biological
functionality of the liver cells, preferably in the patient in which the

m crocapsul e is transplanted, increases the viability of the liver cells,

I ncreases their storage stability and/or increases their potential to
successfully performtheir biological function once being transplanted in
15t he subj ectpartioulahds able txteadh ahd heEieg eeversibhe ot iroeversibbcbopadi bi lity"
means that the paterial, i.n particular the capsul e.shell material and/or
The et 11 x miveesfeceptars & B3tropgietnaeaeBEPaIaINaRRel. col |5 vi abl e and
allow the interaction between the erythropoietin and the liver cells. In a
particu- 20 y, f.e ' . o1} ' "._neans t hat
the materi al Ib%ém%o?{tgﬁeéfre@gbﬁ/& gﬂt %bgléﬁﬁégﬁ%ﬁﬁfﬂ%??ﬁhg%&tient

while still riagahmphgiddheohtavtttoosac other” endmvidtidtIthg divec eklls arét hout
eliciting any undesirable local or systemc effect in the subject, in
particul af al Presgntinaiie migracapsye fithe fiesenrtiavention,in,gueh @u‘lj:lﬁﬁ?y pre- 25
ferred enbodi [ Phepi ' . t lal is able
to perform as\ﬂgﬁs ggﬁég]emggggggftjlmr%b?ﬁée?w%raaégI#Tﬁggthﬁgié@biﬁﬁcﬁudi ng the
sol i citation sthbleolenviroamentdcioselyarresainbiingi theer ratatanphpsiologeralt he | i ver
cells and the .FP . _preferably in order to optim ze liver regeneration

wi thout eliciy "Wgoari?adﬁ’(?é'si rable effects in the cells and the subject. In
the context of the present invention the term"erythropoietin" des- 5

gnates a ol YRAREOL B O B rokBAt riARtLR e SeMhRLARAIRAGENE 000 oo

production, pr Yy a substance n appropria osage, controls
the growt1b, didlkstneedrnsathiad thered/thrdpaietin incredsest the iological functiont hr obl ast s

Lo oe) gl ocY Sty of the Ner Senl, preferatly h e Bafiert in winch e microcap. 2! 4°°
sule is transplanted, increases the viability of the liver cells, in-
creases their storage stability and/or increases their potential to suc-
cessfully perform their biological function once being transplanted in

15 the subject.

In the 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
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 substrate supporting the liver cell activity in-
cluding the solicitation of molecular and mechanical similar system



1 0 sylation sites and a nol ecul ar wei ght of about 34,000 Da. During

EPO i nduced differentiation of erythrocyte progenitor cells, globin

synt hesi swpoimdussed, synt hesis of the hene conplex is &agmPraiedosndl t he
nunber of ferritin receptors is increased. Thereby the cell can take up
nore iron and synthesize functional henoglobin. In ma- 15 ture

eryt hrocytes, henogl obi n bi nds oxygen. Thus the erythrocytes and the

henogl obi n contained therein play a key role in supplying oxygen to the
organi sm These processes are initiated through the interaction of EPOw th
an appropriate receptor on the cell surface of the erythrocyte progenitor
cells (Gaber and Krantz, Ann. Rev. Med. 2029 (1978), 51-56). In the
context of t hHsetpeescthie livey oells amd the EPON preferablyoipodreler né dpditdizenconpasses
the wild type erythropoietin, in particular the h ma% eryt h‘:lopo' etin, and
derivatives tlYeF &e9 raF'ﬂ”t"ﬂﬁ"%’éﬁF‘%‘ﬂf‘gtﬂ“Yt %‘ﬁ??%n? eRSdAthe R i vati ves

of erythropoi&ld hePsGhib&Conbi nant erythro- 25 poietin proteins which are
characteri zed&i)dyfhat L?%ast’ one anm no acid deviation, in particular deletion,

addition or substitution of one nore am no acid conpared to the wild type

EPO, and/ or dhytherégmest sfthePpreisenn hvention ahédlitéing efthidpofetry Idedsk on pattern
conpared to the wild type erythropoietin. In a particularly preferred
enbodi nenf erignatesdobcpraratein hermaenssthat £oatrels enythrepojasesartdoed truncat ed

proteins of w Lry heLi rda YAt | f a

particul arl yv%r"i&gg?@’ré%?%gn‘g% ﬁgﬁgfag‘agéb?@é@ %@?r%rg&%?%é&’ etinis
also a wild toagrtrols Yhd rgrpatistdifferemtiation cartl hiatueationgof/ stesw | cellsonta pat t ern
conpared to the wi|ld type glycosylation pattern. The term "erythropoietin”
used here i nc§yHuQblasts @’feréﬁ%f"?y‘éﬁi gin, especially human or aninmal EPQ The
termused here thus encom 10 passes not only the naturally occurring, or

