WD 2011/ 040889PCT/ S&2010/ 000377 - 1 - | MPROVED BI QARTI FI Cl AL KI DNEYS FI ELD
OF I NVENTI ON The present invention generally relates to inproved

bi oarti f iwDab1ki4o8seys. 5 BACKGROUND Patients w th ebrsc2elolbesiey

di sease (CKD) or end stage renal failure (ESRD) experience mal function of

t he nephron, the smallest functional unit of the kidney. At the onset of

ki dney di sease, either glonmerulus and/or the tubules are unable to perform
their 10 physiol ogical function. The strugture of the gl onerul us determ nes
its permselectivity, where | arge and/ or negati vel y charged nol ecul es are
prevented from passing acrg I mal | and/ or
positively charged ones. SteT : 2 bst ances,
creatinine and urea, together vvlth vvater gI ucose and ions to perneate
across the glomerulus as an uItraflltrate and at the sane tinme retains

bl ood cell's and 15l arger prot ei nsEMRLENOR INYVENTIONI| at ory system The
ultrafiltrate th f hr on,

wher eby bi ol ogi cgfhe Eétgg{[’)%h?igﬂ %‘?éé@le}@& gﬁ%ﬁ%{i&gaﬁéﬁﬂio&nﬁ&c@mﬂ
circulatbry systemoccurs. The sel ective biol ogical reabsorption of wat er ,

gl ucose and ions is perfornmed by an_gepi | i cell layer that lines the
tubul es. Ml ecules that are not rea@s&%&g%@remved fromthe body as
urine. Failure obp,fififs %Qh%ﬁﬁ;‘ﬁ?é‘lbﬁﬁé dibdabd ﬁ?KDPoPénd@t@eQ&ha‘I%h{r@mp“ on -

function, provided by t gl oner ul us or tubules respectively, would result
in a plet horeapeﬁenc‘t mﬂlf@mtloomﬁphq rephfopnthe smallest\fungtiopalomgrag e kidpey. Atthe
expect ancy, i o of pati. t

repl acenent ofl F; 1dne lseal%o’f Sl gl ] emq%son@( t%(g@g@ﬁ%?%augegﬁq#ggen aﬁ%{e;l t he

survi vahor atpﬁysaéloghelsﬁnaaiﬂ eMtiestrubrast thé gontenilucditamiihesiaspenassiectivity oy ed
to 25art|f|0|allyrqﬂp§%etherre hani_cal f||trat|onfugct|on of gl onerul us.
Pol yneric nggatiyely Rhareed muequlss appre¥ented, ?’i’?é’aF%’FW%?SS 1 ow

fibers, are giaRauhubishe %aimam pUARy LEYed R SO 8pdid bRy medi um

with careful ontro por e S|ze This treatnent 1s generally
admi ni st er eairemmc pgaltstants cﬁ%atlmtnerzreéuzcawegkthéwnl?wmdtuglu@ac pachions A p&mg‘h

successtul, a rro(s?sI t%n %?o% L rilus ragn alg hﬁraklt}artg %gﬁ f trhe Ththe Pe quttalrnls or};[d%lells and

15  larger p_rotelns within the cuculatory system. The ultrafiltrate that is produced flows

across the tubule of the nephron, whereby biological reabsorption of certain molecules
back into the circulatory. system occurs. The selective biological reabsorption of water,
| glucose and ions is performed by an epithelium cell layer that lines the tubules.
" Molecules that are not reabsorbed are removed ‘from the body as urine. Failure of the
20  mechanical filtration or biological reabsorption function, provided by the glomerulusfor u
tubules respectively, would result i ina plethora of clinical complications. |
- With prolonged life expectancy, the ratio of patients with CKD or ESRD that
requires organ replacement to the number of suitable donors has increased. To enhance
the survival rate of these patients, hemodialysis treatment has been employed to
- 25 aﬁiﬁcially_replace the mechanical filtration function of glomerulus. Polymeric
membranes with open interconnected pores, in the form of hollow fibers, are used in
these dialyzers where they function as a sieving medium with carefully contro'lled pore , :
sizes. This treatment is generally administered to pat1ents 3—4 txmes a week’ for 2—4 |
- h/treatment. Although successful, prolonged mtenmttent treatment may be detnmental '
‘30 due to hemodynamic instability as a result of large shift of solutes and fluids over a short :

period of time. In addition, it does not replace the lost reabsorption, metabolic and



30due to henodynam c instability as a result of large shift of solutes and
fluids over a short period of tine. In addition, it does not replace the

| ost reabworptiianssomet abolic and WO 2011/ 040889PCT/ S @¢0/s00d0d0377 2 -
endocrine functions of the tubules. D alyzers used for henodial ysis are
therefore inconplete artificial kidney assist devices. - Recently,

i nvestigators have conbined cellular functions within these nmechani cal
devices to create bioartificial organs. Bioartificial kidneys (BAKs)

contai ning functional 5 kidney cells have been devel oped to provide the

cel | ul ar T upgloeA® fakibARESIpHIE TR fealUERES ERMEIE bty used for

BAKs are typically thousands of hollo anes” arrange

paral | el . Thsempletndstificiebkidney assisaddwcekabri cat ed from pol ysul fone (PS) or -
pol yet her sul f one,( PE % a PS variant that is. lowin protein retention. In
typi cal BAK syst Iégﬁ%?nﬁ ’rlinﬁ%ﬁ?atﬂmeﬁ?ﬁﬁwd ﬁ%&ﬂ'f“ ‘_’tl({%‘ﬁl)"fl %@ef%mfw
adhere, 10 gévatdshe b badstifiAICOrbaly. BlodrhfciRPkiniBsi(BARRY B6RARhg MhtdhanOW
al so plnt?/ the part of a cellular scaffold. Detailed evaluation of PS and.

PES nenbt ankidngscallshaye becadlevelppedeinairovdge theesellalar Sattiensiod sutivesn Wishiorthed i n

literature, i P iV t es have .produced m xed
results. 1S%a%@g?gge@g@l‘y@%r%@gl%%yﬁﬁ@%t?lglslseaﬂfls %Oélﬁﬁ 7 general ly
rel ates to inembrdnes acargled ki parelyel, Tasgt thembanéLdrd uamngdhivated ffon i nproved -

bioartificial kidneys that are portahle and/or wearable by a user. The
subj ect mat ?%Ysuéfgn kﬁs)ﬁf @sbygthersylfang (Fd)i :ib9 verdant that 1s]gwen preteig retention.

