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THEREOF FI ELD OF | NVENTI ON The present invention generally relates to

del i very wO 2BMIi@37380r functional 5 variants or functionaCTiSGagn®nessot her eof
and/or a BMP-7 agoni st and net hods of use thereof. BACKGROUND Bioartificial
ki dneys (BAKs) contain a synthetic henofilter connected in series 10 wth a
bi oreactor cartridge containing porous membranes, onto which renal proxinal
tubul e cells are seeded. Results obtai n@d wi th ani mal nodels of acute renal
failure have shown that treatnment with BAKs can inprove cardi ovascul ar

performance, the | ev time. A
Phase 11 clini ca'D m%Rgnggbég-ﬂm %%ﬁﬁkﬁ" UI’VI val of

critically ill patients with acute renal failure as conpared 15 to
conventional continuous renal replacenment therapy. Primary human renal
proxi mal tubule cells (HPTCs) bD@EJ\NUEéHIW}f clinical applications of
BAKs. Proximal . fubule cells form j_ I d performa
variety of traW@%B’fetsem AEEAR St generﬁ%ﬂg@?&%sﬁgﬁglg\?egf bt Higﬁf‘p?g a t1of§zP

i MMUNOITD Ay @dn@y o i@ inblofgamebt atheRof ind/onCBMMS agomstudd rmelsthaodseﬁlus&)r ption of
gl ucose, 20snual| solutes and bicarbonate fromthe glonerular filtrate, as
wel | as t#erqofansport of toxins, xenobiotics, and drugs into the tubul ar

| umen. In order to perform such functions effici ently in a BAK, HPTCs mnust
forma well-differentiated epitheliumw th a controll abl e degree of

| eaki ness on the porous menbr anesBA@K\@R@UNEpont aneous tubule formati on on

substrate surfaces thin tub at es to 25
di sruption of ﬁ“ﬁécflf‘]g“‘? ﬁQgAE%% th?ﬁ ﬁﬁ rcgucﬁ"??glggge@%es is
pr obl ggrat h&thfaoélol%éé%o@@mridgébbﬂaﬁung{m%@ lﬂaili&smag @ntbrxeﬁlentraﬁl proxpaglous

nmenbr ane surfaces, and especi al | hol | ow fi ber BAKs.
tubule cells are seeded. Results obtamed with animal models of acute renal failure have

shown that treatment with BAKs can improve cardiovascular performance, the levels of
inflammatory cytokines, and survival time. A Phase II clinical trial revealed that BAK
treatment improved survival of critically ill patients with acute renal failure as compared
15  to conventional continuous renal replacement therapy.
Primary human renal proximal tubule cells (HPTCs) have been used for clinical
applications of BAKSs. Proximal tubule cells form a simple epithelium in vivo, and
perform a variety of transport, metabolic, endocrinologic, and probably also
“immunomodulatory functions. Transport functions include the reabsorption of glucose,
20  small solutes and bicarbonate from the glomerular filtrate, as well as the transport of
toxins, xenobiotics, and drugs into the tubular lumen. In order to perform such functions
efficiently in a BAK, HPTCs must form a well-differentiated epithelium with a
controllable degree of leakiness on the porous membranes. However, spontaneous
tubule formation on substrate surfaces (e.g., on or within tubular substrates) can lead to
25  disruption of epithelia formed by HPTCs. Occurrence of such processes is problematic
for BAK applications, where HPTCs are presented on porous membrane surfaces, and

especially for hollow fiber BAKs.

30



- 2 - SUWARY OF THE | NVENTI ON The present invention generally relates to
delivery of BMP-7 or functional variants or functional fragnents thereof
and/ or a \BORe7i/mgoRi st and net hods of use thereof. The eulbjsecoiorwaisser of
t he present invention involves, in sone cases, interrelated 5products,
alternative solutions to a particular problem and/or a plurality of
different uses of one or nore systens and/or articles. In one aspect, a
met hod i s provided. The method conprises_contacting a plurality of renal
proxi mal tubule cells in a fluidic device with sufficient BMP-7 or

functional variants or functi and/ or a BMP-7 agoni st
to inhibit tubule 10 formmm%@ﬁﬁﬁm{éﬁgﬁ(ﬁ&performnce by the
plurality of reRaprefi®xiveBtion sdtaglyGelates to delivery b BRIPOY befunaspedt , a net hod
i's provided. The method conpri ses contactlngﬂg plurality of renal proxim

t ubul e cevarimisrprfunqtioneli feagamentsthergpt andéerra BMPehegenad-and grethads of Péhal

variants or f ' I fLici AHIRY f a
BWP- 157 tglargﬁl.gf ﬁ% @%ﬁﬁ%ﬁﬁ&%@ﬁ%P%gﬁt Zr%{eflgwgﬁrog S’fi ﬁg&lrngrcla%é ’plr oXi Ir%}ﬁdot ubul e
cel1s.5  produdt) adteirativasuiidues tés peicnlaa prodbldmcndéor probvaligychf difeemnsistod

conprises adm nistering a therapeutic amount of BMP-7 or functional
vari ants @fromeHaRqre ARy AMEAECleher eof and/ or a BWMP agoni st systemically

to a patient, megirs] 7&,%% s 7@&1&9@.0#119&1%&10&%2@%& dahtatcﬁfr;]gabaﬁahy

a f;
fragnents thereo or a BMP-7 agonist is generated 20essentially
cont i nuousd rigndlrpponicel tubulsicels m aflfidid dtivicedeith odficienBMPHhor @acidorakl | s in

fluid conmuni cation with the I ent . et .anot her. ct, a nethod
i s provi eI fH‘écﬁtWBﬁlqEW‘%:t_bgreg% dera %@Z%%%“%&%W@F ﬁ‘@ﬁ plurality
of hogj cRihitgeaelsGaprovemRIipkifeandRe by\Rs ipilRs 6f RAalafroBMat fibale _
functional variants or functional fragments thereof and/or a BMP-7 agoni st.

25In stil ¢ellanot her aspect, an apparatus is provided. The apparatus .
corm e L YRR SR 3 e B gl e o 1 @
rel ease opluBMty éf @halfprogiiadtibuleveils ani futlic deviat with alffitieagB®I-3 ot her eof
and/or a fl?lxgt-igna?%grri]eim% or functional fragments thereof and/or a sufficient amount of a BMP-
15 7 agonist to inhibit de-differentiation of the renal proximal tubule cells.
In still another aspect, a method is provided. The method comprises
administering a therapeutic amount of BMP-7 or functional variants or functional
fragments thereof and/or a BMP agonist systemically to a patient, wherein the BMP-7 or
‘functional variants or functional fragments thereof and/or a BMP-7 agonist is generated
20  essentially continuously from cells within a fluidic device comprising said cells in fluid
communication with the patient.
In yet another aspect, a method is provided. The method comprises a fluidic
device comprising a plurality of host cells genetically modified for overexpression of
BMP-7 or functional variants or functional fragments thereof and/or a BMP-7 agonist.
25 In still another aspect, an apparatus is provided. The apparatus comprises a
fluidic device comprising a semi-permeable membrane, wherein a non-cellular
component of the apparatus is configured for controlled release of BMP-7 or functional
variants or functional fragments thereof and/or a BMP-7 agonist.
In yet another aspect, a method is provided. The method comprises
30 administerihg BMP-7 or functional variants or functional fragments thereof and/or a

BMP-7 agonist systemically to a patient, wherein the BMP-7 is released from in

controlled fashion from a non-cellular component within a fluidic device.



In yet another aspect, a nmethod is provided. The nethod conprises 30

adm ni stering BMP-7 or functional variants or functional fragnents thereof
and/ or a \BORe7i/agDRI St systemically to a patient, wherePaTiSGe01BNBY380 | S

rel eased fromin controlled fashion froma non-cellular conponent within a
fluidic device. WD 2011/043738PCT/ SG2010/000380 - 3 - In still

anot her aspect, a sem -perneabl e nenbrane is provided. The sem perneabl e
menbrane conprises at |east one materiak _configured for controlled rel ease
of BMP-7 or functional variants or functional fragrrent s thereof and/or a

BNP-7 agoni st. 10Lfgl, SAYARLAGSS. NG ARYSh. FERINLES: Rlouidid RhesgRL | nventi on

w Il becone 5 apparen oW ng scription of various

non- | i m t ipegnebboniendring cOfnphEEs eitﬂbaeﬁﬂdeoﬁataﬁﬁmoﬁﬁmea&rreudmr@llamleuMﬂ on
with the acco nying figures. In cases where the f)resent ecification and
a docunentt¥Rel ;%F%tf@a FRFanistes fnrsionsl fraemratchemert and/orq BMEF bagonist.

i nconsi stent di i I 10BRI EF
DESCRI PTI ON OF %EE DRAW ﬁl&%d%%l%&tm%ﬁ%?mﬁ f%%te*ép oéﬁﬁ’lé’n‘?’@ o%&%e present

i nvent bon apparbnttfeordebszfoﬂlbwmngﬁtmsi d@ﬁcr@xlarrplf ganvismondinitiap embbdinidnes of
acconpanyi whi ch ar,e schematic are not jntended to be drawn

P e iy et Bl S SR o S fhe B oy rai el o S e

i | 1'ustrat egherSthtyppésea épyécmem&lsa@ﬁta%cﬁmeat BLAPbRtdITEE R encEMcliiy poses of
15 clarity, not every conponent is labeled in every'figure, nor is every

conponent cenflisties andfboigicersigtens fisclosutenthe prasent spheifipationeshell contepdt r ati on i s
not necessary to allow those of ordinary skill in the art to understand the
invention. In the figures: FIG 1 shows a graph of hornone response

assay 1oesults for parat BRIERIDASCRIPEOMN OFPEHMBIORAWINGSor none pl us BMP- 7,
according to an_enpodi nent; 20FI G 2 shows a graph of functi onal assay

results for gan¥RR-BmdfingRbadimenss af the presern 1VY%Y’5}1°H%B@PG]P?F@1bP@> ayayof ~
enbodi MeNtexample witth fe%re&estgfﬂfa&eon%ﬁm FigurRf, vhibiPhde QW dnh RRTanflaRBE ! T i al

e
ki dney, accorﬁlng to an enb
intended to be drawn to scale. In the figures, each identical or nearly identical

component illustrated is typically represented by a single numeral. For purposes of
15  clarity, not every component is labeled in every figure, nor is every component of each
embodiment of the invention shown where illustration is not necessary to allow those of
ordinary skill in the art to understand the invention. In the figures:
FIG. 1 shows a graph of hormone response assay results for parathyroid hormone
"and parathyroid hormone plus BMP-7, according to an embodiment;
20 FIG. 2 shows a graph of functional assay results for gamma-glutamyl transferase
activity, according to an embodiment;
FIG. 3 shows a schematic of a hollow fiber bioartificial kidney, according to an
embodiment;
FIG. 4 shows images of the formation and disruption of epithelia formed by
25  HPTCs, according to an embodiment;
FIG. 5 shows images of the effects of different concentrations of BMP-7 and
BMP-2, according to an embodiment;
' FIG. 6 shows images of cells treated with BMP-7, according to an embodiment;
FIG. 7 shows a graph quantifying o-SMA/c~tubulin expression ratio at different
30 concentrations of BMP-7 and BMP-2, according to an embodiment; and
FIG. 8 shows a graph comparing the amount of BMP-7 produced by HPTCs as a

function of time.



FIG 4 shows images of the formation and di sruption of epithelia forned by

25 HPTCs, according to an enbodi nent; FIG 5 shows inmages of the
ef fects oWodnfii@smat concentrati ons of BMP-7 and BMP- 2, paTtsondiongodso an
enbodi nent ; FIG 6 shows inmages of cells treated with BMP-7, according

to an enbodinment; FIG 7 shows a graph quantifying a- SMA/ ce-tubulin
expression ratio at different 30 concentrations of BMP-7 and BMP- 2,
according to an enbodi nent; and H G 8 shows a graph conparing the
anount of BMP-7 produced by HPTCs as a function of tinme. WO

2011/ 043738PCT/ SG2010/ 000380 4 BRI EF DESCRI PTI ON OF THE SEQUENCES SEQ
ID NO. 1 is human bone norphogenetic protein-7 (BMP-7) having the am no
aci d sequence: 5 NHVRSIEREAPHEEVADVARCIN URSAIARESINNEYESSFI BRRLRSQERREM

QREI LS| LGLPHRPRPHL QGKHNSAPM-M. DL YNAVAVEEGGGPGCQGESYPYK

AVFSTQGPPL ASL GEBRED NADViAVBEN hEB DKEFR geRstiq e REDI(BMP-7) having the
IPEGEAVTAAEFRé%é&gb%gggDNETFRlS VYQVLQEHL GRESDL FLLDSRTLWA

SEEGWL. VFDIFR? NLGLQLSVETLDGQSI NPKLAGLI GRHGPQN 10
ES&&%EE%EE%&ERW%%%%%W?MWMM
QTLVHFI N@W@Mmm MERERIMNANISEEEGGGPGGRERSYEYE 2 s

a_CONA S equaRaRGAL 09 HBSHM AR BORASFVRESGATSKEFFRPRYIHREFREMT SK

havi ng the nu I C aci sequence
ATGCACGT GHECICACT GAENG YT ERTWRESDLFLLDSRTLWA

@éNPKLAGLIGRHGPQN

e .
SHEGNACTITE te JE e
m ﬁ @@?&WRMANVAENSSSDQ
CLACAACTGGBCACLCAT GT TCATGCTGBACCTCTA 2
C’C’..C‘l : CCC (=

CAFPLNSYMNATNHAIV

CCGGTTTGATCTT ICCAAGATCCCAGAAGGGGAAGCTGTGCCGAA 25
TTWTM@#WWW@CGTTCC

; (%AEXGCTTCGTGGCGCTCT

CTTCCTG Y
TTTGACAT CAGGTCEsCCTTG P ROATGERGET T Aw"Ju AJijAGCCTGGACAA
AT T OO A T A fatecaccaccaaeca

GGTGGCTTT JGAPNGEACASEEOAET P ACTTGCEABPATEEEIEEACBCCACCGCCCGCGCC
CGCACCTCCAGGGCAAGCACAACTCGGCACCCA%CC;'}AléFCATGCTGGACCTGTA

20 CAACGCCATGGCGGTGGAGGAGGGCGGCGGGCCCGGCGGCCAGGGCTTCTC
CTACCCCTACAAGGCCGTCTTCAGTACCCAGGGCCCCCCTCTGGCCAGCCTG
CAAGATAGCCATTTCCTCACCGACGCCGACATGGTCATGAGCTTCGTCAACC
TCGTGGAACATGACAAGGAATTCTTCCACCCACGCTACCACCATCGAGAGTT
CCGGTTTGATCTTTCCAAGATCCCAGAAGGGGAAGCTGTCACGGCAGCCGAA

25 TTCCGGATCTACAAGGACTACATCCGGGAACGCTTCGACAATGAGACGTTCC
GGATCAGCGTTTATCAGGTGCTCCAGGAGCACTTGGGCAGGGAATCGGATCT
CTTCCTGCTCGACAGCCGTACCCTCTGGGCCTCGGAGGAGGGCTGGCTGGTG
TTTGACATCACAGCCACCAGCAACCACTGGGTGGTCAATCCGCGGCACAACC
TGGGCCTGCAGCTCTCGGTGGAGACGCTGGATGGGCAGAGCATCAACCCCA

30 AGTTGGCGGGCCTGATTGGGCGGCACGGGCCCCAGAACAAGCAGCCCTTCAT
GGTGGCTTTCTTCAAGGCCACGGAGGTCCACTTCCGCAGCATCCGGTCCACG
GGGAGCAAACAGCGCAGCCAGAACCGCTCCAAGACGCCCAAGAACCAGGAA
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GCCCTGCGGAT GGCCAACGT GCGCAGAGAACAGCAGCAGCGACCAGAGCECAG

GCCTGTAAGMACGEANEGET GTATGT CAGCT TCCGAGACCTGGEECTGECAGG  PCT/SG2010/000380
ACTGGATCATCGCGECCT GAAGGCTACGCCGECCTACTACT GTGAGGEGEGAGT G

TGCCTTCCCTCTGAACT CCTACAT GAACGCCACCAACCACGCCATCGI GCAG

ACGCTGGTCCACT TCATCAACCCGGAAACGGT GCCCAAGCCCTGCTGT GCGC
CCACGCAGCTCAATGCCATCTCCGTCCTCTACTTCGATGACAGCTCCAACGTC
ATCCTGAAGAAATACAGAAACAT GGT GGT CCGEGECCTGT GECTGCCACTAG SEQID NO 3 is

L e AR A O g 0

VHPL REW. GRIdeAayVEL BRANKCK OUMBRI 63 PASPOIMEGRABA CCTGGGCTGGCAGG
EGARVEPDACTACV! HCGPQAHL PHCRGCS T%YGNGETFSPDAC TTCRCLTGAV!

SCSEL NCL EACTItHaGE @@@r% CCGCCTACTACTGTGAGGGGGAGTG
DPCRI CRCL o NERE %ééATCGTGCAG

GSGDPCSH CPVC
CETFRLLERGICOAE CMGCBGWD@EEF@CCTGCTGTGCGC

EGVQUWEPDGRPCTACYCODGYPKOGAY] CPPAPCOHPT
HSQVYANGQN ﬁf%ﬁ%@%‘?\?ﬁ% %@@%&GCTCCMQC}TC

CPDC! LEEENYRERSERHARD ; OPRAGHRETT RN ROSRAEHEYP
SGADFPHPSDPCRL CRCL SGN\/Q:L ARRC\/PL PCPEPVL L

PGECCPQCPAPAGCSERGEBYINBRBIG hyERed oHEsYsEORIECPHsc forrg AHRRDERhECP
SCDGCL YQGKEFAS P SPT_AACHLCLCV\EGSVSCEPKAC
APAL CPFPA GESYLSNQEFPDPREP CNLCTCLGGFVTCGRR

PCEPPRESHREA B9 GHOCRT SOOCRY HAVTA S EETA BGRIDATOSHETQQE GV S5V ROGKISRGRPAL CPHP

%Q&?MW@&M%%WGLMW
PRV CEPOIECHEG KO RO bSO BP LT | DB G S G ONGETFSPDAC

GL L GSEL APPDRRIIGRRR OGP HCPEPECEERL SPREFRISCCRVGRASH VAT GQEW TTPG

R R Ry e R R A R R e T RV T FLNGREHR SGEPY

NDDRGEZSCV AP A& OMAGRN: @%}%@%@MV@M}CEYQGHQYQS
2011/ 043738PCT/ SG2010/ 00038 6 - LRGHTVI LM%&%@Q\AD(I}S
wwg¥§$mmmz&m@Eﬁm&E@E@E&xP EP SR LD GAEREVDP
SADAGL COAP A R O o P R A P LY GAGSR SRS R v
CVP.5 GC QWM@W@AMA Wb@ﬁRFD@FP@RERQEQ&GPGQCCPREQ | D
NO. 4 is a sequence_codi EﬁDf or human Icielinichordin-| 1LJ)rot ein
RCOECREQ g@é{ﬁeﬂg@PRPCPRAPCAHPL GTCC

(KCP), i s@?&GFLEEﬁé{\FNﬁbGE%ESH

eeaseeseten
SRR 2k W%LARRCVPLPCPEPVLL

CLDGSVSCQRLPCPPA
HICLCWEGSVSCEPKAC
@E@&%PCI\%CTCLGGFVTCGRR

FAGSSEIIRRRT. DPTCSLCTCQEGSM

ceee

CTGCCGCT GG CRUGTIKAGRGHPEGSRWVPPDSACS
CTCAACTGCT TGGAGAGCT GCACCCCACCT GEGRGAGT GCTGCCCCATCTGCT

SCVCHEGVVTCARIQCISSCAQPRQGPHDCCPQCSDCEHEGRKYEPGESFQPGAD

PCEVCICEPQPEGPPSLRCHRRQCPSLVGCPPSQLLPPGPQHCCPTCAEALSNCSE

GLLGSELAPPDPCYTCQCQDLTWLCIHQACPELSCPLSERHTPPGSCCPVCRAPT

30 QSCVHQGREVASGERWTVDTCTSCSCMAGTVRCQSQRCSPLSCGPDKAPALSP

GSCCPRCLPRPASCMAFGDPHYRTFDGRLLHFQGSCSYVLAKDCHSGDFSVHVT

NDDRGRSGVAWTQEVAVLLGDMAVRLLQDGAVTVDGHPVALPFLQEPLLY VE




20 GCACAGAAGGTGGECTCTCACTGGGAACATGGCCAAGAGT GGACAACACCTG

GGGACCCCT GCCGAAT CTGCCGGT GCCT GGAGGGT CACAT CCAGT GCCGCCA
GCGAGAAT GV GaA@as7BST GT CCATACCCAGCCCGECCCCTCCCAGECACC PCT/SG2010/000380
TGCTGCCCTGIGTGTGATGGECTGT TTCCT AAACGEECGCEGAGCACCGCAGCG

GGGAGCCT GT GGECT CAGGEGACCCCT GCTCGCACTGCCGCTGTGCTAATGG 25

GAGT GT CCAGT GT GAGCCT CT GCCCT GCCCGCCAGT GCCCTGCAGACACCCA
GGCAAGAT CCCTGEGECAGT GCTGCCCT GT CTGCGAT GGCE GT GAGT ACCAGG
GACACCAGTATCAGAGCCAGGAGACCT TCAGACT CCAAGAGCGEGEECCTCT

CGNFNGFAQDDLQG

GTGAGCT %EWGMW&WE@R@AGYRARREANARCG
GTI'CGGCCCTGCACCECCT GLGT CTGI CAAGAT GG ACCCAAGT GCGEEEC
TOTGCT CT GRS SRR A WA 0T ERAHCDBEA Y ASHCRQA

2011/ 0437 | SPORBP L ERGFVEDECGPPCPRTCFNOHIPLGELAAHCVRPCVP
GCTGCCCCA cﬁ%&m@@c& AR EF AT SAARY
GCAGAAET TCAITRCRA DI EIDAPT GPRASBSREPQETP;
mgg% TGACT RCCT:::; ‘w%%%egn/chwdm-hke protein
GGAAGAGGT aeT] CCOCTGC
CAGGAGTGC%ATGCCAGGAA TGCCCACTGCCA CGOCOCTGOC

OCEAECCACED 3 LECAECEMBGEASIEAGCTAGCATGGCCGG
CAGCGGCT Apn
CACCOCTCT (%G&QCCCTGGCGCTG

TG @Y mcgmmCCCCCTGGGCAGCAG

COGAGAGT G GoOCGCAGT GOOCAGOUOCOGOUGACT GOCCA

mWﬁﬁ@ﬁWGGAGGAGTGGGACC
e o :

CEATAGTT GGAGTCCTGTGAGT

: %%@%%GCCTGGOCCGAGGG

. .
GCCCTECT @@I@@@E@@W@@@G@E@@M@WGCCAGGMGGGGCC
GGAGT TCCCAGACCCCCGAGAACCCT GCAACCTGTGTACCTGTCTTGGAGGEC 20

TTCGT GACCMW@@@WW@@WA@GGGCTGCAGCCAAA

TCATCCCCT S
COTCACTA A GATGCCTGCACCAC
CCCTGGCAOTWGGM@SHAEAWAG@W@G@GECCTCGTGTTOAGAG
CCCAGCTCTCTGCCCCCACCOCT CTCCAGGOCCCTGCTTCTGOOCTGITTGRC, 25

ACAGCTGT CF G Ea630E S ABAK NaRAT &S ABEAGHFEAGT GCTGCCCCATCTGCT
GACCAGEA %WW@GTGGACAACACCTG
TGTGCGEECT TECCTCCAAGCT CCAGGTCA

A0 (0.'«1! GO TAT CBEEMNGEGTAXCATCCAGTGCCGCCA

o) %@%&%ﬁbé&mcmm}cmc

3 ,
%@CCC@@WW@WWWGGAGCACCGCAGCG
ATGAGGGCCGGAAGT ACGAGCCT GGEGAGAGCT TCCAGCCT GGGGCAGA

WO
2011/ 0437 W’D@WGG@GACCCCTGCTCGCACTGCCGCTGTGCTAATGG

CTeT RO FoeEERXaRe
CTGT e CCTGCAGACACCCA

% .
UWWWWWGGAMCTGTGAGTACCAGG
ACTGI TCAGAGGECCT GCTGEGAT CT GAGCT AGCCCCACCAGACCCCTGCTA
GACACCAGTATCAGAGCCAGGAGACCTTCAGACTCCAAGAGCGGGGCCTCT
GTGTCCGCTGCTCCTGCCAGGCTGGCGAGGTCTCCTGTGAGGAGCAGGAGTG
CCCAGTCACCCCCTGTGCCCTGCCTGCCTCTGGCCGCCAGCTCTGCCCAGCCT
30 GTGAGCTGGATGGAGAGGAGTTTGCTGAGGGAGTCCAGTGGGAGCCTGATG
GTCGGCCCTGCACCGCCTGCGTCTGTCAAGATGGGGTACCCAAGTGCGGGGC