i n other wor ild-type fo SQ. Jls i I al so
terned mod 1 i 1reReles o iBaPlatina S 186 gnl SadhelPes iRo: °: ne
bi ol ogi cab efdytstion efteyvidrilt by ARISEVIANWaghtedi Bbolin 340 CE. oDulhg h t he
present invention, there will be understood by 15 "derivatives" also those

derivatives dtPErpgHeepAifferentiatign, ofuarytarecta i pioggnitek cslisi globin
eryt hropoi et i - UE jE i (190 ; Rerftsq Tor € at ons
or nol ecul ar %rngrbjébésfgt(')ér] "‘rﬁjeus(“l%r uesgﬁﬁgéssgkggf 3?(? ?‘;’% y ght@'%?ﬂf%gﬁ 0 és%gar chai ns
such as et hylan tlg ywehberaofifarritinireseptans e incredsedqliberstsy thd teli from t hat
of the naturall ccurring hu- ) ) )
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 to 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



20 man or aninmal erythropoietin protein in at |east one position but
essentially have a high degree of honology at the amno acid | evel and
conpar ablwohkwoliagsscal activity. Erythropoietin derivati pes/BErRo100015850 be
enpl oyed, for exanple, in the present invention are known from WO 94/ 25055,
EP 0148605 Bl or WD 95/05465. 25"Honol ogy" neans especially a sequence
identity of at |east 80% preferably at |east 85%and particularly
preferably at |east nore than 90% 95% 97% and 99% The term "honol ogy"
known by the per- son skilled in the art thus refers to the degree of

rel ati onship between two or nore pol ypeptide nol ecules. This is determ ned
by the agreenent between the sequences. Such agreenent can nean either

i dentical agrpretsing with el dnﬂeaermtogllyeosgdaﬁlme paﬁehangmpa‘redrtbnkheSwdd ds.
According to the invention, he term

t|v i ncl udes fusion
e eimed | > e aPTABeRERaIN GoRaIIl RHIEHER STBOAITEE ENFEsent Con ¢ he

N-term naI . GIERR he
i nventi on, ?ﬁas'e@rﬁ ﬁfeé?lv%pg?sgaﬁ']@%@%sﬂﬁ oémte%gg?rp(al?gr & II:—Eﬁvjafel"gg \?EGF Pl G,

a statin or awitd hepe eapthoopdiétin dnad;erelaswesnlhenelohglreafmntlcularlgrmm hel i al
progenitor c In,a further, enb nt t he |nve tion, e ot her
protei n may aiJleér(?db%mQOFHE?'&tl'atqﬁ[{v ﬁé{gno& %Wﬁ}lfﬁpooll?f'ﬂds A& Wgﬂ PYer cells.
The di fferencastighyREA RaVigg Y4 farmeh@tgu{tdéwaubatpa&erﬁnéomhré@ tor 15 wild
type eryt hrop0| etin may arise, for exanple hr ough mut ati ons such as

del etions, subetwitdityperglycasyiasion patternaddi ti ons, base exchanges and/ or
reconbinations of the nucl eoti de sequences coding for the erythropoietin

am no aci d seguences., Qovi ously such differences so be naturally
occurring seq 6%"‘I)areﬂ§hf‘%9%ety%uﬁﬁe% 1:) 'QE'&Q@ﬁcé'gBT P%)ﬁl"ﬁ%?ﬁg'r" rorgani sm

or sequences ddalciifRulithadieshital EBb! Thederliicéd ABRe MY BHHGH

sel ectively into t c ei ¢ acl d sequences coding tor erythropoietin,
usi ng cortoon passes hotoomlyi thet atuealty, osmuhng,soclrremthml wagisnmldempléor
physi cal age egtjon wi.th, the inven r ef the term
"derivative" nft&f'?ﬁ $f EI% Eugﬁlﬁﬁ IS deravRS o B 0 F‘?rﬁqqulné%ﬁf%%t O in other
wor ds eryt hr apgteihs or mutants, as long as they exhibit the biological 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 level 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%, 97% and 99%. The term "homology" known by the per-



nmut ei ns. According to the invention, peptide or protein anal ogs of
erythropoietin may al so be used. In connection with the present invention,
t he t er mweraloogess37i ncl udes conmpounds that do not have &OY/ERRIN0002563 d
sequence identical to the erythropoietin am no acid sequence but 5 have a
t hree-di nensional structure greatly resenbling that of erythropoietin, so
that they have conparabl e biol ogical activity. Erythropoietin anal ogs may
be, for exanple, conpounds that contain, in a suitable conformation, the
am no acid residues responsible for binding of erythropoietinto its
receptors, and that are therefore 10 able to simulate the essenti al
surface properties of the erythropoietin binding region. Conpounds of this
type are descsorbskilled or thexanthues refersvbi thetdegree ofirelatiGeshipbetwéés ( 1996),
458. The EPO used accor di ngl to,.the inventi oq_ can bg 'T%r Oduefigcl{)’i Q vari ous
ways, for exd¥W® ©rb{areoPalyPERlde of gS-urifie 1§r deteqmin rithe or 15
plasma (incl Ué’gr%gn‘%?ﬂ EnRAE! St ervt! SuchladreBMet! G featngili a (M yake
et al., J.B.C 2 (1977), 5558). an exanpl €, human EPO can al so be

obt ai ned fr onther sderdicalilagreersent oh@ise ar eondercativeeexcidnge 0 aminexani ned
Applicatign 55790/1979), from human | ynphobl ast cells, which have the

ability t 3 pr%cd e human EPO (JA 20 Unexam ned Application 40411/1982),
and froma hybridoma culture obtained by cell fusion of a human cell |ine.

