ENCAPSULATED KI DNEY TI SSUE CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 0001] This application clains benefit to United States Provisional
Pat ent AppWwocatwessssiNo. 61/ 015, 328, filed Decenber 20, Z@O7JS2008887211
contents of which are incorporated by reference herein in their
entirety. FIELD OF THE | NVENTI ON [ 0002] The present invention
pertains to the encapsul ation of tissue in polymer. BACKGROUND OF THE
| NVENTI ON 100031 TheRKCAPSYLATED KIBDNEY TISSHE role in

mai nt ai ni ng physi ol ogi cal honmeostasis. Anbng its honeostatic
functions are acid-base bal ance, regul ation of electrolyte
concentrations, blood pressure and bl ood vol unme regul ati on. The

ki dneys acconplish these functions independently, as well as through
coordi nation w th otCROSHREABRENCEETD RELAGIFINAPPEIGKCEIONSs of hor npnes
and proteins S@%hﬁt &d,id o El?caﬁ W c1a9m§’9%§{n tS"%mtedehﬁ%%;év‘?s‘%& %fl%’enpr ot ei ns
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wel | as Ie@ph@ﬂrphblsl@lé)ds pifbiﬁéldmcesnbcm(lagoaidﬂlpmmorﬁwamblaﬂe@wpmrated

[ 0004] Adi | as Adi poQ Acrp30, apML, and GB8P28) is
an adi poc Qé}gglrrl(‘lle%‘%%l§@e*§c]|9¥1}€elythat has been shown to have
anti-inflammatory properties. In addition it functions to regulate

bl ood gl ucose |evels via cr oEEIELAMAERNYENTI?N h the |iver. Nornal

bl ood concent rﬁbozanrh@ re8cht moaﬁsﬁpé?taﬁsgeotﬁe %a&%mnldm&umwyﬂ evi ous
studi es have shown that circulating | evels of adiponcctin are

el evated during chronic c humans and mi ce.
In contrast, low |levels o?‘l‘ggbm pﬁ%ﬂﬁﬁﬂ[ﬁkﬁ]ﬁ?ﬁé sma correlate with
hi gh insulin, H008]0oSke kaine) lﬂiﬁsgbyﬁxﬁrﬂot&esmaa&im@ physslogicut h@asedsis.

obesity. It has been s ressi on .of adi ponectin
PCrr et RESPa Y VP e ELPRE S bl o R AL Do e
prevent i oro@kntpitienspbluseprelzat hndjyocml vhlugiefmlaﬂmi G‘lldkléiiays acomplshdese, a
di abet es cf Ptl el |1I én\{l Ia(gCLé o ?gor:])r a?§1 t]tl (())thgl 0r Oqlsjs ems thrﬁu Y1 the
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expendi t umpetdins bdémseémrmgtua‘plpéapnne and i ncreasi ng netabol i sm

Recently, leptj as I i r I e

ki dneys from r@ﬁ |An°ﬁ}§rﬁ€m? mn{j/\%‘ %d%%?@gﬁ%‘?%%%@%@%@%%ﬁ
Docket No adipag@3Brioax3Rkus theblps beanshiein tohawdisatrétflagumitsghpropraticayIn | n
addi ti on,

ondot hol g}kﬁﬁ’é A8 CQJHQE(%%MQB]QQ«FQF%%@%%X H?crgsgg‘rdhaﬁ:ﬁhl@ﬂlo}{%ﬁ‘d edver.
erythr opoﬂ\@:mzﬂ bloeg egneerdragons 1 adioaeqyin areet-p0 g/ ml mésmzlédPlaﬁ@nswéxeéh@a
mei nly by {he tﬁdtgf‘&bfanngi’c%cl?@%xp%ht%ﬁx?%?fc}él/altéﬁ ddﬁﬁ‘wgchtr&ncséalo% R’s‘&r%uon in
erythropoiesis in nts suffering fromanema. Recently, 1t has
becone ap}baﬁhé‘m’altsﬁaﬂ midge Inyentesst, éqwalpveésr gfedipencetin ihonaxplems carsiate pish ond
the sti ”Ulh?glh nﬁﬂlupfgluE@sg alﬁh?}%'c@ﬁdels ap@gl@ééq;ldré)d@ed(cﬁé Otﬂleﬁ h@stbe@ﬁ sho%h%@y
Int., 2006; 70(2):.246- Previ ous studies ong et

establis h@ﬁefteH@lFSSE‘ﬁ@f b%l@%ﬂéémnepwwra@sgwammé ﬁ%lfqdem mme%ﬁgwﬁ&tt

i schemic 'aEUuHﬁléﬂm%ﬁ%&v@ﬁtloﬁbf pr%itﬁ@h@él\&nahxglg%ncm AR 3r 9

O hers have confirmed these findings, denonStrating that Epo has a
prot ect i véiabgiessuiccribilin inshsthes besn maaner o shrprepsoime 327 dthe logationstile s of

vascul ar @hﬁﬁ?{ﬁiﬁ)@ﬁ&ﬁﬂk&]ﬁnﬁéﬁﬁﬁlgﬁm onegtid lﬂ&ﬂ 12 8Q8uld & cliefberdit3dud in
Sat oh et at, Circul ation, 83 11):1442-50; Urao et at,
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failure, patiepbes)dewsiopa 2eMdIHYSokA hbiakle tdedig s BRey RIS Hehiagty by
the kidney. Reconbi nant Epo, adm nistered as a replacenment therapy,

restores KeH®tBEKS %“déﬁﬁgib?"@%‘ah%%d%‘f?ﬁ‘ﬁg ERPRHIE ARG BETPSHNG MebPlhat | ng
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[0010] Simlarly, Oive et al. investigated the long-term
functionality of an ex vivo gene therapy approach. Oive G et at,