N | . . , . . . -C ] .
interrel at eg tgﬁsliemm syStbinS! pHBhdrY fuiiah Wduidf Brdim@ B! G @{pﬁsgg@%gér, -

and/or -a plurality of different Uses 20 o ne or nore systens
articl e . |probfesateepdfmnctien oi tharpolymearicaherkbrnesy wihichorow alde play Tieepart of a

bi oartifici; i dney. rises | ood_sid nfigured to be placed in
f1uid com"ru%:ugg g%ag%\}\ﬁft -tﬁll%‘f%v3§’aglﬂ58?§§§ﬂ‘gpggﬂlé e &8 lés?ra NdoeRdd si de
and the perdpitatigal sklichaserad Aipfted (rOeRARE MUNEFTEYcMivA&PS the@ubstrates.
sem - per neabl e nmenbrane, wherein at | east one sem -perneabl e 25 nmenbrane

has a non- thiayePEdusehmidgdresslsn and has seeded thereon a plurality of human
renal proximal tubule cells. In sone enbodi nents, the plurality of
human renal proximal tubule cells formsubstantially a nonol ayer of cells
on at lldast a portion of at ISEBMMARE GIETHEASVENDIGN menbr ane having a
non-tubul ar confjguration. 30In-other enbodi ments, the plurality of human
renal proxinal t rgsegbinventas, ganeialE felpies ta higartifigighkidagysy angk incertpia on

et YA ARRSROL ik ol GhSaPEORR SR e R\ UARIPL
user. The subject matter of the present invemion involves, in some cases, interrelated

- products, alternative solutions to a particular prbblem, and/or a plurality of different uses

+ 20 of one or more systems and/or articles.’ | h 2
In one aspect, a bioartificial kidney is provided. The bioartiﬁcial kidney | _

- comprises a blood side configured io be placed in fluid communication with a blood
supply and a permeate side, the blood side and the permeate side separated from each
other by at least one Semi-permeable membrane, wherein at least one semi-pefmeable

.25 membrahe has a non-tubular configuration and has seeded thereon a plurality of human
'~ renal proximal tubule cells. |
N In some embodiments, the plurality of human renal proximal tubule cells form
substantially a monolayer of cells on at least a portion of at least ohc semi-permedble - :
membrane having a non-tubular configuration. - : o o
30 In other embodiments, the plufality of humén renal proximal tubule éells form-
substéntially a monolayer of cells on substantially the entirety of at least one side of the

semi-permeable membrane of the reabsorption unit.



WO 2011/ 040889PCT/ SG2010/ 000377 3 - In yet other enbodi nents, the
bioartificial kidney conprises a plurality of sem perneabl e nenbranes, at

| east oneweenirqaessaeabl e menbrane bei ng essentially freecofscadtenesddscel | s.
In still other enbodinents, the at | east one sem -perneabl e nmenbrane being
essentially free of adhered cells is positioned in an ultrafiltration unit
having an inlet in fluid conmunication with the blood supply, and wherein
the at | east one sen -perneabl e nenbrane shavi ng. a non-tubul ar configuration
and havi ng seeded thereon a nonol ayer of human renal proximal tubule cells

is positioned in i TN 11q.; cati.on with rmeat e
Si do of the ultr oy Crar raoodiRRpniph phdb it ERTRIBERE SR oARE! Teat
ul trafil trapérowablaimenzhranesha leasbdsoreptiippnmeabid membrage beiak rew@dniidllyefra ofgl e
housing. . 1N gti Il other enbodinments, the ultrafiltration unit is

cont ai ned i ¥ %5 housing and the reabsorption unit is contained in a

separ at e housi ngin skill ARG eRBOdASRRE the A 1k OdHelsefrli peAhedbictNEibiagie BERYT ded.
The bioartificial kidney 15 conprises an ultrafiltration unit conpfising a

bl ood siXe esseitiayfisg of adhssedyells édpasitionked iarcwirafiltiatian ot hewing am idétond
| d a. ide,. t | i d d th te sjd ted
From sach. o aEOfRealb SricihEnBOE i, U MMl T TIRNR Pinf PeoBERBE™ 7

further conpembese aaviaghsonpibular donfigurafior And KhvagEBdddBElic0M a Wdnb]ayBtof
perneate side of the ultrafiltration unit, the reabsorption unit conprising
a ret ent at ERHeBH Proxipat whalecebpisingsitiopgkinaseahsorntiondingdn f4id t he per meat e
i de of 't he.gueahaeRhi Wi ¥lindif) At GrRAERLAfLRRTLRACH ot her by a :
sem - per neabl e nmenbr ane, erel n the sem -perneabl e nenbrane of the
reabsorl®t i on uniln yeasther embpdimbats ahe olnafiltguioatundand et teasoge@dadittarer eon a

plurality OfOﬂPahlil%%gPrﬁssg{}%hfi@g oxi mal tubule cells. ~1In sone '

enbodi ment sc, SP8human renal proxinmal tubule cells form 25
substantial ly a metdlodee en®bdie®intss tRMul@ifilte@sHE ubt BRbhaRRd 9 a FRE housin

seni - per neabl e menprane of the reabsorption unit. [ n ot her :
embodi nent sinditheregbsprptiqnyynis contaimad iehsaparsiolqusiig. t ubul e cell's form

substantially a f . Lallky . entdrety. of at
| east one side OIE%B ﬁdélgi%hle&bae?ﬁ’e%ﬁcgﬂ r%?adr#'gf gsﬁ[;e%%l? ‘L:(%’hreﬁér.'@g s%lrC lﬁf %@He%ni t.
301 n stlisl | whipeisescarbadbfilration uhib €orapriding & blvedide corfifurad € & pladed in fluid
reabsorption unit conprises pgl ysul fone-Ful | cure. = WO . g

2011/ 04088 JoEFusealiPy MiBRhipod supply and a permeate side, the blood side and the permeate -

side separated from eacljl other by a semi-permeable membrane. The bioartificial kidney
further comprises a reabsorption unit in fluid communication with the permeate side of
- the ultrafiltration unit, the reabsorption unit corﬁprising a -retentate side and a permeate
20  side, the retentate side and the permeate side of the reabsorption unit being separated
from each other by a semi-permeable membrane, wherein the semi-permeable membrane ‘
of the reabsorption unit has a non-tﬁbular configuration and has seeded thereon a
piurality of hurﬁan renal{ proximal tubule cells.
In some embddﬁnents, the plurality of human renal proximal tubule cells form

.25 substantially a monolayer of cells on at least a portion of the semi-permeable membrane
of the reabsorptibn unit. | ‘ }

-' In other embodiments, the plurality of human renal proximal tubule cells form ‘
subsfantially a monolayer of cells on substantially the entirety of at least 'oneA ,‘side bf the .
semi-permeable membrane of the reabsorption unité, ‘ | | - .

30 In sti]] other em‘podiments, the semi-permeable membrane of the reabéorptioﬁ :

unit cbmprises polysulfbne-Fullcure_.



- 4 - In yet another aspect, a bioartificial kidney is provided. The
bioartificial kidney conprises an ultrafiltration unit conprising a bl ood
si de confwouoad4bgzobe placed in fluid communi cati on witlpca/Schoogdosappl y and
a perneate side, the blood side and the perneate side separated from each
other by a. sem -perneabl e nmenbrane. The bioartificial kidney further, '
conprises a reabsorption unit in fluid conmunication with the pernmeate side
of the ultrafiltration unit, the reabsorption unit conprising a retentate
side and a perneate side, the retentate side and the perneate side of the
reabsor ption uni}  SepaniRl 8ebt 2BIRAMEIA KNSy BYpRvRRal TREbivRAITICRI KRty ane, -
wherei n the sem -perneabl e nenbrane of the rea%sorptl on unit conprises

pol ysul f oneefmptibestanalltraffiiraticroumst emiprisingemblood side cerfigurgsbiorheaphrced s Aidane of

t he reabsorption.unit has npn-t pubul ar NL.L QUL ak i . I
enbodi nent §,gm§fu-nI‘C@38’t‘ Wé%p?o@??(g??pgry e %e%%neétﬁg#dﬁ’eaéhﬁfebogg r eraggg% o?ép?ﬁéte
reabsor pt i Qme%@%éraﬂédﬁoﬁﬁ@éﬁ@tﬁeh BY @Q8ms perdicableimdrhyrane. rtrecbieareificiaf kiduepn