EPO can al so Rf%dr?ﬂ ufoeﬁ#ebh‘\vgﬁfic??,%eﬂgrrﬂe%aibﬁﬁ\lf@'oéIQQanIH@%%ﬁE%U% tabl e DNA

or RNA coding e appropriat€ am no acid sequence o roduce the
desi red pr ot gprotdigs gianwhich fengtioealrdorgainsoof anether proteimaleapresent25 rium

in a yeast, or in | ant, anjmal of h n cell lipe. Suc t hods are
toser ] bod. " oo b RufRsmial it 61 880bs GaoapinarPasoBtanS BIRARITERt 0451678

B1. Inthe cogt@d ilbntiof, fiig<iRer pRel hidy eer ifd(r?‘éi'(é[(rf@lé?fGﬁf-@fS'EP%pOi etin

are in a preferred enbodiment functional arid clinica proven
derivati ves, YEGFeRIDF = statint edanother tfactog thatphas asstimulagingfeffgobet i n, al so

termed Procrit, Epogen,. Eprex..or oReco n, Epoet.in delta . 5 also terned
Dynepo, Dar belbERP AT ElLBIgENEH cal B U s SR mBEkRY o Bkous
eryt hropoi et ifor QRERREr Brot&ifNaG lalsBE ATRICIOXIhaR Plaked Biiin@nfing &fcol - epoetin
beta, also terned Mrcera. In a preferred enbodi nrent of the present

i nvention a rfect opdigeucells. s

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 includes
25 mutated erythropoietin molecules, or in other words erythropoietin

muteins.



a, preferably spherical, bead made from a bi oconpatible capsule 10 shell
mat eri al which contains enbedded therein the therapeutically effective
anount ofWPi20®v12¢8371 s i n physical contact to a |iver celPCTSPR10/06256hg
anount of erythropoietin. In the context of the present
m crocapsule is preferably a sphere, preferably with a dianeter from 10 pm
to 10 mm preferably 140 pmto 10 mm preferably 50 15 pmto 1 mm

preferably 60 pmto 800 pm preferably 100 to 700 pm

In

i nvention a

a preferred

enbodi ment of the present invention the mcrocapsul es of the present

I nvention consist of the liver cells, the erythropoietin and the

bi oconpati bl e capsul e shell material. Preferably in addition to the above
t hr ee el enmentAcceordingt fontheoinventiom; mmmpeupmteﬁﬂaaaldgsmfaerWUopaipat i bl e

matrix in the core of m cr ocapsul e seen.

i.n agﬁ)artlcul arly

preferred entSth Wta'Fﬂg’epPé%n'f‘ W'PHﬁ”‘ﬂ% 853%‘%5‘ r‘r?%‘?’HLoé‘p
conpri sing a tefifrapakigse Mdiuded E6mipoyAda At Abt haveang

in a bioconpatible matrix material 25in physical contac
stinul ating sesuencefidenticalr top the:tanithroppiatip aminoukgid pepuence bad

Cuspensi ofl, EEerdpitySRlineinal B c coleiycRERIBICtat, &1 coll ©'

suspensi on ISerpﬂ%p@éhhy da) that they haver caripagabi®nbisloteehll Actvigel | cul ture
mediumor in WP"H ysi ol ogically accept abI e aqueous solution. The |iver cell
P

suspension i

eddwmoeémpsul at ed
to aliver cell

@pmnya@algggﬁ@ﬂmﬁa for axamplecepmpaunds Hatkcopal t ur e

medi um 51N g,pand LCUkiRlHY BRI, HEPSHIAE Aeid Fiadds’ Rlspehslbie 27 €

enbedded

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. 252 (1977), 5558). As an example, human
EPO can also be obtained from tissue cultures of human renal can-

cer cells (JA Unexamined Application §5790/1979), 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 cell line. Such meth-
ods are described, for example, in EP 0148605 B2 or EP 0205564

B2 and EP 0411678 B1.