Mol ecul ar WRE0HIPS852005; 12(2):283-9. Pol ymer nicroca SRS 108 a1
wi th Epo-secreting myobl asts were inplanted i nt dPacke NoeP300HHE3 Hivd
subcut aneous tissue of syngeneic and all ogeneic mce. H gh and
constant hematocrit |evels were maintained for nore than 100 days in
al | i npl anh@de mbds of dizltete ephiopghy , Intdditidnuleptin wombtet angvkercspbuires

i npl ant ed isted until day 210 after

i npl ant at |Ij(e)%J ‘*‘EﬂgE%LLI“?%@%&&E%S‘chq‘%e#‘)zt e the feasibility of cell
encapsul ati on (086N Fwwgyerftiorty vdaes, rpthppoieimiEde) & &4 YDaproRmeywhesied an
al I ogeni c ' %ﬂgﬁ ' o8k §0
devel opi ngﬁgg%*medn%%m b+ gl'? %g)dhe%g?ﬁjg% %g‘%&%@&y tF S A %t@p%w%
(Cyt oTher aptents wiyrinedraesnemopiRegendn it has bysouk epparehtthatdizprbehficiieificsal | y
i ant ed @RSOTGIERSEN 54yBR] AL GRRMARLECE BRS éehgrsﬁuam BhALD, c}?af{fdhcgf

for neurol ogical applications. Novoce
devel opi ngrR88m IHRH246L50} | Reevieus|siudies la)fCqung al fif @@@ﬁéﬁﬂéﬁﬁp@l P@Eﬁélﬁ e,

I sl et Tech}a&luﬁ%do hBiu ég% st 15&%13 1:12(111'2 n%@r)ai' é‘nﬁllﬁ%ﬂm%\ﬂ@l 19pi ng islet

m croencapsul at i on tech ogy a nstrated the |long-term
per si st endd3)&P73-AePtherp hﬁmeam mPChth@Ee@iﬂéleﬂs femayetepting thatinodag hprgtegive

years. A”Eéffe@t oh@ffdotl(e%r&@l"f’s 1%ﬂbﬁ@ann%)mddéls gﬁégclupa?ﬁﬁ&sé @aﬁﬁlarﬁﬁl g,to
forman artificial pancteas using p hot ocr oss- 1 i nk Zgghnate or

pol yet hy| eSekeyPYSoBo dapdtiil e’ Sqiplh%m ﬁfqdaé%ﬁ@%ﬂli(hld 14’( Uniosg®> CA)

i s devel ORt:%iaﬂoﬁHér%%'z@d% @éam mgmcqe%%ﬁ&e&al f@i%@l ph€ntsHRlsp for
|nject|on|ntot e abdon nal cavity usin bIOCO atible

al gi nat e. @nemia dug tganadpqupisdpe grodegliph F’&The@fgdf’%}’r F%CO&PPE”E‘ Epgy @cdéﬂ‘ﬁit?fﬁ‘bastao

expl oi t celjlamen:Micipg] BstEBCIRRR:ALdn @ Blod® hetnd¥RBEoh@nfifiohy €fminating
therapeutic agents, In total, the state-of-the-art has

WO
2009/ 08585bPISTd fesisod rasisipns. B eatmegy, hoyoenasiago s cgeneired

;/ﬁr y tcolrrpftl;vb @ﬁmanﬂlss@&?t%k ﬂ%%ﬂhe@ﬂﬁsﬁgﬁg@? (ﬁ‘fs{llﬁhiaﬁedﬂﬁyemdﬁlmagisr at ed
e utility of encapsulation as a nethod faor e control

| ong- t er m YBPFRREI rey gy PRHFY QRS OMPIRRES B Trepyra odrd ﬂeatﬁeioawéfm
safety |ssg!ﬁ&nah@ﬁatdms¢ame resol ved before the encapsul ation of

genetically no c;rnieh Z can be ut for the a eu{ g oposes
[0013] There r '(]n S O& hePEyeciHptT ﬁ‘fa Pé’o&ék‘ﬁ% OVEHAET BVEPCEE
traditi onais tHercotne tillagsoakadisd wmhtrbcohibelmampultneﬁmdﬁplhnp;amﬁdsn of SWIEMARY
compr 1 si g BR&Tvioe b s Ak et PR PR DAL oo &

di scl osed 1ﬂ1pbmﬁlﬂé hmt& nfngln alsb bater ougntral lrémeame«alabsaané pbtantailg enmn@ottect
conprisin ug i in said subject a therapeutic inplant
conpri si ng’l a@ﬁl};{fmﬁs‘é e rﬁ&{%}gl@ﬂ ated within a pol ymer bead.

[0015] Al so pr ¢io08le Razee swehivdsed mrde:mlkpmggdlamahermeiahvecy systpiat in
ggmﬁ: zlnn 5?%?s?gflngésg%torgﬁa?ve d%maféﬁ%el}de %Tt&m?el{cgl%’kﬁlat%#eééo'ffouﬂntﬁLO
suspensi onp diktenugipaa gl blhdaqolbdﬂumlpmdrwﬁ‘m esué’pleetsul oh vao?camuiafwn
bead-f orm s by f . r

compri 51 ne R At Bt I FAELTY o Co Dl Rl BE IR b Fao s PR e .
encapsul atlédopewcﬁﬁf@ﬁgﬁﬁlfﬂiﬁkm @BIWE»'WW(NGS%.% 1295-309 OABlpclrui@l., 1
enoapsul a2 B Rindled R0 AR PRRETRbs Ry WhIE BihaN oY FBhlded dha”
[0017] FI Gmall molclcuisst inwthéslegrhdablerepvalapenfan Bp echicevpdesteedevang! techiques tha ur e
medi um as i's

i ncl uded for %l%t %g \(/)f(%lnl ﬂ%s%’asg{fﬁcfé%ﬁ%ﬁa?%@%ds o@%aln@% ﬁé%@ethrgg}gﬁscgﬁgﬁe

m nced r atobmlmveynmu%@mel(ﬂsri profites (WﬁllWlllmahaltleldxysﬁpw@taédufﬁﬁﬁlﬁ@e@lli at
kidney ti Slﬁéa‘ﬁlg(\i?lﬁlhﬁﬂﬁ }Mctr&pltléléss ‘i’ﬁé development ofﬂgéo%lbuﬁh@ 031051@@' cts data

froma study I'n I C ?1 the average anount of various prot el ns secreted
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[ 00221 The pol yner bead preferably conprises a bioconpatiblc polynmner,
such as a naturally occurring or synthetically derived biopol yner.
The pol ynewolzeaxbsssay conpri se such pol yners as al gi nat eeCHimsabasnenzic
aci d, carboxynethyl cellul ose, polyethyl ene gl yca@ocketBit028083.(202Take,
pol y-L-1ysine, carageenan, pectin, tragacanth gum xanthan gum guar
gum gum arabic, type | collagen, lamnin, fibronectin, fibrin, or
any conbi Naplaablé iR Aay réuirY\EqeRAnRIRENY B854l HéR Ideldne ket