renal proximal tubule cells 15In still other enbodinents, the plurality of
human r &nalfuphesxpmgrisesipygrsomsiondinitdn AU GoSqraWRIFA onyV1 fi’ﬁﬂ?&% sidg °ée| |'s
on substantj ally.. I T : - S : &4 negtsarabl e
menbr ane ofd“? ‘flnlglxglférgglggp%}[t’i @%%ﬁﬁ@@dﬂ&gﬁ%@g s%%é@?atgaﬁgt hodpof filtering
bl ood in aRidei gRrétehiariside duiddneyerieateidevif deceatioeptivatundtcseparated frasedchowi ng
bl ood froma patient into a. bl ood side of. %?? 20ultrafib tratjion Uﬁ% if the
bi oart i fi ciogher by dreyi-Prareable RYRPREG MEW D MFSePIREBECA0F PHUPH R 8hini cati on

with the b'rﬁ O%ﬁgglu}ﬁtCBIﬂﬁﬁg&%ogIsulk&@SFu]ﬁ;uﬂQrtiOn of a fluid conponent of
t he bl ood through a sem -perneabl e nenbrane to formatgermaate on a

per neatlé si de, ‘dh soie embodiafentst thatsewirpermeablefmerpprape af the sxbsOrRLRBERf on of
t he per rreathg into 'rlet egéat e-t.gi de of a reabsorption unit of the v

bi oartifici FaI?PEﬁ@i}“,arﬁg FHE"At 1east a portion of the permeate 25 from
the ul trafiltraty@thedBinbodifieatsght 18asn e poitivhif die seatiipenacabizantmbrapebf tige of
the reabsorption unit that has seeded thereon hurrian renal proximal .tupul e
cel |'s to faeshserptienysishpniesdedherean sehsiantiatly a gaopelager efwmantsa] PERImAL (i ¢ |
and ret u,rnitlQ%IQEellseast a portion of the.reabsorbate to the patient.

I n sone enbodi nents, the human renal proximl tubule cells form o
subst ansi al | y a [3Qtilerier apbodiarnat theghstlity of bnmian renat prorimal éghulpesliseabl e
menbrane of the reabsorption unit WO 2011/ Q40839PCT/ SG2 Tl1: O -
I'n ot her erfBaswstantially pananglager ofssts ops far?ﬂf’ﬁ))f g‘&?f’gre e?ﬁ')a;t%ag?%% sfa of>
subst ant i al gy @niRARk M mefibr&R! FShoRaseRsiANH@Rl | y the entirety of at

| east one side of the sem -perneabl e nenbrane of the reabsorption unit.
In another aspect, a method of filtering blood in an bioartificial kidney is

. provided. The method comprises flowing blood from a pétient into a blood side of an
20 ultrafiitration‘uni_t if the bioartificial kidney that is configured to be placed in fluid .
communication with-th§ blood supply, passing at least a portion of a fluid component of o
- the blood through a semi-permeablé membrane to form a permeate on a perrrieate Side, of
the ultrafiltration unit, flowing at least a portion of the permeate into a retentate side of a
reabsorption unit of the bioartificial kidney, passing at least a portion of the permeate
25 from the ultrafiltration unit through a non-tubular semi-permeable membrane of the
" reabsorption unit that has seeded thereon human renal proximal tubule cells to form a
reabsorbate in the retentate side of the reabsorptioh unit, and returning at least a portion
of the reabsorbate to the patient. ,
In some embodiments, the human renal proximal tubule cells form subs;an;ially a

30 monolayer on at least a portion of the semi-permeable membrane of the reabs'orpti’pn ; ;

unit.



In still other embodinments, the bioartificial kidney is capab

filtering the blood supply of the patient continuougly forpat Feggt 1 day
mn;hout swbsvanusb fouling. In yet other enbodi nments, the/se2omabidztration
unit and the reabsorption unit are contained in a single housing. In stil

ot her embodi nents, the ultrafiltration unit is contained in a first housing
and the reabsorption unit is contained in a separate housing. 10ln yet
other embodi nents, the sem -pernmeabl e mesvbrane of the reabsorption unit is
substantially flat. In still other enbodinents, the sem -perneabl e nenbrane

of the uItrafiIH L i e ant..al ) i

R t
enbodi ments, the gﬁ‘lolg%}?mlcfaﬁ’ tﬁggﬁx{é%{‘%egﬁlc%ﬁ?%aﬁugg l?gnggoﬁ??gﬁl t:lly a5I n
still b?t hgmoﬁﬁhgeh ofenllson substabtiay thie Eidietyl ofieit drastonesideithesamispergeah
wearabl e by a user. In yet other . enbodinents, the sem -perneabl e nmenbrane
of the ult MEMOrAnCALiRGEAROPHRNNL np) ecul ar wei ght cut-gff of less than 10

kI 3a. In still A oRBIFH SBRERs, thdBioaRiFicidh RidiEAL cpamabf fiherimg th

. : , eh
ultrafiltrati on%%_ ucr)n t has a thiscknelgs bec': ween 50 m'pcro s and.500 (raﬁ crons
In yet $t hbtoodshply wé thepaticiteondpiouplyfppaideast M%W&H%“ngt%‘a? @38@& ption

un t has Aa thic Ifr? sgtsotl?e?te%%ﬁin%e%tsﬂh@u?ﬂéﬁlﬁ‘%o@&ﬁt Hdhe B&bsorption unit are :
' contained in a single housingv. ' ’ ' ‘ | |
In still other embodiments, the ultrafiltration unit is contained in a first housing
and the reabsorption unit is contained in a separate housing.
10 . ~ Inyet other embodiments, the semi-permeable membrane of the reabsorption unit -
is s’ubstahtially flat. . |
~ Instill other embodimerits, the semi-permeable membrane of the ultrafiltration
un.it is substaﬁti‘ally flat. | ‘ | _ ' | . |
In yet other embodiments, the bioartificial kidney is configured to be portable.

15 In still other embodiments, the bioartificial kidney is configured to be wearable

by a user.

In yet other embodiments, the semi-permeable membrane of the ultrafiltration
unit has a molecular weight cut-off of less than 10 kDa.
_In still other embodiments, the semi—perﬁwable mémbrane of the ultrafiltration
20  unit has a thickness between 50 microns and 500 microns.
In yet other embodiments, the semi-permeable membrane of the reabsorption unit -
. has a thickness between 10 microné and 200 microns. L ‘
| In still 6ther embodiments, any of the bioar_tiﬁcial kidneys or methods 'aboVe B
further comprise a membrane support layer in the reabsér‘ption unit configured to provide

.25  support to the semi-permeable membrane of the reabsorption unit to resist applied

pressure. )
In yet other embodiments, any of the bioartificial kidneys or methods above

further comprise a membrane support layer in the ultrafiltration unit configured to

- provide support to the semi-permeable membrane of the ultrafiltration unit to resist

30 applied pressure.