in the matrix contained in the shell in formof a suspension, preferably in
a cell culture suspension, preferably in formof liver cells contained in a
cel | cul tWpeoreldissm or in a physiologically acceptabl e RGUEP2&10962563 | on.
10In a particularly preferred enbodi ment the present invention relates to
m crocapsul es, wherein the liver cells are selected fromthe group

consi sting of hepatic precursor cells, hepatic stemcells, hepatoblasts and
hepat ocytes. In a particularly preferred enbodi mrent the present invention
relates 15 to mcrocapsules, wherein the liver cells are selected fromthe
group consisting of hepatic precursor cells, hepatic stemcells,

hepat obl asts, hepatocytes and endothelial cells. In a furthernore preferred
enbodi ment tHa theesmtexi of ¢éme ippeserdl iaventior derivatives oflleegthrapaietin n t he

lver cels e e g ety et PSR S b e
are living |'d@rfvaﬁ%é,g)refé}aﬁl(ﬁ%ﬂé@t(eﬁeﬁjorﬁrfﬁe rggﬂrgongi%ﬁnwqu‘f(fd‘e?ﬂnts may be

obtained froma li1ving or a In partic recen eceased, donor.
In a further rals@ termedc Prectite Fpogene Epredhor PleoRecorinone kpoetinrdeita; es 25t o

o et ot Puerdtedtpaned ytiers, BheieRoctinoatsd BIe drBesiaF THogtR cel 15,
rabbit liver ceRIAS(cOMiHEBUS affthrésdietin Feceplor | dntagorist)! énd hiethorgr ticul arly
( efgthrégditin Aceplor ldntagorist) | 4

preferred enbodi nent the preséent invention relates to m crocapsul es,
wher ei n t he rpalyelbyieseldycalepsedin hetar alge teimed 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 uym to 10 mm, preferably 140 pm to 10 mm, preferably 50
15  um to 1 mm, preferably 60 ym to 800 um, preferably 100 to 700 um.
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-



S5aneter from 100 to 700 pm preferably from 200, 300, 400, 500, 600 or 650
to 700 pm In a particularly preferred enbodi nent the present invention
rel ates twordoyiaesdpsul es, wherein the therapeutically efPCEFEPRME/002563INt Of
liver cells is 104 to 108, preferably 105 to 107 liver cells/ M suspen-
10sion. In a particularly preferred enbodi nent the present invention
relates to mcrocapsul es, wherein the liver cells have an average di aneter
of 8 to 14 pm preferably 9 to 12 pm In a furthernore preferred enbodi nent
the present invention relates 15 to m crocapsules, wherein the liver cel
stimulating anount of erythropoietinis 10-7 to 10-2, preferably 10-7 to
10-3, preferably i07 to 10-5 and preferably 10-8 to le U mnm suspension.

I n a further rture spspérsiond Theblivernesit suspensiesdatpreferablyi ionfarel afes to

m crocapsul es, wherein the EPOis wld type erythropoietin or.re-

20c0nbi nant - digt REUsRelaRed iy & Seliciuid BTl ot FF 8Pxebbivelly « ne
present i nverddceptdifte alRieous J8IGHGH: aRseligsr cathsuspehdibie is prsfelbly hel |
material is selected fromthe group consisting of alginate,

al gi nat e- chi tdsuspens®n oblivgrmells poaycall gyiraenedipm). | t her nogel at i on- pol yrer
and PEG hydrogel .

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 culture suspension, preferably in form of liver cells con-
tained in a cell culture medium or in a physiologically 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 adult 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-
ticular a recently deceased, donor. |

In a furthermore preferred embodiment the present invention relates

25  to microcapsules, wherein the liver cells are human liver cells, non-

10



In a furthernore preferred enbodi nent the present invention relates to

m crocapsul es, wherein the matrix material is selected fromthe group
consi sti nyoabioalz¢ggsmat e, al gi nat e-chitosan (AC), al gi nat @Cpairgeiniogzsehe
(APA), thernogel ati on-pol ymer and PEG hydrogel. 5In a furthernore preferred
enbodi nent the present invention relates to mcrocapsul es, wherein in
addition to the liver cells at | east one further cell type is present in
the mcrocapsule. In a particularly preferred enbodi nent the at |east one
further cell type present in the mcrocapsule is selected fromthe group
consist- 10ing of liver stellate cells, biliary cells, henopoietic cells,
nonocyt es, macrophage |ineage cells, |ynphocytes and endothelial cells. In
a furthernormmnahmrirwedivbodéhsarpig(ﬁflet tells) degdiver celle dat diver cellss f or eseen

t hat the rricr%gﬁﬁu e c rises.in egdltlonI to the liver cells and the EPO
at | east one NET ge! °'1's£:|ﬂ‘(ﬁ"° B or Latlie) c€l%ected 15 from the group
consi st ng of HGH (human growth factor), VEG- (vascul ar endothelial growh

ractor) . CSF fooglaoabiviakhiag daghaiment ieoBRASR Siichviof Foias™ o

(Skpcolllen &TEBh I'ex erived

factor-1), NGo ficoeapsulest the&@hom)e rrﬁ’d:rGEabsxhiespHWe dynl anget @i gl ycan
anchor biosynthesis, class F 20HMG cor educt ase_ i nhi bit

(angi ot en8i n ¥R, fqrﬁgfo@nt?y HMhRrefarably fram2QG, oG ﬁ@p 599 ﬁ@nONO donor.
or 650 to 700 pym.

