ENCAPSULATED KI DNEY TI SSUE CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001]
This application clainms benefit to United States Provisional Patent

Appl i cat iwO 2bip/086850015, 328, fil ed Decenber 20, 2007, thecCtarst@sos72of which
are incorporated by reference herein in their entirety. FIELD OF THE

| NVENTI ON [ 0002] The present invention pertains to the encapsul ati on of
tissue in polyner. BACKGROUND OF THE | NVENTI ON [ 0003] The ki dney plays a

critical role in maintai NipRG AFME.TRD IGPNEYTRGRI@SI S. Anong its
honeostati c functions are aci d-base bal ance, regul ation of electrolyte

concentrations, blood pressure and bl ood vol une regul ati on. The ki dneys
acconplish these functions independently, as well as through coordination
wi th other organ systens through the actions of hornones and proteins

secreted into the btREASIREATRENCESEO REAICHES APPRiEATIONRC! ude
eryt hropoietin (Epo urodilatin, renin and vitamn D, as well as |ess

enmphasi zed pr 810 l]ns)rlymmha@loa@iapnh@?ﬁtﬁo aited pte Rrovispoaldlatentli ponect i n
(al so_kngy 11@3%@“5@0%1%1963% PRQd D@ﬁ:'}ﬂb’er ?(?QO(@BE%%nt!eﬁs 8w Rl B%%Bﬁ)oija%d' ved

cytoki ne t as been shown to have anti-inflanmatory pr operties.
addi t i onbyir¢fefeaeedicicaniy thar engigaty-at e bl ood gl ucose |l evels via
cross-comuni cation with the liver. Normal blood concentrations of

adi ponectin are 5-30 ng/n IﬂEm‘%qu]f’[WENlﬁ}oﬁt udi es have shown t hat
circulating levels of adiponectin are elevated during chronic caloric

restriction i H083k hThrnresest iaveation pestaing i e arqensiation evisses/@lpslysferadi ponect i n
in human plasma correlate with high insulin, glucose, and triglycerides, as

wel |l as increased obesi tBA@KGh@ﬁjmmfﬁQWIdwer-expreSS| on of human
adi ponectin in transgenic mce resulted in suppression of fat accunulation

and preventi ofP083] pFletadngy elage acntideyrole lhlnglﬁlt@alllléphlesl@@%‘tal h@peostagsnore, a
di abet es A%#&%qg%msﬁnx éﬁ&ﬁb‘ﬁs d %@sa%@bmpogel@ 19no<;mf We 3927, the

| ocati on human adi ponectin gene. Increasing a |ponect|n bl ood | evel s
coul d havencehestmps bidod pratwiearidbleadeatinmgegilzivet By kadndyy ecemplith these

coror bi d'fﬁﬂcﬁgns 1[1(?6%?1246{1% Bg lVQH hssthﬁo %1?& Irélgﬁﬁlnk)xgﬁll Me?%%aﬁ] ?emﬁ% hhat pl ays

a key role1nre e and ener ure decr easi ng
appet i t e tiargitipmarf asnomgs amltmdnelhst wmeteﬂemeniteltyoodbteqam rThIe&ssetreedu psimwn to pl ay

82r68!3§ i)n %egcﬁtlrlog et}nh&po uroﬁ}fasunf {eglrrrl] an Qfl%cllmllnrﬂ Xlelll less emp%asmNg
proteins such as adiponectin and leptin.

[0004] Adiponectin (also known as AdipoQ, Acrp30, apM1, and GBP28) is an
adipocyte-derived cytokine that has been shown to have anti-inflammatory properties. In
addition, it functions to regulate blood glucose levels via cross-communication with the liver.
Normal blood concentrations of adiponectin are 5-30 pg/mlin humans. Previous studies have
shown that circulating levels of adiponectin are elevated during chronic caloric restriction in
both humans and mice. In contrast, low levels of adiponectin in human plasma correlate with
high insulin, glucose, and triglycerides, as well as increased obesity. It has been shown that
over-expression of human adiponectin in transgenic mice resulted in suppression of fat
accumulation and prevention of premature death by a high-calorie diet. Furthermore, a
diabetes susceptibility locus has been mapped to chromosome 3q27, the location of the
human adiponectin gene. Increasing adiponectin blood levels could have therapeutic value in
treating diabetes and related comorbidities.

[0005] Leptin is a 16-kilodalton-protein hormone that plays a key role in regulating
energy intake and energy expenditure by decreasing appetite and increasing metabolism.

Recently, leptin has been shown to play a role in protecting the kidneys from renal injury in a



nmouse nodel of diabetic nephropathy. In addition, |eptin pronotes

angi ogenesi s by upregul ati ng vascul ar endothelial growh factor. [0006] For
over thi rw9 29@88850er yt hr opoi etin (Epo), a 30.4 kDa proPeirausssosiosesi zed and
secreted mainly by the kidney, has been successfDibdkyt Nis ®d6(38.02220iIAat e
erythropoiesis in patients suffering fromanem a. Recently, it has becone
apparent that the beneficial effects of EPO extend well beyond the

stimul at inls@hold & dr Mhined dpalfyO BUELdRNR, il femoRt Kisgngyupl nt ., 2006;
70(2): 246- 2%0)0 Previ ousngltﬁ{rj aﬂ{y by Chong EE 126 8stglﬁ%lolg§hesdrl§,hat Epo

protects r?ﬂﬁ‘éa“\?%%sﬁlﬂal?enéﬁ@@ﬂﬂ%éﬁ“ﬁh*ﬁaﬁ@al nst ischemc injury. Chong et al,
Grculation, Zfde; AQSvEARky3S e?ythl%&gt'irﬁ(fEBé)Vﬁ 3697 HiRdn HERKIZE Ndi ngs,

denonstrating that Epo has a'protective effect on endothelial cells in
di verse a&nd smreterduﬁ@nlg bwﬂhe\)@cﬁ@w hap b@nn§9@§@ﬁ(ﬂszamdﬁar$amubte caythroppiesoki@, 2005;
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failure, opEPOentcsd del btyopd dreetiinalatoreofired bha@le@km@@cm&nmwﬁ@h@dndyy t he
ki dney. Rec i, , m ni st.e I stores
hemat ocr :? e 2@@53?@265@% ?rc()e%]ioﬁﬁ:%chgser% ra ? igglﬁ‘g', (%gaﬁﬁﬁwé thtapgn%oaﬁ)ﬁﬁGCt gled for
bl ood t razashlashrﬁioﬂleliﬂ'rhiagaimsrt aaliamea injurh.dievg e, aled‘lraz'vlhﬁam é@ﬂil 406 i nj ecti ons of

e beut andotaP PO Balion MERG s FEOnE: Stttk ot B Bshaproctive
Rg% ;:g(r:nr):effaagle eﬁdtdhe]hﬁl&@ﬂgmtdwe;tgecaiﬁitn@ghloﬁélusfmﬁul@m&easl (wnmdaﬁpmlang o the
car di ova§€@¥%ﬁbj§‘§§? L‘%?Sgil-%’%&a}oﬁlg aly fgér CEE ’?’gﬁﬁééﬁi\?q\f@nﬁ‘ég%Qs@‘iﬁleieé‘f gd with

r econbi namtculanon RERAIEINNG; dgml) anda13)0Mn ehrodid r&;@pﬁim’elmeﬁ@wv@%prmy be an
effective alternative to the current treatnment nodality

ch
i npl ant aBPeMiadys dngfegikte Eragyo fl%'?y e Kidpey- Reeqrehienof Freo @%@éﬁ%ﬁ a

pot ent i alrdplacMent tperrﬁ; yefehtoRk UaHathdrit bAY RIS SHhA IM Did oRBkndids YelinliRRRA8] Recent
studi es focused on dével oping alternative Epo delivery systens aré in

pr ogr ess .thqipgé &riblpad @fua%sfwﬁﬁé %tl@we’meenfaélaéqgslar jnsptiens Oéﬁe@eps ul at i ng
reconbi naph (FRG: diflesPef HELIE ?&eﬂ éﬁﬁl%ﬁlnﬁilveﬁ%b&%b&%&%%&&%: BSE§SS AESTIS o

Yeh et al, J. Mcroencapsuration et” al, J. of
Control | @dmbz@rs@éﬁséesulllgggl pag et Bpn- -300pIEme: anlglftean@rt cxelical ﬂuCEmlglrﬁeahlogéur nal of
Phar rraceu.fj-%jlogo %qupo ceutics , 1998; 45:295-305; Mrlock et al,

Jour nal ntr ease, 1998; 56:105-115). Wil e encapsul ation of
peptides and #1987l hﬂdigémﬂtbfsprbmtb/e@iff@degfmtbe endieyaopdy sgeemlye vathi eved

using s evg{h%lcultrgncf @ﬁ'e{ll%}ilgeg ’ass%p §ted with recombinant Epo treatment, implantation of an Epo-
cluting device may be an effective alternative to the current treatment modality. Such an
implantable device might also better control hematocrit values and potentially even protect
organ microvasculature from injury.