TGTGCTCTGCCCCCCAGCCCCCTGCCAGCACCCCACCCAGCCCCCTGGTGCCT




5 CACGIGCCAGT GCCAGGACCT GACATGECTCTGCATCCACCAGECTTGI CCT

GAGCTCAGCT GT CCCCT CTCAGAGCGCCACACT CCCCCTGEGAGCTGCTECC

CCGT AT CCEaGLIi@asACCCAGT CCTGCGT GCACCAGGECCGTGAGGTGEC  PCT/SG2010/000380
CTCTGGAGAGCGCT GGACT GTGGACACCT GCACCAGCTGCTCCTGCATGECG

GGCACCGT GCGT TGCCAGAGCCAGCGCTGCTCACCGECTCTCGTGIGECCCCG 10

ACAAGGCCCCT GCCCTGAGT CCTGECAGCT GCT GCCCCCGECTGCCTGCCTCG
GCCCGCTTCCTGCATGGECCT TCGGAGACCCCCATTA SACCTTCGACGEC
CGIFGCKI%CTKIMEGGJKHTGJKI?ATGKIT GGACTGCC

(X

ACAGCGGGGAC%%@@ GTATGCCAATGG

GGCT GCT CASRAA PR A BPHEAAT SORCASECRERGEXTIGCCTGCCACTGTCAGGAT
CCTTCCTGCAGGAGCCGCTGCTGTATGTGGAGCTGCGAGGACACACTGTGAT
CCTGCACGAEGART) FRGTITACBCCHCECREARSACCTGTGCCAGGC

GCCCT GGRAGEA AT GIeSrr G AGC IS CCH T LAGIGETRITCGAGGCCCGAGACCCCTGC
CCTGGCCGECCCTGT TCT GCAGGCCGAGAGGT GGATCCGT
T TAGOGT A REAET ORGSR RA A R G GAAET GEF GCCTCGCCCCTGCC

ﬂé&@]&%mfGCCCGAACGACTG
GATGLCTGCCT

A : SC%CGATCCCTGCC
2011/ 0437@&8@@@@1@1@@@8@%@}6@&(}1‘@0CTGCCAGCGGCTGCCCTGCCCG

GTTAGGGCTATGGAGAGAATCI:CCTGCCTGGACACTGGA @ﬁ%
CCCTGCAAA@@@@@&%@Z{ é(&%ﬁCTGCGACG SEQ

| D o the 5
ARRNSERSRcLS sequence %%@gfl PG deGEIAGEY @QT@F%%S%%G\ISQEQ

VHPL REW. GRAEAAMYVEG REQIT AT RYROCESCECHE ATV CGUWRCEGIGRE OACIAGHOD

8‘&%&3@%&@@%&%@%@&% TG R RO SRR

GHCCPT CQGE e KAEGRAY FEHGORROBECET ACPYBARPLRA GTECPVCD
GCFLNGREHRS GEPVGS GDP C S HCRCANGSVQCEP LP CPPVP CRHP I P CPVCD
Qe A CURE SO EARSEEEOE A FERATBAAG T CEREEGHAGGT

GEEF‘N‘%Q@E W@?ﬁ?@%@%@%@%@%@“

Cl LEEEVFVPC@ER G STHRRIR: CA QEGRIGHCEIBEA (PRECCARAPGAAIIRIC GGTBCRMNITGG

CPAAPAPACERI AR CR%%%@%@%E%&@%E@EP ABEAALE
mYWE@ﬁ@ﬁW@ SRS m@m@*@%@?ge )

codi ng foCdﬂmG@TKHEJ"EG"(Z@@GCAIGGGICR@TﬁCdtCéGGCQCCII’E)CTT@BGSC@TZ}HE{DG § the

nucl ei ¢ aci d seguence: GGECCGG
5 PSR (R ACCROTTIEAAS

WW%W@WGMTGGCCAGGTCAGCTG
ACAACTGOCCAT TCCT CAGT OCT TGCT GGGAACT COCAGGAGCAGT GGCA

mmwmﬁmmmm@mmﬁw@%
O oA A ] R R AT SR G GCTGCCTGGCTCATGGGGAAGAGCACC

CCGAAGGCAGTAGATGGGTGCCCCCCGACAGTGCCTGCTCCTCCTGTGTGTG
30 TCACGAGGGCGTCGTCACCTGTGCACGCATCCAGTGCATCAGCTCTTGCGCC
CAGCCCCGCCAAGGGCCCCATGACTGCTGTCCTCAATGCTCTGACTGTGAGC
ATGAGGGCCGGAAGTACGAGCCTGGGGAGAGCTTCCAGCCTGGGGCAGACC




30 GCCACCCTGCATCTCCCCAGT GCTGGEEEECT GEEECGT GCCT GECCCGAGEG
GGCACGCT GEGAGCCT GACGCCT GCACAGCCT GCGT CTGCCAGGAT GEGECC
GCTCACT GMEOREGMEASCACACCT GCCCCAT TGCAGGGEGECTGCAGCCAAA  WBCT/SG2010/000380
2011/ 043738PCT/ SG2010/ 000380 - 10 -
ATGGCCAGACCTACGCGECAACGEEGAGACCT TCTCCCCAGATGCCTGCACCAC
CTGCCGCTGT CTGGAAGGTACCAT CACT TGCAACCAGAAGCCATGCCCAAGA
GGACCCT GCCCT GAGCCAGGAGCATGCTGCCCGCACT G AAGCCAGCTGI G
ATTATGAGGGGCAGCT TTATGAGGAGGGGEGTCACCTTC GT CCAGCT CCAA 5
o

AAGT

mwmmm@@@@m@@cwcmae%mm
AAGAGTGGACAACACCTGGGGACCCCTGCCGAATCTGCCGGTGCCTGGA
GO FEREE GAGGCCTTGAGTA

E@&@CAGACCCCTGCTA

ACT GC@GC’@[@@T&@TQ@?G‘C@F GOXYELACCAGGCTTGTCCT
AGT GCCCT GCAGACACCCAGGCAAGAT CCCT GRGCAGT GCTGCCCTGICTGL

GATGGCT GG ACAHEHREREEA AT CACATC HEEASKECTFEAGL HGGGAGCTGCTGCC

Cr eoeeeeg My 200K \ S ey

CCTOT A v SBLE ] @%B@GGCCGTGAGGTGGC
mmmmmmmm&momcmmw
GTCCAGT GGGAGCCTGAT

GGGTA Gl

CACC%%@&T@%@E@@WW@@@Q&%@%@@@@CGGTGCCTGCCTGG
AGCCAAGT G ATGCCAAT GBGCAGAACT TCACGGAT GCAGACAGCCCTTGCC

AT GCCT GCRAOT GGCATGU TRAATTEICRTAT GGPEEATESOGAETACEHCACCTTCGACGGC
7A\
LI GGECAAGGACTGCC

ACCGGGGCCGGAGCG

CAGACGCCT @CLCTCCT GCAEEGAGAEIGCTCOITHTAGE

GACACACTGTGAT
A ARG R CG

G AT A e HARALEF O TCCCAGGTG

2011/ 043738BeH SR ABB8YCTCCTACCAGGGCCGGACTTGTGGGCTCTGTGGGA
CCGTGTCCTGOCAGCGGECT GCOCT GCOCGCCOGCGECOCT GOGOGCACCOGOG
CCAGGRECATTTIT BT CTTEOSKSAC EASET AT AT ASBAIEABEAGGGGCTGCTCCT

A O S IR s codocTars

TGCCCCT T@@TWMMGMGAMWCGTGCCGGGCAGCAG
ATGGEGATAGGEGAGCT GCCEEGEGT GEGAT GCEEGAGACCAGAGEGECTGRGT
A@ATMT@TTA@WWW@@W‘A@?%M@@GTGCTGAAGTCCTC

TT@@CCTTCTTTGCCGCCT
GFERecade
G&M@TW@CMWMWWCTGATGCCTGGCTC

GTGGTGCCTCTTGTAGTT
CCAGGAGT THEA %GGCAGGAGTGACAC

GGGTGACA%@I@W&E%@CCW&GE@WTRE@TGCCCCCTGGAGCGTGG
CTTCGTGTTTGATGAGTGCGGCCCACCCTGTCCCCGCACCTGCTTCAATCAGC
ATATCCCCCTGGGGGAGCTGGCAGCCCACTGCGTGAGGCCCTGCGTGCCCGG
CTGCCAGTGCCCTGCAGGCCTGGTGGAGCATGAGGCCCACTGCATCCCACCC

30 GAGGCCTGCCCCCAAGTCCTGCTCACTGGAGACCAGCCACTTGGTGCTCGGC
CCAGCCCCAGCCGGGAGCCCCAGGAGACACCCTGAGCCAGGACAGTGCCTG
ATAAGGGTTCATCAGGCCAGGAGTCTCCCCTTGGCGAGCAGTTCCCACCCTG

AGCCCCCGCCEGECT GCCCACEECCCG




The present invention generally relates to delivery of BMP-7 or functional
variants or functional fragnments thereof and/or a BMP-7 agoni st or

functi onavovariveasit3s or functional fragnments thereof andPogSicad®/ooi3suse
thereof. In some enbodi nents, nethods and devices are provided for delivery
of BMP-7 or functional variants or 20 functional fragnments thereof and/or a
BMP-7 agonist to a-patient. In some cases, the BMP-7 or functional variants
or functional fragnments tihereof and/or-a-BMP-7 agonist may be rel eased in
controlled fashion froma fluidic device, such as but not limted to, a BAK

devi ce, i rGTTNGQ}G@IWPGG@&?AGMG@C@T@ﬁﬁd’ﬁ?@Ad&b’P@@hﬁ@?gb%éCTE}he

BMP-7 or functional variants or functional fragnents thereo or a BMP-7
agoni st NMEYCEECECBANBAECESEL G CANGETGAGTICA GCASIAGT AA AGHC HAGGEEEGed i n
a controlkﬂgségﬁpion by a noncel lul ar conponent within a device, as

described in noré detail below In other enbodi nents, nethods are provided

for inproving tSBE MING. 548 heinaf @iligRRoMLURE Bidkdn (ROR) isBfd MRAvitdHau! e
cells. For exanple, in sone enbodi nents, exposure of renal proximal tubule
cel I's Po BMWOaGH S§qYAReS onal variants or functional fragments thereof 30

?Q%F{ s?n%ﬁfﬁ?ﬁ%‘%ﬁ%@%ﬁ%5%%%%?%@?@%@@?ﬁ&ﬁﬁﬁ@éﬁéﬁﬁ : o
i | . |
fragnent s e sa ek % ZEIguﬁ R O a0 -
D B R R R o B A B AT R RS N SR TSN E B BRBPAST o 1ol
tubul e CeITIT@R‘dEE@”DHdeQK?@%&F@EPG&é@??ﬁ%@@agmwﬁ%w%ﬁ%w e

cells to BMP-7 or functional variants or agment's thereof
and/ od0a BRGTGHYBRYRNMALELRRSPECPER VLRGN ECPEAQAGETEGSGSRWEHRQEWC el |

I soms. essa AR A e LB Anea fot P RARRT P e Y BB CEa NERERS L
epi t hel i UGERVGESGBROSHUR CANGSVQOEP RGPSV PERHPGKIHE UCHPEDMRIBY §6R) - | N

sonme enbodipents, such a configuratlon may be useful, for exanple, I1n a

devi ce wh&PRPQRETERFOERWL YRESCGQRABEVSEE PYTRIGABP ASGRICM EBLDY he
fl ffl i i devi
Lo secott s iy N AREAaRE CHACPERTR YR AN PobE ARCOIRE R PACHPSC S °°
rrerrBr ahe _ﬁ]&aﬂﬁ_wayéfmmgzmmApsmf{mimécqum%ﬁmm‘?mm@f SGPGa

sor pti | { I dney_or anot her uni Oor a
ol - cont S RO B O R crs R B e R A P B RP CPRABE M s s,
the renal poredrRbCsoburGCREYPSTADIRIFBPCRICREGNGNPHRT Ak EYBL b

| bel ow, the nenbrare nay be

nmenbr ane. As di scussed in npore detai !
seni - per nEENILEPGEEIRCBRANEAPAGEBRP GA AFDARHOQBESPRGDPERRESIANGEEVE@at t he

ki no. s PR AT AR RS RGPy oG REE SR BTt FiE 68
proxi 2@l VSOEPK ACAP SLERTRAR BCCRDEY GECHAIES CRIGT MR HTH (FCHORINILY @PRPOT

functions_(e.q.., transportin | ucose and ot her substances). Generall
r enal LIgYLLQ; P 99 ) Y

SEQ ID NO. 6 is a cDNA sequence coding for humaﬁ kielin/chordin-like protein
(KCP), isoform 2 having the nucleic acid sequence: ‘
GAGCCGCGACGACAGACGGCGAGCCGAGCGAGGCGGAGCTAGCATGGCCGG
25  GGTCGGGGCCGCTGCGCTGTCCCTTCTCCTGCACCTCGGGGCCCTGGCGCTG
GCCGCGGGCGCGGAAGGTGGGGCTGTCCCCAGGGAGCCCCCTGGGCAGCAG
ACAACTGCCCATTCCTCAGTCCTTGCTGGGAACTCCCAGGAGCAGTGGCACC
CCCTGCGAGAGTGGCTGGGGCGACTGGAGGCTGCAGTGATGGAGCTCAGAG
AACAGAATAAGGACCTGCAGACGAGGGTGAGGCAGCTGGAGTCCTGTGAGT
30 GCCACCCTGCATCTCCCCAGTGCTGGGGGCTGGGGCGTGCCTGGCCCGAGGG
GGCACGCTGGGAGCCTGACGCCTGCACAGCCTGCGTCTGCCAGGATGGGGCC
GCTCACTGTGGCCCCCAAGCACACCTGCCCCATTGCAGGGGCTGCAGCCAAA



20 proximal tubule cells should be differentiated to a point such that the
cells are capable of perform ng the transport, netabolic and endocri nol ogic
functi onswoypilceB738or renal proximal tubule cells. |In sece/sexbogoesnts, the
renal proximal tubule cells may be obtained from human subjects or other
mammal i an subj ects. In sone enbodi nents, the renal proximal tubule cells
can spontaneously form 25 tubul es when growi ng on a surface (e.g., a
menbrane), especially when the surface fijas a hi gh anount of curvature, such
as in the case of tubular structures. For exanple, in sone enbodi nents,

I i I I I
When seeae BaCEANCCTRARCEARATIGE IGRC T IR CHRA RSCEREINATERED Y
sone caseLTECCOUTETCERSAAGGTACQATEACITGCARCCAGAABCEATGCETHAGA t he

menbrane can be disrupted. 30 This can be deleteriou for _ex I i nce
control olEAEREISHCETEAGCRACHNGEAT GURCEEREHOl FRaARC ARG Tf
elimnate N . R ' whi ch
can Bl 20 g L LA G T D T ARG B L e TR CRaG e g e A
2011/ 0837 Z8FITGERRITAWAGIGEACCTIGCCTHAGGAGEHIGAGT TUGETGCAISIGOEE6East s

accamil at SARTERE G R B AT A AT A BT R G BaE e A TRaC T hese
cel I's do mtCOAACTEGCERAGECPEOMREAGUNGETCEATA PNAETOGGA NBATGGCE shi ng
to be bound by(%n% tgeor ,Clt i's believed that in sonme cases, abr obl ast s

can accumdtefa CHEGRAICAUBIEECEAATCTRESHTGCCTGGAGG

epi t hel i al st.05 i i at l . In
Some onbod] KeAE ety R B A Rl CPARTTE CATACREYE
cl oggil0g @CEHEGUOHIGTCREAGECAECTGCTRABSCICTCTGTEATGACTGTUTTCITWAREG
conprising renal proxipmal tubule cell S&}EGFOI exanpl e, cel | a&g&g&ati n

and/or tu CCLSHNER PO Wy A LS OE G TWEC%GQGW
i nsi de of 6{%@It“)ﬁg@?M@%ﬁ%ﬂﬁ@G@%@FGT@@N%EGﬁﬁcGWG@QQSI)G@@@GW5e

cl oggi ng ranes. It een surprisingly discovered
t hat t ubulAGTGCAMIT@PA GAICKSCCARICAAGATCEETEMGGAGIGCTMACETGIIGI@PHt i on

oxpost g TGRSR R A TR E ARG R B Ea A CH R e
vari anss @rTdURAEARGGGIGOMROTS TIHRrEot T CC T@COMGGCRGTTSAGJTTBOoME 15
enbodi nents, BMP-7 or functional variants or functional fragnents thereof

and/ or a BMIGTEY&TACCAGGAREHGREABIE AL CaCT TICUCAr ¢CERIGGor
andror R GCAR RS LEEA e A AL TR LRI G LIS PIGETEATGEN
hor mone (& CAGTGGGAGUCREATSHTIEGCOCTKEORCCEHSTGBURPCT GFCAAGAT®GNal
! or ove garkl QGO ER R TaRT Takt e by At el SARBERAEY ot e
R e B A O
passi ng t QUGAAGEGT AACUHAADGEI @A GAVACBICAEGGATGCAGACAGCCCTTGCC
ATGCCTGCCACTGTCAGGATGGAACTGTGACATGCTCCTTGGTTGACTGCCCT
CCCACGACCTGTGCCAGGCCCCAGAGTGGACCAGGCCAGTGTTGCCCCAGGT
GCCCAGACTGCATCCTGGAGGAAGAGGTGTTTGTGGACGGCGAGAGCTTCTC
25 CCACCCCCGAGACCCCTGCCAGGAGTGCCGATGCCAGGAAGGCCATGCCCA
CTGCCAGCCTCGCCCCTGCCCCAGGGCCCCCTGTGCCCACCCGCTGCCTGGG
ACCTGCTGCCCGAACGACTGCAGCGGCTGTGCCTTTGGCGGGAAAGAGTACC
CCAGCGGAGCGGACTTCCCCCACCCCTCTGACCCCTGCCGTCTGTGTCGCTGT
CTGAGCGGCAACGTGCAGTGCCTGGCCCGCCGCTGCGTGCCGCTGCCCTGTC
30 CAGAGCCTGTCCTGCTGCCGGGAGAGTGCTGCCCGCAGTGCCCAGCCGCCCC
AGCCCCCGCCGGCTGCCCACGGCCCGGCGCGGCCCACGCCCGCCACCAGGA

GTACTTCTCCCCGCCCGGCGATCCCTGCCGCCGCTGCCTCTGCCTCGACGGCT



BMP-7 is a nenber of the transformng growmh factor (TGF)-13 superfamly.
It 25 should be understood that BMP-7 refers to a human protein encoded by
t he am nowechd/msepaence of SEQ ID NO. 1. In sonme enbodi memisSs2010/0e03a0 no
acid sequence of BMP-7 is SEQID NO 1. In certain enbodi nents, rather than
using BWMP-7, a functional variant or functional fragnment thereof may be
enpl oyed. In sone enbodi nents, the am no acid sequence of BMP-7 nay be
coded for by the nucleic acid sequence;pf SEQ ID NO 2. In 30 certain
enbodi nents, the am no acid sequence o% BMP-7 may be coded for by t he

282‘32‘32‘2“cé@%@%d%%@b?\fcfﬁﬂg?%ﬂ#@ﬁf@{:%@%@@?ﬁn GERCTBEERS e
aci ds ”mb@&G@@GCWT%TGMCWA@GM@@@M@CAMGMGA& and
ri bonucl eoti des al so incorporate synthetic non-natural (qj oti des.
Valrl ous r?EET@G§Aﬁ¢GGé%e$(ﬁCﬁ|CHE Q@@QM@EWT@QE@pWQWE i Olr‘] a
ebltaiacleiel st d e aciiNcarg o ClesltRo Sl f: AR S SRS
vari ants TJGCCWFGEI@TGC@Q_}GGGEGAQ@TG@fTG@@C’B@AmTGATGGTmAGG@TﬁJ hi ghl y
A T et lv detere sute eitsine e el aalvertareicientvis'cir Rl

acid hybrA&AﬁW@c GEECTAGHETEOECTAAN EAEIEATTWE AGTANGA | € such

met hods I"ar oning: A Laboratory Manual, J. Sanbrook, et al.
eds. , SeQQAAAEGICCCGJGAGGO@@C@GB{SGG@&GCE&M@E&TQW&C@%ACMHT%r| ng

e B e S AR SR SCAB AR TG R M

?‘pgm 15? Cad}th&éAmgﬁd{kt}A@mTT@?@TC&&\@&@@AA@QMMT?M@MCM@ET@@&@| e, to
yori

zation at 65C in hybridization buffer E .5 X SSC 0. 02% Fi col |

o 02% polWG@G@«}TGEITKHMTTGCQMTMT%G% ﬁﬁ%ﬁ%&m (pH
0,

0 R I A e et

et hyl enedGanTREA€NGHETGA GRCOTTAMCAIC. hybrl di zation, the membrane upon
which the DNA is transferred is washed at 2 x SSC at room tenperature and
then at 0.1 x SSC/ 0.1 x SDS at tenperatures-up to 68C. The foregoing set of

hybr iﬁ zation conditions is bypTEEENBERCRIPFION ghly 20stri ngent

hybridi zati on conditions known to one of ordinary skill in the art. There
are ot her condThé present irs@gtot senesaily rslcate[scma téelivehy ohBYeh7 DeM@@@laIM| ch

result in a highly stringent h r|d ski.l.l e

familiar Wf’caﬁtss‘ﬁcflgrn@%ﬁ’ﬁali ?Wt?/ tg n%vpfgg%it Oégmg%l%{ﬁ%%,ean % i I | be
under st 00f, HAWE Vi8bmehld MerédFand |ﬁle|tﬁcﬁ‘lg ofitd GafoN Inl sobe ecaldodirhentstani pul at e
the conditions in a manner to permt the clear identification of 25

honol ogs methods kel deviess arderomided &rcleliE¢rs ohBMB| asJurgtiopplevaridd e L i on. The
S 18, OB AR bl BRIl himasaesrupo col
i sol at ed, Bfya-t ewdehdbynalsatiaits enfunttiéia fipgments drreofanll/ier e BzMPd agohistul e and
sequenci ng. -ll;he llegs\e/:g Trg ::c?n?ro?lleg (f)asilg(r:llfyoggg ﬂlill? 1c ev1(cjee Luch as ut not cfrlnﬁe(f to, aCI d
nol ecul es™MAR PEKE
BAK device, in fluid communication with a patient. In some embodiments, the BMP-7
or functional variants or functional fragments thereof and/or a BMP-7 agonist may be
25  expressed by cells within a device or may be released in a controlled fashion by a non-
cellular component within a device, as described in more detail below. In other
embodiments, methods are provided for improving the function of devices containing
renal proximal tubule cells. For example, in some embodiments, exposure of renal
proximal tubule cells to BMP-7 or functional variants or functional fragments thereof
30  and/or a BMP-7 agonist may be used to inhibit disruption of cell layers comprising renal
proximal tubule cells. In another embodiment, exposure of renal proximal tubule cells to

BMP-7 or functional variants or functional fragments thereof and/or a BMP-7 agonist



30i ncl ude alternative-codons to those present in the native materials. For
exanpl e, serine residues are encoded by the codons TCA, AGI, TCC, TCG TCT
and ACC. Wweachiafs313Re six codons is equivalent for the pecpssesiombozsncodi ng
a serine residue. Thus, it will be WD 2011/043738PCT/ S&010/000380 - 15 -
apparent to one of ordinary skill in the art that any of the
serine-encoding nucleotide triplets may be enployed to direct the protein
synthesi s apparatus, in vitro or in vivgp.to incorporate a serine residue
into an el ongating peptide sequence of the invention. Simlarly, nucleotide

sequence el s 0 PIGRLS TN ATIN,FEL ST Rl 1 Dt are
AGA and AGEofhet ginbodimenn@spasiiie ¢Gonal AEX3imAGEbaledel¢Ib Emkonflﬁuneumdons)

AAC and AAT (aspar.agi.ne codons and. ATA, AIC d ATT (iso i ne codons).
Ct her ami NGTARE QT FEKHigRR dragmen %ﬁéh%fﬁ%fc?@é@félw  $8PILY wshe.%?fﬁt%m@@u de

sequences. 4 E)gomﬁﬁ?tubﬁl\éedah 'fﬁ)ﬁbti%ﬁp(eag:ﬁ 39% ?P@tra@(glﬁ: reehﬁo&g%ﬂﬁ §1E hat

differ fromt biologically isolate elc acids in co equence
due t05thdhd@gmmbracy of the genetic code. "Functional variant" or