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 10’ 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 um, preferably 9 to 12 um.

In a furthermore preferred embodiment the present invention relates

15 to microcapsules, wherein the liver cell stimulating amount of
erythropoietin is 107 to 1072, preferably 107 to 103, 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 enbodi mrent the present invention relates to
m crocapsul es, wherein the m crocapsul es are coat ed. In a particularly
pr ef er r edwornzbwdieasnt of the present invention, the 25co&CITaR2018/00256D| yrrer
coating, a sugar coating, a sugar alcohol coating and/or a fat or wax
coating. In a furthernore preferred enbodi nent the present invention
relates to a nmethod for preparing the m crocapsul es according to the above
conprising: a) providing a suspension of a therapeutically effect anount
50f liver cells and a liver cell stinulating anount of erythro- poietin, b)
m xi ng the suspension of the liver cells and the erythropoi- etin to bring
themin physical contact to each other and c) encapsul ati ng the suspension
of the liver |pned fustrerthdrberéfigred bmipdiraenhthenpreseap inveatishaklatest eri al so
as to formt htg 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 microcapsule is selected from the group consist-
10 ing of liver stellate cells, biliary cells, hemopoietic cells, monocytes,

macrophage lineage cells, lymphocytes and endothelial cells.

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 stimulating factor),
thrombopoietin, SCF complex (Skpcollien, F-box containing com-
plex), SDF (stromal cell-derived factor-1), NGF (nerve growth factor),
PIGF (phosphatidyl inositol glycan anchor biosynthesis, class F),

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

In a particularly 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 alcohol coating

and/or a fat or wax coating.

12



m crocapsule. In a furthernore preferred enbodi nent the present invention
relates to a nethod, wherein the m crocapsules obtained in step c) are
cryopr esewQed1o/12583 a furthernore preferred enbodi nent POE/EPRESMNS63

i nvention relates to a nethod for the prophylactic or therapeutic treatnent
of a liver disease in a subject in need thereof conprising adm nistering
the m crocapsul es according to the present invention to the subject in need
thereof. 20ln a particularly preferred enbodi nent the present invention
relates to a nmethod, wherein the liver disease is hepatitis, cirrhosis,

i nborn errors of nmetabolism acute liver failure, acute |liver infections,
acute chemcal toxicity, chronic liver failure, cholangiocitis, biliary
cirrhosis, Allag flrthaymieqreferagg emidodiment thq)p'resedléﬁm\tﬁ'réim@yrela:tESOi mune

hepa- 25titis, bili tresia ncer._of th tic disease of the
ver, “Tatty 7 pastfof Bt preane e SlorGeapaides abhiitd 1 s abave

hemochr onat OS¢SmphGRgt i tis A hepat itis B, hepat itis C and ot her hepat itis
viral infections, poryphyria, primary sclerosing cholangitis, Reye's
syndrone, sarcoi d03| s, tyrosinem a, type 1 glycogen storage d| sease or WI -
5son' s di sease. a)n ap’rwidilmgrmppneibarofEd thetapdiutieally effecpaesamt i nvention
relates to a nethod, erein the adm ni stLatlon I S effecteg RX | nt roduction
of the mi &rocapsul es %H¥er celifoand \a fivereall smulatipg ameust,pbethioni o t he

liver, into the IiveP B-H nP or into the spleenic artery or portal vein. loln
a furthernore preferfed enbodi nent the present invention relates to a
nmet hod for introducing liver cells into a subject conprising adm ni stering

the mcrocapsul § acesixidignbetsuspepsiprestiie livey @ells @nd theceitiropolj ect .
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 to the present invention to 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,
Alagille syndrome, alpha-1-antitrypsin deficiency, autoimmune hepa-

25 fitis, biliary atresia, cancer of the liver, cystic disease of the liver, fatty

13



In a particularly preferred enbodi nrent of the present invention the 15
admnistration is effected by introduction into the subject in need

t her eof , WlaPHV13483Me adm ni stration is a topical, enter & TEP2¢I&M0E2I62r al
adm nistration. In a preferred enbodi nent the topical adm nistration is an
epi cut aneous, inhal ational, vaginal or internasal admnistration. In a
preferred enbodi nent the enteral adm nistration is by nouth, by 20 gastric
feeding tube or rectally. In a preferred enbodi nent the par-enteral

adm nistration is by injection or infusion, preferably intervenous,
intraarterial, intranmuscular, intracardi ac, subcutaneous, intraosseous,
intradermal , intrathecal, intraperitoneal or intravesical adm nistration.
In a further riiuee gnlaétesemila egbldnid)mes]t Gilhertpawmtrem heimoggemstet ration is