[0008] Recent studies focused on developing alternative Epo delivery systems are in
progress. Investigators have demonstrated the feasibility of encapsulating recombinant Epo
in different types of bioabsorbable polymers (See, e.g., Yeh et al., J. Microencapsulation,
2007; 24(1):82-93; Pistel et al., J. of Controlled Release, 1999; 59(3):309-325; Bittner et al.,
European Journal of Pharmaceutics an Biopharmaceutics, 1998; 45:295-305; Morlock et al.,
Journal of Controlled Release, 1998; 56:105-115). While encapsulation of peptides and
small molecules into biodegradable envelopes can be achieved using several techniques, the
encapsulation of proteins has associated challenges. For example, it has been difficult to
obtain continuous Epo release profiles with minimal initial burst as well as sufficient protein

loading within the microspheres. The development of a recombinant Epo-loaded,
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encapsul ati on of proteins has associ ated chal |l enges. For exanple, it has
been difficult to obtain continuous Epo rel ease profiles with m ninal
initial baosposassssel | as sufficient protein | oadi ng w t RCH/USR@S8/087211
m crospheres. The devel opnment of a reconbi nant Hpakkiadd&doDEOR2IPTNGS
026038. 0222PTUS i npl ant abl e devi ce may require frequent drug-rel oading or
devi ce replacenent to ensure long-term robust di sease nanagenent. [0009]

Q her i ny@skh@Rt Qb Scda¥ereRliRCRAubR RO BRAARE S RVick RGUEBhAAR cnkite and are
pursui ng a genetic engineering and cell therapy approach. Naffakah et al.

exani ned loftgeetip rokuyediscaseraanageingdf. Epo from genetically nodified cells could

represent an glopgf NSk ivisAedi&R fRlGHabMISCLhMSS biPfecb MGkt @%0 GRY AP C
anem a. Naffakh etal, Human Gene Therapy, 1996; /7(1): 11- 21. In this
st udy, pmursaing ageresie cagngering pirdotsl dlerapyepreachy Avadigkahed aliexamined ehatheyi r al

vect or | ibht NI\ BRI IR SCIRXDNRSSRALHA ST bl cGORBERLY OF L e

muri ne phosphoglycerate ronoter. ese 0-organs” contal ning the
genet i caliljyctivoglfof ireding ichwooiglangnis. Meaffrtided., Haton Cohd BgesrygBl96; Wer. El-i npl ant ed
into the,perii.oneal Vit f.m | .t i increase  in_hematocrit
and_ser ud 2ot Sudent ap: bt ofTh BBrobASE ettt e RE IR Ru b el T

i npl ant atwhich thé migpoe BeoaDNA ngs Eipoesedol vmdershe @prrelsenlicsmarieot ent i al et hod f or
per manent . in, vivo a delivery. [00 Simlarly.. Orive et al. i.nvestigated
Phe Tong hPhYRer SREE IR ThO8e b s hetrd st Radse Bunnd BT Le %8 o
al , Mol edibraiastklraibagied iid0 O81agd’dedy) w8 dnSlant&RDinyotRE pdtit@icolcapisubasict oaded wit h
Epo-secreti ‘ﬁ‘ S%Ob'l asts.were irr.gl nt ed jEnto t he Eéari oneym anﬂﬂsubcut aneous
tissue ofreS§G §EhE! BCTARE AP UHYERE Y FHUCEEPHOGRISATOS dHE Al ™ tocrit

| evel s weberimion p@idaethd igllanekien bHERL-LORtisaNS oblastalechrekdip avi@dalni ce.

I nteresti negl{ y,.the functionality of capsules inplanted in the allogeneic

mi ce per SHh@EJorpsRINC) Voo EPALEREY npl ant ati on. These results denonstrate

the feasibilijo10f SililarlSRARSHLAIYER aaplﬁe@dnggym{faﬁctto%it&@ﬁﬂféﬁw del i very
of Epo within an allogenic nodel. 00%1] I n addi ti on, rran%/ conpani es are

al so deve&FuphegPcaIProaehcapel st oAl deselin Shagy . 2%te il +8 - EpbvaTrRer apeut i cs)
i's devel opifgapcakd 109&8%&%?))'0%@@&&%&%&%@% ﬁ?ﬁll)alrnl/ed'iﬁ'fglﬂfeg;eﬁg)nlaﬁg ahEl ease

substances that cross the blood-brain barrier neur ol ogi ca
appl i cat isabratanpyy ek bf $ynecncicIad alygsguc mER) High agé owisopi hvgpatosublgsadd at ed

S G o ieah R aLel TSR ol S
has denomstaatledintiratddgm gmaéogmge ngctesnea'rﬂ(t@l wfil ddyeilp gfter implantation. These V
results demonstrate the feasibility of cell encapsulation technology for the long-term delivery
of Epo within an allogenic model.
[0011] In addition, many companies are also developing cell encapsulation
technology. StemCells (CytoTherapeutics) is developing cell capsules that can be surgically
implanted and release substances that cross the blood-brain barrier for neurological
applications. Novocell Inc. (San Diego, CA) is developing encapsulated islet cells for
insulin-dependent diabetes. Islet Technology, Inc. (St. Paul, Minnesota) is also developing
islet microencapsulation technology and has demonstrated the long-term persistence of their
implants in a diabetic dog for more than 3 years. Amcyte Inc. (Santa Monica, CA) is
developing islet cells to form an artificial pancreas using photocross-linkable alginate or
polyethylene glycol capsule. Finally, Microlslet Inc. (San Diego, CA) is developing a
suspension of microencapsulated, porcine islets for injection into the abdominal cavity using
a highly biocompatible alginate.
[0012] Indeed, several efforts exist, attempting to exploit cell and protein

encapsulation as a means to deliver therapeutic agents. In total, the state-of-the-art has
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inplants in a diabetic dog for nore than 3 years. Antyte Inc. (Santa

Moni ca, CA) is developing islet cells to forman artificial pancreas using
phot ocr oswol2oesksbdse al gi nate or pol yet hyl ene gl ycol cap®darais2eesesiiy,
Mcrolslet Inc. (San D ego, CA) is devel opi ng a Bokpe¥si02603610222PTUS

m croencapsul ated, porcine islets for injection into the abdom nal cavity
using a highly bioconpatible alginate. [0012] Indeed, several efforts

exi st, atbrimbd NGy EGnRARgQl ug&ttlldaangldntéat BiEHs ARG RT Ak QM@ iRy BRANS 0
del i ver therapeutlc agents. In total, the state-of-the-art hasDocket No.

026038. 02pePTUgiogenamethed fudhscongatins longgeramiglivereplEPdarivo. Heuctdiese

efforts hyeud el eyl Metibd hisy b0k ARGARTIH b icAlp@fyRn TPt hod for the
controlled, long-termdelivery of Epo in vivo. However, there are

consi der @bllleélcslbtré‘t@}ﬁ¢ds@11%§anth¢altlllm§§t)r therapagopipediebef ore t he encapsul ation
of geneticall I’OOWS’E Tl E?n‘é@d‘fepﬁgﬁ:&% Z8GicEOfhad I8 {]&Bg%&iﬁmﬁt oposes.
ena or I nplanta

[ 0013] There ns a need e devi ces that overcone
t r adi t i omadblgmesaiscsrredasthabérapestic Wipldynteher apeut i ¢ depl oynent. SUMVARY OF THE
| NVENTI ON [ 0014] Provided are therapeutic i rrpl ant s conprising renal tissue

encapsul ated wthin a pol y%ﬂ&ﬁ@oﬁﬁﬁﬁtf are nmethods for treating
a disease state in a subject conprising I antl ng wthin said subject a

t her apeuti c i if¥iléint Prowidpd irs tht:gapmetmatnptanasumpemglpmlItlasuedn%pmated a pol ymer
bead. [ OQx;Iélln cﬁfra&rbg,é{d %?s% d'il{c?osgae&rg ﬁquhﬁloﬁéjfor FE?JﬁnEg d?sreat 0ChLARE wsﬁbﬁ%c't mpl ant

conpri sing: pr renal 11 Ssue, I ssue a solution
conpri si mgmarigod mmn;ung iw&hmbyldfsubj eat A gleaaptauts:sumlapmwnmusmg USREMmSION;

ext rudi n%ntahse latédgwltﬁ{ 5, 1! saHspenm on into an beadform ng sol ution,

t her eby fof Y ng a t nt I'nmpl ant conpri si ng beads of said polyrrer

Wi t hin which [00&5]!‘ enBb ptdeEdlerelrﬁetlefalS&psmﬂk&tgeldheraﬁhﬁﬁnmrﬁﬁﬂs@g OF THE

DRAW NGS f nt f t | at i
i abi |1 CPOro BhEbdhe: B oA ea il aliia® R R oAy B Soue.
[0017] Flfésmids a hdsuesp@altlasutﬂtﬁs@ntMﬂatdn«:g‘ thERGuE 9b19ﬁh3ﬁ§ﬂtspdﬂ§1@n tnttearpbbhtur e

medi um as determ ne post - encapsul ati on, by ELI ta IS
i ncl udedaf?ratmw&a@ndg%t dtd 8%/1“8 ?é@t@%%@%@*ﬂwﬂ%wm%ﬁw@ﬁ %}P%fd m nced

rat ki dneyithid $Hibe thekrénabikBudR leioapsiddig. encapsul at ed, m nced rat Ki dney tissue
(beads with tissue).

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 depicts the results of an assessment of the relative viability of
encapsulated and non-encapsulated minced rat kidney tissue.

[0017] FIG. 2 illustrates the amount of Epo released into the culture medium, as
determined on day 4 post-encapsulation by ELISA; data is included for beads devoid of tissue
(beads only), non-encapsulated, minced rat kidney tissue (tissue only), and encapsulated,
minced rat kidney tissue (beads with tissue).

[0018] FIG. 3 depicts data from a study in which the average amount of various

proteins secreted into the medium was measured after four days of culture.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0019] Despite the increasing interest in cell encapsulation as a method for
delivering therapeutic agents, sparse to no attention has been given to the encapsulation of
whole tissue fragments. It has presently been discovered that the encapsulation of minced
kidney tissue provides an opportunity to deliver natural Epo and other beneficial agents from
endogenous cells, while providing an immunological barrier to prevent tissue rejection. As
discovered herein, the transplantation of an inducible, beneficial agent-secreting, implantable
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[0018] FIG 3 depicts data froma study in which the average anount of
various proteins secreted into the nediumwas neasured after four days of
cul ture. \WAPAMIBERSDESCRI PTI ON OF | LLUSTRATI VE EMBCODI MENPET[USRMSJ08eEpi t e
the increasing interest in cell encapsul ati on asDekeeidhodod36r022ETiURLr i ng
t herapeutic agents, sparse to no attention has been given to the

encapsul ati on of whole tissue fragnents. It has presently been discovered
that the jencaRmtoddd AMidby MsDCOM dAFNRYIL AIRSHR (R QcAEfaARalORRAY i ty to
deliver natural Epo and ot her beneficial agents from endogenous cells,

whi | e pr cvadigrhigsughsurienidieg gytheapichastinelptingpeghteyBifney fisyganceeplaten on. As
di scover edphQhrg) rﬂ?y illﬂﬁentaﬁlg F%me%glﬂﬁén@ 3 &ﬂer%réﬂé%@!n@bogf%?ﬁﬁftﬂec' al

agent -secreting, 1nplantableDocket No. 026038.0222PTUS devi ce conposed of

ki dney t itssstinenicefiyadeuaiseiseataley. al | evi ate the current financial, safety, and

e | Lo suctyt " AURSAG LA Saldr kTl A0 AORNL Siq ey 11 ssue
encapsul ati on technol o may al so enabl® the devel opnent of ot her

t her apeutplwalirefetencs, eyl refsrdnog totaparticubaturesricalbfaluzandlales adesttsipagicatees.