No. 02603§. 0222PTUS preferred comnbination of polymers conprises

al gi nat e aritE Hgh YOS dreqsh ManageEty | yers are readily comercially
avai |l abl e. [0009)0CXBYr ﬂhgloh@fsnmvemmdd 1ey:tterrphwis&ﬁi reddmbib@mpoasi 4© t he
polymer is intended.to cony t the osition ally
Poses  HBHGRPFoEh S e pal vty Rigtel SotHar i DeSRu,
The preci sk sbagim oBEpsd frem podeyicatly nbﬁﬁ'dd tdls paild fem&mt ancdlteinetivicherepgaggient

nvent i on; ermts. t renal, t s
et ant 1 APEg e ERa R PR Sl ko GRRE Jh e %Ts -
nmeasur ed adckanlds siglyt primdrg n‘gn@akm%roﬁlaﬂe%ﬂemﬂnsdaceﬁ@hty ae¢trobed deqi@yin have
a di aret er_,0f .abou and .i ref.erably about 3
e t o aboutis Fiiftig g e TP R DA P RO BERRL ALY e
accordi ng pﬂlmsphcb@yceﬂa&rkam errodtec Theske "Nb:mfgaarjcananmg the)genatp:laﬂmmadlﬁah
foll t t
?Le gl Zgwof?b("]‘ibkng Fd%(t:d 8 Qésgrgrlggel%\gere mg)efangesd drrl‘?a ){I{eﬁgotr(}ne%g%aen SJ)fyle
un- budded rézebidg mranmcu ehseneélpevbcrtt endseingrlhotcasdentraiond atfer i I(bnmﬂjhlddl ng.
0024] Th ct er ol e @ant
ibant s £5ROREBER0 3t il B AR TG IRARPE TS ANRIARET |
anbi ent ermfhocimr@nltmammtvm\rmiﬁnoweh\baad is inplanted or otherw se
contained. In [?ybhij HRAEE, {itl:be:BP M&ﬂgaté?ﬁﬁ‘ 1oh >t é‘{%ﬁt 5Pan ex viy

subst ances tha e secr Tl s ue t S encapsuf)at ed
within th@cxméh@apyﬁneroa@nélrwc Ggs@ieMvéayuibeTl@rmmg?é)ﬁﬁug(Z) AS-UPalyimgr

occurring r?’isi'&epr'éﬁiﬁuégﬁoa wftlpﬁéd@&e&%dw%bm?‘ el%%f;l%&t%g%rlﬁe &Ho‘ﬁ&ﬁﬁ 4RNS,

such as i ons Ol genes oOr portions O genes at are not
nat ur al | y spircegeseus tisReagiisyneersiqand phegendiqyaice.déigh epdivenséant kamgtacanievedsr

i nsertion %ve%ax&%n%ﬂn&%'tﬁa}ﬁ 166G 888 EaGfpRREd ﬁ‘ﬁc’e rIQtel%k'thr%Eaﬂl@ Ehchidatity

endogenous or natural g occurring t1 ssue cannot renal tissue and
t her ef or e of eapulgsrimplauted dhelogepic ke nemisEd gatlj dﬁw%}ﬂqf@wnwﬁlptag@b T hese

any conpougdid d%%nsrtr%{é@lhe fEésﬁﬁlH? of dé'h %ﬁdﬂﬁéﬁlaﬁ&%gﬁlﬁfag'ﬁ £0P fhe MnlgQEr ﬁﬂieﬁ@e@
geneti cal |0¥1Ea tered) is physically capable of préducing. For exanpl e,

the renal %%‘M@“Prﬁyal@é‘?}’ﬂ“e@%debne or more hornones, prohornones,

proteins, gr O\I\fohuf] aQﬁ 9dd$t1ontrhﬂ@fbbﬁnpafn@é§faﬁra%o dNeldpihy c@lpaiéhm@lhﬁd?ln t her eof
As additional exa as further described herein, the tissue

may secr efEREY0P nEWEFES (&wtq?p%rﬁ?%%} Bdpysloppemelh capsydgs Mistebe surgicalyt i n,

and MVWP- 2 ipJil@e CATRISICSIbEREs HRRA%I Gebloyd-Brain®h e foﬁﬁb%koléglciﬁ Ue may
secrete are theoretically vjrtuall Al so

ljm
provi ded APRICHRONH Jdevopdiing. (3anpizgo, éABiSé%‘&?@mgte&‘{aes“#%dd&%t&ﬂ St
conpri si NgnshifPlcpBidertdiabted)i Tt TeehrlbR), a6d. (S Rahemm@m)cls hIPARABIoping

conprising renal ti ssue en apsul a d Wi t hin ? ynmer bead. B clause
the pr ese%stlet P PRATPEH aa‘foét BPyén %é&l@?l@fr?tﬁ%hg PP PSP EBEEE al
Sgents thﬂplhxﬂyﬁfatdﬁdbalc(rjﬁb‘gfﬂ&dﬁor@ﬁiﬁh DeeatiS @lincy@ Tid. mhtaa/{madecmﬁl elty of
i sease stat As U rein, "treatnent" refer to pro actic
Cher any, g ieitRie BFn S igcitearons care pRREry Bl HBngR Shase
state for p@@f(tﬁﬁcﬁcrgggbmﬁmcl $1@nygmldemcbmct(lsa1 ]Di'cgﬁmt)lslda\/@@ﬁﬂm may be -
anem a, stroke r di ovasc i.se r i sease,

Ty VD 20007 DisBS BISERMORBUE) B BS SBIRUECIRY DR B SoS T BT
pat hol ogy athlphly bicomtpatidbtdigings. | ndirectly associ ated w t h i nproper
Ki dney functl on. for Pl e ich results in inproper Kidney
functi on, \Aﬁp{:zrln iy e%‘gg%&?l %fg]”r B4y PPN P ewq?ﬁ%ﬁ?%‘[ﬂi’*% dney

encapsulatlon as a means to deliver therapeutic agents. In total, the state-of-the-art has
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[ 0031] The present invention is further defined in the follow ng
Exanpl es. WO 2803983880 be under st ood that these exanpl es, RUIVUS3008/087211
i ndi cati ng enbodi ments of the invention, are gi \GeakdFoy@p0iFF0222PTUS
illustration only, and should not be construed as limting the
appended cl ai ns. From the above di scussion and these exanpl es, one
skill ed i nehdaedvety memﬁgaﬁlﬁéml daheazﬁslsaemircals hewakactsenicd the aslitpbf

this invention, and wt and

thereor - catrriiaan gud PERSon R BRLC IR Hn R RBHERh 1P Ho88ER: o
to adapt itherd @re vansidondsle sferg ESuea Hlt mtmmble ichadved beBxeahpdreapsulatidiad mat i on
of Therapeuti.c idneys fromfemal e, Long
Evans rat $° ?eécad*%'rﬂ?%a*neﬁgeus 033 bem'/[en(r?%e%'r&?r%%urc PPROVed, rinsed in ice
col d phosphate [ﬂﬂlﬁ]f €rhect readinseenend foh mmnlan@dm:-ldemn@t thdy Bver¢orBSpditional