t ransder nmal , ns al lati furth rm)re r ferred
Crhodt mont. 1 - TRADE 2 oDt B 1eatlE G ahd et hePREE NGBS el i ver
cells in a leﬂohsrﬁoWw@ p?fn@é@réélébbsm@ chbldr@itlscq?{@ié§|§y9d%ﬂﬂeurl ng

m crocapsul es according to the present invention in suitable culture
medi um and urséegoidosigi fyroaiwesiia;: e T glycegent storage) d(ﬁeasl@cpéa\é/i'ng
viability_of the | |v$§ﬁcel ls. In a particularly preferred enbodi nent the

pr esent %verﬁoinfnd'?g 5 to a nethod for maintaining or increasing the
energy state of liver cells in a culture medium preferably in vitro,

conprising c i o
compr 1 Sing Chiafirithriforé RfeRAMUCEMBEARRENN el SreSBRt RBARGH oSN

conditions suitable for maintaining or
i ncreasi ng t he semethpd, smlazerelmfhet administratiarels efftheGLbfyt introdpetéiareof ed
enbodi nent s &% the rese are t ect matteLFﬂ f subcl ai ns.

The figure s HEE s By Boktiecite the cpidth dbiauta th or
wi t hout EPO Weﬁnnt@whbumr palpPorRBStHeespibehittartedt lor popRe V6N, St at e.

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
15  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, intramuscular, 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 cultivating liver cells in a culture medium, preferably

14



Exanple 1 15Liver cells, in the presence of EPO (5 x 10-3 units/m),
encapsul ated with alginate at a concentration of 104 to 108 cells/m into
beads w tWozan1ién¢s3age di aneter of 100 to 700 pm w | | f aPETHPRAIGH00ISKAEN | i ver
cells encapsul ated identically except without EPO. The ATP/ADP ratio is
used as a neasure of the cell's energy state. If the ATP/ADP ratio is 20

i ncreased during the course of the experinent at a faster rate or remains
hi gher than in the untreated cells, then this evidence would support the
hypot hesi s. Encapsul ation of liver cells Cell encapsulation of liver cells
froma single stock of cryopreserved human |iver cells was perforned using
an electrostatic bead generation apparatus. Liver cells were suspended in
routine cul t unevittedcompeisihgnéwtedingi micracapsides aocaidiigta thespresendn in a 1:1
ratio. The re- 5 sultin % al gi nate sol utian containjng liver cells at a
concent rat i od"¥¢NYUPTHN ?%ﬁqaﬁﬂ F@)‘fﬁe r\'/\'ﬁé'u&? li"?ff% %fﬂlf&%‘%wlﬁmg fitted
with a 24- gadgenARHIMAG 0N HGEasiRgiabiitySTAhEGLEr caRS pi erced at the hub
with a 23-gauge needle To serve as the positive electrode in the

el ectrostatic casting process. The syringe was | oaded onto a syringe punp
10 (Brai ntrednSmipanticdlady preféted, emdbadimhemtetheMivesent! irventiogaelatesh t hat t he

droplets ejected frogmthe angiocatheter would fall orthogonally onto the
surface of a @28 Mk g?ru RN OF (Rglepsingstheu engray §%ﬁ%éﬁt"’8ﬁal or

Cyt onet buf f i Hhedit%:h =1 ePabl ih NviffoX chiptisiiy! 10-6 U ni
EPO or wit hoﬁée"éPO tai %&5@5@@?{“ gl ?g'éérﬂe e% elr. @(5)' 'F%@%I st ar??clatﬁ?r m t he
angi ocat het ermidrpcapsulés ascording=toothegpréaéhtinvestidn iea saitablepsuwtureat el y 2.5

o ounded of can BB o Sndh oSl hUtebBF Shatig Subiredihd " *
el ectrostati qhgcgr@?%yg{at@@tmu@é%g across the angi ocatheter tip and
Cad 2 bath using a high-voltage DC 20 source (Spell man nodel RHR30OPF30,

Hauppauge, NY) in the range of 3.8 to 6 kV. Bead size (500 pm was

control | ad byFutherspreferred endmadimedtgof the prdsent\irsentiba argrthegabpunp was
turned on in the presepce of. the high electrostatic potential, the
expressed sod?EWéﬁSfﬁg%b@B!mtﬁ'i on was pulled away as tiny droplets that
pol ymerize into 25 solid calciumalginate i medi ately upon contact with the

F?OWZ| sol uti ofe AGLRY SRBKERAY!ATAADE N5tid 'of HleFElils BhEANANSERASRRR Wer e kept
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 would
support the hypothesis.