.[0020] ! N ltuQ,e LR, %%(tsc(féa?l?/'ilr{ ic e@%}h%ll'\xqgegl\%{lenfv%ﬁu@s;are%x ressadas an.d the

i ncl ude t'Aé p}lural refer ence; and rererence to a parti cUuFar” Wumeri cal val ue
i ncl udes approkiemgonst bratscpéthciaoet@entvabang,” itwilidesmtidretoabthbtakd pali@dar| vy

i ndi cates _otherw s When .val u are expressed as. roxi yat ions, by use of
Lhe ant ccals R aifhe ShE0Ry WGt SiiLrERRES RubhRre LR aB Vel ve
forms anot her [@abpdPiaeidtd arV\iRFPeicam@hnts camprisign@es tiadue chaaphulksed/ e and

conbi nabl e, .[ 0021] Provided are.therapeutic inplants.conprisi r enal

P aoue oGt pdher T s P BEstibeii PSR Rsp 2T B oy o

sui t abl e pk@fidihghe@pigt Mt PRIV inpldnthi@sn, ProrhditiRgictthakapant pesaaf f ect s
following inplantation. The renal tissue for use in the present i|nplants
may be ad®BRBYEIE b pUelagousdsfus gl In8FIeIC S 8Usy BENOZRS IS istHS: @ 4y Supinatipgn’ gy

conbi nat igRedrEicg@fal tiskhemaePlizd prosldedTBYusb b pRsdM RERSIEGbricRfmpise i n the
present inplants, for exanple, m ncing a source of renal tissue into

b
fragment ¥ nswéﬁgwmf@alﬁﬁyumééraamﬁm@ ush gty anhapasee of im  or t hey
may be '%ﬁi%ouﬂhﬁm,sar%ﬁeg%afﬂéqalfgé@@ﬁ@glﬁeeﬁof'ﬂ?e PARTcRE A r¥feBRSHaEed b L €rms of

the | argest dinmension thereof, €.g., gthw se if the fragnents have an
aspect r dtrmg obthe dargest dmentiemntharedf, e.py lengtbwise fighhiregmeatsdiagean dspedheatipr agment s
are roug i y i QL : erical,
etc. In g)gg]fe% %égﬂggl?gl%tg?%agh? EEEI? % gé%e%%gefﬁ%g%ﬁghﬁf ta{?gcra L g? ejj%rpgt?:{;ssed to
reduce t hithdfragmaitoms ravghly ngherica sate In Fbliticxtamphang, thedrakmantsremay e may be

further %rﬂ%g%%égr(?%g%d tB ?ﬁ%u&g hE df?l{enaglpssgf%ttilsgtllel. P(or%lxllm&]:e, tﬁ@ ﬁagnge%gs%a{" S are

| ess than a
be further minced so that the size of substantially all of the fragments are less than about 300

um, less than about 150 um, less than about 100 pm, or less than about 50 um. The total
quantity of renal tissue in an implant of the present invention may be at least about 100 mg, at
least about 50 mg, at least about 30 mg, or at least about 10 mg. Various factors, such as the
desired total surface area of the renal tissue, the type of therapy, the type of renal tissue, the
characteristics of the subject undergoing therapy, the type and stage of the discase state
against which therapy is desired, the quantity and type of materials secreted by the tissue, and
other factors that will be appreciated by those skilled in the art, may be used to determine the
quantity of renal tissue in the implant, the size of the individual tissue fragments, or both.
[0022] The polymer bead preferably comprises a biocompatible polymer, such as a
naturally occurring or synthetically derived biopolymer. The polymer bead may comprise
such polymers as alginate, hyaluronic acid, carboxymethylcellulose, polyethylene glycol,
dextran, agarose, poly-L-lysine, carageenan, pectin, tragacanth gum, xanthan gum, guar gum,

gum arabic, type I collagen, laminin, fibronectin, fibrin, or any combination thereof. A
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mm | ess than about 150 mm | ess than about 100 mm or |ess than about 50
mm The total quantity of renal tissue in an inplant of the present

i nvent i orwoagod8sssd | east about 100 ny, at | east about POTAI$200810812¢0St
about 30 ng, or at |east about 10 ny. Various f aoédiesyo.9aal3’38222Ma@/desi r ed
total surface area of the renal tissue, the type of therapy, the type of
renal tissue, the characteristics of the subject undergoing therapy, the

type and padrae® ceﬁlbtnaeom@emrmes@g jibed anthoSOL IRB aRh pSIyHRAI ked, the

quantity and type of materials secreted by the tissue, and other factors
that wil I'ca98y sppmeisiadly arilBylet hose skilled in the art, may be used to

det er mi ne the| @INTHk! dfDW ndhi 3804% rtf@ret&qotﬁs@ogmer itifgndijze of the

i ndi vidual ti ssue fragnents, or [ 0022] The yner bead preferably
conpr i sesorvelithnt hepatyintsk eorprsisijige genemhl& lssameya rmlghﬂwaphaylcaiébmerbtm gapr

syntheti ¢alhy 09&5 by @rﬁor%gﬁﬁér&]&r sha E tl&gdoym bpa(%ﬁﬁy gﬁe t‘?a{fgcf the Bre

pol yners as al gi nate oni c arboxynmnet se, ‘#yet hyl ene
gl ycol , deshtiem anyaghapoibet, pepmwhet_tehgdsnsm to basuhsfesnin enypéped w1thmrthﬂg acant h

gum xant han I l,] n, |l.amni

OO onene RPN T Bl S TR 28 G YRy SOLAAE, TR B

026038. ommw& pin@tter mfaﬁom@rﬂ:mmab hlorut &9 mpo bhydrs psefaaitp pbae3 nah gi apatte and

pol y- L- . Suc nmer re readl i a avall ... | 0023]
Boe T or moBRate WArah (R Sal Tk el R At SRV by R B BN o convey
t hat the bpal PR ko pesioh, |o®|folgﬁzn%r1aiplamaasls wme;ﬁul}mer octgh gy s;pﬂmernb@ﬁly shape,
but may al so, be ovoi d n sha e of th r bead is
not eosenaie v i nofeud e T eRre Ly ShASE e B M Phe T onal
tissue tqvilhGeubrss aaéddahdtyesem\svmrﬁ)pamnyg t hi n the poI yrrer i s acceptable. Wen
measured according to its great &s&lqel nmensi on, bead may have a

di ameter of aH¥a#l ol Ghaseptsrisdisy Ol @ﬁeptr@“ﬁheem@?r&bwa%tﬁﬁeer@temn to

about 6 mRhefitheagehi 8rorf withe tRYeYIRIo hE bR EnPifoniRASH VEHAEERdiNg to the
characteristics of the bead prior to inplantation, or follow ng

i npl ant atimBlRteher gbiryire consants Imethersymi B@olysieybasdds prmeabldtoe of t he

pol ymer hgadhnPRWhR G TeasHl Sfth‘é‘rédal fiR8PRELs LRa la‘tla'a AHaded LbradhOfenM th
respect to a bead that results from buddi ng. EierThe characteristics of

t he pol yrtléruel@@a@ee@@qgﬁmow,h@turﬁbt@ﬁurrlnmsam@rsmayon@l ellethperataincgeat agent s
fromw t glte}attl(th% 4&‘31‘?‘% 1h§e§t90nh BF e%gper I‘th% Xf éeﬂg‘ﬂgaﬂtare rﬁbt Y}'ﬂhﬁ%ﬁ%@!&? l? ead is
n Wor D

i npl ant e ot herwi se cont al e poly ead is
per neabl Rend tstioshadmcbsles ¢rat al@relogeorleteet@bnb}mwbephemlly tipskloef t hat is

encapsul %E 9[1 sh&ta%césflﬁat%ﬁ@q%en %r al%ﬁ‘r?%éécﬁﬂ £ i cgnglﬁtg‘}ﬂé)%m}é&re natural 'y

occurrlng
and therefore in turn the implant of the present invention may secrete any compound that

renal tissue, whether endogenous or altered (e.g., genetically altered) is physically capable of
producing. For example, the renal tissue may secrete one or more hormones, prohormones,
proteins, growth factors, trophic factors, or any combination thereof. As additional examples,
and as further described herein, the tissue may secrete one or more of erythropoietin, MCP-1,
adiponectin, leptin, and MMP-2. The compounds that genetically altered renal tissue may
secrete are theoretically virtually limitless.