(I'nvi trogen e:| a%SOElitedg’%n% anu,&nglgO jng a scal pel, were m nced

into smal P'pIece steel si eve (Sl gma, St Louis,

MD) was then used to further mnce the tissue fragnents. M nced
ti ssue was then washed thr S&MMARY QF TREIINRIONf G owt h Medi um

cont ai ni ng Dul Rﬂf 0’ Bolidisfd tﬁ&aﬁ% 1%1&%@!)19?’1&1%% tlﬁﬂ-er\%ﬁbatpgﬂggcn)

containing 1% penicillin/st rept onmycin (Invitrogen) and 1% f et al

bovi ne servifinFABEmer bgadi dlie dis¢lesgdpre nlg‘lh)i)ds fphﬁeﬁlp&aﬂls%ﬁﬁt%&§ subject

conpl et el y.orenGvSehy aﬂ@ngtmnﬁ {aRBN B bt L AHRBIR MBI R cbRBASEE bl Gssfne
I-mlliliter syringe of a two ﬁ/rl nge mxing system A 1.8% (wv)

al gi nat e safapsylael YidiigrayRgdesk epared in Gowth Medi um and was

| oaded into they$$Comeh grofiidd drd inbBEds IHThRGE 2 (HRPedROmBRAEbPHREngNET €
t hen m xed tg&;g)t hﬂr by I;rushl ng the contentg back and ?orth t hr ough

bot h syri myidmenggal HfSH%é'a"H’g shguﬂéwb‘éﬁucg’ﬂglﬁéﬁglﬁahcwgsw%HO Tty thers

into a 10GomivhLebshe- SNt k@PensibRxir@nt th ﬂﬁu@ﬁlﬂﬁﬂ@'@ﬁs@&ﬁ@nﬁﬁt&Slu&ahleads
were then i ncubated at roon1tenperature sl ow.agi tation

for 5 m ndp@ang sph@%élaea%’ym}n@lgtaﬁaﬁdww’egm W@F%@%@%ﬁi@ﬂ% ymer

transf errivigin Wihieh Qe BaY¥0tsWe s enbPhdlatkd. | ysi ne, nol ecul ar wei ght 24, 000
(Sigma) containing 1% FBS for 5 mnutes and then coat ed with anot her

monatce. Four 0 1 en belRE RERRIIBNGRTHERRIWINGS S |0l el 1
of a 24 well | (M€l EGel depidtssbenesudts bf anragseghingsht of thretrelptivervgpbitsofn.  of
Gowmh M ng/ mL poly-D-glutamc
acid (pDG%&g@I%d 3%‘219% gncﬁﬁsﬁ a%rdgﬁl%@ gl?ggefy 9]fﬁour days under either
nor moxi ¢ or hy[8%7lc K692 Unstgisa fheamowy ohEpd I@lee@@ﬁlmﬁt fhe AdtuBaBRIcINNAS e
visual l'y e
TE2000- U %fé%g?élg‘%“g‘m%? N:I)ER %H%Eéélg?b’afgﬂg ?ﬂi\}ss R E@g%&ggﬁvglﬁ%omue
al gi nate dh@ép@lﬂ)al@(?@sbﬂ@ﬂpsté%t@i péizgd ras kidwey dissul &dssypenilial ang sicepsylatsd,
through thg, %R%q%g%%?)s% f eyas effective in generating

spheri cal , USZOO 087211 Docket No.
026038. 0222PTUSM38ls STE. %émf:éﬁ dﬂtarfgmb@%bf in whigh the apragemEeEy ofWarebPh t he

al gi nat e Reads. WekRd ﬁh&fﬂcmcamlvas nfé%‘ﬁﬁﬁ%ﬁ&@&ﬁr@gyfs%f@ﬁlfui@r m
di stribution t%roughout t he al gl nat e gel e 2 - Bead D aneter

beads wer e pl acAFTHESOESCR 5&‘%%@%%*91%@3%%@%3' usi ng

a Nikon di ssec{jong nb&piesEoOperedsidstigeeiit dellanchb@ildtiah acanehal folhe
di aneter of _each _bead was then neasured u

ﬁ 51?2 | MVAGE PRO PLUE.

Sof t war e. delivering theygpeiti¢ aggnts, sparse (-Ngafention fas "'“a%‘b“inﬁ%fhé cheresyhaen o ed
tissue beaaﬁ)%e?namﬂtgmaas Iﬂmlpﬁdselﬁl&ﬂ)édmﬁh@me‘tddﬁmgh ehdapsulation viayingdr i nge
SyStGHIMB ectlve 1.N ener atin eric | e.Cco

ot TR dafiey PRl ernd PR bnE ARG ied B i ESE pER R BB e e
denonstr atdn&@caow Bé1fs O Il eGhir SAi dih ot imen 1 byrienll pdrdiertto pxheenahagumajemoge lAs

(ne- hundr edd sch[]e(?edfl{e}cegne’ﬁ]e transpgntatlon 0% alg n 1.1011531t %gngﬁlég{ggent—se etmg, 1mp?q{rg nted
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device composed of kidney tissue can dramatically alleviate the current financial, safety, and
medical issues surrounding erythropoiesis-stimulating agents. Kidney tissue encapsulation
technology may also enable the development of other therapeutic technologies for the
treatment of various discase states.

[0020] In the present disclosure the singular forms “a,” “an,” and “the” include the
plural reference, and reference to a particular numerical value includes at least that particular
value, unless the context clearly indicates otherwise. When values are expressed as
approximations, by use of the antecedent “about, ” it will be understood that the particular
value forms another embodiment. Where present, all ranges are inclusive and combinable.