"functi onal nent " tho e te d rein, Is rotein that
differs from aalﬁéf’@legﬂﬁ Selr?fl Pfoé“m@ t%ﬁyge ?QErIB?%?%USSFI ' F%t t her eof ,
or an agondpstheldfm Bﬁ@Gﬁ@H[Srahé'léreeQﬁe ctidRsdyskané omﬁehn@fﬁb@ﬁbmﬁtsﬁmef t he
present invention), 15but retains essentlalo§;opert|es i.e., biological

activi ty) .embodymes|suchp carfigusation mel hmuseldolor geamaplefiaragevicerheraibis de
sequence f e?ﬁ%@ﬂﬂ% AL r6>?§r$d'i ﬁﬁ')%?e c%ﬁL X{ﬁﬂﬂl %19& HQG of ﬁnﬁinagﬁstrango G Jaygl eot i de
sequence 0O rﬁ he am no aci & sequence of a
pol ypeipt i deor lacfmterelglby of t}e deefoe rc@aeecond Irgg‘imbfeme ideeice. NBal iasttnc@eincdoaieges nmay
result in aq;no aci d substitutions, additions, deletlon%dgfu5|ons and

t runcat i orfSRROYieRs, SnersPIARE Bty o gl BSPXFH%‘ tplle pelbdBasgisedRa as
di scussed ;bglsg 10@%ﬂﬁ ro@' l¥oarGHilif RGNS ST afb@ier duilt ieéjce‘ipcc;nlf'zﬁﬁlng Q@Vl\%@ agences

of the referen@% pol'ypepti de and the vari ant or %ragnent are osefy
simlar omsqihedalmmorﬂ: detmlbylowegl ons, identical. A functional var| ant or

e o A L ST e TN L P AT o e vence

15 membrane. As discussed in more detail below, the membrane may be semi-permeable in

some embodiments. In some cases, it is desirable that the cell layer be essentially free of
gaps, thereby preventing fluid from leaking around the cells. Additionally, in some
embodiments, the renal proximal tubule cells should be capable of performing molecular
“transport functions (e.g., transporting glucose and other substances). Generally, renal
20  proximal tubule cells should be differentiated to a point such that the cells are capable of
performing the transport, metabolic and endocrinologic functions typical for renal
proximal tubule cells. In some embodiments, the renal proximal tubule cells may be
obtained from human subjects or other mammalian subjects.
In some embodiments, the renal proximal tubule cells can spontaneously form
25 tubuies when growing on a surface (e.g., a membrene), especially when the surface has a
high amount of curvature, such as in the case of tubular structures. For example, in some
embodiments, renal proximal tubule cells are more prone to form tubules spontaneously
when seeded on a surface of a hollow fiber membrane. As a result, or in some cases for
other reasons, the renal proximal tubule cell layer on the membrane can be disrupted. '
30  This can be deleterious, for example, since control of transport processes through the
membrane may be reduced or eliminated. Additionally, renal proximal tubule cells may

aggregate, which can also disrupt the cell layer on the membrane. Furthermore,



25 conbination. A substituted or inserted amno acid residue may or may not
be one encoded by the genetic code. A variant of a protein may be naturally
occurri ngveuothi/as7zan allelic variant, or it may be a varcamsG20taboise not
known to occur naturally. Non-naturally occurring variants of

pol ynucl eoti des and pol ypepti des may be nade by nutagenesi s techni ques or
by direct synthesis. For instance, a conservative amno acid 30
substitution may be made with respect tpthe amino acid sequence encodi ng

t he pol ypeptide. WD 2011/043738PCT/ SG2010/ 000380 Functional vari ant

or functi t i . . | i Lon are
b1 ol ogi cal T 50, Bk oG CARRARTEF i R AR RS A bl G

bi ol ogi caltutadé tells) yarpdcctih@latadn the membrand) wiach ales can txedisdivtagtageoud b@ice er m
"functional varjant” includes, but is not Ilimted to, any polypeptide

havi ng an BeRee6llSEq BtPEQYIdR EPnalRiQE tupul el RGBS W ari FiTEE Oea
sequence i b Bk i n r&5L,048s18ve been
conservat ?%ﬁ@i’% 5@3@%&)@? gggemaféﬁegﬂ}at%c%ﬁgfﬁyﬁg? ﬁlb@;a%'?se%ﬁ 3 ue, e{ﬂg whi ch
di spl aps twWenabidl iptoximel tubilieloells wndsrgoeephtheli ito-omesbychysrabtrapedoiféremtiatibubul e

cells and/or. de-differentiation of. renal, praoxi mal tubule cells .and/.or which
i nproves dRFH IQVO’%WHE%‘EBT]ZF‘ sorgg S 1@5Ptsa%“t([)]ia\glg{ ?“%%nﬁgfef&% FQRIFLOR or o
to the abidahioades clb?@in@b‘f‘ﬂ@icﬁc HevidQ (E.EQMKSW&hérqmmkideﬂc&v renal

proxi mal tubule cells, as assayed b% i stol ogi cal exam nation (e.g. See

Exanpl e 1)compnigingrenabproxpnahiabelecellpe Fooe & cbY aggagatigprasdioriubuleibul e

cells. "I I - t | S¢lcal skanifi cant
ncr ease (optn S er BRI bR e iShEibd Sy BehMie bR holbilil 07O
hor noné age.gshaled fibyr tiembidnks)cahicamsedogdginl @fthé wwbular atedntaagnf i fi cati on of
responsi veness _t 0 parat hyr.oi d 15hor none aée. g. see Exanple 5)., A
"statistical |y lehaghesp é‘&HFSlP&]éfrdé%?@@ereﬁj& pbulefogmaption, frgas-s@fieg defess than a
threshol d 4igyeh M3 NadiPIRAE gﬁ%&ﬁﬁgﬁ%@ﬁﬂm@ cgﬁ /R PileAPinliLeat ed

cells. The p-value is calcu an unpaire nt's t-test. In
sone enbodienebied by stpasingtthaeedllsyo boupunbiphapenetinprateine’ (BPrBfoer to a

-val ue | s .than 0.10, in so enbodj nts, | S .05, i sone
P ot ventiiqiond \aratS s BheBPH st B aiiR e MBLeaist B 598 and i n
some ggbodin{RAlintent£ BMPa Ra@dhal Faiaskiop ﬂaictiwﬁalifﬁaghﬁnfg&ue&@f%dﬁqrfar om for

exanpl e, genetic pol ynorphi smor from human mani pul"ati on. Biologically
active valiMRt7sagenist alsegrasimerqvie. certaifugaldlpofartionsr Fanexarapld, BMFct ponal

fragnents . - i.n_ofc t i.nyventd i, | e at | east abaout
7506 a0 ugioReighiiog BE RS HBng S Babi Ry QY rvBeY Gulls 5BS T RRE! ¢
sequence 2Zhe tedsoiisé bYHPOICk e patihytoid bbnGe(FEGCH. Toandther dxanple, BMdmke pr ot ei n
as determ ned b}g{u)sequence al i gnnment %Ogram and paraneters described

T i

el sewher e AP BMP-AOH{UBCEYad Hfniantsen fupetiopg) ragments therepf apdipha BYH st ent

with ap enbodiimhiy in?ﬁro_%%aeﬂéﬂ&?s?&t%ﬁeag}tﬁﬁ fefid F@GTS %&M&hﬁt é;stSE% n by as few

¥
as 1-15 amno acid resi , as 1-10, such as”6-10, ew as 5, as
few as 4, ddmofstrated vdG. 2, whichchaws dhe pemintugntadfiltnarstareseactivity mesetls, a

et One YRR S ERRe 2o b bR oY i aE0R L
80% ami no fREbed bideskiok Youtleh). SOMe i nstances at | east 90% amino acid
BMP-7 is a member of the transforming growth factor (TGF)-8 superfamily. It
25  should be understood that BMP-7 refers to a human protein encoded by the amino acid
sequence of SEQ ID NO. 1. In some embodiments, the amino acid sequence of BMP-7
is SEQ ID NO. 1. In certain embodiments, rather than using BMP-7, a functional variant
or functional fragment thereof may be employed. In some embodiments, the amino acid
sequence of BMP-7 may be coded for by the nucleic acid sequence of SEQ ID NO. 2. In
30  certain embodiments, the amino acid sequence of BMP-7 may be coded for by the
complement of a nucleic acid séquence that hybridizes to the nucleic acid sequence of

SEQ ID NO. 2 under high stririgency conditions. Such nucleic acids may be DNA,



WO 2011/ 043738PCT/ SG2010/ 000380 - 17 - identity, in sone instances at | east
95% ami no acid identity, in sonme instances at | east 96% am no acid

i dentity,wonoslog73snst ances at | east 97% am no aci d i deRCITISG2010MW0E80E

i nstances at |east 98% am no acid identity, and in sone instances at | east
99% am no acid identity. The percent identity can be cal cul ated using
various, publicly available 5 software tools devel oped by NCBI (Bethesda,
Maryl and) that can be obtained throughifhe internet
(ftp:/ncbi.nlmnih.gov/pub/). Exenplary tools include the BLAST system

avai | abl htt n n|h developed
by Al tscﬁ%]Iq forgﬁoseem%lyé%dbdeﬂcwg% Ieg?é? a‘%@g@%gﬁcggosua%gg%nﬁa ITwi se and
C ust al WigbdrgoresdyaitteBt GELMBRrdIRlElestidR! Manighs aethodh foraisteﬁyﬁrengml ittle
hydropat hi c_anal yS| s can be 10 obtained using the NMacVectaqr seguence

anal ysi s aoreswanet porelsicacibandiiaaol meptisy in namsbanddpmek ceisse © of the
foregoin C aeﬁ[%f

It shoul g‘hgéeééufﬁs erst&%%%ﬁohﬁ%@é@%@@g no ?ﬁﬁ% Q%h ?(grgrp ﬁrough
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that oy HaeGHgE Sl Taf dhE sy Ledied Tetnrathd: Buide REPTR EREE.

|'i poylpat edeld&Spging HarborlLrabeamyem&@okcmars?ﬁngﬂwbommewwm i9%¢pbvegrrase of a
fluidic device. Non-limti n? exag}fl es fluidic devices include BAKs,

di al ysis ﬁ’mﬁoﬁe@ Melgenleoio rApsshdectpdy PéestonWilgy& ReRsoBicent s, the
devi ces i c r oxi mal
tubul o ool sy S1drg ppecficalty Rl e LRI, B Rokol) Bk SREhID

enbodi menbsybedizhtiordate SHE wi hﬁmm;atmnﬂ)uffm:@rfpm 88Ce0.62%d BicolEdx.02%st ance, a
fluidic device may ngot n | 1s aseB yariants
or funct i RSHEYIF} pRe, ﬁﬁ)g/ggfwma g/P g,é\gmoai{[z%bg g}@té
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Wi thout tdedius doddcybellplate; land ERGiA @reﬂe‘ﬂmﬁdl@llng@tr@eﬁp aPlyis iAdtefachi ne may

perform 1 t hout t e ce I bl e of
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and/ or a RBYhr témpeRRire tnd then 2008 xesem/@urmsps,atae@&myupeo es€d that has a

The foregoing set of hybridization conditions is but one example of highly

20  stringent hybridization conditions known to one of ordinary skill in the art. There are
other conditions, reagents, and so forth which can be used, which result in a highly
stringent hybridization. The skilled artisan will be familiar with such conditions, and
thus they are not given here. It will be understood, however, that the skilled artisan will
be able to manipulate the conditions in a manner to permit the clear identification of

25 homelogs and alleles of the nucleic acid molecules of the invention. The skilled artisan
also is familiar with the methodology for screening cells and libraries for expression of
such molecules which then are routinely isolated, followed by isolation of the pertinent
nucleic acid molecule and sequencing.

The invention also includes use of degenerate nucleic acid molecules which

30 include alternative codons to those present in the native materials. For example, serine

residues are encoded by the codons TCA, AGT, TCC, TCG, TCT and AGC. Each of the

six codons is equivalent for the purposes of encoding a serine residue. Thus, it will be



WO 2011/ 043738PCT/ SG2010/ 000380 - 18 - reabsorption unit that may utilize a
hol | ow fi ber nmenbrane seeded with renal proxinmal tubule cells. Such

enbodi nenwe 2nava3tseen descri bed, for exanple, in Hunes erCTaiG2oidodessy

I nternational (1999), 55, 2502, and in Saito et al. J. Artificial Organs
(2006) 9, 130, each of which is incorporated herein by reference. A
non-limting exanple of a 5 BMP-7-delivering hollow fiber BAK is shown in
FIG 3. The BAK 100 conprises an inlet (k10 that is in fluid conmunication
with the circulation system 111 of a subject. Blood flows into the
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r eabsor pt icodpnshi Othengminerasid yesiguesmby beibudoded simikrlydy meltidledwcleetidon. The
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reabsor pti SHOr®t Vil e I LEht ]i’gets SeYEhar %?Sxi far "tubure c%rﬂhf. A
porti oo obidlbgcdlltikelafet aunleitarciieifesdon RaeRs dhbiothgdegdetdag oftlel ow fi bers
seeded with renal proximal tubule cells into the spaces exterior to the
hol | ow fi BERHiCCPAEs fluid is herein referred to as the "reabsorbate." Like
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bi ol ogi cal functions in regulatin orption and netabolism o

i mpor t ant psubistthatceers fiom asferbumgaetein@ees BMRY7 ipootsin or firagmert tharef,iom t i ng
enbodi ments, BMP-7 140 rr{a% be_.rel ez%sed . 'th{)nd.25 thg devi ce,. f or. exanpl e,
froma cofpBREH iftagment fereph SRRTSHAL VI erbedigients of fedweseat WveHiaN he
reabs s pt befretiihd essditi@l propbiURli.cl VidIBALA abBPity) MW pRiAl vaiant BEa BAK and into
a waste container. In sone enbodinents, the conbined retentate and

r eabsor bapelynggeotige differsrie na¢ledtdesaquenc@fipuranothenssfesence pplynhded@ile. and back
into the circul ati,on syst.em of a syhj ect Qln saone.e diznents, a. fl at-bed
by b& o i PR KA lofoei M Fisian el of S5 BT RES IE BB P

Appl i cat i egquehéd &fth golyseptiad eficoded BY IHe, refonérice lpehnucleafideo Mgt ditidacharfdesi al

Ki dneys, " by Ying et al., which is incorporated herein by reference. WO
2011/ 0437 38FesIudcinnung) agig sepstitufipns, additions, deletions, fusions and truncations in the

20  polypeptide encoded by the reference sequence, as discussed below. Generally,
differences are limited so that the sequences of the reference polypeptide and the variant
or fragment are closely similar overall and, in many regions, identical.

A functional variant or functional fragment and reference protein may differ in
amino acid sequence by one or more substitutions, additions, and deletions in any

25  combination. A substituted or inserted amino acid residue may or may not be one
encoded by the genetic code. A variant of a protein may be naturally occurring such as
an allelic variant, or it may be a variant that is not known to occur naturally. Non-
naturally occurring variants of polynucleotides and polypeptides may be made by
mutagenesis techniques or by direct synthesis. For instance, a conservative amino acid

30  substitution may be made with respect to the amino acid sequence encoding the

polypeptide.



I n enbodi nents where a BAK i s enpl oyed, BMP-7 or functional variants or
functional fragnments thereof and/or a BMP-7 agoni st may be delivered to the
renal proworrali/wsisal e cells on the nenbrane of such deviPCE/SiGROMANZBUS Ways.
For exanple, in one enbodi ment, the renal proximl tubule cells nmay be
cocultured wwth one or nore cell 5 types that express BMP-7 or functional
variants or functional fragnments thereof and/or a BMP-7 agonist. Generally,
the one or nore cell types that expresggBWMP-7 or functional variants or
functional fragnents thereof and/or a BMP-7 agoni st shoul d be capabl e of
expressing BWP.7 or function vari r f I r eof
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20 - I n anot her aspect of the inventiogn, a nucleotide sequence such as
one encodpefge BRbodimetsdessithay @85, 1psome ephpdigicass letn thay, Bl enseMEs and/ or
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del i very or transfection’o e nucleic aci the ce ror exanpl e,
but not | ivaiidnecimbp rgsalt tfiomh, fogenantpds; igandtwgpp]yneaiphsindad frath dpmasi on 5 syst ens,

| ect tion, vectars, and the like, nbadi t f
Cnduc bl eniBititigt: Sifeeialy stvesaant sud BrERrel gn UHor NS A A e, ca
USA) ] woulgghcghhQWaRhsPbt £ BMME padtBianr tef inBtioh WilIaHve adlehst a6&ItI75%,1 n sone

enbodi nents, lentivirus (C ontech) and/ or bacul ovirus systens and/or other
viral vecB0%, 85%t 8086, 20a) L U356, %, A5 Yd Q6P as {0, 38 Y IBMRIMere Sequenesst r uct .

vt cpe” c MBARER hS ERRS acht selfblo! Frine KIENBMAT S A YeliBincli by

vehi c
sequence alignment programs and parameters described elsewhere herein. A

biologically active variant of a protein consistent with an embodiment of the invention
may differ from that protein by as few as 1-15 amino acid residues, as few as 1-10, such
as 6-10, as few as 5, as few as 4, 3, 2, or even 1 amino acid residue.

30 In some embodiments, a functional variant or fragment of SEQ ID NO. 1
typically will share with SEQ ID NO. 1 at least 75% amino acid identity, in some

instances at least 80% amino acid identity, in some instances at least 90% amino acid



of facilitating delivery of a nucleic acid (or nucleic acid conplex) to a
cell and/or uptake of the nucleic acid by the cell. O her exanple delivery
systens twetoozastse used to facilitate uptake by a cel | pafi/schelonoasisei ¢ aci d
i ncl ude cal ci um phosphate and ot her chem cal nediators of intracellular
transport, mcroinjection conpositions, and 15 honol ogous reconbi nati on
conpositions (e.g., for integrating a gene into a preselected |ocation
within the chronpsone of the cell). _,7_The term"transfection,"” as used
herein, refers to the introduction of a nucleic acid into a cell.

"Transfection” .as used herein is.ihtended.to,cover intro ' a
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bacteriol ogical or viral sources, capable of delivering to and rel easing
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artificial nenbrane vessels. |t has been . o
25  In some embodiments, a fluidic device may not incorporate cells. For instance, a fluidic

device may not need cells to release BMP-7, or functional variants or functional
fragments thereof, and/or a BMP-7 agonist for systemic uptake. For example, a
controlled release device may release BMP-7, or functional variants or functional
fragments thereof, and/or a BMP-7 agonist without the use of cells. In another example,
30 a dialysis machine may perform blood filtering without the use of cells and may also be
capable of releasing BMP-7, or functional variants or functional fragments thereof,

and/or a BMP-7 agonist. In some embodiments, a BAK may be used that has a



20 shown that large unilanellar vessels ("LUV'), which range in size from
0.2 to 4.0 mcrons can encapsul ate | arge macronol ecul es within the aqueous
i nteri or woadotiesssmacr onol ecul es can be delivered to ceCrsG2ooa00380
biologically active form (Fraley, et al., Trends Biochem Sci., 6:77
(1981)). Lipid fornulations for transfection and/or intracellular delivery
of nucleic acids 25 are commercially avail able, for instance, from Q AGEN,
for exanple as EFFECTENE(r) (a non-lipogpnmal lipid with a special DNA
condensi ng enhancer) and SUPER-FECT(r) (a novel acting dendrimeric
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cell wi thout kllllng the cell. Typically, electroporation includes the
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the 15 permeate from the filtration unit flows. The retentate from the filtration unit flows into
the spaces 132 exterior to the hollow fibers. The interior surface of the hollow fibers of
the reabsorption unit has renal proximal tubule cells 133 seeded thereon. The permeate
from the filtration unit flows into hollow fibers of the reabsorption unit where it contacts
‘the renal proximal tubule cells. A portion of the fluid from the permeate passes through
20  the hollow fibers seeded with renal proximal tubule cells into the spaces exterior to the
hollow fibers. This fluid is herein referred to as the “reabsorbate.” Like the tubules of
the kidney, the human proximal tubule cells perform their biological functions in
regulating the reabsorption and metabolism of important substances such as glucose,
water and ions. In some non-limiting embodiments, BMP-7 140 may be released within
25  the device, for example, from a component within the reabsorption unit or from cells
within the reabsorption unit. The residual permeate 135 flows out of the BAK and into a
waste container. In some embodiments, the combined retentate and reabsorbate 136,
which are enriched in BMP-7, flows out of the BAK and back into the circulation system
of a subject.
30 In some embodiments, a flat-bed BAK may be used, for example, as described in
an International Patent Application, filed on October 4, 2010, entitled, “Improved
Bioartificial Kidneys,” by Ying et al., which is incorporated herein by reference.



transfer of the nucleic acid to the cell such that the nucleic acid can be
processed and/or expressed in the cell. Preferably, the vector transports

t he nucl ewo2acid3138 the cells with reduced degradati on, PCelS&2010804380 t he
extent of degradation that would result in the absence of the vector. The
vector optionally includes gene expression sequences or other 20 conponents
abl e to enhance expression of the nucleic acid within the cell. The

i nvention al so enconpasses the cells transfected with these vectors.
Exanpl es of such cells have been previously described. In general, vectors
useful in the i 1t I '
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SAOQENONS the renal proximal tubule cells may be cocultured with cells that express erythropoietin,

15 for example, such as renal fibroblasts. In some embodiments, the amount of BMP-7 or
functional variants or functional fragments thereof and/or a BMP-7 agonist produced by
the cells on the membrane may be controlled by the ratio of renal proximal tubule cells
to the one or more cell types expressing BMP-7 or functional variants or functional
‘fragments thereof and/or a BMP-7 agonist. In some cases, the ratio of renal proximal

20  tubule cells to the one or more cell types expressing BMP-7 or functional variants or
functional fragments thereof and/or a BMP-7 agonist may be less than 1000:1, less than
100:1, less than 50:1, less than 20:1, less than 10:1, or less than 5:1. Alternatively, in
so:me embodiments, cells expressing BMP-7 may not be cocultured with renal proximal
tubule cells but, rather, may be located in a different region of a device and be in fluid

25  communication with the renal proximal tubule cells. In some embodiments, cells that
constitutively produce BMP-7 may be used in the absence of renal proximal tubule cells.
For example, cells such as distal tubule cells, collecting duct cells, podocytes, cells of the
thick ascending limb, and/or other renal cell types that express BMP-7 be used in the
absence of renal proximal tubule cells. In some embodiments, cells that express

30  erythropoietin, for example, such as renal fibroblasts, may be used in the absence of

renal proximal tubule cells.
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York (1990) and Murry, E. J. Ed., Methods in Mol ecul ar Bi ol ogy, Vol. 7,
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“transduction” (introduction of a nucleic acid into a cell using a viral vector). In some
embodiments, transfection may be used to genetically modify a cell. For example, a cell
méy be transfected with a nucleic acid coding for BMP-7 or functional variants or
functional fragments thereof and/or a BMP-7 agonist. In some embodiments, the
25  genetically modified cell may overexpress the BMP-7 or functional variants or functional
fragments thereof and/or a BMP-7 agonist. The terms “transformation” and
“transduction” are also used herein according to their ordinary meaning. Transfection
may be accomplished by a variety of means known to the art. Such methods include, but
are not limited to, particle bombardment mediated transformation (e.g., Finer ef al., Curr.
30  Top. Microbiol. Immunol., 240:59 (1999)), viral infection (e.g., Porta and Lomonossoff,

Mol. Biotechnol. 5:209 (1996)), microinjection, electroporation, and liposome-mediated

delivery. Standard molecular biology techniques are common in the art (See e.g.,



expressi on sequence which directs the expression of the nucleic acid within
the cell. The nucleic acid sequence and the gene expressi on sequence are
said to bwonopenatsBy |inked" when they are coval ently | ipohsd20m/08e880 a way
as to place the transcription of the nucleic acid sequence under the

i nfluence or control of the gene expression sequence. A "gene 20 expression
sequence," as used herein, is any regul atory nucl eoti de sequence, such as a
pronoter sequence or pronoter-enhancer oganbi nati on, which facilitates the
efficient transcription and translation of the nucl eotide sequence to which

cukaryot | Sappiosty Lo MO Par it AT aCR RO EPEEL T o Gl SRR © °° °

i nduci bl e HaftsuilaBératory Brest, NSy Fek goBaycers consist 25 of short arrays of
DNA sequences that interact speC|f|caIIy with cellular proteins involved in
transcri ption, Fpoinsianes aners seasf embedinsely, gepetimpraigriakmay be gitroguced intq ence
236: 1237 e oRLS5arfld enhancer
el enent s %él“\g/lgz%)le 51?12%@?2%&?1r0 éél\g})a?%ﬂgpéglgﬁo%ﬁﬁ%élrlggtl C ourcgs i ncl udi ng
genes §n bbﬁmmﬁnyﬁasﬂﬁdIM3ﬁweSﬁwdmmaﬁMghwaMCmphMEkmmdﬂpmhd@eﬁn@amalogous
control elenents, r onot er are 30, al ound.in pro of e

The sel ecPedipdosmy] ﬂi’égl'{@%ﬂ%i’%‘r%ﬁé@é‘im%rﬁlfcgﬁ%ﬁ@?Ce&%ﬂ@ﬁ&ﬁg{\%ﬂ%@ceI I
type is tﬂa&%d&ﬁﬁ@nm d1 & def-fifel h¥§bdro e@df ih @pakich palewn t hat
the CW promoter D e ek SR NSRRI (R AT VBB 1
HPTCs. FofThexwiepbmj ecalamhdee wfﬁp@nymomeptrumt;@nstratao@l pebhandsmembrages,r om

pl ants and n| mal s are functi I n._t.he sour ce of
t he prom)fﬂé ‘ij’{er;RIﬁg (Irr?ﬂf?ﬁl’?ﬁflgltfsac C@I’i@ t%f %etno %%t;bom%%ieﬁdgciel pﬁeif(lfl1 es. There
are afgo @béiﬁdenwn@mte@ﬂﬁt fehtnicroprbjettilagehnldntddcadivithowtthedinge deuttbef theed.