[0025] Also provided are methods for treating a disease state in a subject
comprising implanting within the subject a therapeutic implant comprising renal tissue
encapsulated within a polymer bead. Because the present implants are capable of secreting a
number of beneficial agents, the inventive methods can be used to treat a wide variety of
disease states. As used herein, “treatment” may refer to prophylactic therapy, or alleviation of
any pathological phenotype. The disease state for which treatment is provided by the present

invention may be anemia, stroke, cardiovascular disease, or any renal disease, i.e., any
-6 -



alterations, such as insertions of genes or portions of genes that are not
naturally present. Renal tissue that includes gene alterations or

i nserti onsOrzage/d8s8sphysi cal |y capabl e of secreting subst ROTaAS2008487211
endogenous or naturally occurring tissue cannot.Dddket Ne09ab03Ri0232RT lEéthd
therefore in turn the inplant of the present invention may secrete any
compound that renal tissue, whether endogenous or altered (e.g.

genet i calphioRb} Blaed irkSly R uRlicaly! agso@ﬁ%%@l iBbropEOddely Fehctibi© rfo&&ﬁﬂplke t he
renal tissue ma¥ secreté one or nore hornones, prohofnones, protelns,

growt h f addhrssults projmreper kigheyrfynctign, cimpichoneaupaat astimearelyf iImpreperddi t i onal
exanpl eSku&@ﬂﬁﬁétﬂnukte&@&sga%éﬁ{a& B@Her@cﬁ{a%J @@ng(eﬁi?al to'rﬁ&iﬁ?remnslﬁﬁﬁ e one or
nmore of erythropoietin, MCP-1,” adiponectin, leptin, he
conmpoundsxunples gfaenat ligeand pclyfle mlwsw@ﬂ@eymsswe/%mv s w&r@"@@ harueéltary

t heoreti g; V, I ods for
treating gﬂﬂéﬂlseﬂéfsntéaq@tlé% {adxlhfrqlh% g&Ean %g@ér%ﬁl ?rﬁtgcrs%argant g“évﬁoﬂl n the
subj ect aliabhies, apeekidaeyi cmﬁla@mchrcmcrbrrdn@ dl@aﬁee(naﬁlsttentssetelnem@alpsalltdm@d within a
pol ymer h r tlng a
umber ofcBeeEar AN el ohd fRar Bl VA BhE SRR BuBEERRHAY, Car &
w de var iE@byfooéxamphae}asbe@tvatleﬂys dooﬁmwﬁédnﬂheeseeauo d hunglat m‘epmltholam adf er to

G cease uarubrBpRkeaR pPee el P8 o DO heBBNerd BF baBE RERE: on' may

be anem aenaSﬁS’sﬁlé(R)r uGdh tHegrasitbhedliodd nmig &8s es proviodhydas@itall withs&pse® to the €.
anyDocket. ﬁ6038 022 PTUS pat hol ogy that is directly or indirectl y
associ at é‘H"e\‘)\P‘f% ARSI OO ney function, for exanple, which results in

i mproper  Ki dngy02§untThd ReentdfivatibicR alss dEradsEd n@e&hddgaﬁtrnakmgaametraﬁayud npr oper
ki dney function. Renal disease may be hereditary, congenjt Qr acquired.

Non- | i ni PRGN eXbsmraadsdpr pakiag a ‘&F‘?@%’élé lmﬂéﬁltﬁa‘é’eﬁé‘ﬂ&ﬁf%‘ @ tﬁ? fhesAtign sease,

Al port' s SHREHAIR coBbEEint oY canaRRkdd ih BecoRlah 8B ith ¥ BREGX lstibdde. TSt nuri a,
nephritis, nephritic syndrone, hypertension, diabetes, acute kidney

di sease, PEsPEmCEIs epraRysapEwiing fowd Hisugraininghcorersl Hep jth apelyien t ubul ar
aci dosi s ¢, bﬁﬂﬁgEyf)aymal &%éﬁy??ormﬂ{g% HRORARATA L S RipSns AN BRI, §tﬁ&€ss&enefl ts of

treatment with exanpl e fas been 'w dely docunented wth respect to
a nunber p@l‘yrrwammr@@nelﬁo a herd-fogming selitiop, thpishe &raingd therapchbsnpddit| | ed in t he

art. The CSBEIrl %@%ﬂs%f’tﬁés o%mér%thﬂpxkﬂlgﬁfhel?ﬁﬂgﬁss?tgg gﬁc\e;\lpﬂatéd ssue for use in

the present net S may e’ as previ ous escr respect to the
i nventive thet®@@lut Renal nyghamesbe pro@ea] lnﬁmrcpnefs‘eiﬂt thie pregpuslpdistlesadl so

di r ect ed t(%cﬁmqﬁés Q dlngrselg?llﬁ% B9 Qe éfgjgaﬁ(? ?196 r%cés %aflrﬁ% pi)%pn%]f g@&d&g%thf or

maki ng a er ap succ ESU rircation
which the renal tissue is mlxed in accordance with the present invention may comprise a

combination of a polymer and a growth medium. The characteristics of the polymer may be
determined as described above. Any acceptable culture medium, nutrient broth, or the like
may be used for the instant growth medium; the characteristics of an appropriate growth
medium, which may comprise a mixture of media, are readily determined by those skilled in
the art. Growth media can vary in pH, glucose concentration, growth factors, and the
presence of other nutrient components, but the growth medium should fulfill at least some of
the nutritional requirements of the renal tissue, and preferably fulfills most or all nutritional
requirements, and should possess pH and other chemical characteristics necessary to sustain
and nurture the renal tissue. An example of a suitable growth medium is DULBECCO’S
MODIFIED EAGLES MEDIUM (DMEM; Invitrogen, Carlsbad, CA). Growth media are
commercially available and suitable media are readily recognized by those skilled in the art.

To prevent infection, antibiotics, such as penicillin, streptomycin, and the like, may be added
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of therapeutic conpositions that can be used in accordance with the present
di scl osure. The present nethods conprise providing renal tissue; mxing the
renal ti swoeowwassssa sol ution conprising a polyner, ther ®0§/USee08i08121H0

ti ssue-pol ymer suspension; extruding the tissuepobckaefo. OREPBEHRZATUNt 0 a
bead-form ng solution, thereby formng a therapeutic inplant conprising
beads of the polynmer within which the renal tissue is encapsul ated. [0027]

Renal ti ssihe oFRYh BRIRREBNUAsUCH 2@t bSBNCLruM, tihytal8 bR L& gk YrstitRCl osed
t echni ques, |nclud|ng selecting a tissue type and si ze-processing. The

pol ymer $¥d{#on with which the renal tissue is mxed in accordance with

the present i @]t'ml ftﬁ@%ﬁil'tﬁﬁe%n@@l@?bf}%% Wutﬁ)il nGyRR LY Bed@)dn@ 9rowt h
medi um The characteristics of the polymer ‘may be detérm ned as” descri bed

above. Am}eaaa:f@étm@mltéble i tfermengyesispamp ioniter, B anktuisrip whichdhe reprd tissuRés may be

used for g ﬁ%‘?anhﬁ%ﬁmﬁr@g%\%@ndéﬁ% H&E}golﬁ{"ﬁl@r é%hlﬁfoﬁcstu‘éﬁé 5t§t§on9§t1rglg%?F5r opriate

growt h medi um onpri se xture of ne , arer

det er m nedutng. Forosempki thi: aakingmehee mhtevect}mmdmgrﬂadr@abt&nuew@mwlymepH,

gl ucose ncent vvth fact ors n h N her nutrient
corrponengé gl g?e; ?I{Oa%ﬁ& con% Sucélla%% R tgan? %\tr%ni%t © Sofu%loggnsf?ansoo% of the
nutriti omalhtametqsuchemfjne@ebﬂlg tﬁeeontemtabf 4 sysimpeintanccprdef engbirynsfontifg | | s nost

or all triti.on re a shou SSess H and ot chem cal
Ohar hot el phkgn Rk S S T Mo AR DR ER e PsRlr A B o

exanpl e afispanssasi it adli@e@r owt h medi um i s DULBECCO S MODI FI ED EAGLES MEDI UM
(DVEM Invitr sbad G h nedia are c avai | abl e
i o bl o RS0 SRY Gion bk sedsr b DR S G T etk fmBtar | 2o
prevent isplget in(wderWﬁotrbpa@hﬁﬁbeaawiﬂhla&hnﬁmh@ﬂehdlinsguessterne@tsﬁlawmw and the

| i ke, may be addedDocket No. 026038.0222PTUS to the growth Lum Serum
such as FEFUIONIBY] GEPEISS GiRRUNEHP SRS igbirom dayrings. qrw@eawéww &ﬂ%}h‘? [ 0028]

M xi ng ofsudpbfidemsh ohd &RtasheR b ddehePRIWHIEH ths BéadlbAMn BNtk id&dtgead by any
means that are suitable for form ng a suspension, i.e., a mxture in which

t he renalor pltgagiacly straggfisgingribg bepd-forawier sehuipy I%%ﬁfé}ﬁ@@d in whighghepol yner

SOl ut T 0Ny SUERAS hAG! HRIANT AL LG mBY PBHE! RS @ GOLIGKAIRL ol A M Xi ng
may be achi eved by |oa mgethe renal tissue and pol yner solution’into a

first comoti lemne eepedimgst t lsfymf@rgeng totuies femnprisgg CeGle Tdelpalyimsnbéads o anot her
A S e A R S DR L S e
r epeat i ndomningssotytioh el lepropessed derdyforming Imag bs Gigthensstiotad.ifer exempleyiad.

agitating the mixture of the suspension and the bead forming solution, modifying the

temperature of the mixture (e.g., raising the temperature), or both.

[0030] Following the formation of the polymer beads, chemical cross-linking of the

beads may be achieved by placing the beads into a cross-linking solution. For cross-linking,

the beads may be transferred into a dilute solution of polymer, preferably a different polymer

than the major polymer component of the beads. For example, if the major component of the

polymer bead comprises alginate, a dilution solution of poly-L-lysine may be used to cross-

link the alginate beads. Optionally, an additional polymer layer may be added to the polymer

beads following their “production” in the bead-forming solution, or following cross-linking.