[0021] Provided are therapeutic implants comprising renal tissue encapsulated
within a polymer bead. The present implants are suitable for introduction ix vive and for
providing therapeutic effects following implantation. The renal tissue for use in the present
implants may be autologous tissue, allogeneic tissue, xenogeneic tissue, or any combination
thereof. The renal tissue may be size-processed for use in the present implants, for example,
by mincing a source of renal tissuc into fragments. Such fragments may have a size of less
than about 1 mm, or they may be larger. The size of the fragments is preferably measured in
terms of the largest dimension thereof, e.g., lengthwise if the fragments have an aspect ratio
of greater than 1:1, by the length of a side if the fragments are roughly cubical, or by diameter
if the fragments are roughly spherical, etc. In addition to mincing, the fragments may be
further size-processed to reduce the dimensions of the tissue. For example, the fragments may
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 pm. 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 subjcct undergoing therapy, the type and stage of the disease 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 poiymer bead preferably comprises a biocompatibic 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 thergof. A
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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 2
number of beneficial agents, the inventive methods can be used to treat a wide variety of
discase 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, #.e., any
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pathology that is directly or indirectly associated with improper kidney function, for example,
which results in improper kidney function, or which is caused at least in part by improper
kidney function. Renal disease may be hereditary, congenital, or acquired. Non-limiting
examples of renal disease include polycystic kidney disease, Alport’s syndrome, hereditary
nephritis, primary hyperoxaluria, cystinuria, nephritis, nephritic syndrome, hypertension,
diabetes, acute kidney disease, chronic kidney disease (persistent proteinuria), renal tubular
acidosis, glomerular diseases, and Goodpasture’s syndrome. The benefits of treatment with
Epo, for example has been widely documented with respect to a number of pathologies, and
is readily appreciated by those skilled in the art. The characteristics of the polymer beads and
renal tissue for use in the present methods may be as previously described with respect to the
inventive therapeutic implants.

[0026] The present invention is also directed to methods for making a therapeutic
implant. The methods for making a therapeutic implant successfully results in the fabrication
of therapeutic compositions that can be used in accordance with the present disclosure. The
present methods comprise providing renal tissue; mixing the renal tissuc with a solution
comprising a polymer, thereby forming a tissue-polymer suspension; extruding the tissue-
polymer suspension into a bead-forming solution, thereby forming a therapeutic implant
comprising beads of the polymer within which the renal tissue is encapsulated.

[0027] Renal tissue may be prepared in accordance with the previously disclosed
techriques, including selecting a tissue type and size-processing. The polymer solution with
which the renal tissue is mixed 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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both. In one embodiment the bead formmg solution comprises CaCly. The polymer beads
with encapsulated renal tissue may form spontaneously when combined with the bead-
forming solution. The process of bead-forming may be further assisted, for example, by
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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[0031] The present invention is further defined in the following Exampies. It should
be understood that these examples, while indicating embodiments of the invention, are given
by way of illustration only, and should not be construed as limiting the appended claims.
From the above discussion and these examples, one skilled in the art can ascertain the
essential characteristics of this invention, and without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to various

usages and conditions.

Example I — Formation of Therapeutic Implant

[0032] Four kidneys from female, Long Evans rats (eight weeks old) were
surgically removed, rinsed in ice cold phosphate buffered saline without Ca®* and Mg
(PBS) (Invitrogen, Carlsbad, CA) and then, using a scalpel, were minced into small pieces (1-
5 mm’). A 300 uM-steel sieve (Sigma, St Louis, MO) was then used to further mince the
tissue fragments. Minced tissue was then washed three times with 30-50 mL of Growth
Medium containing Dulbecco’s Modified Eagles Medium (DMEM) (Invitrogen) containing
1% penicillin/streptomycin (Invitrogen) and 1% fetal bovine serum (FBS) (Hyclone, Logan,
UT). The final wash was completely removed and the tissue fragments were loaded into one
1-milliliter syringe of a two syringe mixing system. A 1.8% (w/v) alginate solution (Sigma)
was prepared in Growth Medium and was loaded into the second 1-milliliter syringe. The two
solutions were then mixed together by pushing the contents back and forth through both
syringes. The minced tissue-gel suspension was then extruded into a 100 mM CaCl, solution.
The resulting cncapsulated tissuc 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 § 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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tissue containing beads. Tissue fragments within the alginate beads were also visible,

demonstrating a uniform distribution throughout the alginate gel.

Example 2 — Bead Diameter Measurements

[0034] Fourteen individual, tissue containing beads were placed into a clean tissue
culture plate and imaged using a Nikon dissecting microscope fitted with a digital camera.
The diameter of each bead was then measured using IMAGE PRO PLUS Software.

[0035] Visual examination of alginate encapsulated tissue beads showed that
manual extrusion through the two-way syringe system was effective in generating spherical,
tissue containing beads. Tissue fragments within the alginate beads were also visible,
demonstrating a uniform distribution throughout the alginate gel. One-hundred and fifteen
beads were generated from 3.72g of fragmented kidney tissue resulting in approximately 32

mg of tissue per bead. Table 1 shows the distribution of bead diameter.

TABLE t
Bead Diameter

(mm)

1 4.84

2 4.26

3 4.66

4 4.13

5 4.37

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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non-encapsulated kidney tissue, encapsulated kidney tissue, isopropanol fixed kidney tissue
and Growth Medium only. One milliliter of Growth Medium, containing 10% ALAMAR
BLUE, was added to the samples and further incubated for 2-4 hours at 37°C, 5% CO; with
gentle rocking. Spent media was then analyzed spectrophotometrically (SPECTRAMAX-
190, Molecular devices, Sunnyvale, CA) at 570nm and 600nm. Media from each sample was
analyzed in triplicate. Percent reduction of ALAMAR BLUE was determined following the
manufactures instructions and is an indirect measurement of éell viability.

[0037] After four days of culture, tissuc viability was evaluated. As compared to
non-encapsulated tissue, encapsulation maintained greater tissue viability (FIG. 1). Non-
encapsulated kidney tissue, cultured under cither normoxia or hypoxia showed similar
relative mean viabilities of 20,9% -+/- 3.4% and 21.0% +/- 1.9%, respectively. However,
encapsulated kidney tissue, cultured under normoxic conditions showed an increase in
relative mean tissue viability. Encapsulated tissue showed a relative mean tissue viability of
83.5% +/- 4.5%. Encapsulated kidney tissue, cultured under hypoxic conditions resulted in
reduced tissue viability of 31.3% +/- 3.4%. As expected, tissue fixation resulted in a

significant decrease in tissue viability to 5.0% +/- 0.084%.