In still other enbodi ments, any of the bioartificial kidneys or nethods
above further conprise a nenbrane support |layer in the reabsorption unit
confi gur eslot2011puo8sbde  25support to the sem - perneabl e wremsGan®/ 00637t he
reabsorption unit to resist applied pressure. In yet other enbodinments, any
of the bioartificial kidneys or nethods above further conprise a nenbrane
support layer in the ultrafiltration unit configured to provide support to
the sem - perneabl e nenbrane of the ultraéiltration unit to resist 30applied
pressure. WO 2011/040889PCT/ SG2010/ 000377 - 6 - In still other

embodi nents, t hg, RAT PBAL EnBddieRt, thBertlcaferfidd dfithd nle@filtration aaitcantams
channel s having a snaller cross-sectional area than channel s ({en t he bl ood

side of theharnelsafavingrazsmiablar enaps-sectipnad areadhamahageals inrfhe hlopdside @il es of

t he present -iE?%\{e tion.wi ||l become 5 apparent fromthe follow ng detail ed
descri pti oMt [ non-1i mi ti ng. embodi ment's of the invention when
considered in c%&r}ﬁb'm?eéﬁah@nbmf@n&egmfahybmgeﬂtiigwnéenMilrhbm where the
present specification and a document incqorporated b ef.erence j.ncl ud

conf I'i cBi ngpearentdrom fhedplpwingetagipd dessephien ok YaLops Béfzéh?“'é‘ife%‘???dé%‘.‘% 8?3 hal |
control. 1QBRIE P, inl&dni RAVE N&R th - ihé FibtileR OIediReddi nent s
of the pregttlaen V%:n%@g%éncg\l}m&]ﬁ#r%g% cribed by ?A/Eelac);:ogl exa%rp e with reference
to the accemeaiye peesthigpeaticatiohiant agoeurnertinwrparatad iy aeferenet includeended t o
be drawn to scale. In the fjgures, each identical .or .nearly.i tical
conponent  icPRikistipg ard4or 1§°Q‘§}§?¢é‘é§’lsﬁl°?‘gﬁ’r%§ BTl nglfgcaglpﬂgﬁl%y%d&?rre%?al . For

pur poses of 15 clarity, not every conponent is |labeled in every figure, nor
is every conponent of each enbodi nent of the invention shown where

illustd@tion is not neced3RIBF PBSGRIBIAOMGESHEE DEANHIEY skill in the art
to understand t invention. Jn th i s . 'dé;gggy§ya@ @xpl oded
view of a mini a{ﬁmg@&"‘fgle thiogire Y%A%%% i'gs‘?rgtinrl]‘ben%l %“}Sllll?? afiTtrat] on and
reabsor pt i QRampletwith RE&6H@It6 thel @ compaiyiigriigeed, whidFirGscienetiowsd areswhermat i ¢

of fluid flowwithin the m-nniaturized flat- RAK, . .
intended to be drawn to scale. In the figures, eac elgentmalﬁ or nearly identical

| component illustrated is typically represented by a single numeral. For purposes of
15  clarity, not every compohent is labeled in every figure, nor is every.component of each.
| embodiment of the inveﬁtion shown where illustration is not neéessary to allow those of
ordinary skill in the art to understand the invention. In the figures:
FIG. 1 shows an éxplodcd view of a miniaturized flat-bed BAK comprising the
N ultréﬁltration and reabsorption units, according to an embodiment; |
20 | FIG. 2 shows a schematic of fluid flow within the miniaturized flat-bed BAK,-
according to an embodiment; ' '
o FIG. 3 shows an ultréﬁltration chamber 'cont.aining two polycarbonate_:l flat platgs '
that sandwich a customized microporous polyrhericfmembrane, acco_rding to an
embodiment; | '

.25 FIGs. 4A-4D show various graphs, according to an embodiment: (FIG. 4A)a
graph showing ultrafiltration rates; (FIG. 4B) a graph showing albumin sieving
coefﬁcient; (FIG. 4C) a graph showing urea clearance; and (FIG. 4D) a graph showing
creatinine clearance of (a) 20wt%PSFC150, (,atx) 20wt%PSFC1 50—5wt%MP(_3,' (x)

- 20wt%PSFC200-5wt%MPS, and (4) 10 kDa Pall OmegaTM membraneé, according to

30  certain embodiments;



according to an enbodi nent; FIG 3 shows an ultrafiltrati
arl ; tion chanb
contai ning two polycarbonate flat plates that sandw ch a custom zed o
ni cr opor one 2polososspi ¢ menbrane, according to an enbodi meotrsG26ibloEs77 4A- 4D
show various graphs, according to an enbodinment: (FIG 4A) a graph show ng
ultrafiltration rates; (FIG 4B) a graph showi ng al bum n sieving
coefficient; (FIG 4C) a ,graph showi ng urea clearance; and (FIG 4D) a
graph showi ng creatinine clearance of (nJ-20wm %SFC150, (A
r2n2\r/\ritb%DSFC150- 5w %vPC, (x) 20wt %PSFC200- 5wt %vPS, and () 10 kDa Pall OnegaTm
2011; 828; ,89?)%% ?@8%& %ggo&%Eﬁé&&dﬁc?@&%@@&m%bgvggm; 5A and 5B) and
| . - show schemati cs of:

retentate chromegraphsill@ratifgdavide pBformatceFICsEC-GEhBRLOTINE R at i ng devi ce
per for mance (Fl Gs. tSC-5E) ‘according to an enbodi nent; FI Gs. 6A-6E
show schemghedimanty| t r af i l.tration units (FlIGs. 6A and 6B) and 5 vari ous
gggphs |1l ust fatlﬂlgg &@%E%ﬁoweeﬁéaﬁmaeeulﬁﬁﬁ@auoﬁenﬁﬂnemamu 6i8) and an
enbodi rent, according to an enbodi nent; ow a phot ograph
81; r ?Of | &t - ba?g&ogfaptrsl ihustrating davice perfemaneg diifs: ﬁq ﬁE%@F%F&‘Hé Wi ce

rmance 7B-7 an enbodi mrent; FIG 8 shows
expl oded vi gf %Pt’raé’ﬁ%raﬂgpt |§%¥n§n|?nénﬁanber according to an 10 no
enbodi nent, thatFIG@MﬂE&ﬁow\@m&ig{qmrdfartMé)etﬂ BAK (F1&. d4) ahdvanes @nbs a

custom zed m croporous polyneric
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Tenbr ane,  accor di oy e wheby é@eﬁﬂaﬁ” i o rne 100

10 - embodlment that comprises two polycarbonate flat plates that sandwxch a custormzed
mlcroporous polymerlc membrane
' FIG. 9 shows a patient wearing a wearable bioartificial kidney;
FIG. 10is a photographlc image showing immunofluorescent staining of HPTCs
| seeded onto 10wt%PSFC200 membrane, according to an embodiment — immunostaining .
15 was performed after 2 weeks of cultivation, and Z0-1 (greyscale top) as well as AQP-1
(red, bottom) were detected — nuclei were counterstained with DAPI (blue, bottom),
FIG.1lisa graph showing measured transmembrane resistance for renal
eplthehal cells seeded on (A) 10wt%PSFC200 and (¢) PET membranes, according to an - '
- embodiment; and |
20 FIG. 12A-12C show various graphs illustrating device performance, according to

an embodiment.

DETAILED DESCRiPTION
The present mvent10n generally relates to bioartificial kxdneys and in certain
.25  embodiments to improved bioartificial kidneys that are portable and/or wearable by a
user. In some embodiments, the BAKs may comprise an ultrafiltration unit and a
reabsorption unit. In some embodiments, the ultrafiltration unit and the reabsorptlon unit -
may be contained in a smgle housing, which may be partitioned, in certain cases, mto a -
first rigid walled compartment containing the ultrafiltration unit and a second rigid
30 walled compartment contammg the reabsorption unit. In certain other embodiments, the
smgle housing, which may contain only a single rigid walled compartment contammg |

both membrane(s) formmg an ultrafiltration sectlon (ultraflltratlon unlt) and



15 was perforned after 2 weeks of cultivation, and ZO-1 (greyscale, top) as
well as AQP-1 (red, bottom were detected - nuclei were counterstained with
DAPI (bl uweo 2botasossp; FIG 11 is a graph show ng neasure@CrIsansmwenisrane

resi stance for renal epithelial cells seeded on (A 1 Om %SFC200 and (*)
PET nmenbranes, according to an enbodinent; and 20FI G 12A-12C show vari ous
graphs illustrating device performance, according to an enbodi nent.