For exanple, these pronoters include 5 pronoters fromthe Ti - Iasmd such

as the occels aed thehthansm effestivelyrdeliyerdoregagangc 1o ot t he
nmannopi ne synt frames
o the T D, S5 R SRl AR Ela% AATBh Sﬁﬁ?ﬁm “? vIb?uses

i ncl ude t lfieildatd deliverpbé thefmuohai € atid (drlrmmkerc amha)mplex)rme) th€adll/) As Bsednot er s
t hat have_been isq and. reporte use | Ian n

ri bul ose- ReHIhALAY L)bIEFj?iéSPE@I 'Ieg’gée @tgﬁeﬂaf:ur it eB?BW&ﬁDgI% Otﬂ}ﬁraseol in

promoygr, t&thhoﬁﬁ%ﬂ?&@ﬁéfm‘ﬁaﬁ@hoﬁfg@ﬁpéﬁﬁd Whiredy, Eapastd Schosaldthahd vel y in
eukaryot| c cells include, for exanp Erormters fromthe siman virus,

papi | | omarelgasing thadedev iagiddo ﬂtm@ln CF dispérsion sgsiems mgkndeHpugpre Rius

aukom a rod SARTTARES et o un S 8 TRl el R bl e Ly oo

of her pes vwaitdfehRilsiots] thscell6¥, Mgiked B led lahd‘lﬁposlﬁmtnfesex&mplelﬁfavmllbﬂal hose of
ordi nary skl Il inthe art. The pronot ers usef ul H’% ne expreSS| on

sequences dispersion sysiolars p JROMIMEG Lipesomes A HtiErsl wepbmnsverssls |Ihbrsdesn o

pr orm L& r exanpl e,
t he IS%E egfég{ rﬁ%gﬁgl%%%gr |s§pé|1§§uced {)‘g’h%fr}éﬁ%ggﬁtblragr@%f?%g? g(r? and

t ransl at I @ficions ta’ieemammmymammleaumﬁ)wmmtmﬂheiaquﬂpus ﬁatbmsr anddhese bl e

promoters n%trc?onifo ecules can%h(()i fgfed %ré:l ls ?r{ X bloll((;glléally ac ive form (Fraley, et al.,
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Lipid formulations for transfection and/or intracellular delivery of nucleic acids

25  are commercially available, for instance, from QIAGEN, for example as EFF ECTENE®

(a non-liposomal lipid with a special DNA condensing enhancer) and SUPER-FECT® (a

novel acting dendrimeric technology) as well as Gibco BRL, for example, as

LIPOFECTIN® and LIPOFECTACE®, which are formed of cationic lipids such as N-[1-

(2,3-dioleyloxy)-propyl]-N,N,N-trimethylammonium chloride (DOTMA) and dimethyl
30 dioctadecylammonium bromide (DDAB). Methods for making liposomes are well

known in the art and have been described in many publications. Liposomes were



Thus, a variety of pronoters and regul atory elements may be used in the
expression vectors of the present invention. For exanple, in sone preferred
enbodi nenwe 2an/i48ms8ci bl e pronoter is used to all ow cont pal/sScRorwedsse c aci d
expression through the presentation of external stimuli (e.g.,
environnmental | y i nduci ble pronoters). 25 Thus, the tim ng and anmount of
nucl ei ¢ acid expression nmay be controlled. Non-limting exanpl es of
expressi on systens, pronoters, induciblg pronoters, environnentally

i nduci bl e pronoters, and enhancers are described in International Patent
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In general, vectors useful in the invention include, but are not limited to,
plasmids, phagemids, viruses, other vehicles derived from viral or bacterial sources that
25  have been manipulated by the insertion or incorporation of the nucleotide sequence (or
precursor nucleic acid) of the invention. Viral vectors useful in certain embodiments
include, but are not limited to, nucleic acid sequences from the following viruses:
lentiviruses, retroviruses such as Moloney murine leukemia viruses, Harvey murine
sarcoma viruses, murine mammary tumor viruses, and Rous sarcoma viruses;
30  adenovirus, or other adeno-associated viruses; SV40-type viruses; polyoma viruses;

Epstein-Barr viruses; papilloma viruses; herpes virus; vaccinia virus; polio viruses;



In sonme enbodi nents, the pronoter for a BMP-7 protein can be used to

noni tor the expression of the BMP-7 protein, for exanple by using the
pronot er woroa/B8Bs7 30 protein to drive the expressionpafi/Sanoiondissat or
such as a fluorescent protein. Usi ng any gene transfer technique, such
as the above-listed techniques, an expression vector harboring the nucleic
acid may be transfected into a cell to achieve WO

2011/ 043738PCT/ SG2010/ 000380 -27 - tenporary or prolonged expression. Any
sui t abl e expression system nay be used, so long as it is capable of
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and/ or a R];E’r agonl st can be delivered to cells using a controlled rel ease
strategy. |n soumtiesleosthpRfs, vituborBbfaif applicdtiens 8lthas®aofasarviaedreiny; ane

(e.g.. t h%vhlch is a double-stranded DNA virus. The adeno-associated virus can be engineered to

20  be replication-deficient and is capable of infecting a wide range of cell types and species.
The adeno-associated virus further has advantages, such ﬁs heat and lipid solvent
stability; high transduction frequencies in cells of diverse liﬁeages, including
hemopoietic cells; and/or lack of superinfection inhibition, which may allow multiple
series of transductions. AAV-vectors have been used for delivery of BMP-7 to

25 mammalian cell types, for example, as described in Zhonghua Yi Xue Za Zhi (2006)
86(8):544-8; Zhejiang Da Xue Xue Bao Yi Xue Ban (2010) 39(1):71-8; Mol. Biotechnol.
(2010) 46(2):118-26; Acta Pharmacol. Sin. (2007) 28(6):839-49; Acta Pharmacol. Sin.
(2007) 28(6):839-49; J. Endod. (2007) 33(8):930-5; Spine (Phila Pa 1976) (2003)
28(18):2049-57; Expert Rev. Mol. Med. (2010) 12:¢18; J. Orthop. Res. (2010) 28(3):412-

30  8;and Int. J. Artif Organs. (2010) 33(6):339-47; each of which is incorporated herein by

reference.



reabsor ption nmenbrane). In other enbodi nents, the BVWP-7 may be rel eased
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in or absorbed in a material (e.g., a polyneric material) and/or coated
onto a material in the device. In anothgf.enbodi mrent, BMP-7 or functional
variants or functional fragnments thereof and/or a BMP-7 agoni st may be
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m cropartigle r nangparticles): one enbodi nent, BMP-7 or funct]jonal
vari ant s Jﬁe _ ng?? %ﬁ'aggm_;’%fﬁ’ﬁfe?ﬁ%w{é?zwg? @ﬂ’_&fﬂ&rﬁa _ oy A8t s SR be
encapsul atgghibd cofd $PiRkg HAiod 2tbdrar) PREENHES! %ewpméﬂﬁagﬁﬁg%bqb@a al .
Advanced Materials (2008) 20, 3504-3509, i ncorporated herei y reference].
101 n séne ool pempaliblpwithited kest tehdardi thei plésnBNPeah exprdss applyprptideaorinant s

or functiaonal fra ts thereof .apd/ or a.BVP-7 agoni st be. i ncar porat ed
“hto the doae ohEATEA Pl RRA R BE e BisrR Yomd sPABE R whT Blrsrid-aRSuBt 7\ he
BWP- 7 or fgBRIN0pEC] ¥AUEN, RT/CMNEVAD) ahd FRRESEMIS CtheBaniddaéefella BVP- 7

agoni st. I n sone cases, the nenbrane may have a | ayered configuration where

the cel | s kaewnde thoseefordinary skillip theat. 15dditierallyeplesmigls mayde quaipar and a

second | aygt: | at ; - J i rd. ant i onal
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di sposé®d beltwpenifi¢ fregrhients bf Djfeor ethel muctelid cddd, ay eécessaue MTlee wrosent gur at i on
can al |l ow.substances such as nutrients and ions to penetrate throygh the
menbr ane VATIIEOLASP 1 IVEStORseL FLoCdBeing guigiciacids OF DESSRISEE BRAIIR 2FI8F t he

rel ease OfcoMrﬁlgg h BESreliRBicleblidd @hBerRl. TR RUAEMAY i AN B Hcet © keep the
HTPCs vi abl e and pol ari zed. The particles may” be any sditabl e size.
For exanpleacoding 8 ondeicasilandra ipahviespressiomylehaut aafurteedagabgabbdowl e si ze

greater than 50 urn,.greater than 200 nm. great t.han 500 nm greater than
1 micron, gréxt&rs ’Hg%”ﬁﬁv?ne@n(%shqgn eg?nﬁﬂlé%cg'é‘festaﬁkﬁ“f@ﬁ PR8hs. I n sone
cases,15t he par tTheln@slelpaced,an oAy emBEEmRAS, hiagItR opeZ®lPRikeaeMNa 2Endir N and 100
mcrons 25 or in other cases between about 100 nm and 10 microns. The

particl e SKPEsHen sqaergeockich digeds thejexpreasion phthsmypleictacikwithinghe celk| Eigse

t f a : i i Gl te used
nor oi - pupRRieid SEEEREALN L LSRR oCoRAE: CAPRIR sl M
(i.e. of avhanribeypas sovederthyrlinkgh it hiehgeoaeds to plae thetramstriptivn ¢fahé hwdleice. g. ,

di ameter) that can be_neasured al ong a orientation of a particle (e.g., a
pol ymer )'a01 sequence under tﬁle influence or cgntrcﬂyof the gene expression sequgnce. A “gen(e g

20  expression sequence,” as used herein, is any regulatory nucleotide sequence, such as a

promoter sequence or promoter-enhancer combination, which facilitates the efficient
tra‘ns‘cription and translation of the nucleotide sequence to which it is operably linked.
The gene expression sequence may, for example, be a eukaryotic promoter or a viral
promoter, such as a constitutive or inducible promoter. Promoters and enhancers consist
25  of short arrays of DNA sequences that interact specifically with cellular proteins
involved in transcription, for instance, as discussed in Maniatis, T. et al., Science
236:1237 (1987), incorporated herein by reference. Promoter and enhancer elements
have been isolated from a variety of eukaryotic sources including genes in plant, yeast,
~ insect and mammalian cells and viruses (analogous control elements, i.e., promoters, are
30 also found in prokaryotes).
The selection of a particular promoter and enhancer depends on what cell type is

to be used and the mode of delivery. Our results have shown that the CMV promoter



30 particle). The particle-size distribution nmay be reported as the wei ght
percentage of particles retained on each of a series of standard sieves of
decr easi youen43Bad the WO 2011/ 043738PCT/ SG2010/ 000380TA220H/0pESsseent age
of particles .passed of the finest size. That is, the average particle size
may correspond to the 50% point in the weight distribution of particles.
The particles nay be fornmed fromany suitable material. For exanple, in
sone enbodi ments, the particles may be,§ornmed from pol yners and/ or
inorganic materials. 5 The materials include, but are not limted to, the

numer ous naterials ave been used for centr rugq nd are
known to Vo §§’eﬁfm g&&?%a‘??f eé‘ﬁmpfe’iaﬁV 1&Wéaréﬁt¥9 Wrﬂmg)lt)éﬁgﬂ%\gesbesl} 1@#}%&%@9 icles
may be noflafleHEAARAR,; whith 98 RIneAGRd hsRHPin theeclhfditsoat @I MRyprbfioter,
degr adable. For exanple, the particles may be formed from degradabl e

pol ymer s atelso asnyoerphnetherplaet and/qsanipepl geesigse TRETERIE Blsp pHieh PEINRIESNe, and
copol yners and_ bl s .t her. i r o’ wn to
t hose of @ﬂdivﬁgfv%gﬁfql Sr?lﬁ?%ieChacgpge%éd'qﬁgfc ? ?@glg’s H@%Ha%ggf O\E\ﬁ ﬁw@a -7 or

f unct isonalromaterafbm e TH-plasiidysadh dsragomopite syhae brancenthenddh®ag agoni st

may be fabricated by any of a nunber of known techni que . For exanpl e,
par t i cl esSyndasraRrotss tBmapneping ﬁYFEWSSﬁ’H?m?fS‘bF‘Q POTY TS H0ER PORGPPYY agnent s
t her eof %%41 £ £mBYR the 3ORIAS bR, GRFT A | EBhREPKoRm SADIHEVRERRI ques
(e.g., doubl'e”enu smn? or spray drying. In sonme enbodinments, a matrix
such as andedbtharisspatmeotenfroor cantiflewermomaneims MV Y. | Rrogiotersithat kavenay be
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Wit howt tdes éﬁ%ﬁﬁi‘t’?Mter?f)h%@bﬂirpﬁifo‘iﬂ&ér,e&c. Alternatively, BWP-7 can be
rel eased 20 fromall other parts of the device, e.g. housi n%_ or_tubing. In

some enmbodi menExsmplaradimbpiempters Wit fnetipnspnsitativels bt pkapyptisicellhe BMP- 7 or

functional wvariants or functi t - 7 agoni st
to the hod& g ﬁ%ﬁaﬁléﬁe f(;e}f’ﬁt’ﬂg S;@ (%)nrlfﬁgey |né§lo\§r|51t8’r ?%mﬁégés%ﬁl%gde ‘particles
(e. 9., nanM4d afimpRAEfEERS) vina{HIEE Roubegrcama vaus, cgtonoagelorirbg dhereng s,

rel ease of BMP-7 or functional variants or fu(gc ional fra {r]re%atﬁ 25 t her eof
and/ or a BNzl rgpedt il Ref Melonewlsykemaiavgus and,g e‘EWEFQV’EBﬁ’g el chi eved,

for efgaypéh%i&iﬁé Kdad p?&l%@f@'bgh@ﬂaké §ibpl &l vitls d eRer CBnGituthRIREBleYSire

machine

known to those of ordinary skill in the art. The promoters useful as gene expression
sequences of the invention also include inducible promoters. Inducible promoters are
expressed in the presence of an inducing agent. For example, the metallothionein
‘promoter is induced to promote transcription and translation in the presence of certain
20 metal ions. Other inducible promoters are known to those of ordinary skill in the art.
Thus, a variety of promoters and regulatory elements may be used in the
expression vectors of the present invention. For example, in some preferred
embodiments an inducible promoter is used to allow control of nucleic acid expression
through the presentation of external stimuli (e.g., environmentally inducible promoters).
25  Thus, the timing and amount of nucleic acid expression may be controlled. Non-limiting
examples of expression systems, promoters, inducible promoters, environmentally
inducible promoters, and enhancers are described in International Patent Application
Publications WO 00/12714, WO 00/11175, WO 00/12713, WO 00/03012,
WO 00703017, WO 00/01832, WO 99/50428, WO 99/46976 and U.S. Patent Numbers
30 6,028,250, 5,959,176, 5,907,086, 5,898,096, 5,824,857, 5,744,334, 5,689,044, and
5,612,472.



In sonme enbodi ments, a nmenbrane on which the renal proximal tubule cells
grow may rel ease BMP-7 or functional variants or functional fragnents

t her eof amd/2011/@3BRP-7 agoni st at a controlled rate sufPrriseno10t00380 oduce a
desired concentration of BMP- 30 7 or functional variants or functional
fragnents thereof and/or a BMP-7 agonist. For exanple, in blood filtration
devi ces where fluid enters and exits the device, the rate of BMP-7 rel ease
may be configured to provide a concentpgtion of BMP-7 in the effluent of
WO 2011/ 043738PCT/ SG2010/ 000380 at |east 0.001 nM at least 0.01 nM at

| east 0.05 nM ,at |least. 0. 1.n at _least ..0. 5.n t t 1 at |east 2
nM at |east SAﬁWecgﬁer?lga% ei%/lleﬁﬁfngenfegéﬁasc[an%%ﬁ e%#a‘:f‘%? nluglzfsgjf\{h%o nM I n
some enboghqguefdes suchhe agﬂﬁ}ﬁﬁﬂéf scfubide qfpréiiier enttintéreoaividdtiens whisi have a
concentration between 0.01 nMand 5 nM_ between, 0.01 nMand 2 nM _ between,
0.05 5 nMagHtates felfidentexpregsian plibg myclpicarid. okhesapirsdnan olegeaimandop nm

|0 some eohai SmahRfiby' 068 Briho@hRudh £ALASLAGE SARAG:iBe appropriate
use of an agoni’st. Tn sone enpodinments,” an agoni st nay be delivered from

t he de¥i cpromdtéroonsifdtive imanmiadian pranetersancledd, bet dramot Iimitedto, pelyinttuase
endogenous BMP-7 in bhe }garﬂti ent . gorlgﬁﬁlgéﬁ l e, kielin/ ch%.di n-like protein
(KCP) or PIPRRQIFTS gavel) 35 figramgpers ¢r { PBHE 8PP ghPREtREr eof may be used
as a BMP- Ehd”sgﬁ&‘il%s ] BshsHRRL (APREH) NadenSIMM SninBENRfradtd kinBéS hdd hipha

nmol ecul ar” speci es %'hat binds to & receptor of a céll and stinulates a
response bgtint. Hexepgllary viragmimoters whichaliseionapstitnidvedy inotuersioie cslbeci es t hat
enhances th? ffect of1 a Si pal J‘.ﬁgg)ttgol.ecul e (i.e. OBI\/BT 7%1'a Ierrl1 ol

enbodi nent¥;"h rgﬁ%ﬂﬁ’g’tmﬂﬁ’@ B © SIFEATL YIS, PRI oA vire 24N her
enbodi grenhgmath RemagedHfistentRYirk (MIVISR&W dattonti i) dyieme@il@dtisethe éagpt or . I n
sone enbodi nents, one or nore agoni sts may be delivered using the

t echni queteraéngd repsaid (BBRYef Moloney lqukemipoyirus and othes ssteavirysess pad thrcp refers

to a huma . i a C 3 or 5.
b Some omyAHARE M SIGRARLeCH s SN, SRl GRS SRR, HicRdis e, ° D
sone enbothémentsthotdel cadinmy skdl th the gtte ReematbrsiiSetul ss SpfpsOnleRnNOis & In .
certain erﬁoo,di ments, rather. bﬂg usi ng KCP, .a.functional variant, or

funct i onalerP%GIORAISe R adsR in %ﬁé’f@ﬁg ehy dhduditie PEmROtERsBERFHERTEd I8 ani no

acid ?ﬁqugf&%@n&fof K iR g R em0 F ef £hipIBYa thB@ISMEINRInCprBmbtbr S88UE Reacdd SEQ
ID NO 4 or 6. In certain enbodi ments, the am no acid sequence of KCP may

be coded faprompte transciphsingndin prosense plicertsimmatal ns.e Qilesideduckde Proptedi zes

(9,81, LS, SO e B ek SN S g 1 e

deoxyri bopltldROLd ©REssaRI5 T hdIPRuUGCABInEAas 5° A6n-trayslalrgGeieeparalved sxtht het i ¢
non- natural nucl eotides. Various nethods for determ ning the expression of
a nucl ei c¢thedniiatipm pbiranseRpiiqi apd pareontipnaldy wgludg sahangrpiedBIcES ORYRSIRHBWN t 0

thos €8 f ﬁgtwaltoris@qﬁeﬁgesaﬁgcause a patient may be exposed to the agents used for induction,

use of a metallothionein promoter might not desirable. Preferred is an agent that is only
used when the promoter should be switched off and is relatively non-toxic. An example
is the Tet-off system from Clontech (Mountain View, CA), where tetracycline is used to
switch off gene expression.
25 In another set of embodiments, homologous recombination can be used to alter
 the expression of BMP-7. In some instances, recombination can be used to alter a
promoter of BMP-7 expression. In other instances, the BMP-7 gene itself can be altered.
In some embodiments, the promoter for a BMP-7 protein can be used to monitor the
expression of the BMP-7 protein, for example by using the promoter for a BMP-7
30  protein to drive the expression of an indicator such as a fluorescent protein.
Using any gene transfer technique, such as the above-listed techniques, an

expression vector harboring the nucleic acid may be transfected into a cell to achieve



30Functional variants may result from for exanple, genetic pol ynorphi sm or
from human nmani pul ation. Biologically active variants and fragnents (i.e
functi onavovariastis and functional fragments) of a KCP proise2onomhoisnhe
invention will have at |east about 75% WO 2011/ 043738PCT/ SG2010/ 000380
-31 - 80% 85% 90% 91%.92% 93% 94% 95% 96% 97% 98% 99% or nore
sequence identity to one of the am no acid sequences for the human KCP
protein as determn ned by sequence aligmgent prograns and paraneters

descri bed el sewhere herein. A biologically active variant of a protein
consi sten t [ ' f hat
protein b%/e %}g %@?%g lterslégg%ckgy %@is/al% u%"g)?eS?loq?éSt% Iﬂeﬁrblgﬁsgg’uséoh as
6-10, as i(ﬁl\g a8 $t iS capubld @undsrgdingdrandfection andeexpiossini  tiqrecuraegindoleic | n sone
enbodi nments, .a _fungtional varjant or fragrrent of Sé& I.D NQ.3 or 5
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sone i nstances at | east 10 90% am no ac Identity, 1n sone I nst ances at
| east SS%mhvdlmeatsmh axgeassiph y¢ct®nfusthﬁeencné1hglacg£&nd’luolr@a&tt PA@eina((IHRQ 1 1saC| d
i denti ty,

i nstances.at leas mno acid identit
|t ancesuidd 6 SllEy SRbE BRI iR lreRd ol aida Horop R endinide " or ) east
99% am noN@ailfnitide Rk Ahyles bflsu%ﬁ %ctsﬁhﬁaha@momecﬁ’s%ﬁ RSty SleB@retevi ce can
deliver BMP-7 not only to 15the cells within the devi ce but also to a

pati ent wWhB¥EP@nd obiYdtPreh systemis fluidly connected to the device.
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failure (ARF) own i n ani mal " experinents t MP-7 1 nproves
ki dney r enmtmeny A ARBctplalt nemk & nwyealmmtfetrabsmtembeemdn asmlabﬂmyoxt dragulpdn ﬂmar

pr ol onged i.0ds. 0 nt i nuousl fici Ki dney.s,
Pact 11 b 691 Hr PSR SiehbRanmbal iy Resdn Sefferbieraitors e Fopi
prol omgedni éoﬁﬁa RB8Ed; OflSomidaNR¥REableBarker Q88| an iRl OR RhertddBvity eat ment
islimted to period of about 1-2 weeks and this also limts the overall

costs of fh@, ltutrém‘a%me Joripesscanss) thatsan bedetecied dmany esdgaselldingase of
chronL <, 1S elagesg U0 OSAIELn BB el 1S ByglSam ool © o
circu rrvent'wmx@r&@é&?eﬂt“bwakprésrs&mt' Iiﬁ’&fslhs that the BMP-7 or functional variants or
‘Tfunctional fragments thereof and/or a BMP-7 enhancer is expressed at a level greater
20 than fhe expression level obsefved in a wild type cell. For example, a renal proximal
tubule cell containing an exogenous BMP-7 open reading frame may overexpress BMP-7
relative to a reference renal proximal tubule cells that contains only the native
chromosomal BMP-7 open reading frame. In some embodiments, a cell may be
genetically modified to overexpress BMP-7 or functional variants or functional
25  fragments thereof and/or a BMP—7 agonist.