Example 4 — Epo Secretion 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 piate 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-cncapsulation 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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TABLE 2
TREATMENT GROUP MEAN | SEM { NORMALIZED
(pg/mL)(pg/mL) MEAN (pg/ml)
Growth Medium only
background) -26.79 | 3.73 0.00
Beads only -3285 | 2.10 -6.06
Tissue only ) 19.04 | 3.34 45.83
Beads with tissue 52.52 | 28.59 79.31
Beads with tissue and pPDGA 34.12 | 10.50 60.91

[0040] InFIG. 2, data bars represent the average of triplicate measurements, and
error bars represent SEM. Each measurement was conducted on spent media obtained from
8-10 beads.

[0041] Results showed that minced kidney tissue produced 45.8 -+/- 3.3 pg/mL of
Epo into the surrounding culture media. Likewise, alginate encapsulation did not impede
Epo release from the minced tissue, producing 79.3 +/- 28.6 pg/mL of Epo. In order to
determine if Epo production could be chemically enhanced, beads were prepared and cultured
in pDGA. Results showed that pDGA treatment did not effect Epo production, generating
60.9 +/- 10.5 pg/mL of Epo. As a negative control, Epo production from beads devoid of

tissue was determined. As expected, no measurable Epo was detected from these samples.

Example 5 — Trophic Factor Secretion Analysis

[0042) Afier 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 (TL-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/mlL), 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).

-12-
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TABLE 3
| RANTESI GMCSF l Adiponectin I Leptin
Beads with 5
tissue G
1 39.8 B658.4 76 105.8 206 113137.8 14.6 1160.0
2 1.6 77.0 104 59.58 1.6 136667.8 19.6 1184.6
3 24.2 47.2 1.6 8.2 1.6 151719.0 10.6 11386
AVG 21.9 64.2 6.5 84.6 79 133841.5 14.9 1161.1
STD 19.2 15.3 4.5 18.8 11.0 19445.3 4.5 23.0
SEM 111 5.9 28 10.9 6.3 11226.7 26 133
MCP1 | RANTES | GMCSF Adiponectin
Beads without
tissue f i ! i
1 32.0 144 1.6 63.8 134 1827.2 7.0 616.4
2 32.8 13.8 3.0 130.4 17.8 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 21 104.1 16.6 1780.9 4.6 215.9
STD 0.4 0.9 0.8 35.5 28 110.1 26 346.9
SEM 0.2 0.5 0.4 20.5 1.6 653.6 1.5 200.3
l GMCSF | IL10 | Adiponectin I Lep_'_[
Medium only R = EXEHE) £ } g g
1 29.0 3.1 1.6 98.8 20.4 9358.2 5.1 156
2 30.2 22.6 1.6 91.2 16.6 1159.0 5.1 15.6
3 34.8 16.8 1.5 85.0 15.0 1436.4 2.0 441.8
AVG 313 14.2 16 9.7 17.3 1178.2 4.1 167.7
STD 3.1 10.0 0.0 8.9 28 249.2 1.8 2461
SEM 1.8 5.8 00 4.0 16 143.8 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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subsequent incubation at 370C, in a 5% CO2 incubator for 12-14 days. Colonies containing
over 50 cells are counted by phase contrast microscopy.

[0045] Conditioned media derived from encapsulated rat kidney tissue has
previously been shown to contain Epo. Conditioned media is presently shown to have

erythropoiesis stimulating activity (ESA) as measured by BFU-E activity.

Example 7 — Evaluation of Renoprotective Effects of Encapsulated Renal Tissue
Fragments

[0046] The purpose of this study is to evaluate the renoprotective effects of alginate
encapsulated rat kidney tissue fragments in a rat model of renal disease. Sprague Dawley rats
(diabetic or non-diabetic) with an initial weight of 200-250g are used for these experiments.
The rats are anesthetized with an intraperitoneal injection (5mg/kg) of a 4:1 solution of
ketamine hydrochloride and xylazine hydrochloride. Kidney failure is induced by a two-
stage nephrectomy procedure. The upper and lower parts of the left kidney (two thirds of one
kidney) are resected using silk ligaturc while preserving the renal capsule. Ten days later, the
right kidney is removed, leaving approximately 1/6 of the total kidney mass (5/6
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 scetion is fixed in 10% ncutral 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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[0050] In this study, subcapsular transplantation of alginate encapsulated kidney
tissue fragments will slow the progression of renal injury in 5/6 nephrectomized rodents or in
rodent models of diabetic nephropathy. Both serum creatinine and blood urea nitrogen values
are significantly reduced in the hUTC treated animals as compared to the control animals. In
addition, the bead lowers blood glucose levels in rodent models of diabetic nephropathy.
Histological injury assessment reveals a reduction in tubular necrosis and tubular dilation in
the treated animals.

[0051] Despite the increasing interest in cell encapsulation as a method for
delivering therapeutic agents, sparse to no attention has been placed on the encapsulation of
whole tissue fragments. It has herein been demonstrated that encapsulated kidney tissue
fragments secrete Epo and other beneficial agents into a culture medium. Therefore, the
disclosed therapeutic implants and therapeutic methods can provide treatment of numerous
disease states.

[0052] The disclosures of each patent, patent application and publication cited or

described in this document are hereby incorporated hercein by reference, in their entirety.
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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 formin FIG 3, in which
data bars represent the average anmount of protein secreted into the
medi um after four days of culture. Background neasurenents obtai ned
from beads wi thout tissue was subtracted fromthe data shown. Error

bars represent SEM Exanple 6- Eval uation of Erythropoiesis
Sti mul atd‘IP tivity [ 0044] Rat erythroid CD34+ cells (Lonza,
Wal kersville ) are resuspended at 15,000 cells/cn2 in IMDMw th 10%

: b1 . ' : d hyl cel | ul |
For mi ng aseag HRAIA, (RBCORE P e oF &bl R B g rLe s

Vancouver . BC %I | s are added to the nethylcellul ose and plated with
\/\02009/1’85@?%8 / US2008/ 087211 Docket No. 026038.0222PTUS

2. The therapeutic implant according to claim 1, wherein said renal tissue is autologous
tissue, allogeneic tissue, xenogeneic tissue, or any combination thereof.