Preferably, the additional polymer layer comprises the same polymer that makes up major

component of the polymer beads. For example, an additional alginate layer may be added to a

bead of which the major component is alginate. Adding another polymer layer to the polymer

beads may be accomplished by placing the beads in a dilute polymer solution comprising the

polymer of which the extra layer will be made.
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[0029] After a suspension is formed, the suspension is extruded into
bead-form ng solution in order to form pol yner beads within which the renal
ti ssue i swoene@yssdsat ed. The extrusion nmay conprise ej ecPCmgiseévs/o8spensi on
froma syringe, or otherwi se transferring the sus@kasN@0260368r222TWLON ai ner
into another in which the bead-form ng solution is contained, or
alternatively, transferring the bead-formng solution into a container in

whi ch the suspasj Ofhd sredefd lﬂvenaaﬁstfﬁaﬁr flamh ngthwhluwgr]zxrawlepqt {ghigc, may a
Cross- I|nk| R‘%ﬁlsm ution, or th. In one enbodinent the bead-forning

sol uti onbed ﬁt@@sth@é;l@sgGXW@SpWWIC%@aG@bWImﬁméﬁ%taagwplat%darﬁ 8NEl tissue
may for mb?%%@nﬁl%m}{ o}i‘@eﬂld%ﬁm?& H&%e%ﬁs'&u&d“& &8 9%16% %&Qdéﬂhﬂﬁﬂson The

process béad- form ng may further assisted exanpl e, by agitating
t he m xt direm gfc abpee @mmﬁ@m@ﬁleam%amnl@s,b@a@lklﬂﬂlmthvgarts@nmqeﬁwn thepdi fy| ng the

t enper at %Es%ﬁt(}gl ]pltlaﬂfctéﬂs&s%f?ng ﬁg&mP ra@lh%@ u gggar%m Cgrfelg@m and COQ{I e [ 0030]

Fol |l ow ng t ormation o ) r 0Ss- of the
beads mayhdiefashimaedarivys diaagfrsmgd mélﬁbetamg of the ovantemnds sdapi ki vagosol ut i on.
For cross; | i.nkin beads may be transferred into a dilute solution of
pol ymer, Sa}ge?and(%flc;l/&l%nsdlfferent pol ymer than the major polymer conponent of
t he beads. For exarrple |f the maj or conponent of the pol yner bead

conprises al ginate i on.sol uti nof oly-L-lysine may be used to
cross |ink thgnﬁ'r’ﬂier{at orﬁ’g (s {[fp(fﬁéﬂ'ﬁ’;pla'gtn addi ti onal pol ymer |ayer nay
be added to t[0®3ppl e kidaegdeont fehlaW_oig: Edaes fats"(picidugeks ody werd t he

addi 1§ onal ERAy EFFLyereddb R er SR phe® B el POk R L AR up. maj or

corrponentéppa‘, (Ah@rdpeh YIikbddea sandrfkdn, eX@PlipeaVerdflintddamalsmall gicbate | ayer
may be a to a bead of which the major component is alginate Adding

anot her pdn§ineA %OQM seg) Steﬁa%@wéé@%%@) Ty heeusae KoBhaT sHBs thy placi ng

t he beadsjsiye fﬁFQbAtMtMI&@a MOBE waOhb ivARe & AR Hnkds REB0S0RRAL ¥iEFowed Whi ch the
extra layer wi be made. Docket No. 026038.0222PTUS [ 0031] The present

i nvent i orM¢ddunp gerteipg Patbeerod VipdifipeEedgsNbedivg (BMENDI( ltrog@n)§|%talmalgbe
under st oqd, ﬁéﬁ%lllﬁ/@@&ﬁomﬁﬁog \4‘1‘%{] a9 o4 g B&lh%ﬂ%&%) of odahi®

i nvention, are given by way of stration O@‘YT%/ and shoul d not be
const r ued s The aelmﬁgh Wwoawb?éﬁﬂmwpwwhems regeengyorelogdasldntosnen and

th

char act or oy er Sl 8 el Hng el LR b RE AR AN i 1
and scopevas pepeed in Gawtinbldiunani ous locaﬁwg@sheawdoqdddmﬂhl@talt jyonge. dhe twe

I nvent| OQOIHI&OI%Q’?E?& b mﬁx%ch%%{h%}jl;’?y ﬁ‘u%ﬁ‘ﬁg ﬁleacg%eﬁ;tg)ggﬁ(tah&) Rstth through both

syringes. The minced tissue-gel suspension was then extruded into a 100 mM CaCl, solution.
The resulting encapsulated tissue beads were then incubated at room temperature in CaCl,
with slow agitation for 5 minutes. The beads were then chemically cross-linked by
transferring into 0.05% (w/v) poly-L-lysine, molecular weight 24,000 (Sigma) containing 1%
FBS for 5 minutes and then coated with another layer of 0.1% (w/v) alginate solution
containing 1% FBS for 5 minutes. Four to ten beads were then transferred to individual wells
of'a 24 well low-cluster, tissue culture dish containing 0.5 mL of Growth Medium, or Growth
Media containing 100 ng/mL poly-D-glutamic acid (pDGA) (Sigma), and cultured at 37°C
for four days under either normoxic or hypoxic (5% Oxygen) atmospheric conditions. Beads
were visually examined and imaged using a digital camera and Eclipse TE2000-U
microscope (Nikon, Japan).

[0033] Visual examination of alginate encapsulated tissue beads showed that

manual extrusion through the two-way syringe system was effective in generating spherical,
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Exanple 1 - Formation of Therapeutic Inplant [0032] Four kidneys from
femal e, Long Evans rats (eight weeks old) were surgically renoved, rinsed
in ice coNoO:2pivaspesat e buffered saline without Ca2+ and RGZASCIBSY7211
(I'nvitrogen, Carlsbad, CA) and then, using a scabgkbtNowOL&)3RI0R2ETUNt O
smal| pieces (1- 5 mm) A 300 uMsteel sieve (Sigm, St Louis, M) was
then used to further mnce the tissue fragnents. M nced tissue was then
washed t hk&R chhiBRmgWedd. 3@3@%@%&&% withWwh a1 MRek B Rt 1) MdbIBUl becco’ s
Modi fi ed Eagl es I\/E§| um nvi trogen) containing 1%

peni ci | | |dﬁm§1@ﬁtrémwef0ﬁnélsmhuﬂ?lb@éwgh@(%&lefd&m&%ﬂ bovi ne serum ( FBS)

(Hycl one, Logan, UT). The final wash was conpletely renoved and the tissue
fragnents were |oaded into one 1-mlliliter syringe of a two syringe m Xxing

system Axumplo) wBeyd Ringesaeasobmeiton (Sigm) was prepared in Gowh

Medi um and wa
sol uti ons wer

i

hen m xe

Q]adf"&rt'egﬁ dl(ﬁdf\fnﬁals ﬁ&gggon%aa i - %

t oget her

bialid

ng t

ﬁ&re gfh‘ééd i c1
e

cb&'ﬂ%séu‘ép

ontents back and forth

t hr ough Ivoltire platei and emageT hengi haled dudswugng@bscsm@adsmthm digis: t4megna.ext r uded

intoal Liongrhe te I Sue beads were
t hen mcﬁ[glgt eglg%? ?ea%QL%dwaéFhﬁ tﬂl}egsq &%Q%A%ﬁﬁﬁéltﬂ&\?sg%f{ Son for 5
m nutes. The [maﬂ]s Visna ekmmnatﬁjnexﬁakgaiatewnmpsﬂstedl tmketieaklyshommﬂfaer ring into

St L

nol ecul ar wei

TR SR

A1 W e R ST

ing 1%
%f al gi nate

sol uti on tieaidicanttinihg bifds FBSsdedfagenis Mithésthe Elgmateibead‘s @ﬂ:reba&ﬁﬁﬁmb\ler e then

transferred to i.ndi

\V
i o oS Rt TR iyt

f a 24 we

R eHhe SRS

| ow-C

ERTS A Rhg 100

ng/ nL polbyaddv@hdiieabiated OB, (Mgm&itg@ﬁhmeyam@heqwuhmge@la@irox&melfyqa four

days under ejt her

TE2000- U m croscope (N kon,

nor Nnoxi ¢ or
Beads wer®® ¥itsiRginelbeta e d shong tb%%laeautwg.

Japan) .TABRPB3] Vi sual

hypoxi

owed t hat

(5%

manual

at nospheric conditions.

gen
Oﬁée"‘é d%ﬂ“@jﬁt@cral canera and Ecli pse

exam nation of al ginate

encapsul ated ti ssue beads sh extrusi on through the two-way
syringe systemwas effective|inggeperat iligmeteheni cal , Docket No.
026038. 0222PTUS ti ssue containi ng beads. (Mmkue|fragnents within the
al gi nate beads were al so vis|bl e, denpnst #&i ng|a uni form di stribution
t hroughout the al ginate gel.|Exammple 2 - Bead Djaneter Measurenents [0034]
Fourteen individual, tissue conta ning beads were placed into a clean
tissue culture plate and i maged using|a Nyken dissecting m croscope fitted
with a digital canera. 5 437

6 4.13

7 4.83

3 4.59

9 4.36

10 4.42

11 4.34

12 5.90

13 4.55

14 4.51

Average 4.56
Std 0.44

The average diameter of fourteen individual beads was found to be 4.56 +/- 0.44 mm.