DETAI LED DESCRI PTI ON The present inventi®n generally relates to

B! oarti ; icial kidneys, and in certain 25 enmbodinents to inproved
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corrpart nment containin sorption unl t. In certain other enbodi nent S,
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nmenbr ane( s yeaboérpliG@m@mbeaRs o pértadembodimehs, the rpmamwﬁhonimmhprothl B
ultrafiltration unit and the_ reabsorption ‘ﬂlﬁd%ﬁaﬁ each he cgtrﬁtal ned in a

physi cal | ytlﬂ%l&%qfeélts onm&ﬁ»bﬁewwélmwoqﬂs%%c ASL RO ReHSHE ngs are
connect ed m{léaﬂie%&ﬁﬂ?mgbﬁﬁl%'r%s hﬁ%ﬁﬁﬁ%ﬁtlr'?@értaﬂ SR hlRoanndtd @8 unit

general l'y 8 alns a reabsorption rane at | east a portion of which
havi ng1a -plplurslity tof hofan esnal prplxmxal neHule cebls fernsedubstantiadlygsrenalier eﬁcplls\/\her e

t he renal proxi mal_ tubul [ | ect I I
Lhe. 1 eabsoppKb ol h itk opanpat Aot M nee- PR ER s BRI L noh

renal ~prox 'r%gorptlon unit, In some embodiments, the reabsorption unit may be configured as a

substantially ﬂat device (e.g. disk- or plate-like with a thrckness substantially less thana
- width, length or diameter of the device), which can impart advantageous properties such
15 as 1mproved maintenance of the renal proximal tubule cell layer and more facile -
monitoring of the renal prox1ma1 tubule cell layer, as well as, in certain embodlments
greater-portability and wearability.
FIG. 1 shows an }i:exploded view of an embodiment of a flat-bed BAK 100
- containing a housing 102 having a first volumetric compartment 104 comprismg an
20 ultrafiltration unit 110 and a second volumetric compartment 106 comprising a
reabsorption unit 120, which is described in more detail below. The compartment
: compﬁ‘sing the ultraﬁltration unit contains a retentate chamber 111, an ultraﬁltration ‘
membrane 112, an ultraﬁltratron membrane support layer 113, and a permeate chamber
114. The reabsorptlon unit contains an apical chamber 121, a monolayer of cells on the
25  apical facing side of a reabsorptlon membrane 122,a reabsorptlon membrane. support :
layer 123, and a basolateral chamber 124. Each of the two volumetric compartments
comprise polymeric membranes, which are designed to replace the physmlogrcal
functions of the native glomerulus and tubules. For example, the membranes used for
" the ultrafiltration and reabsorption units may be optimized for solute selectivity and renal
30  epithelial Cell.support, respectively. |
'l FIG. 2A shows a cross-sectional schematic depicting the eperatiOn of the -

embodiment of the BAK of FIG. 1. The BAK comprises an inlet 200 that is in fluid



tubule cells fornms substantially a nonol ayer of cells on at |east a portion
of the sem perneabl e nenbrane of the reabsorption unit, and in certain such
enbodi nenve 2hw4dsdopl ural ity of human renal proximal tulpglrsceeloososdor ns
substantially a nonol ayer of cells on substantially the entirety of at

| east one side of the seni-perneabl e nenbrane of the reabsorption unit, In
sone enbodi nents, the reabsorption unit nay be configured as a
substantially flat device (e.g. disk- orgplate-like with a thickness
substantially less than a width, length or dianeter of the device), which

can | mpart advant agsous, i ORRLILES SHER ofS saSichTIGNeHoWiMS aance of the

renal proxiREMYYHE ayer and nore e nonitoring of the renal
proxi mal t W rRersedd udied1@rthroagh ded inleasThé witrafilitatipn usiticowprisas@s, gr eat er

portability and wearability, FIG sho n. ' expl oded vi ew pf ,
enbodi ment ‘udrafdtration merabrapaR! &6@0@1‘?‘%@}}8" ermﬁ&i%ﬂsg oo -sr?g&a first

volunmetric ¢ ] i LSbfafe Ay 20 used rafsbklegibodidnts,t 110 and a
second vol 5&@5??%@%%3%3%%&%6 corr%ri gi nglg1 a reabsorption unit 120, which

i s descki begmofiltrarion mishtaate ey bawseth & Pemngate’ trefisr todlomiiniddhatdas heen
ultrafiltration unit,  ¢gontai.ns a fetentate.ch .. 1171, i ation-
menbr ane 1Passedghugpgh ';Fini‘et“i‘,lﬁf‘?eon T nrgfeéfﬁ%’%rg O\J[Izjaog/leorf 1691{)6%%%{ %6eléer meat e
chanber 114, Iﬂ%ﬁ e RSB OPhelilbdd B6WS irdifzhahc apdtdatb thhwerdneate diamben

nonol ayer of cells on the 25 apical facing side of a_reabsorption rane
122, a realisar peirarntatersided 3t suissothe bll%ﬁ’éion@?ch%lHlélraQ{tﬁ‘é’QB I“é‘{‘)%l?xﬁlfe' Efﬁg@ber
124. Each of the two, volunetric.,c [ SHFRAte ChavabdIr anes,
whi ch are o‘jé%P'nge%"?doP*}S%e& 88g]?ﬁ1ee%€fél}rg§ %@ggﬁg@ﬁrﬁﬁ iﬂ(;”ﬁﬂ; of the native

gl oner ylus BRd; b Uiklpefmedodidex ahpheentaeandpabneaeten flow intrthe Frabsorption.
ultrafiltration and reabsorption units may b ptim zed fo .

sel ecti vi t yurairdPOr dingireaboerpiiphapit GPropRics agﬁglﬁglrc&an}'bggégcﬁ ev_éafey&ltﬁlgf) 2)
shows a cr qﬁ?"_‘gﬁigl 'ﬁ%%%"ﬁgﬁg g {he€ ufiekicitiondinit TR vapeidal baeslartal chamearbodi ment

of the BAK of F : conprises an inlet 200 that is in fluid WO
2011/ 04088IPET HBGOMEONATR2-in® whick theraieotatd omhe Hirefkration upit §oWsn

system of a _subject. Bl ood, flqws .int h I Lt raf 1 t hr ough
the inlet. WH&‘F‘& F}%ﬁqﬁfef Pad s aa?}ptpraig mﬁegé%g%kwﬁfeg ?&:‘l tefgigttaih%%é%enbr ane
211 t hrgughs Wil Chidh tetlabepithefialells 284, | 18 theanbatissnt dfiFISo2s, danowl epithedial a
henodi all ysi s nmenbrane may be used. In sone enbodi t@ﬁ a_henof i I-&V{tﬁlttﬂeon

menbr ane” mesellserasseded onbepmihgiside of dhemembrane fat 4 iy rRicalion Kits i ed

through the. menty ane, " " o & | biaeberhat
th re g u % nto ?%nggal tc%é:nqger. Tﬁghg&%&gﬁ%@ ?ﬁéaﬁlfraﬁﬁrahbﬁ uBR flbWwe int6 fthd dpec a

menbra ood flows through the inlet into the
retentate CRESLEN cohtacs. the fenel epithelidlatids. sA gejtioniod thefheid dromnthePEEBRAE ont act s