3. The therapeutic implant according to claim 1, wherein said renal tissue comprises
genetically-altered cells.

4. The therapeutic implant according to claim 1, wherein said fragments have a size of less
than about 1 mum,

5. The therapeutic implant according to claim 1, wherein said fragments have a size of less
than about 300 pm.

6. The therapeutic implant according to claim 1, comprising at least abo{lt 30 mg of renal
tissue.

7. The therapeutic implant according to claim I, 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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subsequent incubation at 370C, in a 5% CO>2 incubator for 12-14 days.
Col oni es contai ning over 50 cells are counted by phase contrast

m cr oscopy. [ 0045] Conditioned nedia derived from encapsul at ed
rat ki dney tissue has previously been shown to contain Epo.

Condi tioned nedia is presently shown to have erythropoiesis
stinmulating activity (ESA) as neasured by BFU-E activity. Exanple 7 -
Eval uation of Renoprotective Effects of Encapsul ated Renal Tissue

Fragment;g The g%%gétﬁil: irh Pﬁ%ﬁpagféoﬁg@g 4] afﬁ”ioﬁwg%'§§¥?ig t?is%gIB aé‘c\‘&és%%’é 6r hb%

renopr ot ect i cts encaps ney tissue

fragnents_in .t | . of L, dise w3prague Dawl ey rats

(di abet of efythiholchn, ﬂa@gﬁ’éﬁp%&?ﬁ&z}aﬁﬁph@?m@%&i ght of 200-250g are
used for,the experinents. The.rats are anesthetized with .an, ...

| nt r apert?t onBal PRI TR PaRH g a1y Rg e RvesicApay ARy mihin 2
hydrochl ori de and xyl azi ne hydrqchl ori de. Kidney failure is induced
byt ot aSH i eaBe i S Lo R R A SR ar 1 5 of
the left _kidne two thirds of gne kidney) are resectcd using silk
i gat ur é3whi E@tﬁ%@%“é’?‘ﬁ i‘”d%}@%&@@‘ﬁ%’fc’ ol éi whererg PP@&";}‘%I Yssied? ?‘g?lﬂ%i’“s
right kidney is renpved, |eaving approximately 1/6 qof the total

ki dney H&ERe Hlsgancisdistiectangrpric ARSI Qriapy cawrinatigpdwessfe wit h

nmet hyl cel | ul ose_stops bl eedi ng, and the peritoneum and skin is closed
in |ayetd wi The thergppugiabnrlant ageovgipg 5@|°Iaslat15f\élse;'ein said renalltiygueTpmpTisgs
weeks after the 5/6-nephrectony procedure, beads are transpl anted
under t Bencteghyalteredsells. control , 5/6 nephrectoni zed rats are injected
with fibrin matrix only. Serum sanples are obtained on days O (prior
to 5/ 6 h&phrEettbergneutinunpiant degerding Wapleinfl 2,cdierein seahrpildissugtcomnlises day's
7, 14, 21, 28 and 35 (day of necropsy). Blood urea nitrogen and

cr eat i niragnenteofgerahtishé, add whemip said EFHGES BRENSBT RY cANDIYAER | inpha
Wasser mann Di agnostic Technol ogies, LLC, West Caldwell, NJ).

[ 0048] Ani nells therapghstic rpdan sccardingsiactairt il 2,evhefdiv midveek sispesbmprdeb
transpl antati on by carbon di oxi de asphyxi ation. Kidneys are renoved
for hi sfregrognys clinchal timneg @nd pherenahiddnghygs Bave aizé oblesssthahablonthdO yini.
snap-frozen in liquid nitrogen for RT-PCR anal ysis. Messenger RNA is
i sol at etf7.f r OThettheafeniizienpldat deveytifig 16 elaém Y, vaistedhy sabdbithedpangit dnplatd

subj ected to transcriptional analysis utilizing |owdensity

m croar é@yprizey A $eagrabbudi3ninngofrteel tisshe.ot i ¢ and i nfl ammatory genes. The
remai ni ng corneal kidney section is fixed in 10% neutral buffered
for mal i ps.f orTidahsgiet eaimnpns t@banga lclanh &, Wefein said polymdr®@4Sdonifiisszey
tissue fixed for histology will be histologically processed,

sect i onggingi, hk¥Rrdol 4ekd, caBek aiediyiRduisid &IW&chnﬂ@@ﬁh,mg\a%b@ phlg.-

injury is evaluated and scored by a veterinary pathol ogy.

2009/ 08888 Rérhhddadl) B8P3 FAshdarddOEkif xaNBan QB33 A2 2 @Rbic, type I cdlBRR0]

In this study, subcapsufar transpl antation of al ginate encapsul ated

Ki dney fan%aM GibtdrREHIE RbSn, Wr hiry &nfihatiBe thefe@@r €Ssi on of renal injury in
5/ 6 nephrect'om zed rodents or 1 n rodent nodels of diabetic

nephropg hy -Th@%&ap%ﬁﬁd&ﬂmﬁ?a{nﬁgéch@%% it P QR S Ui Q9L %g—lpH?éé are

significantly reddce treated aninals ‘as conpared-to the
contr ol ' | jtion, the bead |owers blood glucose |evels in
r odent ?%%gketggﬁ%?o%?é{ eti'c nephropathy. Histological injury assessnent
reveal s reduction in tubul ar necrosis.and tubular dilation in. the.
{roat ec?Gni it SierdbBuid pt3beBbr 0 8BIF £ Ml itionner BeddPlhs o e
cell encg Bs}ggati gn as a net hod for delivering therapeutic agents,
sparse VGRS 3P EnTOBHe A%S been pl aced on the encapsul ation of whol e
tissue fragments. It has herein been denonstrated that encapsul ated
ki dney tissue fragnents secrete Epo and ot her beneficial agents into
a culture nmedium Therefore, the disclosed therapeutic inplants and
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7. The therapeutic inplant according to claim 1, wherein said polyner
bead conprises al gi nate, hyal uronic acid, carboxynethylcellul ose,

pol yet hyl ene gl ycol, dextran, agarose, poly-LIysine, carageenan,
pectin, tragacanth gum xanthan gum guar gum gum arabic, type |
collagen, lamnin, fibronectin, fibrin, or any comnbinnation thereof.
8. The therapeutic inplant according to claim1, wherein said polyner
bead conprises alginate and poly-L-lysine. 9. The therapeutic

i npl ant saccorgl fhgragaufeliﬁbmﬂach% & QaidAI2dwhRALN TBH 1B YA de or more
di anet er of about mmto about 6 nun. 10. The therapeutic I nplant