Example 3 — Assessment of Cell Viability

[0036]

Minced kidney tissue viability was assessed using ALAMAR BLUE

(Invitrogen), a colorimetric REDOX indicator that is reduced in response to metabolic

activity. After four days in culture, spent Growth Medium was removed from samples of
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The di aneter of each bead was then neasured using | MAGE PRO PLUS Sof t war e.
[ 0035] Visual exam nation of al ginate encapsul ated tissue beads showed t hat
manual exwousenssgshr ough the two-way syringe syst em was PETUSCa08/98721 h
generating spherical, tissue containing beads. ThakueNd. 0a6IBEMIR2REUI N t he
al gi nate beads were also visible, denonstrating a uniformdistribution

t hroughout the alginate gel. One-hundred and fifteen beads were generated

from 3. 72@n- @ﬁcabﬁﬁ‘eﬁéﬂﬁﬂ&&? ti‘éédén&%aﬁshﬁ&hﬁ‘adh@y%ﬁsﬁé AGpioBarfiP Bk QKLMRY €kdte32 Ny of
ti ssue per bead. Table shows distribution of bead diameter. TABLE 1

The aver a§eGavdhMediunpenly.ong @éhlﬂiemﬁ GpgteY cuadgoniEng WindLAYIMR 4. 56 +/ -
0.44 mm gpt@TRILE aRicd A5 HE SR and urlil incﬁﬂa?ela'fl)l‘jy h&lgé)g’t% Mspged, Kfﬁtﬁlney

tissue viabil'ity was assessed using ALAMAR BLUE (I nvitrogden),

col ori metzeitte IREDOX Spaefi r@@ﬂtl'cwaStthgtanalyzwesaafé@ﬁmwmt@saébr@%E@BRmAéﬁo| ic
activity gggoﬁi@é?ﬁﬁg"ewge% %Lg{él%agézl'gp&'iugs7oﬁﬁl%h OO Me{}a{g MRS pRP)ed from

sanpl es non- encapsul at ney tlssue
encapsulandmﬁﬂumneycm¢§&mwnhm@ampmp&AbAhhﬂkQBUEnﬁﬁeannmshbﬂawmg@mommh

Medi um on| h Medi tajhing 10% ALAMAR BLUE,
was adde&Il ufaﬁl%srﬂsmm&g%ﬂrﬁl n%{h%%eﬁsggnyefme%tccggr hlh}P’ hours at 37C, 5% CO2

with gentle rﬁmBﬂngAﬂ&ﬁhmuhmedkmhmmsmmhﬁndEM@hmze@h&pﬂc%mmp@pmemﬁﬂr|caIIy
( SPECT

|ces d 600nm
o 5 1 o eaaR P RS B Ao B Mo B10 T 308 Con o
ALAVAR Bbuﬁpmaaaﬂenﬁwnmm&ﬁmﬂmkh@mnagnmhaoﬁﬁnmha¢@p@&$ﬂmn@asmﬁhrons and is
an indirect neasure o) ity Af t four s of
oo tore SRR R 9 8 b SiBhme xRS b el Hos Rt ol at ed
}\Iio ssue, %Hfa@ﬁﬂd&tb(ﬁklgﬁﬁ? trmcen&@mfbadmlgérelahgdmd %o'ﬁamensvgrl]aamd ad Heresk @ 1)h

nencapsu ate | dane | Ssue cul ture under either nornoxi a_ or pOXI a

showed si'fRErMsaa |t1a%uw@%}lr@anEw1§BlarthtﬁS%@ spyweslc rggiig meas tspeapRpIBY 0hos +/ -

1.9% rexnsofiNely, HiRNRVBIed KRREAREIN, JhiBHekhfiBe pbkis ShRiitid kdskitRdn under
nor noxi ¢ conditi ons showed an increase in relati've nean tissue viability.

Encapsul d¢dged tisseidaiywe 1l a7orél oy &s sirested tsyrdixptigbicrylted i 83. 5% +/ -

4 5% Encepsithdluetekt ANeXud isfiig.o Subd Hr edppder hypoxic conditions
resulted in reduced tissue viabrlity of 31.3% +/- 3.4% As expected, tissue

fixation resulted in a significant decrease in tissue viability to 5.0% +/-
0. 084% %Wbe% —4Eﬁo E&Qett%ﬁ%ﬁ%?ﬂs:g n Analysis
[0038] After four days of culture, spent media was collected and the amount of Epo
released into the culture medium was determined using a Quantikine Mouse/Rat
Erythropoietin ELISA kit (R&D systems, MN). The ELISA plate was assayed
spectrophotometrically (SPECTRAMAX-190, Molecular devices, Sunnyvale, CA) at 540nm.
Data was analyzed by comparing absorbance values of unknown samples to the linear
regression of a standard curve.
[0039] The amount of Epo released into the culture medium was determined on day
4 post-encapsulation by ELISA. Data was normalized to absorbance values obtained with
Growth Medium only (Corrected Mean). Each measurement was conducted on spent media
obtained from 8-10 beads. Standard error of the mean (SEM) was also calculated. Data

shown in Table 2, below, is represented in graphical form in FIG. 2.
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[0038] After four days of culture, spent nmedia was collected and the anount
of Epo released into the culture nediumwas determ ned using a Quanti ki ne
Mouse/ Ratwargaynssgsoi et i n ELI SA kit (R&D systens, MN). TRETHISRE@®S/ogi2at e was
assayed spectrophotonetrically (SPECTRAMAX- 190, Dédikiedwl0as038e22ag]s
Sunnyval e, CA) at 540nm Data was anal yzed by conpari ng absorbance val ues
of unknown sanples to the linear regression of a standard curve. [0039] The

anount of Epo released into the cultAapegnedi um was determ ned on day 4
post-encapsul ation hy FILISA Data was nornmalized to absorhbance val ues

obtai ned with FREARMENT GROHPy ( Cof MEAN SEARN) NORMALKEER uf errent  was
conducted on spent nedia obtained frépg/@llpiimbys MEAN (pidmdl) ef ror of the
mean (SEM was |@tlosah Batiioml alyed. Dat a| shown| in Table 2, below|is
represented in (@ackghiuedl formin FlI G -Z5.Docket3 No. 026038. 022PPTUS TABLE 2
[0040] In FI G [Readdaila bars represent -2 average of moplicate

measur enents, dnigkubhigr bars representiogkM 3EaCh neasysrggnent was conduct ed
on spent nedi a phiakiedss,e om 8-10 bepds.s>[ 0043¢ [Resulfgss;showed t hat m nced

kidney tissue HEQHUGRRi&Re BndPDGA- 3 PY4TTE Pio5PY I NT g idie€ Sury oundi ng
culture nedia. TTkew se, at gi nate encapsul atiton di d not i npede Epo rel ease

fromthe mnced tissue, , producing 79.3 +/- 28.6 pg/nL of Epo. In order to
determ ne i f H940prbduct 2.cltadausireprésentdhewictgk bitriphtrmwedurelnentdsinder e

prepared an i I gr di d not
ef fect Eﬁ%og?agstﬁt?&{élg%ﬂ?hg[é%Fngl%ﬁﬁgéw%? -8}(\@%?6@%%?%%?15 ﬁ%tgﬁl%&g negative
control, 8E@dbepdsoducti on from beads devoid of tissue was determ ned. As
expect ed, no ur abl 0 det e d fromthese I le 5 -

Tr ophi o Fact oNORLLy Berdin Tyl S GO e R paGR TR o e F R apent
cul tur e mpdintonthsasrrhadinguide hieoim Likewhe pdginatCeldapa&lion didwasinipeddved from
the spent_cul ture nmedi um by.centrifugation the cul ture nedi um was

St or o atEPogyebToRhs MR Rtoproaheli &£ 338 e Pk Eie TRAEU was assayed
bK ELI SA deefmibhb & Hpo Iplr@mi(:tng d@’lﬁlﬂﬂae Egbﬁﬁ%%tywhsancé@ bedds auld p’ie[ﬂlre(ﬁﬂ and 41)1tu|rd§fDn0Cyt e
chenot act.i c_pr ot ei n- - 1), , .granul ocyt e- macr.ophage col ony

sti mul at ilﬁwg&t%ﬁuq@watwﬁ@eﬁ ﬁr%a&mrﬁﬁ%owt? ocy Byo Pragi eSS HINg ept i n,

mat ri x mehal-epros ﬁ%‘ﬁﬁ%f%p&.%ﬁ%g%ﬁv& BoreRR B Ipt @it tidRrRinesuRRs bRl (Pierce

Bi ot echnol ogy Inc.) .
tissue 'was determined. As expected, no measurable Epo was detected from these samples.

Example 5 — Trophic Factor Secretion Analysis

[0042] After four days of culture, spent culture medium was harvested from the
beads. Cell debris was removed from the spent culture medium by centrifugation and the
culture medium was stored at —80°C. At the time of analysis, spent culture medium was
assayed by ELISA for the following protein factors: interleukin-4 (IL-4), monocyte
chemotactic protein-1 (MCP-1), RANTES, granulocyte-macrophage colony stimulating
factor (GMCSF), interleukin-10 (IL-10), adiponectin, leptin, matrix metaloprotinase-2
(MMP-2) with Searchlight Proteome Arrays (Pierce Biotechnology Inc.).

[0043] As compared to spent culture medium derived from beads without tissue
encapsulation, beads containing kidney tissue fragments secreted elevated amounts of MCP-1
(50.6 +/- 8.9 pg/mL), adiponectin (132,060.6 +/- 11,226.7 pg/mL), leptin (10.3 +/- 2.6
pg/mL) and MMP-2 (945.2 +/- 13.3 pg/mL) and low to undetectable amounts of IL-4,
RANTES, GMCSF and IL-10. As shown in Table 3, below, each treatment group contained
three samples (1, 2, 3).
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[ 0043] As conpared to spent culture nmediumderived from beads w thout

ti ssue encapsul ati on,

el evat ed wWorowwessssd MCP- |

11, 226. 7

pg/ m.),

(50.6 +/- 8.9 pg/n),
leptin (10.3 +/ -

pg/m.) and | ow to undetectabl e amounts of
shown in Table 3, below, each treatnent group contained three sanples (1,
2, 3).Docket No. 026038.0222PTUS TABAE1 B3l L4 MCP1 RANTES GMCSF IM 0

beads containing kidney tissue fragnents secreted
adi pone®CIrusSe®32360. 6 +/ -
2.6 pg/ nm) andddBr0.(094BID2IRTUS3. 3

| L-4, RANTES, GMCSF and |L-10. As

Adi ponectin Leptin MP2 Beads with tissue pg/fnl Pt PR BHS M1 39 8 68
4 7 6 105 i i 667 8 19
6 1184 6 3 64 2 6 5
84 6 7 9 133gis¥eq 5345
23 0 SEM 1418 9 p #8109 P4 1 26 108 g 248 5 [PRTRoRT TRAN JICSF | M 0
Adi ponecti Le?ti A-MVR2 - Behds opt 28 gyl 1298538 9 1 09 8 13 4
1827 2 7 0-616>421 3223 11378 3 304217 '8 6557197180 4 114043 12 6 1
118 2 18 8186041 -8156-AVG 51362 1-1041-166-1780 215 9
STD 04 0 9-0-8%5 5 29 1199824 3u—8-°9-1SEkt-0 213384%501 P 5 3615
200 3 | L4 MEPECRANFES“aNESESH ipoliéetlin Lepti A MvPE WEd y pg/fn
pg/ ref pglrat>Pt+—1+29 1 gl 4 ‘g9l 2 'HH 15 602 2616
12 16 6 1159 0 5 435 q 34 1 cls ol fE-C 8