LI'Craf 1t r apisos hOWBR raneviane FECpbPHESTEN ERIFDe, coping d DOHERIC e
per meat g, si %be?@%.,%@k%&%lﬁte@% R8IoBRAN P rdabsdibéd Bywhieheambraee toediis onpt i on
uni t 220. e reabsorption unit conprises an apical chanber (i, e.,.the
retentate sihdéps@dral side of the reabsorption unit and are mixed with the retentate from'the
- ultrafiltration unit and r;:circulatedj. This fluid is herein referred to as the “reabsorbate.” -
The residual pérmeate containing solutes not reabsorbed by the cells flows out of the .
BAK and into a wasfe container. In some embodiments, the combined retentate gnd }
- 25 reabsorbate flows out of the BAK and back into the circulation system of a subject. - = -
In some embodiments, the ultrafiltration unit and the reabsorption unit may be
corﬁbined in a single volumetric compartment having rigid bounding walls, as opposed
to the two compartment partitioned housing as illustrated in FIGs. 1 and 2A. For
example, the single compartment configuration may have the rigid partition layer 230
30  removed forming a first, upstream region of the compartment where ultrafiltration occgrs _
‘and a. second, downstream region where reabsorption occurs. In some other

embodiments, the ultrafiltration unit and the reabsorption unit may be contained in



into which the perneate fromthe ultrafiltration unit flows and a

basol ateral chamber (i.e., the pernmeate side) 222 into which the retentate
from t he wbtwafdsbgsvati on unit flows. The api cal chanber pamgcoim/obaspl at er a
chanber are separated by a nenbrane 223 15seeded with renal epithelial
cells 224. In the enbodinment of FIG 2A, the renal epithelial cells are
seeded only on the side of the membrane that is in fluid communication with
the apical chanmber. The perneate fromthe-ultrafiltration unit flows into

t he apical chanber where it contacts the renal epithelial cells. A portion

of the Tl uhl@fslcraﬁg's%;f‘éf atP b sea 8l th O cImSartiimb paticoseaiitbesing t h

renal epit s I nt oI ateral 20chanber (i.e., selected
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tra on unit and the reabsorption unit may
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as opposed to the two conpart ment artltlon II
FIGs. 1 anaa@ﬂlcwrlnéﬁta‘f?ﬁlléosqpﬁrét F\&ft@"%&‘ﬁg%\m&%ﬁp%@gﬁ? Iura?tl on may have
the rigid pag klflk}' ??V\kratryygircalzeﬁgoo% EREONER efnBfdie@estribéd Isdrein s ] theam r egi on

of the compar ultrafiltration occurs and a second, downstream
regi on10\lnemﬁraﬁmﬂlmrmembxtanoemmeebsomtl@mnb@h@raf@ﬁ%@cﬂ’eﬁ@ﬁ%@e Inome

ultrafiltration unit _and the r abso RNt

2011/ 04088 §PLPAIGBE BICGOYSTHY i‘t?ase%h ne HPl’”yﬁ‘J”siglﬁ;aaljggtte hoﬁ"s‘.ﬁﬁ‘g?"géhse
opposed t 0 4faf §fRe EBTTARH tﬁ%fbbymﬁfrédsldganeéfﬂumey ofulidafiltstionbébilopd afiogs. 1 -
and 2A,. that Tare not. rigidl'y interconnected but are fluidically connect ed

(seg FI G ZIB)memhraﬁbG 2B, the ultrafiltration unit 250 and the
reabsorption unif 280,34 %Ié%’lrﬂis&ﬁgeﬂrﬂocﬁﬁgﬁ{s%@ cHRRIsaS ir ik pedfidate

.l 5 charnber may each have a smaller cross-sectional d1mens1on transverse to the flow
direction than the channels in the retentate chamber in order to increase the flow
resistance of the device so as to generate a higher trans-membrane pressure (TMP).
Without wishing to be bound by any theory, a higher TMP can translate to an increased

" ultrafiltration rate. Additionally, high TMP can cause distortion of the membrane;

20  however, the distortion can, in some embodiments, be alleviated by the incorporation of

microchannels 371 into the serpentine flow field design to act as an additional support _
. for the membrane agamst flexural failure of the membrane. In some embodiments, a

macroporous. membrane may be placed beneath the polymeric membrane to prov1de

additional mechamcal support. In some embodrments m1crochannels may be excluded

25  from the retentate chamber so as to minimize the p0531b111ty of blood coagulatlon along -

' the channel walls which could result in the blockage of the channels and ultrmately
fallure of the device. In some embodiments, the fluid flow resistance within the BAK
may be controlled. For example, i in some embodiments, the fluid flow resistance may be
‘increased by increasing the number of microchannels in the plate adjacent to the

30 permeate chamber. This may be. desirable, for instance, for increasing the amount of
perrneate that passes tbrough the ultrafiltration membrane. In certain embodiments, one -

or more controllable valves may be used for such purpose instead of or in addition to



As shown in FIG 3, in some enbodinments, the ultrafiltration unit 300 may
conprise two plates 310, 320 (e.g., polyner plates, such as pol ycarbonate)
wi th an uvorafidssgsati on menbrane, 330 and an ultrafiltretirseommbeane
support |ayer 340 sandw ched in between to separate the retentate chanber
350 and the perneate chanber 360 (FIG 3). In typical enbodi nents, the '
menbr anes described herein (i.e., the 10 ultrafiltration nenbrane and
reabsor pti on nenbrane) are sem -perneabl gl -1n sone enbodi nents, the plates
may have a serpentine flowfield | ayout 370 that increases the l'ength of
the f1ow pajdhal PR slMbhAThMbchiltheR] th sbRBENboinithts el Jebhaté efanter bl 0od
across the Pane. = As own i n 3, in some enbodi nents, the channels
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feed fluid, there reventing puncture of th Tut
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J useful protelns (e g, albumln) In some embodiments, the pore size of the ultraﬁltratlon

- 25 membrane may be used to control the membrane se1ect1v1ty For example, in some '
cases, the membranes may have a total protein permeablhty of less than 2%, less than -
1%, less than 0.5%, less than 0.2%, or less than 0.1%. In some cases, the pore size of the
membrane may be chosen such that the membrane may have a predetermined molecular
weight cut-off value. In some embodiments, the membrane may have a molecular
30  weight cutoff (MWCO) that is less than 1/6 of the molecular weight of the smallest
'substence to be retainect. For example, if albumin (MW = 60 kDa) is the smallest

substance that is desired to be retained, the MWCO of the membrane would be chosen to



sone enbodi ments, the ultrafiltration unit my be seal ed using one or nore
o-rings, gaskets or other sealing arrangenents to nake the unit essentially
| eak- pr oolvo 28f/d408sgeneral , bl ood nmay be punped al ong t hecsischawsoas7t he
menbrane in the ultrafiltration unit by tangential flow " Solutes having a
si ze above a threshold value generally do not pass through the pores of the
ultrafiltrati on nenbrane and may be retained in the retentate chanber.
Wthout wishing to be bound by any theoryz.-the tangential flow can mnim ze
fouling of the nenbrane by maintaining flow of the solutes 20 in the
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chl orinate oI et hyl ene (CPE), " et'hel ynebl sacry acryl ates -
(e.g., al ky alyde resinsgdmyigolresins, plyurethanes unsaturated polyethers, polyglycol