In some embodiments, BMP-7 or functional variants or functional fragments
thereof and/or a BMP-7 agonist can be delivered to cells using a controlled release
strategy. In some embodiments, the BMP-7 may be released from a membrane (e.g., the
reabsorption membrane). In other embodiments, the BMP-7 may be released from

30 elsewhere in the device. For example, in some cases, the BMP-7 may be released from a

tube of the device, a housing, a channel, etc. For example, in some embodiments, the

BMP-7 or functional variants or functional fragments thereof and/or a BMP-7 agonist



30 strategy involving multiple adm nistrations of BMP-7. I n sone

enbodi nents, BMP-7 or functional variants or functional fragnments thereof
and/ or a \BORo7i/mgoBRi St may adm nistered to a patient inroesd2otenesd. For
exanpl e, BMP-7 or functional variants or WD 2011/043738PCT/ SG2010/ 000380 -
32 - functional fragments thereof and/or a BMP-7 agonist nmay be used to

i nprove kidney recovery after acute injury (e.g., in acute renal failure),
i nhi bit progression of chronic kidney_dgsease (CKD), and/or provide
beneficial effects for non-renal conditions often associated with CKD

(e.g., renal ,osteodyst.r far. LN ' scul ar
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tg/ kg/ day, in sonme enbodiments at least g/ kg/ day, in sone enbodi nents
at | east 6Ofuptigrelfragments thesenfandieha BMBtagonist ¢aniaining gnipjogphegsday, or in

sonme enbodi nen at | eas 1.1 af T 1 ow anpl es are
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‘example, BMP-7-loaded particles can provide for the release of BMP-7 into the filtrate

20 to provide an environment to keep the HTPCs viable and polarized.
The particles may be any suitable size. For example, in some cases the particles

may have an average particle size greater than 50 nm, greater than 200 nm, greater than
500 nm, greater than 1 micron, greater than 10 microns, or greater than 100 microns. In
some cases, the particles have an average particle size between 50 nm and 100 microns

25  orin other cases between about 100 nm and 10 microns. The particle size may be
chosen to elicit certain properties (i.e., release rate of an agent, degradation rate, agent
loading capacity, etc.). As used herein, “particle size” refers to the largest characteristic
dimension (i.e. of a line passing through the geometric center of the particle e.g.,
diameter) that can be measured along any orientation of a particle (e.g., a polymer

30 particle). The particle-size distribution may be reported as the weight percentage of

particles retained on each of a series of standard sieves of decreasing size, and the



Thi s exanpl e denonstrates that human reconbi nant BMP-7 inhibits tubule
formation and i nproves perfornmance of renal cells applied in bioartificial
ki dneys. Wwonrstios3738t was i nvesti gated whet her treat nent partisic28vRBe@sor BMP- 7
inhibited 5 the disruption of epithelia formed by HPTCs. Cell behavi or was
nonitored during an extended tine period of 4 weeks for each experinent. In
untreated controls (FIG 4), increasing nunbers of a-SMA-expressing

myof i brobl asts during the nonitoring peggod and cell aggregate formation
were observed, as well as de-differentiation, rearrangenment and di sruption
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the exger itB@Aidues BMD: doutbSeratidRe) drdprdi§8ld 30 seeding, and fromthen on,
the cells were constantly kept in BMP-7-Suppl enented nedium In the case of

treat ment with In seme embpiiments, ameatgx sydhiasfagaeabrangmateigbeor ethetrpomponertady

during celle Seeslngyol, a0hy 1L Akel 8Ll Rkid BRPR'd Sl M RLIRG e i nce the

functional fragnients thereof and/or a BMP-7 agonist by adsorption to the membrane

‘material, without the involvement of any particles. Alternatively, BMP-7 can be released
- 20  from all other parts of the device, e.g. housing or tubing. - In some embodiments, loading
may be achieved by pre-adsorption of the BMP-7 or functional variants or functional
fragments thereof and/or a BMP-7 agonist to the housing/tubing materials or by
incorporating BMP-7-loaded particles (e.g., nano/microparticles), as described above. In
some embodiments, release of BMP-7 or functional variants or functional fragments
25  thereof and/or a BMP-7 agonist may not require cells and thus could be achieved, for
example, using a standard artificial kidney (e.g. hemodialysis machine).
In some embodiments, a membrane on which the renal proximal tubule cells
grow may release BMP-7 or functional variants or functional fragments thereof and/or a
BMP-7 agonist at a controlled rate sufficient to produce a desired concentration of BMP-
30 7 or functional variants or functional fragments thereof and/or a BMP-7 agonist. For
example, in blood filtration devices where fluid enters and exits the device, the rate of

BMP-7 release may be configured to provide a concentration of BMP-7 in the effluent of



possibility could not be excluded that BMP-7 conprom sed the initial
formation of the epithelium Monol ayer formation and nai nt enance
during t hworonva4stssng period of 4 weeks were assessed, alcosg2oiotonoshe
degree of epithelial differentiation via the ZO-1 5 i nmunostai ni ng patterns
(Table 1). Cassification of ZO-1 i munostai ning patterns was performnmed as
descri bed [Zhang et al. The inpact of extracellular matrix coatings on the
performance of human renal cells appliggl.in bioartificial kidneys.

Bi omaterials (2009) 30, 2899]. Typical chicken wire-like ZO 1

i mrunost ai _ni n terns indi gati.ngex i 1 ahta i f t.on and
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types 4 Opadp1 dNOy & 18kt 1 HSR adiGhst 5idNmLeddeast B0 AV @t Ipast RO MNVG onet keast|SAsf i ed as
types 1-3, and these patterns indicated_ insuffici gnt epi t hel i al
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of BMP-7 were e ter nol ayer formation (Table 1). 30In contrast, a
wel'l - di f f éeleverédatsen thp kacheiqiiendeseribeadisbaiveied with 1 nM of BMP-7 (Table 1,
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acid sequence of SEQ ID NO. 3 or 5. In some embodiments, the amino acid sequence of
"KCP is SEQ ID NO. 3. In some embodiments, the amino acid sequence of KCP is SEQ

720 ID NO. 5. In certain embodiments, rather than using KCP, a functional variant or
functional fragment thereof may be employed. In some embodiments, the amino acid
sequence of KCP may be coded for by the nucleic acid sequence of SEQ ID NO. 4 or 6.
In certain embodiments, the amino acid sequence of KCP may be coded for by the
complement of a nucleic acid sequence that hybridizes to the nucleic acid sequence of

25 SEQID NO. 4 or 6 under high stringency conditions. Such nucleic acids may be DNA,
RNA, composed of mixed deoxyribonucleotides and ribonucleotides, or may also
incorporate synthetic non-natural nucleotides. Various methods for determining the
expression of a nucleic acid and/or a polypeptide in normal and tumor cells are known to
those of skill in the art.

30 Functional variants may result from, for example, genetic polymorphism or from
human manipulation. Biologically active variants and fragments (i.e. functional variants

and functional fragments) of a KCP protein of the invention will have at least about 75%,



these conditions. No tubule formation or nonol ayer disruption was observed
over the period of 4 weeks, and intact epithelia could be maintained during
t he entirwormni/ersng peri od (Table 1). These results siromsd20toabodse eat nent
with 1 nMof BMP-7 did not pronote the accumul ati on of nyoftbrobl asts,
inhibited the disruption of epithelia, and 5 substantially inproved cell
performance. The study al so revealed that the effects of BVWP-7 were
strongly concentration-dependent. To address the issue of variability

bet ween different batches of the primary cells derived fromdifferent

atients, e j S, the 0 7 I Qof € t i I ff t
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entire nonitoring period of 4 weeks in all cases (FIG 6), FIG 6 shows
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patterns and the correspondi ng DAPI staining, as.indjcated. Rows A and B, C
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BMP-7 has anti-inflammatory, cytoprotective, and anti-fibrotic effects on kidney cells.
Thus, administration of BMP-7 to patient may be used to treat ailments of the kidney.
' For example, in some cases, BMP-7 may be used to prevent the progression to chronic
20  renal disease. In some embodiments, methods of the invention can be used treatment of
patients with acute renal failure (ARF). It has been shown in animal experiments that
BMP-7 improves kidney recovery. ARF patients are hospitalized and usually treated for
prolonged time periods or continuously with artificial kidneys, which facilitates delivery
of relatively low concentrations of BMP-7 over prolonged time periods. However, the
25  overall duration of the treatment is limited to a period of about 1-2 weeks and this also
limits the overall costs of the treatment, which may pose certain challenges in case of
chronic kidney disease. ‘
Advantageously, a BAK or dialysis device capable of delivering BMP-7 may be
used to deliver BMP-7 continuously, thus circumventing a conventional treatment
30 strategy involving multiple administrations of BMP-7. In some embodiments, BMP-7 or
functional variants or functional fragments thereof and/or a BMP-7 agonist may

administered to a patient in need thereof. For example, BMP-7 or functional variants or



WO 2011/ 043738PCT/ SG2010/ 000380 - 36 - uncl ear which range of
concentrations mght be suitable for this experinental system different
concent r avoansi/oagTe tested within this range. As sromsGawd00330 Tabl e
1, at high concentrations of BMP-2 (25 nM 20 nM 15 nMand 12 nM,

di sruption of the nonol ayer was inhibited when cells were consistently 5
exposed to BMP-2. However, proper epithelial differentiation did not occur,
and hi gh nunmbers of a-SWMA-positive celis_were observed (FIG 5 ).

Di sruption of the nonol ayer was not inhibited when BMP-2 was added only

after the.epitheliumformati.on. (20 i | f ntrations
of B 2 TP SR o o/ pEL RIS <R b el hEMELe £RREFC) 2
di f f er entjegdvepPafiddubutdiigtitiplel Orin @butt enha piituby)] inkibithRogvessisrosf dhndiibi t ed
(Table 1). Results obtained wth 1 nM of BMP-2 showed sone variability
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in terss wkogs daheficaionyli fferentiati on were obtained with 10 nM of 15 BWP-2
(Table 1, FIG_5 D). Disruption of the npnol ayer was del ayed at this
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nM of BMP- re.r ted wth three 20 differ bat ch , but a
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di f f er entngke/fastosi00aese/daye i spmpambadimens petaesend 80 sekeray édhg nunbers
o o RS S B M Rape PE

5). I mun was perforned in or e | evel s of a-SVA
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thereof and/or a BMP-7 agonist may administered to a patient in a therapeutic amount

that aims to improve the performance and functionality of renal cells. For example, in

20  some embodiments, BMP-7 or functional variants or functional fragments thereof and/or
a BMP-7 agonist may be administered to a patient at a concent;ration of between 10
ug/kg/day to 50 pg/kg/day, in some embodiments between 10 pg/kg/day to 40
ng/kg/day, or in some embodiments between 10 pg/kg/day to 30 pg/kg/day. In some
cases, BMP-7 or functional variants or functional fragments thereof and/or a BMP-7

25  agonist may be administered to a patient at a concentration of at least 10 pug/kg/day, in
some embodiments at least 20 pg/kg/day, in some embodiments at least 30 pg/kg/day, in
some embodiments at least 40 pug/kg/day, or in some embodiments at least 50 pg/kg/day.

The following examples are intended to illustrate certain embodiments of the

present invention, but do not exefnplify the full scope of the invention.

30



In each case, proteins were extracted from3 replicate of cultures after 2
weeks of in vitro culture, and each extract was | oaded onto a separate | ane
of a gel .wormumabisetti ng was used to detect a-SMA- and actrsioabiowessgseci fic
bands. Band intensities were determned, and the ratios of a-SMA to
a-tubulin band intensities are indicated by the bars (average 5 +1-
standard deviation). The relative |evels of a-SMA expression in cultures
treated with 1 nMof BWP-7 or BMP-2 wege_not significantly different from
those of the control (p > 0.05). In contrast, significantly increased a- SVMA
expression | evels were observed V\hﬁwghqf BMP-7 or 25 nMand 10 nM of
BMP-2 were applied (as conpared to trol, and the cultures treated

with 1 nM of BMRs éxiplB¥Bnndtiites tRat®ojnan rdddnibigkmit BMRUTthYibhE gibele | evel s of
a- SMA were observed after treatment with 4 nMof BMP-7_or 10 nM and 25 nM
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ij_n](c: ][ edsedht hﬁr&;ﬁioﬁlof_eﬁfch@iafﬁibﬂgl@bdj%r I&B?;Cm nCell baladvice vﬂas nHFﬁ[ﬁrqa?chfrhrgmnnc e at

i fferent concentrations o -2 a BWP-7. "+" |ndicat ' f
conf | uent S¥eisise Synsperiog)of ft|wqgggﬁ)r)@ac SperEmept, Iflﬁ‘é‘{rﬁﬁlg C?fﬁfsql? &rﬁ %)Imo'? h(ca) :
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cl assi f i eghdagll aggegite Bethapion wedel sbseriedhangelbbs dd-diffehentiatipng cbarcgement

extracel lul ar matri x_coatings on_the 20 performance..of humap r. | cells
appl i ed i #dsligyptiqn ‘Pf(?h%FplmegH’é’ysHGBﬁ Wetormpton ayldrugion g%t?’gﬁﬁl y type

4 ang y%nﬁeétfmm. %EH&E-H%A% ﬁ%{ﬂeﬁ%k?c EOAEhapliffepldial indrfdi&lcgnt i at i on

and tight junction formation. east three replicates were nmonitored in
each casegontmast (PHS) omfhashreordvepeimagenefdivedd TEes ReweBs BpEanddl @he thesest t wi ce

9 st RaLhsyeh coll S 22 ol Eacuan Sosplyetion (M
1-2, unti{, WeSkhdrescence patterns and the corresponding DAPI staining as indicated. (A, B)
Properly differentiated epithelia were formed within the first week after cell seeding.

15  (C-F) During the next 1-2 weeks, increasing numbers of a-SMA-expressing
myofibroblasts appeared. Large cell aggregates were formed, and the epithelium in the
surroundings of such cell aggregates de-differentiated (note the absence of chicken wire-
like ZO-1 patterris in D and F) and became rearranged and disrupted (some areas devoid
of cells are labeled with arrowheads in E and F). (G, H) Rearrangements led to the

20  formation of renal tubules (marked by arrowheads) on the substrate surface. Scale bars:
100 ym (A-E), 200 um (F-H). These processes led to the formation of renal tubules on
the substrate surface, and the observations were in agreement with previous results
[Zhang et al. The impact of extracellular matrix coatings on the performance of human
renal cells applied in bioartificial kidneys. Biomaterials (2009) 30, 2899; Zhang et al.

25  Generation of easily accessible human kidney tubules on two-dimensional surfaces in
vitro. J. Cell Mol. Med. (2010), epub ahead of print].

Effects of BMP-7 on the maintenance of epithelia formed by HPTCs
| The following concentrations of BMP-7 were tested: 4 nM, 3 nM, 2 nM, 1 nM
and 0.5 nM (Table 1). In most of the experiments, BMP-7 was added during cell

30  seeding, and from then on, the cells were constantly kept in BMP-7-supplemented
medium. In the case of treatment with 4 nM of BMP-7, the growth factor was added

either already during cell seeding or only later after the epithelium formation, since the
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possibility could not be excluded that BMP-7 compromised the initial formation of the
epithelium.

Monolayer formation and maintenance during the monitoring period of 4 weeks
were assessed, along with the degree of epithelial differentiation via the ZO-1
immunostaining patterns (Table 1). Classification of ZO-1 immunostaining patterns was
performed as described [Zhang et al. The impact of extracellular matrix coatings on the
performance of human renal cells applied in bioartificial kidneys. Biomaterials (2009)
30, 2899]. Typical chicken wire-like ZO-1 immunostaining patterns indicating extensive
tight junction formation and the formation of a properly differentiated epithelium were
classified as types 4 or 5. More diffuse ZO-1 immunostaining patterns were classified as
types 1-3, and these patterns indicated insufficient epithelial differentiation and tight
junction formation. Type 1-2 patterns revealing insufficient epithelial differentiation
were obtained with most of the BMP-7 concentrations tested (Table 1). High numbers of
a-SMA-expressing cells were present in samples displaying insufficient epithelial
differentiation (FIG. 5 A). FIG. 5 shows effects of different concentrations of BMP-7
and BMP-2. Representative images of HPTCs exposed to different concentrations of
BMP-7 and BMP-2 are shown. Imaging was performed 2 weeks after cell seeding. The
three panels in each row (A—D) display the same field of éells. The panels show ZO-1

‘and a-SMA immunofluorescence patterns and the corresponding DAPI staining, as

indicated. (A, C) The monolayers display a relatively low cell density, high numbers of

| myofibroblasts and insufficient tight junction formation at high concentrations of BMP-7

and BMP-2. (B, D) Epithelial differentiation was improved at lower concentrations of
BMP-7 (1 nM) and BMP-2 (10 nM), and lower numbers of a-SMA-positive cells were
observed. Scale bar: 50 um. However, formation of cell aggregates and tubules did not
occur under these conditions, and the monolayer was maintained in most samples until
the end of the monitoring period (Table 1). An exception in this regard were the samples
treated with 0.5 nM of BMP-7, where disruption of the monolayer occurred after 1 week.
Early disruption took place also when 4 nM of BMP-7 were applied after monolayer
formation (Table 1).

In contrast, a well-differentiated epithelium was obtained with 1 nM of BMP-7

(Table 1, Fig. 5 B), and low numbers of a-SMA-expressing cells were observed under

week
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these conditions. No tubule formation or monolayer disruption was observed over the
period of 4 weeks, and intact epithelia could be maintained during the entire monitoring
period (Table 1). These results showed that treatment with 1 nM of BMP-7 did not
promote the accumulation of myofibroblasts, inhibited the disruption of epithelia, and
substantially improved cell performance. The study also revealed that the effects of
BMP-7 were strongly concentration-dependent.

To address the issue of variability between different batches of the primary cells
derived from different patients, the experiments with 1 nM of BMP-7 were repeated
using different batches of HPTCs. The results were consistent for the different batches
of cells; well-differentiated epithelia could be maintained during the entire monitoring
period of 4 weeks in all cases (FIG. 6). FIG. 6 shows treatment with 1 nM of BMP-7
improved the long-term maintenance of epithelia. The left-hand panels (A, C, E) show
DIC and phase contrast images of live HPTCs. Rows B, D and F (the three panels in
each row display the same field of cells) show ZO-1 and o-SMA immunofluorescence
patterns and the corresponding DAPI staining, as indicated. Rows A and B, C and D and
E and F display cells from three different batches of HPTCs. All images were captured
after 4 weeks of in vitro culture. In all cases, pfoperly differentiated epithelia could be

maintained for this time period, and overall only a few o-SMA positive cells were

‘observed. Higher numbers of a-SMA-positive cells, lower cell density and zigzag Z0-1

staining patterns indicated a slightly compromised epithelial differentiation in the cell

batch displayed in rows E and F. Scale bars: 200 um (A, C, E) and 50 um (B, D, F).

Effects of BMP-2-treatment

In a next series of experiments, the effects of BMP-2 were tested. Inhibition of
tubulogenesis in in vitro systems had been observed previously after applying various
concentrations of BMP-2, ranging from 1 nM to 25 nM [Grisaru et al. Glypican-3
modulates BMP- and FGF-mediated effects during renal branching morphogenesis. Dev
Biol. (2001) 231, 31; Piscione et al. BMP-2 and OP-1 exert direct and opposite effects
on renal branching morphogenesis. Am. J. Physiol. (1997) 273, F961; Piscione et al.
BMP7 controls collecting tubule cell proliferation and apoptosis via Smadl-dependent

and -independent pathways. Am. J. Physiol. Renal Physiol. (2001) 280, F19]. As it was
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unclear which range of concentrations might be suitable for this experimental system,
different concentrations were tested within this range.
As summarized in Table 1, at high concentrations of BMP-2 (25 nM, 20 nM, 15
nM and 12 nM), disruption of the monolayer was inhibited when cells were consistently
5 exposed to BMP-2. However, proper epithelial differentiation did not occur, and high
numbers of o-SMA-positive cells were observed (FIG. 5 C). Disruption of the
monolayer was not inhibited when BMP-2 was added only after the epithelium formation
(20 nM). Application of lower concentrations of BMP-2 (8 nM, 5 nM and 1 nM)
resulted in slightly improved epithelial differentiation, but disruption of the epithelium
10 was not inhibited (Table 1). Results obtained with 1 nM of BMP-2 showed some
variability between the five replicas analyzed during the first experimental series. This
experimental series was repeated with another batch of cells, and a relatively high degree
of variability was observed again.
The best results in terms of epithelial differentiation were obtained with 10 nM of
15 BMP-2 (Table 1, FIG. 5 D). Disruption of the monolayer was delayed at this
concentration of BMP-2 as compared to the controls. However, variable results were
also obtained here; inhibition of epithelial disruption was observed in some of the
replicas during one experimental series, while cell aggregate and tubule formation
‘occurred in others. The experiments with 10 nM of BMP-2 were repeated with three
20  different batches of HPTCs, but a relatively high degree of variability was observed in all

cases, and cell aggregate and tubule formation always occurred in some of the replicas.

Quantification of c-SMA expression
A consistent observation throughout the different series of experiments was the
25  presence of increasing numbers of a-SMA-positive cells at higher concentrations of
BMP-2 and BMP-7 (FIG. 5). Immunoblotting was performed in order to quantify the
levels of a-SMA expression at different concentrations of BMP-2 or BMP-7 after two
weeks of treatment. The levels of a-SMA expression were not significantly changed in
cultures treated with 1 nM of BMP-2 or BMP-7, respectively, as compared to untreated
30  controls (FIG. 7). FIG. 7 shows quantification of o-SMA expression at different
concentrations of BMP-7 and BMP-2. HPTCs were exposed to the different
concentrations of BMP-7 or BMP-2 indicated (in the x-axis) or left untreated (control).



1+, until week 4 4-5, until week 4 0.5 +, until week 1 1-2, until week 1
* Results variable between different wells and cell batches: ** Gowth
factor adwecdoafwerssnonol ayer formati on. 5EXAMPLE 2 PCTISiIG20 107080880 €

provides the materials and nethods for the experiments described in
Exanples 1 and 2. Cell culture 10HPTCs were obtained from Sci enCel
Research Laboratories (Carlsbad, CA, USA). Different batches of HPTCs were
obtained and cultivated in basal epitheiial cell nedium supplenented with

2% fetal bovine serum (FBS) and 1% epithelial cell growth suppl errent (all
conponent %@Q&@éa@@% JHERINSEd AR 37 SRLSAARAALRE RS, vblils i iUl L ur e
nmedi a used were suppl enent ed pen|C| streptomcin so

15( Sci enCeiultuResmlagach ektadpd mas traded hntoarsdpahie lasd dfsa gubr hnmuhcbblumhgdva@t 37C

'na 5% C?l%ed to detect a-SMA- and o-tubulin-specific bands. Band intensities were determined,
and the ratios of a-SMA to a-tubulin band intensities are indicated by the bars (average

S +/- standard deviation). The relative levels of a-SMA expression in cultures treated with
1 nM of BMP-7 or BMP-2 were not significantly different from those of the control (p >
0.05). In contrast, significantly increased a-SMA expression levels were observed when
4 nM of BMP-7 or 25 nM and 10 nM of BMP-2 were applied (as compared to the
control, and the cultures treated with 1 nM of BMP-7 or BMP-2 (p < 0.05)).

10  Significantly higher levels of a-SMA were observed after treatment with 4 nM of BMP-7
or 10 nM and 25 nM of BMP-2. The results showed that the occurrence of a-SMA-
expressing myofibroblasts was not inhibited by the treatment with low concentrations of
BMP-2 and BMP-7, but that higher concentrations of these growth factors increased the
levels of o-SMA expression.

15 Table 1: HPTC performance at different concentrations of BMP-2 and BMP-7.
“+” indicates formation of a confluent monolayer. “Until week x” refers to the week
until which the monolayer remained intact, or the indicated ZO-1 staining pattern was
observed (i.e. disrupted thereafter). The ZO-1 staining patterns was classified as

‘described previously [Zhang et al. The impact of extracellular matrix coatings on the

20  performance of human renal cells applied in bioartificial kidneys. Biomaterials (2009)
30,2899]. Only type 4 and type 5 staining patterns indicate proper epithelial
differentiation and tight junction formation. At least three replicates were monitored in
each case, and most of the experimental series were repeated at least twice with different

batches of cells.

25
Growth Factor | Concentration | Monolayer Z0-1 immunostaining
(nM) formation pattern
BMP-2 25 +, until week 4 1-2, until week 3
20 +, until week 4 1-2, until week 4
20%* +, until week 1 1-2, until week 1




WO 2011/ 043738PCT/ SG2010/ 000380 - 39 - atnosphere. The seeding density was
5x104cel | s/cn2. Experinents with were perforned with 24-well cell culture
pl ates (Nsocepiiepssville, 1L, USA). Al substrates usedPprorsGeowe/ooessei vati on
of HPTCs were coated with human lamnin (100 p,g/m, Sigma, St. Louis, MO
USA) (20). For all the experinments, the cell culture nmediumwas 5 exchanged
every 2 days during the experinental series. Staining of living cells with
4',6'-diam di no-2'-phenylindol e (DAPI,_4¢rck, Darnstadt, Gernmany) and
fornaldehyde fixation were perforned [Zhang et al. The inpact of

extracel | ul ar matTix Toa Z1gS ™ Om thetpe H BN L e t—cehl s
applied in bjoartificial Ll dneys. Bi )ﬁh‘t‘ﬂt qukkﬂ' 3})9% ui %‘95] 10
Treatnent with BMP-2 and-BMP—7Z-BMR-Zland—BMP-2 /l\ Ifnn\ll Bioteg
Ber gi sch- d adbach, Germanyd were obt arn@liveekie | yopmniil week 3 or m |and
sol ubilized |in phosphatelhuffered saline (PBS). They were added at |t he
rel evant concentrations tWthe cell ¢uluniilevaskdial 4,GmeiMecl a8t or 15
concentrations are indicpted in ng/m as well as |n nMto facilitat|e
conparisons with previousgstudi es. BMe: unthasekar i ply vibl wesd 2r weilght s due
to glycosylations [Sanpath et al. BOJine osteogenjc protein is conposed of
dinmers of OF-1 and BMP-2 TWO nenbef tra f ok oW
factor-beta |superfam|y. E Bi ol . Chnm tliggég 1 § @glw%gand for our

J
cal cul ati ons|, we assuned—an—average tecutar f 25—kPa—4—20 nM
(100 ng/m), o , 2 nM ( %WB? ‘T’E n?\nu(n‘%wﬁﬁm and 0.5 nM
(12.5 ng/m) tested For BMP-2 congcentrations of 25 /nM
(650ng/ ), , 15 nM (‘8%11%@?%4) 12, ypiilweek hg/ m )|, 10 nM
(260 ng/m),| 8 nM (208 ng/m), 5 nM (130 ng/m) and 1 nM (26 ng/m) were
anal yzed. In the correspoﬁﬁing exper | temttdiweskli es]-Yuotit Wedkakt or s (wer e
added during cell seeding, and cells|were 25 constantly kept in growh
factor supplienented nediwn |n a sepp#aifi seek@s of-—Experwead s, BVP-7 (4
nM and BWMP-2 (20 nM were added on|y after nonoljayer formation.

| unost ai nijng and i magi g 30T MUNOS| &l Bifi% 888 PEIIPLHECyas Aescribed
[ Zhang et al|. The i npact of extracel u1 ar matrlx coat’l ngs on t he

per f or mance [of human ren cetHts—apptie gafrt K uﬁeys
Bi omaterial § (2009) 30, d189 Rabbi j”'H’t“?l EH |jﬁ\ﬁ=PP@g‘8ﬁ?