Beads without

tissue
1 32.0 14.4 1.6 63.8 13.4 1827.2 7.0 616.4
2 32.8 13.8 3.0 1304 17.6 1655.2 5.1 15.6
3 32.6 12.6 1.8 118.2 18.8 1860.4 1.8 15.6
AVG 32.5 13.6 2.1 104.1 16.6 1780.9 4.6 215.9
STD 04 0.9 0.8 35.5 2.8 110.1 2.6 346.9
SEM 0.2 0.5 04 20.5 1.6 63.6 1.5 200.3

RANTES

GMCSF

Medium only

1

2

3

AVG 31.3 14.2 1.6 91.7 17.3 1178.2 4.1 157.7
STD 3.1 10.0 0.0 6.9 2.8 249.2 1.8 246.1
SEM 1.8 5.8 0.0 4.0 1.6 143.8 1.0 142.1

STD = Standard deviation, SEM = Standard error of the mean. Data shown here is

represented in graphical form in FIG. 3, in which data bars represent the average amount of

protein secreted into the medium after four days of culture. Background measurements

obtained from beads without tissue was subtracted from the data shown. Error bars represent
SEM.

Example 6 — Evaluation of Erythropoiesis Stimulating Activity

[0044]

Rat erythroid CD34+ cells (Lonza, Walkersville MD) are resuspended at

15,000 cells/cm2 in IMDM with 10% FBS. Bead conditioned medium are then added to

methylcellulose colony forming assay medium (MethoCult GF H4534, StemCell

Technologies, Vancouver BC). Cells are added to the methylcellulose and plated with
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AVG 3131421691717 31178 2 41157 7 STD3 1100006923824
9218246 1SEM1 85800401614 3810 142 1 STD = Standard

devi at i orwosEM/08sSvandard error of the nmean. Data shownPR@EUS2008/082pr esent ed
in graphical formin FIG 3, in which data bars Defcese 0263868220/ Eye
amount of protein secreted into the nediumafter four days of culture.
Background neasurenents obtained from beads w thout tissue was subtracted

from t he jgiaktgueahia¥batifil 4t8Fodafh § 54 LEOL R MatopEd 12E4aPd. eC Soni&V@htdafidgon of
Erythropoiesis Stinmulating Activity [0044] Rat erythroid CD34+ cells

(Lonza, \EFIAOcss 3rf eouptsyl by mBascEeREERFEICE- 15, 000 cells/cn2 in IMDM with

10% FBS. Bead [mgldi EbRREH IR RAFR fﬁoﬁﬁ&cgﬁgﬁfédfrﬁ k%&ﬂbﬂsﬁ@ha{su' ose col ony
form ng assay nmedi um (Met hoCult G- H4534, StenCell Technol ogi es, Vancouver

BC). Cel Ipsevaquely ddeiediown ta ¢ratatpEppy | coalitighessisediniy ppasenttydshovvn tolveket No.
026038. 0 i S@g" Y i 5% CO2 i ncubator for
12-14 daégﬁ%%%%gﬁ%gﬁggﬁthﬁ ojea(rgrﬁ?géué% lﬁrgﬁl:ji[gg aggﬁ}ﬁ ed by phase contrast

m croscopy. [0045] Conditioned nedia derived fromencapsul ated rat ki dney
tissue h revj opgsly bee hown 1.0 tal n-.Epo. nditigned nmedia is

or osent | Bl TE kR SF rRABRec B FRRLE e PRI FRSH: £5) %o
measur ed Hrygrisdrds E activity. Exanple 7- Evaluation of Renoprotective Effects

of Encapsul at enal Tissue. Fra nt.s 046] The r pose. of is study is
20 evalbate t RBENB RS FUBNSHIE A E et he Fetpu RS TPh pbleRag i ey
ti ssue freagpenitsd tankidndyatssusde@ment i @namodil 9 Ra 6. disSpcagpesudadameyy i@t s

(di abetic .or non-diabetic). with. an i.njti | ght of .200-25Qg .are used for
Lhece: expurreibar aonSagir Sdio'n il uelhiar 2ol o di o e oarrf ot a)

i nj ecti orrhe 2AY4rk @lesbtidd4vith a5 AhtkHpb@On@f inketi@nishey/ sy of O£ hk@udiiceofand xyl azi ne

hydrochl ori de. Kidney failure is induced by a twostage nephrectony
pr ocedur &t hygroghlo ﬁlfoanfié\)(}étzlnf)g}‘c{r%“hg?“dﬁ-hélqnéf fatlpredniduqet Ry 2P ds of one

ki dney) afage h&§hReloR pisdeBtte S ThkudpeOdHaus SerMiid 6 thE RERIMENBwh ABrds 8Pede
capsule. Ten days later, the right kidney is renoved, |eaving approxi mately

1/6 of t kednewhasd repqetpdayingaidisligas)e WhBpPesEY By renalispsiin gl slkeys lpicediour e with
met hyl celdou) 9g&y 3t RRDvEA ?eggi%l/?gppr@ﬁgla{eﬂfel/@gfthé RREUIMANTaskEp s closed in

| ayers with resorbabl e 4- cryl sutures.
nephrectomy). Applying soft pressure with methylcellulose stops bleeding, and the

peritoneum and skin is closed in layers with resorbable 4-O Vicryl sutures.

[0047] Five weeks after the 5/6-nephrectomy procedure, beads are transplanted
under the capsule As a control, 5/6 nephrectomized rats are injected with fibrin matrix only.
Serum samples are obtained on days O (prior to 5/6 nephrectomy) and on day 1 (day of cell
transplantation), days 7, 14, 21, 28 and 35 (day of necropsy). Blood urea nitrogen and
creatinine are quantified using a VETACE CHEMISTRY ANALYZER (Alpha Wassermann
Diagnostic Technologies, LLC, West Caldwell, NJ).

[0048] Animals in all groups are sacrificed five weeks post cell transplantation by
carbon dioxide asphyxiation. Kidneys are removed for histology and transcriptional analysis.
Half of each kidney is snap-frozen in liquid nitrogen for RT-PCR analysis. Messenger RNA
is isolated from the frozen kidney tissue by study coordinator and subjected to transcriptional
analysis utilizing low-density microarray cards containing pro-fibrotic and inflammatory
genes. The remaining corneal kidney section is fixed in 10% neutral buffered formalin for
downstream histological analysis.

[0049] Kidney tissue fixed for histology will be histologically processed, sectioned
(5 um-thick) and stained with hematoxylin/eosin. Tubular injury is evaluated and scored by a

veterinary pathology.
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[0047] Five weeks after the 5/6-nephrectony procedure, beads are
transpl anted under the capsule As a control, 5/6 nephrectom zed rats are
i nj ect ed wot2hoYashsson matri x only. Serum sanpl es are obt RChad2@8/08R2ys 0
(prior to 5/6 nephrectony) and on day 1 (day of DelkktN¢ ap8pBRAALATUM), days
7, 14, 21, 28 and 35 (day of necropsy). Blood urea nitrogen and creatinine
are quantified using a VETACE CHEM STRY ANALYZER (Al pha Wasser mann
Di agnostic Tegfds@] 0B (&S stubid; Gubcfsttar GahsgvBlation HBgindtOQASIsudd@dnSy i n al |
groups are sacrificed five weeks post cell transplantation by carbon
di oxi de ASpRyRERENBNII Hp Y Heysogspssiop ehishddniryrin RidsieahragymEadradeRhscifi pt i onal
anal ysi s.qoddal ho@lis GGl SE%pathy. SBAR sElRZRAMihiRe MBI Bid 1iPGRA vhREs RT- PCR
anal ysis. Messenger RNA is isolated fromthe frozen kidney tissue by study
coor di natesysigigcagilipfededed dn the hd &rixeted primalyab cemedrgdsto sha gontrolanimply. dws densi ty
m croarr s Wl -1 1 L g d The
Fermi ni gt d B &% QTR DRl IV ot B R BPE Ry or i
f or downdtistelagicHliigjtiyl coggseadnt emedlysicductip0Gy@bulid rgnwyis pidwmbearf dikteen for
hi st ol og i | . histol ogically processed, sectioned (5 nmthick) and
st ai ned &%%%mhgﬁg?g%ylin/eosin. Tubul ar injury is evaluated and scored by a
vet eri nary pa{l9sljogpedpoc thetindimsing 26638 ir0RA2RIAPS11§t0DS0 h nlexhotifors st udy,

d kidney tissu

b | ar t. | tati f al qgi t | at
oo Rl e DRBRA Ak grined B AR o SRR BT S P Ehs i iPT, o 2

rodent s evholatiskedeigincildeal isas GEretili lrbreddntonsepht thpahtupsulBod kidsartissaccr eat i ni ne
and bl ood urea nitrogen values are significantly reduc in the hUTC
Feated_ deens et B St RerehiS it bro Shinh AT attbdfe "the bead
| ower s bliaords@l th&asatit ByRAn%s ind th@gRGic MBEedscapproflideBeitmentngptimereal hy .