Encapsulation of liver cells

15



liam s E supplemented with 10 % serum 244 unit/m penicillin, 0.244 ng/m,
5.5 MM glutam ne, 0.195 units/m insulin, 0.017 ug/m gluca- gon, 0.73
ug/ M pr N2 WIB#H8370. 54 ug/ M dexanet hason and cul t ur ed PCHEP2010602563
De- encapsul ati on was done by placing beads in 100 mMcitrate. \Wen the
al gi nate was di ssolved, cells were washed twice with PBS 5 and pelleted by
200 x G for one mnute. Metabolites were extracted by placing 4 %
perchloric acid on the cells and honogeni zing for 20 seconds with a hand
hel d m cro honogeni zer. The sanple was then centrifuged at 14,000 xG for
three m nutes and the supernatant, with the netabolites, was renoved. The
perchloric acid was neutralized 10 with KOH and the insol uble potassium
perchl orate wasll leenapsmiatiqn @érlivel'r (:elgafrblma sTrllgaleW of epyopréservadal yzed by
an HPLC net horgi for ATP,

|

r¥ escrib I H_ "{%a%ure nts of ATP in
Marmal i an Cel NWPap XA FE W@lspaq °fWé°t Bﬁl‘ggﬁﬂ)ﬁef: pstadle eNiRr ee
paral | el pl atish *%%&MCL'W oK ere é&@e%%ﬁwﬁ’obm@bum%nﬂn 15ti on.

Results The ATP/ADP ratio is a measure of the cell's energy_and represents
the effect ofand mixedsvith2c%l sedivmalginaie sahetioneimBol:loadipatléede-t he cel | s.

The mai nt gnan u‘?tmg 1”70 aIA-||;1P té‘ %%Itft%tn' gorgtgen'?né iver SQIISSSFQ dorﬁcentratuon

of 4 million cells/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 calicium chloride (CaCl,) solution (con-
ventional or Cytonet buffer 4 with 1 % human albumin, with 5 x 107
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 ml/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 (5600 um) 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 CaCl, solu-
tion.

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/ml insulin, 0.017 ug/ml gluca-
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20 liver cells encapsulated with EPO clearly shows that the cells are able
to mai ntain energy generating pathways which are required for every
function wD 20fver2essizl s. I n this experinment, the ratio of pATRIPADGVES3

mai ntai ned in the EPO-treatnment 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 nay be
signalling through a non-EPO receptor driven pathway to afford the cell
trophic stimulation. Patent clains 1. M crocapsul es conprising a capsule
shel | encapsul ating a suspension of a therapeutically effective anount of
liver cells in physical contact to a liver cell stinulating amunt of

eryt hr opoi et i gon, 327 3ugymé ppsdnisslonc 0Gddughnitdexansethmadon ahdrailturédhe | i ver
cells are sel ec%ed fromthe group consisting of hepatic precursor cells,
hepatic stemf@ERINOUMBepat obl asts, endothelial cells and hepat ocyt es. 3.
M crocapsul es according to claiml1l or 2, wherein the liver cells are

o B ver ter 1 DBHchpaUiston WHR!JARE MY Pl nelBETn HRYCH ARG %L e o
to 3, wherei rWHéfh t!h'evélgin@@é W‘asadIGSdS\I_Uéﬂ,ncélisV\Qér@Wabﬁed witehWitRIPBS i mat e
liver cells, %ﬂ?; iver cells, liver cells, cat liver cells, rabbit

liver celPs, elletedhy 8@D|>s?33%r_me MiRele. N&qtﬁ@"tﬁi’l‘!@ﬁe@ﬁﬁﬁt%apsul es
O e PR 8o R SRTE ch e ARGl s5P5g0=1l e
seconds with a hand held micro homogenizer. The sample 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 perchlorate 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 tion.
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 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 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.
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6. The m crocapsul es according to any one of clainms 1 to 5, wherein the
liver cells have an average dianeter of 8 to 14 pm 207. The m crocapsul es
accor di ngvoaosvi4ssne of the preceding clains, wherein tireTtHEPROIQOE256S cal | y
effective anount of liver cells is from104 to 108 liver cells/m

suspensi on. WO 2010/ 124837PCT/ EP2010/ 002563 8. The m crocapsul es
according to any one of the preceding clains, wherein the |iver cell
stinmulating anmount of erythropoietinis 10-7 to 10-2, preferably 10-7 to
10-3 U mM suspension. 9. The mcrocapsul es according to any one of the
precedi ng 5cl ains, wherein erythropoietinis wld type erythropoietin or
reconbi - nant erythropoietin. 10. The m crocapsul es according to any one
of the precedPa@ntichaiis wherein the capsule shell is nmade froma

bi oconpati bl e materi al being selected fromthe group consisting of

al gi nate, alginate- 10chitosan (AC), alginate-poly-L-lysine (APA),

t her nogel at i oh- pol Miesocapsailes=Gamyprisiogl @ capsule shell encapsulating a

suspension of a therapeutically effective amount of liver cells in

physical contact to 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 cells, 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 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, dog liver cells, cat liver cells, 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.