0.5 +, until week 1 1-2, until week 1

* Results variable between different wells and cell batches.

** Growth factor added after monolayer formation.

5 EXAMPLE 2
This example provides the materials and methods for the experiments described

in Examples 1 and 2.

Cell culture

10 HPTCs were obtained from ScienCell Research Laboratories (Carlsbad, CA,
USA). Different batches of HPTCs were obtained and cultivated in basal epithelial cell
medium supplemented with 2% fetal bovine serum (FBS) and 1% epithelial cell growth
supplement (all components obtained from ScienCell Research Laboratories). All cell
culture media used were supplemented with 1% penicillin/streptomycin solution

15 (ScienCell Research Laboratories), and all cells were cultivated at 37°C in a 5% CO,



-40 - Carlsbad, CA, USA) and nouse anti-a-SVMA (Abeam Canbridge, UK)

anti bodi es were used for HPTCs. The primary anti bodi es were detected using
Al exa Fl w0 24B843138nj ugated anti-rabbit (I1nvitrogen) an®#CTRGIGomosssugat ed
anti-nouse (Invitrogen) secondary antibodi es. Foll ow ng i rmunost ai ni ng,

cell nuclei were stained with DAPI 5 and the cells were mounted with
vectashield (Vector Laboratories, Burlingame, CA) for mcroscopy. The Zeiss
Axi oObserver Z1 mcroscope (Carl Zeiss,3glena, CGermany) with the Zeiss

Axi oVi sion imagi ng software was used for imagi ng. Adobe Photoshop CS3 and

I J t I pf 01
| mminost arirag it ALREARRe Al WIBARE) HIbgR PRASHGVRAE Bl 27 Loy
i mpact of pefforndd witk RH-uvall celfaduttioe plaed (Ngs:, DlapérhdlepHr, US AR rdesulfstrhtesan
I | lied_ in bi ificial kid 5. Bi terial 009) 30,
2599] . | miGHOBE Gic S HGYHE0N DL HREICE T ot ed B SR S (0P #efmlo SR i ng 20
MM of  Tri & Gloyig Mid)! QEA}gzl(ﬁ}‘.t g4 ﬁ[‘ﬁﬁ'eﬁg%ﬂi}%&?c&,rtﬁé@éf SfiuBCinddiERI4Y . 150 nM of

sodi um chlori de, 10% of ycerol, 1% riton X-100, and 1 mM of a m xture
of pr ofeasachangedevtery 8 dapMBEIng thy sxteisnantal senesr (Séaieidg abvingreells vithed for 10

mn at 12,000 X . The protei.n c at i of the supernatants S
neasur ed le'S’Ig A 81afrﬂ@1n8{§d Sﬁ%mdfﬂeéf’gﬁﬁg%ﬁcﬁ‘cﬂaﬂﬁ%‘ﬁteﬁﬁml@é@9“%0&‘“(43\@@%% ,
Rockf ord, fixhtion/®e Zperﬁﬂtﬁ@dl [AnmY Rt 8. dheRmPh&ioT eXRiRIhARRH:OMaAngs Miffirge 20
precasted gel (4-12% Invitrogen), and the Spectra Milticolor Broad Range

Prot ei n Lagdermance ofbwnas renpheeds appliadon bisspjiiGalkideeys Bpmdaieiatn (209 ar
wei ght mar_a?eﬁgg fter electrophoresis, proteins were transferred to iBl ot
menbranes (1 nvi'trogen), which were then bl ocked in

tris(hgdroxynmet hypam nonet hane (Tris) buffered saline (TBS) containing

0. 05% of Tween-20 (TBS-T) a % of bovine serumal bumn (Sigm). 25

Bl ocki ng WA e, }hggﬂaa%“ g%@%@rrperature for 1 h. The menbranes were then
i ncubat ed gAIMREMAL AFILIBIBRESBer@ch-(Rad¥on A8 nlaf PP bredBldiad jhubul i n
ant i bodi es (Abean)  (di (M Soogiteh (dbich. vvasah?)tr)lg With TBS-T, sheep
ant i - nous ¢helydplibmdefpranand sohibilizedam phorplinteduffoederiinta@B Qo thegwesd, 1:

10000) wer to the nmenbranes. Bot rpmary . .and, secondary anti bodi es
were i1 aeades 1 o SRt aRosss L B PE bR SR EERREE it h RS T
and the blcehcenwetiehsdey RldeRed iﬂﬁiﬁr@ﬂ ds R [Efslin GhR1 Refatifitat& Edmpdelsoeaithhcar e,

Chal font St. G les, Buckinghanshire, UK). The

previous studies. BMP-7 has variable molecular weights due to glycosylations [Sampath
et al. Bovine osteogenic protein is composed of dimers of OP-1 and BMP-2A, two
members of the transforming growth factor-beta superfamily. J. Biol. Chem. (1990) 2635,
13198], and for our calculations, we assumed an average molecular weight of 25 kDa. 4

20 nM (100 ng/ml), 3 nM (75 ng/ml), 2 nM (50 ng/ml), 1 nM (25 ng/ml) and 0.5 nM (12.5
ng/ml) of BMP-7 were tested. For BMP-2, concentrations of 25 nM (650ng/ml), 20 nM
(520 ng/ml), 15 nM (390 ng/ml), 12 nM (312 ng/ml), 10 nM (260 ng/ml), 8 nM (208
ng/ml), 5 nM (130 ng/ml) and 1 oM (26 ng/ml) were analyzed. In the corresponding
experimental series, growth factors were added during cell seeding, and cells were

25  constantly kept in growth factor supplemented medium. In a separate series of
experiments, BMP-7 (4 nM) and BMP-2 (20 nM) were added only after monolayer

formation.

Immunostaining and imaging
30 Immunostaining was performed as described [Zhang et al. The impact of
extracellular matrix coatings on the performance of human renal cells applied in

bioartificial kidneys. Biomaterials (2009) 30, 2899]. Rabbit anti-ZO-1 (Invitrogen,



WO 2011/ 043738PCT/ SG2010/ 000380 - 41 - chem | um nescence signal was
captured on X-ray filnms, which were scanned and anal yzed usi ng Adobe

Phot oshopwQ3811/0kbBspai red t-test was used for statisti c®CTREAMBIOB3305Thi s
exanpl e descri bes bacul oviral cloning of BMP-7. BMP-7 cDNA along with
CW pronoter was anplified from AO309 Human BMP-7 Full Length ORF Mammal i an
Free Expression from GeneCopoeia, Inc. (Rockville, MD, USA) (Cat #

EX- A0O309- MX2) using pol ynmerase chain reggtion (PCR). SEQID NO 2 is the
nucl ei ¢ acid sequence of BMP-7 in this vector. The priners used 10 for the

PCR anpl i f r ' and
Kpnl) . Theé%%&{é%;bggﬁ& gﬂiﬁﬁ S%agglr}? %1\\/% g&c{/ag}si%r ﬁdggs%g%ﬁ%%ﬂfﬁ\% #ogen
Cor por at i angd mmmsgeﬂieqdnmaymgtlb&ﬂlés\aﬂddmnﬂedaneﬁhgoﬁdax/aeﬁholom_ | i gation
was carried out to gbtain_ Pcmv BMP-7 i Fast Bacl. Vector. The ligation

pr oduct wacémlutgétﬁ@@%‘ilﬁ@ﬁmi deytrpgem gnd EREE‘%HPJU&@W &Ni-RRSE Kagdieeen)al ones
vere verifdogd 4 8&%5rpgﬂdm G5t in S@élﬁ?&cﬁ? wepe ReBEd Wﬁ ISAPpes were

transforned i nt Bac E conpet en I'nvi trogen) containing
bacni d Sanohnkielhqomlls were mhntedwlﬁnvwmskmtdk(\/?eetoo daboratutrich Lol isiganes, @As)cfoee ned

by streaking on ate tain Bl ue t t .
Pt Ll ve: abenbadt o RSB G2 s b oAl s s Bt BB o
confirm thge Eél‘é‘§ﬁﬂﬁﬁhﬁf)n Eﬁﬁ%ﬂ? b@mare%@ 0! foR%ﬁQg{H% NEdYbe PR6HsEo s Was

i solated and transfected into 20Sf9 insect cells (Invitrogen) usi ng

Cel | f ect i ranpdmgesit were ived focyeange the imeges: |Tdw differenidapesicf ZQ-di | able in the
Bac-t o- Bac, Bacull %ﬂﬁrﬁgu]ga[téxnf é%'c?a@m%&? 58 s%@ﬁ(}éﬂngh%ﬁ oL alln ng%%F| £ and

Recombi nant h AR EY; S Were 1So cen

filtrat orextracedtugHh nihtrdo cé‘dﬁrfgls bheﬂié})erﬁmﬁaﬁdm)fﬁiuhﬁh roes célhd apphedﬁﬂ The virus
was then used to transduce human proximal tubule cells (HPTCs) using

vari ous mpiearpfigial lflﬂ’é‘?}’SofB’?’ﬁ¢fé’€€4gé?pQ9Ws%899i5 EXAMPLE 4 This exanpl e
denonstrates lentiviral cloning of BWP-7. Lentiviral Vector
expressing BVP-7 under CW pronoter was purchased from GeneCopoei a, Inc.
(Rockvi | | mnhippbldBig ( Cat al ogue # EX- AO309-Lv105). SEQ ID 30 NO. 2 is the

el 1€ 2614 e e PP L b eeCh e o S RIS 0%, 50
of watigr fylanaidiaHéteietic 08 (POMRY l50tAVQTacShat (ldrid, PR T Hherdical |y
1% of Triton X-100, and 1 mM of a mixture of protease inhibitors (PMSF). Lysates
were vortexed and centrifuged for 10 min at 12,000 x g. The protein concentration of
the supernatants was measured using the bicinchoninic acid (BCA) Protein Assay Kit
"(Pierce, Rockford, IL, USA) . Equal amounts of protein were loaded onto a NuPage
20  precasted gel (4-12%, Invitrogen), and the Spectra Multicolor Broad Range Protein
Ladder (Fermentas, Hanover, MD, USA) was used as the molecular weight marker.
After electrophoresis, proteins were transferred to iBlot membranes (Invitrogen), which
were then blocked in tris(hydroxymethyl)aminomethane (Tris) buffered saline (TBS)
containing 0.05% of Tween-20 (TBS-T) and 3% of bovine serum albumin (Sigma).
25  Blocking was performed at room temperature for 1 h. The membranes were then
incubated overnight at 4°C with mouse anti-a-SMA and rabbit anti-o~tubulin antibodies
(Abcam) (dilution = 1:5000). Following washing with TBS-T, sheep anti-mouse and
donkey anti-rabbit antibodies (peroxidase conjugated, 1: 10000) were added to the
membranes. Both primary and secondary antibodies were diluted in blocking buffer.
30 The membranes were washed with TBS-T, and the blots were developed using the ECL
detection kit (GE Healthcare, Chalfont St. Giles, Buckinghamshire, UK). The



WO 2011/ 043738PCT/ SG2010/ 000380 -42 - Conpetent E. coli (Invitrogen, CA
USA) as described in the GeneCopoeia Transfornmation Protocol for cDNA

cl ones. Gubaniwa3mwere screened using PCR and DNA sequen®Cm3G2610po&st i ve

cl one was transfected into human enbryoni c ki dney (HEK) 293T cells
(packaging cell line, ATCC, VA, USA) using EndoFectin Lenti 5 transfection
reagent from GeneCopoeia Inc. (Rockville, NMD, USA). The transfection was
carried out according to manufacturer'.gji.nstructions as described in the
Lenti PacTM H V Expressi on Packagi ng Kit user manual (GeneCopoeia Inc.

(Rockvi Il - . ol e i d with DNA
EndoFect i ﬁhﬁ%lygﬁﬁ%ﬁe?@%%ﬁﬁwrggﬁg‘g? %Ad/%ﬂ% > at g&%gf%dﬁgg@dei ncubat or .
Fol | owi ngamaleredivginig AdvbePabioshop CB8. The paitddurtest vedivacd s statipicgced Wi t h
fresh nedia supplenmented with 5%fetal bovine serumand 1/500 vol une
TiterBoost (included in the kit). Incubation was continued for another 48
hours and pseudovi rus-containi ng cuylNffriFesli um was col | ected and
centrifuged to renove cell debris. Finally, the supernatant was filtered

t hrough 0. 45 , Uhspahmpleiesgiliep boadovimclmotgaiBMPdi ng filters. Aliquots of

the vi =80 15C H i i | tubul
ol 1 5 (HPTCo) HOMETEPATA alsceail oMY peminteoges St B 3B R armunt - of
virus (i nphe7reirchweoRP MidaRsh F%;Eﬁ#b?ﬁioﬁh@n%&?q@beﬁyﬁ@ﬂ was at the

sane |level as cells treated with 25 n 1n hunman reconbi nant BMP-7.

The BWP- 7 (Reskeille, M4 bt #F B\ 08A2 )Msiﬂgémmerasﬁﬁmw@a%@m(PQBé-ay

ELI SA l. . I bit:] : i - medi ,
the. BNP- 7 SERLR RO, 25 e uCRRid Bbaftl i BVP iih s Bl bt dPulIL,
| evel 1@vheforfRae PORI angslificBfidar dontsinedichethdngs tvitd redBi€iion ehagmes (Mothand ncr ease in

BMP-7 levels if the transduced cells are allowed to grow for 4 dazs ?nd 8
g{ tion

days resp&®ndydibg PCRprednes apd gherpaeglogirglynctor grbastRact atnyirogen Corpor
gamma- gl U%fa¢1g§sgerg§;s%{gﬁ8a ?HG%T [ IRDGorvESRAAP R ARARVA carried ouBRS fbtain

gama- gl ut ary erase and hornone response assays were carried
out in th&wmvBMRY or plastBac] VideeorniTihi lightpeneprotient was trassfermediinko/DE Syal |

G BRI | SR e R AN
from a5repesiMed EloRQANIGE trafstbAnddigtd DA 0 [Ba8 Fe 86k 86mpétbt dehe(Ialitkogén)a punp
and tubings. HPTCs are seeded into the upper )
containing bacmid and helper. E. coli colonies with recombinant bacmid were screened
by streaking on agar plates containing Blue-gal and relevant antibiotics. Positive
colonies are white in color. The white colonies were restreaked to confirm the presence
‘of recombinant bacmid. Recombinant bacmid DNA was isolated and transfected into
20 S insect cells (Invitrogen) using Cellfectin Reagent (Invitrogen) (a detailed protocol is
available in the Bac-to-Bac Baculovirus Expression System Manual from Invitrogen).
Recombinant baculoviral stocks were isolated (after centrifugation and filtration through
0.45 pm filters) and the titer was calculated. The virus was then used to transduce
human proximal tubule cells (HPTCs) using various multiplicities of infection (MOlIs).
25 |
EXAMPLE 4
This example demonstrates lentiviral cloning of BMP-7.
Lentiviral Vector expressing BMP-7 under CMV promoter was purchased from
GeneCopoeia, Inc. (Rockville, MD, USA) (Catalogue # EX-A0309-Lv105). SEQ ID
30  NO. 2 is the nucleic acid sequence of BMP-7 in this vector.
The clones are available in the form of filter paper discs, which were incubated in

50.ul of water fbr one hour and transformed into One Shot® Stbl3™ Chemically
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connected to the tubings. The cells are then allowed to attach to the

menbr ane worbhaor3mser ni ght before perfusion is started. PHPRGOM®NESsODt ai ned
from Anerican Type Culture Collection (ATCC, Manassas, VA. USA) and
cultivated in renal epithelial cell basal nmedia supplenented 5 with 0.5%
fetal bovine serum (FBS), 1% penicllin/streptonmycin and the renal cell
grow h kit (all conponents from ATCC).-42- Control HPTCs in the bioreactor
were cultured in the nmedia nentioned above. For BMP-7 treated cells, human

reconbi na @@? ; i . ' 25ng/ M. (1M
to the rrle(r:It:2 % ner}tzl%%llégg?ﬁﬁo ?H:??%’?g?‘??a%eg @%@ﬁégﬁ%&%l oreactor were
per fused floendfomatidaPsotpenldbit cldlddadones. ColoBliastvesry bereered sbmpd¥ER ahdET)

activit det erm ned as.descri bed (Mister, A, S S. Tate,.and OW
Giffith, U¥Aseensing: PSR © ?Q%W%éwfe&ﬁé?tOM&?%%ﬁﬁdgew: 237-53),
and the re(ﬁmﬂ%meﬁﬁgé/?kdgmgcdeﬁn&; ATCTECY A US ApusMdEndUIRERREER] Wer e

perfused with nedia (a he inlet) containing substrates for the reaction-

1nM y S5 18ragbigetaenteagentrono@endGopeeia ShetByclamite, MIAMMISAY.cYhe hysdéation ( Si gma)

for four hour ondi tionin eri . JThe flowthrough con.ng out, of. the
bi or eact orvgév%/é%rr({:eo quggécé)g % gbal%gnéu 35%%{6(5 SIJ%%%IF@% 58S Sﬁ%bgﬁ)umlfgﬁng\ﬁ aﬁth he
condi ti OniHKY Bepresthn RdeRagdifg itk mahudl (@eOdpeéia 1as (RbasalgaDaugA).epl aced
with a fresh enpty reservoir. HPTCs were then incubated with nedi a

cont ai ni ndHsly hepeckapngscalls weshmcpbaied Wit VA Fadpkrefin ladecomppipnand om t he
20 inlet ocCQ { t RS ed at
405nm usi Waﬁ%lﬁ?:@g% a{{ gy\grizacfjglra{e g@%’[?{nlﬂgloﬁsﬁﬁgéﬁ@%&%g caﬁ%ﬁf@% ed from
t he stlndauttueunedia (s oiplaedd withritesk moadie pplearentedtwidnSYo(fgtabbdviflg sepfim

4-ni troanal i Mer ck))... Since.the HPT re i pcubated faor one hour, the
GaT act vy 100sPUEER eBaeStinstivit s e e RBateR oML O
25Hor mone 43amReaRl gsbuddPies coRsindRt it 1ashitm WaoNbaBy ahdeilatbanof cells
wi th nmedi um cont ai ni ng 0. 1nM 3-i sobut y1- 1- net hyl xant hi ne (1 BMX) “( W eser,

M, G Staeieye cal depeinnFingly, the siGrermatdng was Wilterddhtosgh OAS ydrbr os, C. Riedl
H Kati nger Ll lari. and R. i Ll.ari-\Yogl auer,. 2008. hTERT al ghe
imortali é%y e‘éh&r sﬁgl}opgﬁovg—gmqesmg nd% giterﬁ'r élﬁqﬁ%tf of H}?uvll%lg MR ﬁt8fﬁd a?ﬁéﬁ:gi ng

t hei r ifuneCi onal characteristics. Am JPhysiol 30 Renal Physiol.
295: F1365-75) and exposure of cells to 100nml/1 of parathyroid _hornone
(PTH) for 3 hodfumapprney nregmat smakubylar ¢qlls (HBTEs); weredansdypewith the wer e

gglto _expos gﬁ%grgDTﬁJ BT e SAMQ vER! (if tldnbd1s) SEFPITDAL sidl dhdiGhe 1 VT E
~ BMP-7 produced was at the same level as cells treated with 25 ng/ml (1 nM) human
‘recombinant BMP-7. The BMP-7 levels were measured by enzyme-linked
20  immunosorbent assay (ELISA) (FIG. 8). FIG. 8 shows that at a dilution of 1:10
(virus:media), the BMP-7 produced by the virus in 1 day is similar to the level of BMP-7
level when Recombinant BMP-7 is added to the HPTCs. There is an increase in BMP-7

levels if the transduced cells are allowed to grow for 4 days and 8 days respectively.

25 EXAMPLE 5
This example demonstrates gamma-glutaryltransferase and hormone response
assays.
Both gamma-glutaryltransferase (GGT) and hormone response assays were
carried out in the mini-bioreactor. The mini-bioreactor is essentially a small bioreactor
30  with two chambers (upper chamber and lower chamber) separated by a polysulfone-
fullcure (PSFC) membrane. Cell culture media is perfused from a reservoir connected to

the mini-bioreactor with the aid of a pump and tubings. HPTCs are seeded into the upper
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intracel lul ar concentration of cyclic adenosi ne nonophosphate (cAMP) was
det er m nestousimg3AMP di rect immunoassay kit (Cal bi ochemcTaiGRoloioad3so of
Merck). The Bradford nmethod was used to quantify the anmounts of proteins in
cell extracts. 5For both the assays, Excel 2003 was used for al

cal cul ations and statistics (unpaired t-test). Wi | e several

enbodi ments of the present invention hayg.-been described and illustrated
herein, those of ordinary skill in the art will readily envision a variety

of other 1§,MBaNG, /tﬁree—%staﬁr%%s%o%ﬁeét% tootﬁfz bifBsn ghte*&@uJ A% noaﬂl%\x%ﬂ 4 or

obtai ning the result's and/ o e or nore of the advantages describ
her ei n, rmtadamrthommmamﬂaa&ommsightrimb’fmemtfdmbnwﬂtarmds is deened to be

within the sco res i nventio eperal.ly, e skilled in
the art will g@\%f%@ ﬁp&é%? OIPHA&Pe%‘faInnMNE’rﬁW%’QOﬁ F%ﬁé&gﬁs materi al s,
and confi ks RNY AJERA)i RALuiRhRH T A8l ERMRTallR11 Basa® XRUP ﬁbizﬂeﬁi%ﬁtehhat the
actual 15 paraneters, di'nmensions, materials, and/or configurations wll

depend Suporith 6.8 Ystsead ibpvige agpm EBS).Oo @cmameatx@atomr@m gngrtheurdnghcellhgrowth
t eachi ngs kgg%ht&gm%rg e %P f;@&gon is/are used. Those skilled in the art

will recogni certain using no nore than routine

exper i ment at i orGored yIPIqiik ﬁie&ﬁbﬁaét@r WBe cRekfih eheatibtlisnianbsedabotble
i nvention descri bed herein. is, therefore, to be understood that the

f or egoi ng FORT rekrated-gells, i@‘“ﬁ’pﬁ@rﬁt&%ﬁ MRy Miltesihypeadsierit and t hat ,
within th

v heoRcapaigh of e APRNA, ANRA AL SUNAL BALS, IEERIR i
cl ai né6. hhercprteseeatk perfusmlfoofour dayi inetitoaskst o each i ndi vi dual feature,
system article rial d/ or, net o

aédl tion, any c%%?’iﬂ%#eﬁfe{ ?CtWHVéN a8 lfi‘? Escngﬁéﬁ@ﬁ’éter drticl es,
mat eri al s,g &itdie, aA0E W, @&ﬁtﬁeqb@ﬁsemasgﬁaﬂﬁ%ﬁgp%ﬁadagysm%ds ahbhkdies,

materials, kits, and/or nethods are not nmutually inconsistent, is’included
wi thin the77s?c36p-‘e3)o¢ndtth@rq5rﬂé%@msh¢werﬂ%r2 Y TCsisftheininidrieteacter werei ned and

used herein rstood to. cont di cti.ona efinitions,
definiti orngﬁlf‘le d‘g]@g%ﬁ{au(nﬂﬁ Stglg:%qt@&m&;uﬁ%traé eﬁﬁ@e TE3PBY {%‘P’g?’ nary

meani ngs cgﬁutblml-ﬁ@ﬁﬂrmﬁlde%@na) 3Rd b@deﬁ% yrtgt}@u@r(s@iﬁ% fdur Rifs " an, * as
used herein in the specification and in thé clainms, unlfess clearly

i ndi cat ed (@Qﬁdﬁf@ﬂ%g)mrmib y The flewtthrayeh gpaiinaseus of thedioneagtor wes ¢adlested at a

separate reservoir (outlet). Following the conditioning period, the reservoir at the outlet
was discarded and replaced with a fresh empty reservoir. HPTCs were then incubated
‘with media containing the substrates for one hour (assay period). The media from the

20  inlet and the outlet was collected and the absorbance was measured at 405nm using a
microplate reader. GGT activity in cells was calculated from the standard curve (plotted
using known concentrations (¢mol/ml) of 4-nitroanaline (Merck)). Since the HPTCs
were incubated for one hour, the GGT activity is presented as production of 4- A
nitroanaline ymol/ml/hr.