- vinyl ethers, polyglycol divinyl ethers, poly(anhydndes) polyorthoesters,
20  polyphosphazenes, polybutylenes, polycapralactones, polycarbonates, and pratein
polymers such as albumin, collagen, and polysaccharides, copolymers thereof, and
- mondmers of such polymers. Still 'ather examples of polymers that can be used to form
structures descﬁbed herein include but are not limited to: polyamines (e.g., poly(ethylene
imine) and polypropylene imine (PPI)); polyamides (e. g polyamide (N ylon), poly(e-
25 caprolactam) (Nylon 6) , poly(hexamethylene adipamide) (Nylon 66)), polylmldes (e. g
polylmlde polymtnle and poly(pyromellitimide-1,4-diphenyl ether) (Kapton)); vmyl
polymers (e.g., polyacrylamide, poly(2-vinyl pyrldme), polyvinylpyrrolidone),
poly(methylcyanoacrylate), poly (ethylcyanoacry late), poly(butylcyanoacrylate),
' poly(isobutylcyanoacrylate), poly(vinyl acetate), poly (vinyl alcohol), poty( vinyl
30 ahloride), polyvinyl fluoride), poly(2-vinyl pyridine), vinyl polymer, polychlorotrifluoro
_ethyle‘ne, and poly(isohéxylcynaoacrylate)); polyacetals; polyolefms (e.g., poly(butene-
1), poly(n-pentene-2), polypropylene, polytetrafluoroethylene); polyesters (e.g.,



acryl ates, polyglycol acrylates, ethylene ethyl acrylate (EEA)),

hydr ogenated nitril e butadi ene rubber (HNBR), natural rubber, nitrile
but adi enewoubbierogsbBR) , certain 15f| uoropol yners, sili ceae/scabiosnes77

pol yi soprene, ethylene vinyl acetate (EVA), chlorosul fonyl rubber,
flourinated poly(arylene ether) (FPAE), polyether ketones, polysulfones,
pol yet her i m des, diepoxides, diisocyanates, diisothiocyanates,
f or mal dehyde resins, am no resins, plyurgghanes, unsaturated polyethers,
pol yglycol vinyl ethers, polyglycol divinyl ethers, poly(anhydrides),

ol yort hoes L actones,
pol y %&%arbg&té’?)b%tiﬁﬁ’&lé ala@ollf)]aigw&f@%%ﬁﬁa@?%xmag &k
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pol y(e- 25caprol actam - exanet hyl ene adlﬂgam de) (Nylon -

66)), potyi Aierde) @dyaranpétrsy(m mely(pmnyaﬁtphemelenmmnmsoph loyl) and
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pol y( et hyl pqubmaﬁmylhﬁtleQPBlp,qiont(eﬁid‘Dﬁo&yﬁﬂ@(:FB@') drﬂltpblybenzoblstlnazole (PBT)),
pol y(butyl c |sobutylcyanoacrylate) vi nyl acetate),

poly (vinyl %’ﬁ?@%&é&ﬁ%&wegﬁ s{§2-» polyprrele);del yurgsh et Ililcr pymgs)(e.g., ]
ly(2-
poly(2- vi NYphdR¥L_fitnafakhy d@%&yﬂgs}rbégrge g, g&&xe&I,@f@ém&%ﬂéﬂeg yjene, an

pol y(i sohexyl cynaoacrylat & ol y(but enel),
pol y( n- kfbntmIEblzadlerpfobxyp)rapxysI depolpbiitydiene)apdlysitonendsye.ene) ; poI yesters
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(PEO), pol y(roreydrapelatétH@bhédyRab raﬁﬂﬁﬁ&girﬁ@ﬁolﬁﬂe k. PTIVD))
vinyl i dene pal yners (e.g. ol |sob ene met h rene
pol y( net hyl p@mméplwameepol(wﬁmiionqé@w ysilanegl pqimlezams)o rA@btyonaép@Iymers

pol y(vinyli | 3- phenyl ene

i m noi sophttﬁgﬁr}ﬁf? I’ agee%gsfm%%nﬁéqﬁé@aﬂﬁ (PFitee%teA éa%%’ }ég‘g%‘%tlﬁal oyl));,
pol yhetler oaP@W&ISZ@OG/OHﬁJ@l@Uémt(eG ‘g’orqulj&ﬁ&ist Attitdeso! ey Vil ¥ al., filed on
polybenzobliaxazole (PBO) and polybenzoblsthlazole (PBT)) polyheterocyclic

conpounds (FPFTIOEE AR 2000y which is insprparatedagrein by saierraIs- c Iiytompe fankodimmenys,
phenol -f or r@nﬁﬁ&iﬁﬁ}avﬂ%ﬁ?&@ﬁﬂﬁﬁei@u& as ?%m@é‘aeh%é?ﬁ\ﬁhes%w'd' enes (e 9.
, 4- poly utadi en

1,2- 10pol ybut adi ené, cis or trans- S|onanes
(e.g., Corporation), may be used.
' - In some embodiments, the membrane may be treated with or compris'e'o'ne'or .
20 more compositions that impart anti-fouling properties to the membrane. For example,
the membrane may comprise 2-m¢fchacryloyloxyethyl phosphorylcholine, 3-
methylacryloyloxy proéyltrimethoxysilane, or other non-fouling compositions.
| In somé embodiments, the ultrafiltration membrane may be selected to yield
desired performance' properties. For example, decreasing the membrane thickness may
- 25 allow more efficient ultrafiltration by shortening the distance that fluid must ﬂ_ow from
the retentate chamber to the permeate chamber. The thickness of thé ultraﬁltfatioﬁ
mefhbrane may be, in some embodiments, between' 50 microns and 500 miéroris,
between 50 microns and 400 microns, between 50 microns and 300 microns, between 50
microns and 200 micror;is, between 100 microns and 500 fnicrons, between 100 microns -
30  and 400 microns, or bet:ween‘200 microns and 400 microns. However, decreasing the

membrane thickness also may decrease the mechanical strength of the membrane.

Accordingly, in some embodiments, a macroporous membrane support layer:may be



pol y(di net hyl si | oxane) (PDMS), poly(diethylsiloxane) (PDES),

pol ydi phenyl si | oxane (PDPS), and pol ynet hyl phenyl si | oxane (PMPS)); and

i nor gani cwpebymrosso(e. g., pol yphosphazene, pol yphosphonate;scaelopsedranes,
pol ysi l azanes). Additional polynmers that may be used are described in .
I nt er nat.i onal Patent Application Serial No. 15PCT/US20061035610, entitl ed,
"Porous Polyneric Articles,” by Ying et aL, filed on Septenber 12, 2006,
which is incorporated herein by referenga.- I n sone enbodi nents,

comerci ally avail abl e menbranes, such as Pall OregaTm nenbranes (Pal

Cor por at | O%ace@%}%sn R a2 R Al e fHBROE HE HeThenh Bt BRIFEANA siBYn e L reat ed