6. The microcapsules according to any one of claims 1 to 5,

wherein the liver cells have an average diameter of 8 to 14 ym.

20 7. The microcapsules according to any one of the preceding
claims, wherein the therapeutically effective amount of liver cells is

from 10* to 108 liver cells/ml suspension.
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11. The m crocapsul es according to any one of the preceding clains, wherein
in addition to the liver cells at |east one further cell type is present in
t he m cr owapsw/e4831512. The m crocapsul es accordi ng to &0Y/EPp@00b256he
precedi ng clains, wherein the mcrocapsules are coated. 13. The

m crocapsul es according to any one of the preceding clains, wherein the

m crocapsul e contains a bioconpatible matrix enbedding the liver cells and
the erythropoietin. 2014. A nethod for preparing the m crocapsul es
according to any one of the preceding clainms conprising a) providing a
suspensi on of a therapeutically effect amount of liver cells and a |iver

cell stinulating anount of erythropoietin, b) m xi ng the suspension of

the liver cel8.s anthe hnioemgapm.drpmimbrding tor ang oreerofi theplpyecedihgcont act to
each ot her anq c) _enc Iatln@ g suspensi on ?f t he Ilvgr.cells and

t he erythropo‘?%‘f’?snw erglrb e stmul M@”‘?f‘l@ltlo PRP!CYB 18s to 5form

the mi crocapsidyo 143, Opr%aw POUGI00IIGsBoRbBM 14, wherein the

m crocapsul es obtained in step c) are cryopreserved.

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  chitosan (AC), alginate-poly-L-lysine (APA), 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.

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

a) providing a suspension of a therapeutically effect amount of
liver cells and a liver cell stimulating amount of erythropoietin,
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16. A method for the prophylactic or therapeutic treatnment of a liver

di sease in a subject in need thereof conprising adm nistering 10t he

m cr ocapswiDes10ae¢’37di ng to any one of clains Ito 13 to PREEPADO/OPI6E i n
need thereof. 17. The nethod according to claim 16, wherein the |iver

di sease is hepatitis, cirrhosis, inborn errors of netabolism acute liver
failure, acute liver infections, acute chemcal toxicity, chronic liver
failure, 15 cholangiocitis, biliary cirrhosis, Al agille syndrone,

al pha-1-antitrypsin deficiency, autoi mmune hepatitis, biliary atresia,
cancer of the liver, cystic disease of the liver, fatty liver,

gal actosem a, gallstones, Glbert's syndrone, henochromatosis, hepatitis A,
hepatitis B, hepitmixing (heasdspersion loffhe ilives celis ahdithé exythoopoietior yphyri a,

primary sclerosing 20chol angitis, Reye's syndrope, sarcoidosis,

tyrosi nenia, tyﬁ%g!ﬂngm“c@-'”g’éws%b?% Cgt%é%‘g"éogf%rm%son' s disease. 18.
The met hod according to any one of clains 15 to 17, wherein the

adm nistration is e . by 4 nt |: e JLer p e nder the
l'iver capsule, Fit%r{c{aﬁéhgag'ln erﬂ,‘gi %ﬁ%y‘ﬁ#égﬁl §¥ert,hgi Illl 'Ct%@gl %vér §I}%pul p or
into the spl eeniegythfdpistiin BOibabmpaitible cX§3A8 Khell A8 RTEoERR @30/ 002563
19. A nethod for introducing liver cells in a subject conprising

adni ni st ebi ng t fMithe BuelesaPE4eaccording to any one of clainms 1 to 13 into
the subject. 20. A nethod for cultivating liver cells in a culture nedium
com 15. The method according to claim 14, wherein the microcapsules

obtained in step c) are cryopreserved.

16. A method for the prophylactic or therapeutic treatment of a
liver disease in a subject in need thereof comprising administering
10  the microcapsules according to any one of claims 1 to 13 to the sub-

ject in need thereof.

17. The method according to claim 16, wherein the liver disease is
hepatitis, cirrhosis, inborn errors of metabolism, acute liver failure,
acute liver infections, acute chemical toxicity, chronic liver failure,
15  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, gallstones, Gil-
bert's syndrome, hemochromatosis, hepatitis A, hepatitis B, hepatitis
C and other hepatitis viral infections, poryphyria, primary sclerosing
20 cholangitis, Reye’s syndrome, sarcoidosis, tyrosinemia, type 1 glyco-

gen storage disease or Wilson’s disease.

18. The method according to any one of claims 15 to 17, wherein

the administration is effected by introduction of the microcapsules

under the liver capsule, into the spleen, into the liver, into the liver
25  pulp orinto the spleenic artery or portal vein.
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S5prising culturing mcrocapsul es according to any one of clains 1 to 13 in

a suitable culture nedium
WO 2010/124837 PCT/EP2010/002563

19. A method for introducing liver cells in a subject comprising
administering the microcapsules according to any one of claims 1 to

13 into the subject.

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

13 in a suitable culture medium.
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