25 Hormone response in HPTCs was determined by overnight incubation of cells
with medium containing 0.1mM 3-isobutyl-1-methylxanthine (IBMX) (Wieser, M., G.
Stadler, P. Jennings, B. Streubel, W. Pfaller, P. Ambros, C. Riedl, H. Katinger, J.
Grillari, and R. Grillari-Voglauer. 2008. hTERT alone immortalizes epithelial cells of
renal proximal tubules without changing their functional characteristics. Am J Physiol

30  Renal Physiol. 295:F1365-75) and exposure of cells to 100nmol/l of parathyroid
hormone (PTH) for 3 hours at 37°C. (Control cells in the first bar in FIG. 1 were not

exposed to PTH whereas control cells in the second bar in FIG. 1 were exposed to PTH).



one." - 45 - The phrase "and/or," as used herein in the
specification and in the clains, should be understood to nean "either or
bot h" of wbeoslsBats so conjoined, i.e., elenments that parsGeonjonessoi vel y
present in some cases and disjunctively present in other cases. Miltiple
elements listed wwth "and/or" should be construed in the sanme fashion,
i.e., "one 5 or nore" of the elenents so conjoined. Qther elenents may
optionally be present other than the elenments specifically identified by
the "and/or" clause, whether related or unrelated to those el enents
specifically identified. Thus, a non-limti e | e, reference to "A
and/ or BTheGelsversdysef fod & lﬂﬁ?;‘feiBﬁI ﬁ?ﬁcﬁn%%-é%%%é(sfégiq%r‘%gﬂ%‘ge such as
‘conpri sipgg ﬁcﬂs@h&t@f(@AM}? RvaQ ABteRNRRALERE L AMP difed Muhubopsiyokial | y i ncl udi ng
el ement s ther than Bj; in another enbodinent, to B only (optionally

i ncl udi ngCabivbernsaftitinterof tvherak)A)TheBradferd mathor arasasesbigi ety the both A and
B (optional lﬁ i rﬁlcl L{di nﬁ]eoiheecEr gtlserrents); etc. As used herein in the
speci fi c OGRS hGTHTE Ol AL 5 " “Shoul d be understood to have the same
meani §g as " andt Beth tAS asdefd, Brekl 200y eas ke fexalirpdleylatidisrand spsistatsi ng 15 i tens
inalist, "or" or "and/or" shall be interpreted as being inclusive, i.e.,

t he i ncl @eimsiredt-tagh). | east one, but al so including nore than one, of a
nunber or list of elenents, and, optionally, additional unlisted itens.
Only ternms clearly indicated to the contrary, such as "only one of' or
"exact|y one ofhile ssveralbmbodiseatsiof theheresanainventioclavsibsen aeggeabedang | | ref er
to the inclusion of exactly one el ene of nunher or. |i st . | nts. In
gener al , iBestiated f{eéﬁil‘iﬁﬂt'%ﬁe'Ofé’él&B%reY(f{(ﬁ]e‘PEé%mg Wzlil FeaghY Y Bt e 'ét %&eot%g as

i ndi ggt i qgeéﬁ%( 3116&7& MBaclrbEfoR Phif¥Bfing theSunctiORS abd/of Higtaidirethe Pasultnaid/d@ot h*)
when preceded by terns of exclusivity, such as "either," "one of," "only
one of ," ome ot moacof the @deantdges descohed rﬁlﬁgalé’s@?@htoifélﬂquwt,lon%ﬁ’éz’rused in the

cl ai ms, shal. ave.its ordinary,neani S in: £ a| nt | aw.
ps used HERGRRRLoR: iseuRade PR BYPIERE sierh e Rivbition, MireXenBBI Y | 20t
one, " in R&elRiiRUSNER drowdl tehdily fprevive tat aib perasleers rirmensidnsindtetials,
understood to nean at | east one_elenment selected fro ny.,one_or nore of
the el ememdsonfigurponsdescriffed desimpreancagt o hegxe sy 8] ﬁa%ﬂaeﬁeﬁua ing at

| east, one_of h. . i of G i iSdead vpbh Heyptdific! i st of
el ement s panadneﬁgrt%’ %ﬁ% %gfisﬁg&é‘ﬁ?ﬁ%ﬁ%ﬁ&a{?‘?gﬁg&fg# ﬁllﬂgrriﬁr_\t S }Mr)\ thepl i st of

el ement s. applitaiodaliapplidationsfos ovhadh theveathiags ef thaprasentiayentipe issraLssd- be

present ot her than the 30el ements specificall dent.ifie i & Ni list
of el ementlose gkillgd inthe pg rrﬁ%ogm'zﬁtgrl s ie t8r"f‘8¥e¢aél} e n(\’/\ﬁ%’%%lrgh ?Oel%da?'t%ed or
unr el at edexheriﬁ@&%ﬁo&,' SivaRaE th edpleyific daiboidfrh @t offthe fveatiorn

non-limting exanple, "at 1east one of A and B" (or, equivalently, "at

| east onedeséribkd H@IROI 14, 0USTREREThSEXBIHPGHHBEHE foregoing embodiments'are
20  presented by way of example only and that, within the scope of the appended claims and

equivalents thereto, the invention may be practiced otherwise than as specifically
described and claimed. The present invention is directed to each individual feature,
syétem, article, material, kit, and/or method described herein. In addition, any ‘
combination of two or more such features, systems, articles, materials, kits, and/or
25  methods, if such features, systems, articles, materials, kits, and/or methods are not
mutually inconsistent, is included within the scope of the present invention.

All definitions, as defined and used herein, should be.understood to control over
dictionary definitions, definitions in documents incorporated by reference, and/or
ordinary meanings of the defined terms.

30 The indefinite articles “a” and “an,” as used herein in the specification and in the

claims, unless clearly indicated to the contrary, should be understood to mean “at least

22

one.



-46 - or B," or, equivalently "."'at |east one of A and/or B") can refer, in
one enbodinent, to at | east one, optionally including nore than one, A

wi th no Bvpnresans73gand optional ly including el enents ot lrem/sGhenn/oB)380i n

anot her enbodi nent, to at |east one, optionally including nore than one, B,
with no A present (and optionally including elenents other 5 than A); in
yet anot her enbodi nent, to at |east one, optionally including nore than
one, A and at |east one, optionally i.asl.uding nore than one, B (and
optionally including other elenents); etc. It should al so be

under st ood th atr, gl{?llalg% iﬁn&kfg?’rdsms.é@ﬁérgiﬁtiﬁ ﬂxet eliRGatfAaah Yhe él:ﬂ néhg hods

clainmed herein't nore than one step or act, the ordet t he
st eps or bBuaddrsoond to theamftdithedor wthitdf thedemsafs isb gohjoinetl gick. taberhds thatler i n

whi ch the steps or. :ilcts of .t he net hod qa&.e. recieied. ) tgn the clains, as
vel | as i A'IPRIUEHRYESY PLesetdn sofpe §ases giq g eieyery TSt Phoee@sSuch as

"conpri si RgyliipleleRedhel 1fGed with 35dd/ér Should BE¥bAued E @R B Filion, 1.4. MV NG, "
"hol ding," "conposed of," and the |like are to be understood to be
open- ehdedr miore? of theoelemments $6 corgbindd.nQthsoelementsimay eptibnally bopteyert logher

transitional .phrases "consisti.ng.of . and . copsisting essenti al of ' shall
be. T oseq i BLHRSER BT RoDN it B o7 i o680 bR BRREN ANt 1 oreh
i n the Uniuhethisd ttBsseRidngdts §getificsllMuetiafied  THR] & ndeXRmitHg & afpRe gdur es,
Section 2111.03. Wat is claimed is: W 2011/ 043738PCI/ SG2010/ 000380 -47 -

CLAIMS  referepcatet Worpd/Qidhp mbsn iged insnpiiaetiongwah ppen-andedyanguagesish apr oxi mal
ubuLe, oLl Ltk N SR AP
10 other than B); in another embodiment, to B only (optionally including elements other
than A); in yet another embodiment, to both A and B (optionally including other
elements); etc.
As used herein in the specification and in the claims, “or” should be understood
to have the same meaning as “and/or” as defined above. For example, when separating
15 itemsin a list, “or” or “and/or” shall be interpreted as being inclusive, i.e., the inclusion
of at least one, but also including more than one, of a number or list of elements, and,
optionally, additional unlisted items. Only terms clearly indicated to the contrary, such
as “only one of” or “exactly one of,” or, when used in the claims, “consisting of,” will
refer to the inclusion of exactly one element of a number or list of elements. In general,
20  the term “or” as used herein shall only be interpreted as indicating exclusive alternatives
(i.e. “one or the other but not both”) when preceded by terms of exclusivity, such as
“either,” “one of,” “only one of,” or “exactly one of.” “Consisting essentially of,” when
used in the claims, shall have its ordinary meaning as used in the field of patent law.
As used herein in the specification and in the claims, the phrase “at least one,” in
25  reference to a list of one or more elements, should be understood to mean at least one
element selected from any one or more of the elements in the list of elements, but not
necessarily including at least one of each and every element specifically listed within the
list of elements and not excluding any combinations of elements in the list of elements.
This definition also allows that elements may optionally be present other than the
30 elements specifically identified within the list of elements to which the phrase “at least

one” refers, whether related or unrelated to those elements specifically identified. Thus,

as a non-limiting example, “at least one of A and B” (or, equivalently, “at least one of A



5 agonist to inhibit tubule formation and/or inprove cell performance by
the plurality of renal proximal tubule cells. 2. The nethod of claim1,
conpri si yocontastssng a plurality of renal proximal tubece/sceilo®ozsoa
fluidic device with sufficient BMP-7 or functional variants or functional
10 fragnents thereof to inhibit tubule formation. 3. The nethod of claim
1, wherein the renal proximal tubule cells are genetically nodified to
overexpress the BMP-7 or functional vaggants or functional fragnents

t hereof and/or the BMP-7 agonist. 15 4. The method of claim1l, wherein the
renal proximgl tubul el t] W LEI t he
ap 7 or Sreerotan faff eRhneGhEahaR p¥) Rclor i ohP BRI S5 ]

met hod ofegdtahe) cptiond1Briatlndingendit wizal dniey Apfvith @0 @ prese (amel orttiohailye cel |s are

contacted with BMP-7 or functional variants or funcﬁional frqﬁgﬁnts
t her eof . BClpimgRiemeds ofhercthan B):gn appibeiesmbadipens; toraflgast,onss OPRMRLY pr oxi nal

tubule c eihgﬁgﬁg%&g ?ﬂ@cc;n%dBV\@th n@%’?l%sen% Pand’o ti-gﬁﬁl}nﬁalﬁﬁ%gcglelﬁ&ﬁé Biher

wherein t unctTonal “varfants or unct i‘ona ragments thereof is
preserst ithaa A)pinoeninotiidremboflinadnt, te asltead ofiedytionally ingludiftgamenstthasdonsf ¢l ai m

1, wherein the plurality. of renal_ proximl tub el l.s are 30.cont.acted
W th e eve sndaglibine, oifishaly gifa ecarstiad God 2as o gndteGRURE
met hod of ¢igly@hd); &c. Wherein the BVP-7 agonist is an isoformof KCP or '

functiona? vari‘ants or functional fragnents thereof. 10. The net hod of
claim 1, wher eltshotié alsb be ahdergtood thagrimilesp elosalyrindicatas o dhe eqnitrgrya i ary

residing Redds glre]tﬂlinie%el{errrg% ?l-lla(te in@urg%rrﬁ(r)]r% ‘than one step or act, the order of the steps or

10  acts of the method is not necessarily limited to the order in which the steps or acts of the

method are recited.
In the claims, as well as in the specification above, all transitional phrases such as

“comprising,” “including,” “carrying,” “having,” “containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-ended, i.e., to mean

15  including but not limited to. Only the transitional phrases “consisting of”” and
“consisting essentially of” shall be closed or semi-closed transitional phrases,
respectively, as set forth in the United States Patent Office Manual of Patent Examining
Procedures, Section 2111.03.

What is claimed is:



11. The method of claim 10, wherein the plurality of renal proximl tubule
cells forma nonol ayer on the sem -perneabl e nenbrane. 1012. The net hod of
claim1l, wbenaioastke fluidic device is an extracor por ealPCUSG2e®/0D@BS0
treating blood froma patient. 13. The method of claim 10, wherein the
fluidic device is a bioartificial kidney conprising an ultrafiltration unit
and a reabsorption unit, the reabsorption unit 15 conprising the

sem - perneabl e nenbrane. 14. The nethag of claim 13, wherein the plurality
of renal proximal tubule cells are residing on a surface of a hollow fiber
menbrane. 20 15. The net hod of claln1éﬁAJwQ@re|n the surface is an inner
surface of the hollow fiber nenbrane 6. The nethod of claim11, wherein
the fluidic dew methodnqomigrimgt east one renal ceI | type selected fromthe

group consi sting of distal tubule cells, i ng ells,
podocytes, cel cautget nxgr?eplwﬂwf&%%mm@a ﬂlwaﬂv@m%ﬂcgmﬂm The

met hod of s@ﬁ@ieﬁ’c BRIP-MAE FlcRodd! 9aRintd Gﬁﬁﬁlct%}?dl fﬁ@xﬁlan@ Bleked®%RABE S BIMBYP- 7 oOF

functional variants or functional fragnments thereof and/or a BMP-7 agoni st.
3018. The agtmsido ofhilyii tubme formdtimneind/or ipfavaicell perfiemianee by therpleeltyranal
fibroblasts. 1 2%%1%843%§BPCT/ S&010/ 000380 -49 - 20. A net hod,

conpri si nffnal proXimief oG ¢QllS- 2 bl urality of renal proximal tubule cells in a
fluidic device with sufficient BMP-7 or functional variants or functional
fragments _thereof and/or a 5 sufficient anount of a BMP-7 agonist to

i nhi bit dé-difflee @rﬁhoaltqf@ﬂﬁu@fl EHBPHERE Coppgitgraplutalibupiaead preximal tupyle The

et hod_of o} ah 0 R0ic WBSE bin i SR PN FIR b8 68k Eoib R genet f cal 1y

nodi fi ed fo over express unc |ona variants or rtuncti onal
f r agmedt s fragmete Itl&méofao thhdwsit tubaeleBdbinkatibnagoni st .

3. The method of claim 1, wherein the renal proximal tubule cells are genetically
modified to overexpress the BMP-7 or functional variants or functional fragments
thereof and/or the BMP-7 agonist.

15
4. The method of claim 1, wherein the renal proximal tubule cells are genetically
modified to overexpress the BMP-7 or functional variants or functional fragments

thereof.

20 5. The method of claim 2, wherein the plurality of renal proximal tubule cells are

contacted with BMP-7 or functional variants or functional fragments thereof.

6. The method of claim 5, wherein the plurality of renal proximal tubule cells are
contacted with BMP-7.

25
7. The method of claim 5, wherein the BMP-7 or functional variants or functional

fragments thereof is present in a concentration of at least 0.5 nM.

8. . The method of claim 1, wherein the plurality of renal proximal tubule cells are

30  contacted with a BMP-7 agonist.



22. The method of claim20, wherein the renal proximal tubule cells are
genetically nodified to overexpress the BMP-7 or functional variants or
functi onavofnagrersss thereof. 15 23. The nethod of cl aiPoTAG20mves3sin t he
renal proximal tubule cells are contacted with BMP-7 or functional variants
or functional fragnments thereof. 24. The nethod of claim 23, wherein
the renal proximl tubule cells are contacted 20 wwth BMP-7. 25. The

met hod of claim 20, wherein the BMP-7 gy_functional variants or functional
fragnents thereof is present in a concentration of at least 0.5 nM 25

26. The net hod of cl ai . Wherein th al ity . e el tubul e
cells ar & cont@&%ﬁﬁﬁfﬁgg{n\é%ﬁﬂ?ﬂ%g?ﬁe%w)%%ﬁé lgre ﬁggﬂ&&cﬁgﬁb §1P26,
wher ei n tehe  RNE varBR M $ndidnd TrdeaRhRriReéf. KCP or functional variants or
functional fragnents thereof. 30 WD 2011/ 043738PCT/ S&G010/ 000380 - 50 -

29. The net hod of claim 20, wherein the fluidic device is an extracorporeal

device far, treating,blao f J | #fﬁi L 28
wherein the fl edP%‘ha‘i\‘?f%%mji{ g’r%&gggyﬁeﬁhaﬁgpf %Hgl ey 1@%?71)@?1136;%&3& gﬂr?
ul tr afsi | tealingdnWieiniPeeneubledbsbrapt on unit, the reabsorption unit
conprising the sem -perneabl e nenbrane.

11.  The method of claim 10, wherein the plurality of renal proximal tubule cells form

a monolayer on the semi-permeable membrane.

10 12.  The method of claim 1, wherein the fluidic device is an extracorporeal device for

treating blood from a patient.

13.  The method of claim 10, wherein the fluidic device is a bioartificial kidney
comprising an ultrafiltration unit and a reabsorption unit, the reabsorption unit

15 comprising the semi-permeable membrane.

14.  The method of claim 13, wherein the plurality of renal proximal tubule cells are

residing on a surface of a hollow fiber membrane.

20 15, The method of claim 14, wherein the surface is an inner surface of the hollow

fiber membrane.
16. The method of claim 1, wherein the fluidic device comprises least one renal cell
type selected from the group consisting of distal tubule cells, collecting duct cells,

25  podocytes, cells of the thick ascending limb, and fibroblasts.

17.  The method of claim 16, wherein the at least one renal cell expresses BMP-7 or

functional variants or functional fragments thereof and/or a BMP-7 agonist.
30 18.  The method of claim 1, wherein the fluidic device comprises renal fibroblasts.

19.  The method of claim 18, wherein the renal fibroblasts express erythropoietin.



31. The nethod of claim 30, wherein the renal proximal tubule cells reside
on a 10 surface of a hollow fiber nmenbrane. 32. The nethod of claim 31,
wherei n twe 2uwi4a38 i s an i nner surface of the holl ow f iPh@EsGrenoeasse.

1533. The net hod of claim 20, wherein the fluidic device conprises |east one
renal cell type selected fromthe group consisting of distal tubule cells,
col l ecting duct cells, podocytes, cells of the thick ascending |inb, and

fibrobl asts. 34. The nethod of claygm 33, wherein the at |east one
renal cell expresses BMP-7 or 20 functional variants or functional
fragnents thereof and/or a BMP-7 agoni st. 35. The nethod of claim 20,
wherein the fluidic device conprises renal fibroblasts. 36. The net hod
of claimg% WwWaeh&hdd,cBprisingl fi brobl asts express erythropoietin. 25

37. A nmethod, conprising: adm ni sterijng % Lh§3§ESUtiQ anqﬂnt of BMP-7
or functional eamtictings$ phirakityrnfuensharoxipalgHere sellyiaadndigdgyriss WAhBMP agoni st

systemcal ly to j . i - I | ants or
Funct1 onal s NP bihe T LB ARt Bl Ut RO g ¢

30essent i alffiyieaamtdunt ofis BWIP-7aionied tosnhibit de-differétiation of thewesa praxipel si ng
said cells_in fluid comunication with the patient. WD

2011/ 043788PlEe$2010/ 000380 - 51 - 38. The nethod of claim 37, wherein
the fluidic device conprises a plurality of renal proximl tubule cells.

39. The nethod of claim COO, wherein the plurality of renal proximal tubule
cel | s 5 geher afke tiethoBMPclaimr20f whereinoha kenabpioaimal tebule gellstardaepictiealignent s

t her eof and/ or BMP7 i 40. The..net.hod i inth
plurali tynlﬁ’fi%}eéﬁ%lov?f?@%?%gP%’?@rgﬂ%flggﬁe‘%g?rgg 89@:5{{}}%3&3 uﬁf(‘lzt : gnal ©
variangs ®erdofBfd/brimaBNIPaBRALsE t her eof .

22. - The method of claim 20, wherein the renal proximal tubule cells are genetically
modified to ovérexpress the BMP-7 or functional variants or functional fragments
thereof. V

15

23. The method of claim 20, wherein the renal proximal tubule cells are contacted

with BMP-7 or functional variants or functional fragments thereof.

‘24, The method of claim 23, wherein the renal proximal tubule cells are contacted

20  with BMP-7.

25. The method of claim 20, wherein the BMP-7 or functional variants or functional

fragments thereof is present in a concentration of at least 0.5 nM.

25 26.  The method of claim 20, wherein the pluraiity of renal proximal tubule cells are

contacted with a BMP-7 agonist.

27.  The method of claim 26, wherein the BMP-7 agonist is an isoform of KCP or
functional variants or functional fragments thereof.

30

28. The method of claim 20, wherein the renal proximal tubule cells reside on a semi-

permeable membrane.



10 41. The nethod of claim40, wherein the plurality of renal proxinal

tubul e cells generate BWP-7. 42. The nethod of claim 37, wherein at

| east somwoabittdierssel | s are genetically 15 nodified i n ®CESG2010/000380 eXPr eSS
BMP-7 or functional variants or functional fragnments thereof and/or a BMP-7
agoni st . 43. The nethod of claim42, wherein at | east sone of the cells
are genetically nodified with an expression vector conprising a nucleic

aci d sequence coding for BMP20 7 or a_ jgnctional variant or functional
fragment thereof. 44. The nethod of claim43, wherein at |east some of the
cells are genetically nodified with an expression vector conprising a

nucl eic acid sequence coding for BMP- 7. 25 45. The nmethod of claim 44,
wher ei n tde exfHeas&heMoVESDP0, AR siRsfladividel e ds acéxdracotpecaal deviceat
hybridizes to the nucleic acid sequence set forth in SEQ ID NO 2 under

hi gh st rifegeertipedbond fremadatientd degenerates, conpl enents, and uni que
fragments thereof. 30 WD 2011/043738PCT/ S&G2010/ 000380 - 52 - 47. The

met hod of claim COO, wherein the plurality of renal proxinmal tubule cells
are c@nt a3t ed ThetetBdPof/claim 28,48nherdin ehaitidimdievicead abmagificialtradneyn t he BMP- 7

or functional variants.or .functi onal fragnents thereof. has..a
concent r RYRISEE aétuq‘ir%f&gf‘u@ 'Smh?%({]a %@Esoﬁﬁéoq’rfg’[‘h rS?q)S(?fpé’loﬁ"nu?f, wherein the

plurali tycogﬁprfsﬁ%ﬁhe R deimEafie Hthfral | s are contacted with a BWP-7
agoni st. 10 °50. The nethod of claim49, wherein the BMP-7 agonist is an

i soform of KCP or functional variants or functional fragnents thereof.

31.  The method of claim 30, wherein the renal proximal tubule cells reside on a

10  surface of a hollow fiber membrane.

32. The method of claim 31, wherein the surface is an inner surface of the hollow

fiber membrane.

15 33.  The method of claim 20, wherein the fluidic device comprises least one renal cell
type selected from the group consisting of distal tubule cells, collecting duct cells,

podocytes, cells of the thick ascending limb, and fibroblasts.

34,  The method of claim 33, wherein the at least one renal cell expressés BMP-7 or

20 functional variants or functional fragments thereof and/or a BMP-7 agonist.
35. The method of claim 20, wherein the fluidic device comprises renal fibroblasts.

36. The method of claim 35, wherein the renal fibroblasts express erythropoietin.
25
37. A method, comprising:
administering a therapeutic amount of BMP-7 or functional variants or functional
fragments thereof and/or a BMP agonist systemically to a patient, wherein the BMP-7 or
funcﬁonal variants or functional fragments thereof and/or a BMP-7 agonist is generated
30 essentially continuously from cells within a fluidic device comprising said cells in fluid

communication with the patient.



51. The met hod of claim 46, wherein the cells forma nonol ayer on the sem -
perneabl e menbrane. 15 52. The method of claim 37, wherein the fluidic
devi ce i swanoex4sBsor por eal device for treating bl ood fPomS&2p@IoNES0 .

53. The nethod of claim46, wherein the fluidic device is a bioartificial

ki dney 20 conprising an ultrafiltration unit and a reabsorption unit, the
reabsorption unit conprising the sem -perneabl e nenbrane. 54. The nethod
of claim 38, wherein the plurality of gjenal proximal tubule cells reside on
a surface of a hollow fiber menbrane. 25 55. The method of claim 43,

wher ei n the expressi on nucl e
oper ably 3Bi nkéde ﬂéPdp?fc?r?d'Pcel{7 W?‘nip é’g?ﬁﬁf e ?’u gr]; § ggtg%vxﬁm?; n the
expr essi fbx\l’lﬁﬁltt%uﬁ‘é@l@s“ sing the nucleic 30 aC| d nol ecul e or degenerate or

conpl ement thereof is operably linked to a pronoter. WO
2011/043738PCT/SG2010/000380 - 53 - 57.The nethod of claim 37, wherein the

cells copgpris ea n i
consi sti 58 of (E’Ieﬁ‘é]il cf?fbngl %Lhe&%:ﬂ} eﬁlﬁﬁléﬁ ‘e‘ﬁaﬁ?({ 1&@%2%8%5?%5 cells
of the tBLgda@IGSBMMNY of ﬁmbnomdalﬁms obfuasticnal FragiBerth thenetf hodfond BMRi m 57,

wherein the cells further conprise renal proximal tubule cells. 59.The
met hod of7 agbaistn 37, wherein the cells conprise renal fibroblasts.