accor di Bl dheClliflutonclEHEhY oAkl pidche UPaRROhBhESORELH, MOre
hor nones, proRonnones, 'proterms, growt actors, or any conbi nation
t h.er eof 22, 11Th¢;r llﬂg ) &%’rc%gﬁ%tltl agcorth b onélail?‘ %O et gi& tiSsud e@re%eos’on BEh&E"
said tiSSue secretes one or nore ° eryﬁ rop0|e§|n, 2- 1,
adi ponectin, | ept. d P-2.,12. A peutic inplant conprising
fragnenP mgpﬂ%ﬁg%gﬂggﬁgPa%%%?ﬁngW%gﬁ?ﬂﬁﬁﬁg%‘mﬁthin a pol yner bead
for tregking,anemi str.oke,. cardi avascul ar .di sease, or renal
diseaseag 13Anfﬁghﬁhgpgﬁgﬁ?P%“?ﬂﬁpdﬁ$ﬁ%%@%W8ﬂH% to claim12, wherein
said renal tissue is autolpgﬁ%s ti ssue, allogeneic tissue, xenogeneic
tissue, or aMyViCBEHRgRENSA PEBRLUSSUE,  The t her apeutic i npl ant
according to ¢laim12, wherein sajd renal tissue conprises . )
genet i cal | y- Bi%ing syl el figsue Wit a syjygion %F%@&?P&I%E%ﬁ?byafe%%? vt o
claim12, wherein said renal tissue conprises fragnents of rena
ti ssue, PAMECLHEREFANsai d fragnents have a size of |ess than about 1
mm 16. The therapeutic inplant according to claim12, wherein said
renal ti ssuecXyBE sYe Hse-RglyEet suspinsiop idp an-g Beaddormapgisoftisnehereyai d
fragments have a size of |ess than about 300 gm 17. The therapeutic
i npl ant fawieradhagperte srramcarprisikeeedsrisail golymer witkin twbichisadrenat tissue is
conprises at |least about 30 ng of renal tissue. 18. The therapeutic
i mpl ant engepsviatidng to claim 12, wherein said pol ymer bead conprises
al gi nate, hyal uronic acid, carboxynethylcellul ose, polyethylene
gl ycol , 2dext Tlemethaseacomding poélyinl 23y sihaein ssrrsalytemenmprisegtaipeymer
tragacanth gum xanthan gum guar gum gum arabic, type | coll agen
| am ni ngofipriseonectin, fibrin, or any conbination thereof. 19. The
t herapeutic inplant according to claim 12, wherein said polyner bead
conpri ses alajginag,dyanobnipaicid; tarboxsimethylcelRlose, Ijvdyetllybma ghuadl, dexitmagglagabse,
according to claim 12, wherein said polyner bead has a di aneter of
about 3poiyrltigsiad) osthge@nam)pectialraghbmtli fued, aprthidnl gond, @Rdranin, ot arablicigpd 1o
claim 12, wherein said tissue secretes one or nore hornones,
pr ohor neviagen, R fittonegiin) ibkinf @ehpeanbindtionhersQhd,nat i on t her eof .
22. The therapeutic inplant according to claim?21l, wherein said
ti ssue secr ei@swifeddimnore of erythropoietin, MCP-1, adiponectin,
| eptin, and MVP-2.

25.  The method according to claim 23, wherein said bead-forming solution comprises a

cross-linking solution.
26.  The method according to claim 23, wherein said bead-forming solution comprises an
ionic solution.

27.  The method according to claim 23, wherein said bead-forming solution comprises CaCl,.
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23. A nethod for making a therapeutic inplant conprising: providing

fragments of whole renal tissue; m xing said renal tissue with
a solution conprising a polyner, thereby formng a tissue-polyner
suspensi on; extruding said tissue-polynmer suspension into an-a

bead-form ng solution, thereby form ng a therapeutic inplant
conprising beads of said polymer within which said renal tissue is
encapsul ated. 24. The nethod according to claim 23, wherein said

sol ut i oR8conphe Beihgd accpulingie claip Apripalkss comprising caftipgraid deadsywethumoni ¢
aci d, carboxynethyl cel |l ul ose, pol yethylene glycol, dextran, agarose,
pol y- L- kgditions] pelamenjexenan, pectin, tragacanth gum xanthan gum guar
gum gum arabic, type | collagen, lamnin, fibronectin, fibrin, or
any conmBPn@he¢ tharapdveic éoplantanahrdiag gr daitnk 1 wed) wierein 25 redidl eissve chidbts of
accordin%Etﬁ claim 23, gnpreigﬁsaid bead-form ng sol ution conprises a
cr oss- | PARPHY °SBIUME B¢ oS5B S 118 et hod according to clai m 23,

wherein said bead-form ng solution comm ses an ionic solution. 27.
The met hod_according.tq claim.23, wherein said _bead-formng solution
conpri sé@ Eﬁf‘éﬁ%ape“ﬁg ?ml%ﬁ% AFROFHBY OAB G FFTE10 SUF Eonph IB9IC 1§ Bypate
conprising coating said beads with an additional polyner layer. 29.
The therapeutic inplant according to clains | or 2, wherein said
renal tphsiie mehed afhclaing3 wherpimgaid repa dispueiconsisiof apaelenetering dsye.

30. The.idasLpReHi,c | npl ant according to claim29, wherein said renal
tissue is human. 31. The nethod of claim 23 wherein said renal

ti ssue consists of naturally-occurring or endogenous tissue. 32. The
met hod J. Ly [ i £ .5 human. 33. The

t her apegjt'i f(éﬂefaljﬂrrp %ﬂﬁ%@%gg &lﬁ%&r&gﬁ%ﬁ@il&%éuﬁ%ﬁ%ﬁl to 22, wherein said

t herapeutic inplant conprises fragnments of excised and m nced whol e
renal thgsue encapsilabBflicihbRhihctoliRk B eAths | 42, MRk bagapeutic
i npl ant according to any of claims 1 to 22, wherein said therapeutic
i mpl ant thewppiticdwplaptrcapraprsdragmenih of excisehaild minesdhotarerg) Ssduaredpwilalies a
growt h i pthin a polynmer bead. 35. The therapeutic inplant
accordiﬁgﬁnggﬁ@&%?&glainB Ito 22, 33 or 34, wherein the polyner bead

is perneable to substances secreted by said tissue. L
3 The therapeutic implant according to any of claims | to 22, wherein said

therapeutic implant comprises fragments of whole renal tissue encapsulaied with a growih

medium within a polymer bead.

Tk

3. The therapeutic implant according to any of claims 1 to 22, 33 or 34, wherein the

polymer bead is permeable to substances secreted by said tissue.
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