H stol ogi cal injury assessnent reveals a reduction in tubular necrosis and
tubul ar dPFREPBRSin the treated animals. [0051] Despite the increasing

interest in cejos2entRREMALIOBr @&sh PatéRJa: {plicash behivheatohenangut i
agents, sparse to no attention has been placed on the encapsul ati on of

whol e ti sleisaibed igghie Apcumentarpbggchydpedrpryedhereld iy refereraceld thavaantisicapsul at ed
ki dney tissue fragnents secrete Epo and ot her beneficial agents into a
culture nedium Therefore, the disclosed therapeutic inplants and

t her apeuti c net hods can provide treatnment of numerous di sease states.

[ 0052] The disclosures of each patent, patent application and publication
cited or
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described in this docunent are hereby incorporated herein by reference, in
their entirety. Docket No. 026038. 0222PTUS What is Clained: 1. A therapeutic
i mpl ant cwORPIISHRFOr enal tissue encapsul ated within a p®Cyrseois®stil 2. The
t herapeutic inplant according to claim1l, whereibockaiNb. 0260BIR.0CLESUES i S
aut ol ogous tissue, allogeneic tissue, xenogeneic tissue, or any conbi nation
thereof. 3. The therapeutic inplant according to claim1l, wherein said
renal ti SeH&iSOMMMbeeS genetically-altered cells. 4. The therapeutic

i npl ant according to claim1l1, wherein said renal tissue conprises fragnents
of renal tissue, and wherei.n said fragnents.have a size of.less than about
Y s, The Ther ap Qi EEv SR R BRATHY BORTaR e B BTG T onal

ti ssue coepri ses fragnents of renal tissue, and wherein said fragnents have
a size of less than about 300 nm 6. The therapeutic inplant according to
claim1l1, conprising at |east about 30 ng of renal tissue. 7. The

t her apeuti c i 2pl anTheab@asadiingniilont e¢cardinglto cldfrel ewhersiaisdd pambtiveue ibead
conprises alginate al uroni c acid, carboxymethyl cel |l ul ose,. pol yet hyl ene
o yeol - quRl R Sy, UBMOBe Aol R VR R BFer £ acant

gum xant han gum guar gum gum arabic, type |I collagen, |amnin,
fibronectin, fibri i I c eqf . eutic inplant
according to g]aiH?%?Rgﬁggé?%822#g&%gﬁ§%%?Egggdwggﬁﬁggggéggﬁg%hate and

pol y- L- | yempases Qenclibrdlytatercdpdlst i ¢ i npl ant according to claim 1, wherein
said polymer bead has a dianeter of about 3 mMmto about 6 nm 10. The
therapeutic inplant according to claim1, wherein said tissue secretes one
or nore hornofles, Proharrhesnplyt aecerdizg toglgnt hwheein 63id rengktisayty conbi nat i on
ther eof . DGl NaomBRE08PARAE THPhdrein [1 thOREAPRHLILR e TPl AREAY ci NG €O
cl aim 10, erein‘sald tissue secretes one or nore of erythropoletin,

MCP-1, adimponectin, leptin, and MMWP-2. 12. A nethod for treating a di sease
state in a subject conprising inplanting within said subject a therapeutic

i npl ant conprising renal tissue encapsulated within a polyner
5. The therapeutic implant according to claim 1, wherein said renal tissue

comprises fragments of renal tissue, and wherein said fragments have a size of less than about

300 pum.

6. The therapeutic implant according to claim 1, comprising at least about 30 mg

of renal tissue.

7. The therapeutic implant according to claim 1, wherein said polymer bead
comprises alginate, hyaluronic acid, carboxymethylcellulose, polyethylene glycol, dextran,
agarose, poly-L-lysine, carageenan, pectin, tragacanth gum, xanthan gum, guar gum, gum

arabic, type I collagen, laminin, fibronectin, fibrin, or any combination thereof.

8. The therapeutic implant according to claim 1, wherein said polymer bead

comprises alginate and poly-L-lysine.

9. The therapeutic implant according to claim 1, wherein said polymer bead has a

diameter of about 3 mm to about 6 mm.

10.  The therapeutic implant according to claim 1, wherein said tissue secretes one

or more hormones, prohormones, proteins, growth factors, or any combination thereof.
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bead. 13. The nethod according to claim 12, wherein said disease state is
anem a, stroke, cardiovascul ar di sease, or renal disease. 14. The net hod
accor di ngvoaoeyessssn 12, wherein said renal tissue is aut @COgseasiBRIuUe,
al | ogenei c tissue, xenogeneic tissue, or any conbockatN@0260381022IPTUSS. The
met hod according to claim 12, wherein said renal tissue conprises
genetically-altered cells. 16. The method according to claim12, wherein
said renal tissue TRMELRBHC fnﬁlﬁé}ﬁﬁéﬁoﬁhﬁgtorcf‘a'i}ﬁhotwwﬁsalﬁﬂgué/\ﬂ@fe?ésn sai d
fragments have a size of |ess than about 1 17. The method according to
cl ai m 12 ongheneierf sftionoiaial MEPsls aéipenseit: ﬂes)@g, PAMMBrt s of renal tissue,
and wherein said fragnents have a size of Iess t han about 300 mm 18. The
nmet hod accordipg to claim 12, mhereln sai d therapeuti.c inplant conprises at
| east about 369 S dpr ez edisopee Sip O ORPEYPE I M2 L A ETm 12,
wher ei n %a&u@um@dtxmfapea@d REPEINFRISind rGlaNRE & cnb¥Riic@ RiithindGholymer
carboxynet IceIIquse pol yet hyl ene gl ycol, dextran, agarose,
pol y- L- I carageenan, pectin, tragacanth gum xant han gum guar gum
gun1arab|c type I collagen | am nin, fibronectin, fibrin, or any
conbi nation thereo t ho 0 claim12, wherein said
pol ymer bead & rrpr'h%e etg‘?dgalcﬁ%f gé‘hg Qyw ere&'ssiaﬂéhseﬁ Ste478 208 hod accor di ng
to clalnu&am,mﬁ@bagaﬂaamgw@p@yﬂmﬂd@@ﬁa has a di ameter of about 3 mnmto
about 6 mm Docket No. 026038. 0222PTUS 22. The nethod according to claim 12,
wherein said tissue secretes one or nore hornones, prohornones, proteins,
growm h fact or $4. orTlanyetbahdecording anclbiner ohere@Jaid Thel iwtiisadu@bgondi ng to
cIa|n122 |d ti ssue s§cretes one of. erythropoietin,
&‘is%‘Snaé@??WC ISE5t FACEANY ‘TS 9 2np40m n?{‘boflﬁlge& or making a
therapeutlc i nplant conprising: providing renal tissue; mxing said renal
Lissue with ;50! Ui QR GAMRELAING BaRPLY TREwint DRTERY QL BN
tissue- polyner suspension; extradi ng sal i ssue- pol ymer spension into an
bead- f or memgicabl-alteradrrells.

16. The method according to claim 12, wherein said renal tissue comprises

fragments of renal tissue, and wherein said fragments have a size of less than about 1 mm.

17. The method according to claim 12, wherein said renal tissue comprises

fragments of renal tissue, and wherein said fragments have a size of less than about 300 um.

18. The method according to claim 12, wherein said therapeutic implant

comprises at least about 30 mg of renal tissue.

19. The method according to claim 12, wherein said polymer bead comprises
alginate, hyaluronic acid, carboxymethylcellulose, polyethylene glycol, dextran, agarose,
poly-L-lysine, carageenan, pectin, tragacanth gum, xanthan gum, guar gum, gum arabic, type

I collagen, laminin, fibronectin, fibrin, or any combination thereof.

20. The method according to claim 12, wherein said polymer bead comprises

alginate and poly-L-lysine.

21. The method according to claim 12, wherein said polymer bead has a diameter
of about 3 mm to about 6 mm.
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thereby form ng a therapeutic inplant conprising beads of said pol yner

within which said renal

tissue is encapsul ated. 25. The nethod according to

cl ai m 24, woterismsgai d sol uti on conprising a pol yner coRpTitseas/0si2gi nat e,
hyal uroni ¢ aci d, carboxynet hyl cel | ul ose, pol yet hybokaeNgIl026038,022patrsan,

agar ose,

pol y-L-1ysine, carageenan, pectin, tragacanth gum xanthan gum

guar gum gum arabic, type | collagen, lamnin, fibronectin, fibrin,

conbi nati on ther eofyic @&fod @c&aﬁgﬂt@clmwmhel%ﬁl iR IRLHAE: ARGPERING t O
claim 24, wherein said bead-form n}?fso ution conprises a cross-1linking

sol ut i on hoprenesipgohgEnensy Paeteiy gravgh fas
sol ution conprises an ionic solution.

or

any

togy, af #yZambigpeerethereafaj d bead- f or ni ng
28. The method according to claim 24,

wherein said ?gad form ng, sol t| on es. CaC , 29. The nmethod according
%%‘F% ¥ lal

to claim?28,

rt hEhe rEﬁ 4e8¢" ’@‘gé‘b PNGEdES Y SPHC SNSRI M D

pol ymer leg)®bpoictin, MCP-1, adiponectin, leptin, and MMP-2.

24. A method for making a therapeutic implant comprising:
providing renal tissue;

mixing said renal tissue with a solution comprising a polymer, thereby

forming a tissue-polymer suspension;

extruding said tissue-polymer suspension into an bead-forming solution,
thereby forming a therapeutic implant comprising beads of said polymer within which said

renal tissue is encapsulated.

25. The method according to claim 24, wherein said solution comprising a

polymer comprises:

alginate, hyaluronic acid, carboxymethylcellulose, polyethylene glycol,
dextran, agarose, poly-L-lysine, carageenan, pectin, tragacanth gum, xanthan gum, guar gum,

gum arabic, type I collagen, laminin, fibronectin, fibrin, or any combination thereof;

and, a growth medium.

26. The method according to claim 24, wherein said bead-forming solution

comprises a cross-linking solution.

27. The method according to claim 24, wherein said bead-forming solution

comprises an ionic solution.

28. The method according to claim 24, wherein said bead-forming solution

comprises CaCl,.

29. The method according to claim 28, further comprising coating said beads with

an additional polymer layer.
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