40.  The method of claim 39, wherein the plurality of renal proximal tubule cells
generate BMP-7 or functional variants or functional fragments thereof.
10

41;  The method of claim 40, wherein the plurality of renal proximal tubule cells

geﬁerate BMP-7.

42. The method of claim 37, wherein at least some of the cells are genetically
15 modified in order to overexpress BMP-7 or functional variants or functional fragments

thereof and/or a BMP-7 agonist.

43.  The method of claim 42, wherein at least some of the cells are genetically
‘modified with an expression vector comprising a nucleic acid sequence coding for BMP-

20 7 or a functional variant or functional fragment thereof.

44. The method of claim 43, wherein at least some of the cells are genetically

modified with an expression vector comprising a nucleic acid sequence coding for BMP-

7.

25
45.  The method of claim 44, wherein the expression vector comprises a nucleic acid
molecule that hybridizes to the nucleic acid sequence set forth in SEQ ID NO: 2 under
high stringency conditions, and degenerates, complements, and unique fragments
thereof.

30

46.  The method of claim 37, wherein the cells reside on a semi-permeable membrane.



10 60. The nmet hod of claim59, wherein the renal fibroblasts express
erythropoietin. 61. The nethod of claim42, wherein at | east sone of the
cell s arewgenatdi4smBl y nodified with an expressi on vect oPCTGGROT09DIBI0 a

nucl eic acid sequence coding for an isoformof KCP or a functional variant
or functional fragment thereof. 15 62. The nethod of claim61l, wherein at
| east sone of the cells are genetically nodified with an expression vector
conprising a nucleic acid sequence coding for an isoformof KCP. 20 63. The
met hod of claim 62, wherein the expression vector conprises a nucleic acid

nol ecul e at bridizes to nucl ei.c aci d. > h19 2EQ | D
NO 4 or ‘géQ I W&‘Sé Giﬁlé}m Haghwg?r?]inn 12 @f/ﬁgiﬁg%? ?@%g,ilﬁgl}]gﬁg}a%eérl\lgr at es,

conpl ementsiaciadyiBape7f ragnent s thereof. 25 64. An apparatus, conpri sing:
a fluidic device conprising a plurality of host cells genetically nodified

for overexpression of BMP-7 or functional variants or functional fragnents
thereof apd/orpa BIVP. L8Y - w9 BRAFHMSnA v afkidh B Sictipher ei n
t he host Ccell sTl?fr@Ié@gégﬁg%ir}%é?h‘ﬁﬁé}?ﬁg{ﬁgﬁgpl s. - %4V- 67. The apparat us
of cl & m Sdgmamierheidof Bis 4 eartntsmion ofht khe OcehMs are genetical |y nodified
W th an expression vector conprising a nucleic acid sequence coding for
BMP7 or functional variants or functional fragnments thereof. 5 68. The

appar at us;@f c{pl MB.6d MR 1ED, RherbRARL pRATRY Of rénBEprefinas ndufe @fivatd cal |y
nodi fied w'th an expression vector conprising a nucleic acid seqguence

codi ng f oconBMRA. witkh a BN Teagapistr at us of cl ai m 68, wherein the expression
vector conprises a nucleic acid nolecule that hybridizes to the nucleic
acid sequence set forth in SEQ ID NO 2 under high stringency conditions,

and dggensg at egpe fRIARDIVIRRIIS 492R Herdi Bt B MIP-Igigbitissis ah éyofain ofIRCPOr The
apparatus of claim 64, wherein the cells reside on a sem -perneabl e
functional variants or functional fragments thereof.

51. The method of claim 46, wherein the cells form a monolayer on the semi-

permeable membrane.

15

52.  The method of claim 37, wherein the fluidic device is an extracorporeal device

for treating blood from a patient.

'53.  The method of claim 46, wherein the fluidic device is a bioartificial kidney
20  comprising an ultrafiltration unit and a reabsorption unit, the reabsorption unit

comprising the semi-permeable membrane.

54.  The method of claim 38, wherein the plurality of renal proximal tubule cells
reside on a surface of a hollow fiber membrane.

25

55.  The method of claim 43, wherein the expression vector comprising the nucleic

acid sequence is operably linked to a promoter.

56. . The method of claim 45, wherein the expression vector comprising the nucleic

30 acid molecule or degenerate or complement thereof is operably linked to a promoter.



nmenbrane. 71. The apparatus of claim70, wherein the cells forma nonol ayer
on the sem - perneabl e nenbrane. 20 72. The apparatus of claim 64, wherein
the flui dvo2demi4eB8i s an extracorporeal device for treafCmgceoomdodse om a
patient. 73. The apparatus of claim®66, wherein the bioartificial kidney
conprises an 25ultrafiltration unit and a reabsorption unit, the
reabsorption unit conprising a sem - perneable nenbrane. 74. 'The
apparatus of claim 73, wherein the celsss reside on a surface of a hollow

fi ber nmenbrane. 30 WO 2011/043738PCT/ SG2010/ 000380 - 55 - 76. The apparat us

of cl ai m_g9, erei.n the ex ssion vector ri S Leacid
sequence 2ér dﬁlg% Hlfﬂﬁdeor}(?}al P’Vi%em tvn'Fﬁgﬁ%%%%%egggrqgﬁne?ﬁﬁﬁE%—:lgt}@g a

pr omot er gelBetdd fréfeh pRADRbHSstafe ¢l didtan thidule vélls edltectihg Heastlls prdoaytest he
cells are genetical Iy nodified with an expression vector conprising a

nucl ei ¢ aclixpfsheihickorscesimsmmbornddirpRlafidr m of KCP or a functional vari ant
or functional fragnment thereof.

5 58.  The method of claim 57, wherein the cells further comprise renal proximal tubule

cells.
59. The method of claim 37, wherein the cells comprise renal fibroblasts.

10  60. | The method of claim 59, wherein the rénal fibroblasts express erythropoietin.
61. The method of claim 42, wherein at least some of the cells are genetically

modified with an expression vector comprising a nucleic acid sequence coding for an

isoform of KCP or a functional variant or functional fragment thereof.

15
62. The method of claim 61, wherein at least some of the cells are genetically
modified with an expression vector comprising a nucleic acid sequence coding for an
isoform of KCP.

20 63. The method of claim 62, wherein the expression vector comprises a nucleic acid

molecule that hybridizes to the nucleic acid sequence set forth in SEQ ID NO: 4 or SEQ
ID NO: 6 under high stringency conditions, and degenerates, complements, and unique

fragments thereof.
25 64.  An apparatus, comprising:
a fluidic device comprising a plurality of host cells genetically modified for
overexpression of BMP-7 or functional variants or functional fragments thereof and/or a
BMP-7 agonist. ‘

30 65. The apparatus of claim 64, wherein the host cells are renal proximal tubule cells.

66.  The apparatus of claim 64, wherein the fluidic device is a bioartificial kidney.



78. The apparatus of claim 77, wherein at |east sone of the cells are
genetically 10 nodified with an expression vector conprising a nucleic acid
sequence woadnng48m8 an i sof orm of KCP. 79. The appar at @sT6G2¢10a00837 8,
wherein the expression vector conprises a nucleic acid nol ecul e that

hybri di zes to the nucleic acid sequence set forth in SEQID NO 4 or 15 SEQ
I D NO. 6 under high stringency conditions, and degenerates, conplenents,
and uni que fragnments thereof. 80. Ansgpparatus, conpri sing: a
fluidic device conprising a sem -perneabl e nenbrane, wherein a non-cellul ar
20 conponent of the apparatus is configured for controlled rel ease of BWP-7
or functional variants or functional fragnments thereof and/or a BMP-7

agoni st. 681, Tihe apppatapielabn 64) where®Git Idast soherof slonealls simgenetiealy pr oxi mal

t ubul e cel . n.the.sem - perneabl e nenprane, 25 82. The tus of
Lo 0. mRUEr R a8 SRR BRLIRARNE SRS sdRedt pofihe SPBRIER' 1,
appar at us 7adr feha@ionh8Qriatd oF Ainttibha fRgHenRehdrea! e nenbrane is configured
for controlled rel ease of BMP-7 or functional variants or functional

fragrreﬁts t hereof 30 and/or a BM P-7 agoni st.

WO
2011/ 0437 38PCTHCAOLOA00RE0 67 Cuerl T NS ABRR A5 0 ofd Bty wherei 1

the sem - per nea rane conprises a urali es configured
for contr ehddied itk as expéssRivRrettacofnprising anaklekeddidsdqaenve dodingtfoOBRMP-
fragnents t hereof and/or a BMP-7 agoni st. 5 85. The apparatus of claim 80,
wherein tHe non-cellul ar conponent of the apparatus is configured for
controlled release of BMP-7 or functional variants or functional fragnents
t her eof . - 86. The apparatus of claim85, wherein the non-cellular
conpoh@nt 68f t Haeapprartys obclaion b8, wamtingle expréssioncenior odthpidses elnsakie of

BMP- 7. acid molecule that hybridizes to the nucleic acid sequence set forth in SEQ ID NO: 2
under high stringency conditions, and degenerates, complements, and unique fragments

thereof.

15 70.  The apparatus of claim 64, wherein the cells reside on a semi-permeable

membrane.

71. The apparatus of claim 70, wherein the cells form a monolayer on the semi-
permeable membrane.

20
72.  The apparatus of claim 64, wherein the fluidic device is an extracorporeal device

for treating blood from a patient.

73.  The apparatus of claim 66, wherein the bioartificial kidney comprises an
25  ultrafiltration unit and a reabsorption unit, the reabsorption unit comprising a semi-

permeable membrane.

74. * The apparatus of claim 73, wherein the cells reside on a surface of a hollow fiber
membrane.

30
75.  The apparatus of claim 67, wherein the expression vector comprising the nucleic

acid sequence is operably linked to a promoter.



87. The apparatus of claim 80, wherein the non-cellular conponent of the
apparatus is configured for controlled rel ease of a BMP-7 agonist. 15

88. The appenratiwm3®s cl aim 87, wherein the BMP-7 agoni st PC3/S&R010906380 m Of
KCP or functional variants or functional fragnments thereof. 89. The
apparatus of claim80, wherein the fluidic device is an extracorporeal
device for treating blood froma patient. 20 90. The apparatus of claim
80, wherein the fluidic device is a bigartificial kidney conprising an
ultrafiltration unit and a reabsorption unit, the reabsorption unit
conprising the sem -perneabl e nenbrane. 2591. The apparatus of clai m 80,
further conprising at | east one renal cell type selected fromthe group
consi sti ng, of "ﬂﬁ@tp%laratd&biﬂc&hﬁ&i% s/heeil the ekpregsictidctarabohprisingdbcyidsic cel | s
of the thick ascending linb, and fibrob]asts. 92. Tﬁg*a aratus of claim
80, furt isid weanpRdeHr AGEEFHT OF q%ﬂ&ﬁﬂﬁ@ﬂ%@fﬁ@‘és gperably ﬁ‘g 3 PIOAAYTS | ng:
W02011/ 043738PCT/ S&010/ 000380 - 57 - adm ni stering BMP-7 or
functional variants or functional fragments thereof and/or a BMP-7 agoni st
syst ei call.y tDheappatatuenif claitneideivhetelireatBadt Forsoff the eeléseate gerstically cont r ol | ed

fashion from.a ngn-cellul ar conponent . w thin fl.yidic devige. .5 94. Th
net hi)d of meqifie gl anffi}P’lEJQ%%‘Pn ¥ B‘%‘r ?@H&% ap%‘ff#%? F“t“gls?‘é}%ﬁ?ﬁegfdﬁ% R uFe

cell's in i FROPIG £FRLELGShaW Arhank BEfURRE bR Fragment thereof.

78. The apparatus of claim 77, wherein at least some of the cells are genetically
10  modified with an expression vector comprising a nucleic acid sequence coding for an

isoform of KCP.

79. The apparatus of claim 78, wherein the expression vector comprises a nucleic
acid molecule that hybridizes to the nucleic acid sequence set forth in SEQ ID NO: 4 or

15  SEQ ID NO: 6 under high stringency conditions, and degenerates, complements, and
unique fragments thereof.

80. An apparatus, comprising:
a fluidic device comprising a semi-permeable membrane, wherein a non-cellular
20  component of the apparatus is configured for controlled release of BMP-7 or functional

variants or functional fragments thereof and/or a BMP-7 agonist.

81.  The apparatus of claim 80, further comprising renal proximal tubule cells seeded
on the semi-permeable membrane. |
25

82.  The apparatus of claim 80, wherein the fluidic device is a hemodialysis device.

83.  The apparatus of claim 80, wherein the semi-permeable membrane is configured
for controlled release of BMP-7 or functional variants or functional fragments thereof

30 and/or a BMP-7 agonist.



95. The nethod of claim93, wherein the fluidic device is a henodi al ysis
device. 10 96. The nethod of claim93, wherein the non-cellular conponent

wi t hi n t wof2bui/dssdevi ce conprises a sem - per meabl e meroTAa6e010/000380. The
met hod of claim 93, wherein the sem -perneabl e nmenbrane conprises a
plurality of particles configured for controlled rel ease of BMP-7 or
functional variants or 15 functional fragnents thereof and/or a BMP-7

agoni st. 98. The nethod of claim93, ggherein the non-cellul ar conponent of
t he appar at us is confi gur ed for controlled rel ease of BMP-7 or functi onal

vari ants ctional t hereo aim 98,
wher ei n lgg ;tﬁe@BP?rﬁﬁuéP% glg%gge\%lﬁereﬁ ﬂ%hgemlé%gpg &%E{églbg%%;k ?gl dSC 4

cont rol | eirhigh @apartiefes BMEidured for codidélled FoleaseadfIBMPof onﬂlna:tmnﬁBvaan’EBrcm n the
non-cel | ul ar conponent of the apparatus is 25 configured for controlled
rel ease fncsiopNHragmegihercol anffor 2 BME-hegMY of claim 100, wherein the
BMP-7 agonist is an isoformof KCP or functional variants or functional
fragnents thereof. 30 102. The nmethod of claim 93, wherein the fluidic
devi cg i 85an Shicrappaape o alaim 80) wkertinrthd nmatélh@arb:lommném@iﬁﬂm gpaedatist . WO

2011/ 043738PCT/ SGZOlO/ 00 | al.m 96, wherein a
pl ur al i tys ¢evbigured iy onfio 1@85"(}?3@ EBMP’L&% f%%BEq Vﬁ%‘a%téﬂlf ﬁﬁgﬁ)%a bl e

menbr ane. n%é JBgr et hod of claim 103, wherein the fluidic device is a
bioartifi caig tlélney Sconprising an ultrafiltration unit and a reabsorption
unit, the reabsor ption un| t conprising the sem - per nmeabl e nmenbr ane. 105.

The neth of ¢laim9 h C ri.sing type
sel ect ed ¥r om t¥7EPHHE 058 g?I Wféfgg]ln ?Islg%l?él a(i e ce%rft PO Col &g%tlgllsng duct
cell 30 padesifisased i%?kérﬁrd?ﬁedl&eis@%fBMEW. ascending |inb, and fibrobl asts.

87.  The apparatus of claim 80, wherein the non-cellular component of the apparatus

is configured for controlled release of a BMP-7 agonist.

15 88.  The apparatus of claim 87, wherein the BMP-7 agonist is an isoform of KCP or

functional variants or functional fragments thereof.

89.  The apparatus of claim 80, wherein the fluidic device is an extracorporeal device
for treating blood from a patient.

*

20
90.  The apparatus of claim 80, wherein the fluidic device is a bioartificial kidney

comprising an ultrafiltration unit and a reabsorption unit, the reabsorption unit

comprising the semi-permeable membrane.

25 91.  The apparatus of claim 80, further comprising at least one renal cell type selected
from the group consisting of distal tubule cells, collecting duct cells, podocytes, cells of

the thick ascending limb, and fibroblasts.

92.  The apparatus of claim 80, further comprising renal fibroblasts.

30
03. A method, comprising:



106. The nethod of claim93, further conprising renal fibroblasts. 107. A
sem - per neabl e nenbrane conprising: 15at | east one material configured for
control | esonelwasssof BMP-7 or functional variants or feoriSGaa@loodssagnent s
t hereof and/or a BMP-7 agoni st. 108. The sem - per neabl e menbrane of claim
107, wherein the at | east one material conprises particles configured for
controlled release of BMP-7 or functional fragnments 20 thereof and/or a
BMP- 7 agoni st. 109. The sem - per neabl e- stenbr ane of cl aim 108, wherein the
at | east one material conprises particles configured for controlled rel ease

of BWP-7. 25 13&@m1ﬂ1§@r1ﬁ$ @W@rmmﬁ%nmﬁﬁ@%r ﬁfncﬁbfi‘ell'ﬂ %Qﬁntsvﬁﬂﬁé n the

particles are encapsul ated in the nenbrane. he se perrrea
menbr ane d@hdor aiBNE Y 7agonise systemiclly tata pa@alstt Wbﬁl@m'rﬂnﬁ@rMHW is oelédsgd fredl ins

configured_ f tr.olled rel ea oni.st
2011/ 043739@]5%11}% 585]3%6011' %gﬂar Cfﬁonefﬁgvl A G dig g%fﬁ‘ﬁfar atus of any one
of claims 1-7, 10-25, 28-48, 51-60, 64-76, 80-86, 89-99, or 102-109,

wherein the BMP-7 or functional variants or functional fragnments thereof
has thé arfno %edn@b@fh@ﬁé@ns%& fpgherisomprisipga|phuriity renalproximal tuple et hod

or apparat ﬁﬂﬁm? 0-25, 28-48, 51-60, 64-76, 80-86,
89- 99, %@SZ fb@@é erel(%tléa%%%é#orgfunctl onal variants or functional

fragnents thereof |s coded for by a nucl eic acid having the nucleic acid

sequence and degenerates, conplenents, and uni que
fr ggmant s Sher tgodlS Ef(%lalm 313'0 wherel gne ﬁulgw device is a hergcr))dlalysm device. g

10 96; - The method of claim 93, wherein the non-cellular component within the fluidic

device comprises a semi-permeable membrane.

97.  The method of claim 93, wherein the semi-permeable membrane comprises a
plurality of particles configured for controlled release of BMP-7 or functional variants or

15  functional fragments thereof and/or a BMP-7 agonist.

98.  The method of claim 93, wherein the non-cellular component of the apparatus is
configured for controlled release of BMP-7 or functional variants or functional fragments
‘thereof.

20
99.  The method of claim 98, wherein the non-cellular component of the apparatus is

configured for controlled release of BMP-7.

100.  The method of claim 93, wherein the non-cellular component of the apparatus is

25  configured for controlled release of a BMP-7 agonist.

lQl. The method of claim 100, wherein the BMP-7 agonist is an isoform of KCP or

functional variants or functional fragments thereof.

30 102. The method of claim 93, wherein the fluidic device is an extracorporeal device

for treating blood from a patient.



115. The nethod or apparatus of any one of clainms 1-7, 10-25, 28-48, 51-60,
64- 76, 80-86, 89-99, or 102-109, wherein the BMP-7 or functional variants
or functiwoabiimsagsents thereof is coded for by the compcersentiombozao nucl ei c
acid that hybridizes to the nucleic acid sequence set forth in SEQID NO 2
under high stringency conditions, and 15 degenerates thereof, conplenents,
and uni que fragnents. 116. The nethod or apparatus of any one of clains
1-7, 10-25, 28-48, 51-60, 64-76, 80-865889-99, or 102-109, wherein the
BMP-7 or functional variants or functional fragnents thereof has an am no
acid sequence with at .l % e} . 3 L e set
Forth i n S | Eheeebd of fim SR GRAER, ety SR AR Rl SRS e
1-7, 10- 2%e s@8i-f8medBle@hbmiidne/6, 80-86, 89-99, or 102-109 wherein the BWP-7
or functional variants or functional fragnments thereof has an am no acid
sequence with at |east 90% honol ogy to the am no 25 acid sequence set forth

in SEQ I D1(5}l€; @19 %]%fh%g 2_?@%3&39_@@@?&&n%9&ﬁﬁﬁié%v?&e AR YicARen @il Ghmys 1- 7,

10- 25, 28- 89-99, or 102-109, wherein thé BWMP-7 or
f unct i pnatomwpsiggrsulanfifitation uoitahd & reeseptien this teofeahsesptéon wtit no aci d
sequence wth_ at Ieast,9596h8nnlo to the am no 30 acid sequence set forth
in SEQ | D°qgprising the S%I'Perm.lefﬂeég%é{‘%od or apparatus of any one of clains
1-7, 10-25, 28-48, 51-60, 64-76, 80-86, 89-99, or 102-109, wherein the
BWMP-7 or functional variants or functional fragnments thereof has an am no
aci d sequidice Whe methodof glim®Gosubantapprising dtHeashpsisnalGel tRRGFESEE set

forth in SEQ 1D NO 1. .120: Th r i l1sSeal s

17, 10" 250 gy shonigikor Bar 1B IR, (ABGARELNG oShs RS, nscral

nucl ei¢ agiedhioRheeHliag hias, baefibiolasaduced into the cells that encodes the
am no aci d - -sequence set forth in SEQ ID NO 1.

106. The method of claim 93, further comprising renal fibroblasts.

107. A semi-permeable membrane comprising:
15 at least one material configured for controlled release of BMP-7 or functional

variants or functional fragments thereof and/or a BMP-7 agonist.

108. The semi-permeable membrane of claim 107, wherein the at least one material
comprises particles configured for controlled release of BMP-7 or functional fragments

20  thereof and/or a BMP-7 agonist.

109. The semi-permeable membrane of claim 108, wherein the at least one material

comprises particles configured for controlled release of BMP-7.

25 110. The semi-permeable membrane of claim 108, wherein the particles are

encapsulated in the membrane.

111. The semi-permeable membrane of claim 107, wherein the at least one material
configured is configured for controlled release of a BMP-7 agonist.

30
112. The semi-permeable membrane of claim 111, wherein the BMP-7 agonist is an

isoform of KCP or functional variants or functional fragments thereof.
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113. The method or apparatus of any one of claims 1-7, 10-25, 28-48, 51-60, 64-76,
80-86, 89-99, or 102-109, wherein the BMP-7 or functional variants or functional
fragments thereof has the amino acid sequence set forth in SEQ ID NO. 1.

114. The method or apparatus of any one of claims 1-7, 10-25, 28-48, 51-60, 64-76,
80-86, 89-99, or 102-109, wherein the BMP-7 or functional variants or functional
fragments thereof is coded for by a nucleic acid having the nucleic acid sequence set

forth in SEQ ID NO. 2 and degenerates, complements, and unique fragments thereof.

115. The method or apparatus of any one of claims 1-7, 10-25, 28-48, 51-60, 64-76,
80-86, 89-99, or 102-109, wherein the BMP-7 or functional variants or functional
fragments thereof is coded for by the complement of a nucleic acid that hybridizes to the
nucleic acid sequence set forth in SEQ ID NO: 2 under high stringency conditions, and

degenerates thereof, complements, and unique fragments.

116. The method or apparatus of any one of claims 1-7, 10-25, 28-48, 51-60, 64-76,
80-86, 89-99, or 102-109, wherein the BMP-7 or functional variants or functional

fragments thereof has an amino acid sequence with at least 80% homology to the amino

acid sequence set forth in SEQ ID NO. 1.

117. The method or apparatus of any one of claims 1-7, 10-25, 28-48, 51-60, 64-76,
80-86, 89-99, or 102-109 wherein the BMP-7 or functional variants or functional
fragments thereof has an amino acid sequence with at least 90% homology to the amino

acid sequence set forth in SEQ ID NO. 1.

118." The method or apparatﬁs of any one of claims 1-7, 10-25, 28-48, 51-60, 64-76,
80-86, 89-99, or 102-109, wherein the BMP-7 or functional variants or functional
fragments thereof has an amino acid sequence with at least 95% homology to the amino

acid sequence set forth in SEQ ID NO. 1.
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119. The method or apparatus of any one of claims 1-7, 10-25, 28-48, 51-60, 64-76,
80-86, 89-99, or 102-109, wherein the BMP-7 or functional variants or functional
fragments thereof has an amino acid sequence with at least 99% homology to the amino

acid sequence set forth in SEQ ID NO. 1.

120. The method or apparatus of any one of claims 1-7, 10-25, 28-48, 51-60, 64-76,
80-86, 89-99, or 102-109, wherein a nucleic acid molecule has been introduced into the

cells that encodes the amino acid sequence set forth in SEQ ID NO: 1.