Wi th or conprise one or ~nore conpositions that inpart anti-fouling
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embodi ment §, s4He embbdifehlst thatshpbriRY& AN MYCcrOForoas fitdtRd to theyi el d desired
performance properties.. For exanpl e, decreasing the nenbrane thickness nmay
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fluid nmust flow fromthe retentate nber ' amber. The
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bet ween 50 mi crgmg r@dHéor?ﬂQnﬁhi@hﬁ@fbe iB Guie@inhOnivatidnovish thie dhltédtrationrwnits,
bet ween 50 m crons and

' 00 ‘mi crons, between 50 microns a?g}y%lgoﬁfﬁi cl.ons,
bet ween 10G\sdisqusted ahnve, SBpamnente #ad reetate ohtarsd ahthercgd @ % EQTOOH
mcrons, or Qe yge ﬁoﬁ%’-ix{% %eﬁ%?ca?@ﬁjam afld ﬁfe%§olaﬂéﬁ%ﬂﬁﬁber%§ﬂe@ﬁ§él§‘g the -
menbr ane t hi ckness al'so may crease the nechanical strength of the
menbr ane. ABI®N, 2§)y Likerths tibeles o dai kidueys the permeatoponldiomeantorc@p@cs uppor t
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15  and reabsorption unit membrane into the basolateral chamber. The combined retentate

and reabsorbate in the basolateral chamber may be then returned to the patieht.
~ FIG. 8 shows an éxploded view of one embodiment of a reabsorption unit. The
unit 800 comprises an apical chamber 810 and a basolateral chamber 820. The unit also
- comprises a thin lOO—urri reabsorption membrané 830 supported on a membré:ne‘ s’uvpport‘
20  layer 840. The reabsorpﬁon membrane is used as a substrate for renal proxinia’l tubule -
cells. A double o-ring design 850 is used to provide an essentially leakproof ',
- reabsorption unit. '
In some lembodiments, the reabsorption unit membrane may have a thickness of
between 10 microns and 200 microns, between 50 microns and 200 microns, or between
25 75 microns and 150 microns. In some embodimenté, the reabsorption membrane rhay be
 fabricated from a polymeric material. For example, polymefs such as polysulfone and .
Full’».cureTM (Objet Geometries, Inc.) may be used. In some embodiments, renial perirnai .
tubule cells seeded on membranes fabricated from p.olysulfone and Fullcurem may
exhibit improved grOwtﬁ and/or morphology. Additional examples of polymers that can :
30 beused to form structurés described herein include but are not limited to: polyvinyl
alcohdl, polyvinylbutryl; polyvinylpyridyl, polyvinyl pyrrolidone, polyvinyl acetate,
acrylonitrile butadiene styrene (ABS), ethylene-propylene rubbers (EPDM), EPR,



The reabsorption unit may be in fluid communication with the
ultrafiltration unit. As discussed above, the perneate and retentate

obt ai ned wb 2bhe4eg3d of the ultrafiltration unit can be fcowedoionve7t he

api cal chanber and the basol ateral chanber, respectively 10 (FIG 2A;, 2B).-
Li ke the tubules of the kidney, the pernmeate would cone into contact with
the human proxi mal tubule cell epitheliumlayer, and the human proxi nal
tubule cells would performthen- biologiggl functions in regulating the
reabsor pti on and netabolismof inportant substances such as gl ucose, water
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ethyl acrylate (EEA)), hydrogenated nitrile but adi éne r ubber

natural rubobymersg.g; P%lymlaml% 8ok (b kiay! pYBiRye), R@Wla}'lﬂ?}’ffpl!féﬂl@bol yrrer s,

silicone r
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ket ones, paloyisobatylEyanqaotyyae)h ﬂoly(msdasctatd} @pt;x@vdg& alcdhmlss,qmmnr&i}&s ‘
am.no. resins, pl yuret hane

dllsothlocy at e dehyde re S
unsat ur at ed” itpﬂ énn?ﬂBWéS Ry Y‘Hi(/llpyé‘le@P’ viny) polygey el Y%IWPHWO& hers,
pol y( aflbydrdtl@@éﬂe a:%dd%idﬁ@%%ﬁfa%acr?@iewBQ@B&’@@I?B{%‘?}/OI%SXQQ YbBGRene-
pol ycapr al act ones, pol ycarbonat es protein T I ymers-3dach " as al bumin,
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(e.g., polyam de (NyI on), poly(ecaprol acta lon 6) , poly(hexanethyl ene
adi pam de) (PRYIQOW Beylidene polymsrsde..pe! }gsobutylene poly(me yl styrené),

25 poly(methylmethacrylate) (PMMA), poly( vinylidene chloride), and poly(vinylidene
| ﬂuoﬁde)); po_lyafamides (e. 8., poly(imino-1,3-phenylene iminoisophthaloyl) and
poly(imino-1,4-phenylene iminoterephthaloyl)); polyheteroaromatic compounds (e.g., |
polybenzimidazole (PBI), polybenzobisoxazole (PBO) and polybenzobisthia'zble (PBT)); '
polyheterocyclic compounds (e.g., polypyrrole); polyurethanes; phenolic polyiners (e.g., |
30 phenol-for‘mal‘dehyde); polyalkynes (e.g., poly acetylene); pglydienes (e.g., 1,2-
polybﬁtadiene, cis or trans- 1,4-polybutadiene); polysiloxanes (e.g.,

poly(dimethylsiloxane) ‘(PDMS), poly(diethylsiloxane) (PDES), polydiphenylsiloxane



15pol yim de, polynitrile, and poly(pyronellitimde-1,4-diphenyl ether)
(Kapton)); vinyl polyners (e.g., polyacrylamde, poly(2-vinyl pyridine),
pol yvi nylwerooldsogsae) , pol y(met hyl cyanoacryl ate), poly petrisgheypanaacry

| ate), pol y(butylcyanoacrylate), poly(isobutylcyanoacrylate), poly(vinyl
acetate); poly (vinyl alcohol), poly( vinyl chloride), polyvinyl fluoride),
pol y(2-vinyl pyridine), vinyl polyner, polychlorotrifluoro 20ethyl ene, and
pol y(i sohexyl cynaoacryl ate)); pol yacetal 35_-pol yolefns (e.g., poly(butene-
1), poly(n-pentene-2), polypropyl ene, polytetrafluoroethylene); polyesters

(e.g., poly n ) | . utyrate);
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, may. be used are descrjhed in International Patent: | i cation
Serial " No. IS%'?ISP @é?&d%‘ﬁd%%‘fﬁ?e g‘fﬁ gotciltgg,enmagm%gge BEIoyHE apical ¢ a&bg\"spfl}ond by

Yi ng et al .the bhdoRfler@ncHamBept enber 12, 2006, which is incorporated herein by
reference. In sone enbodinents, comercially avail abl e menbranes, such as
Pal | OregaTM nenBramesmbodiments thsoaracal elrmbemayd besolpterdl. chamber inay be e

nbodi t t h t nh I be incl uded
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saggi ng of the reabslgrhgti on unit nenbrane due to differential -pressure
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enbodi nment i : r r i gured
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15si ni | ar fraedfisenl. ds seras embbeicheatsothe dneor tivee o-eingntmay aidinproentipabetside
chanbers of_: Mgltrafiltration. unit. . In.sonme enbodi nents, the reabsorption
unit may bem%%g’llagén%%lm go%ﬁeepr&mﬂ%rt‘éb%‘? ?fflﬁgs‘, ~gaskets or other sealing
arrangeoent s t o Ipkome dRibalin®sse tHel ridthbrah&adeR iR Be refRbrptioR uRR By RABEdbIRENt S,
the one or more o-rings may aid in preventing outside mcrobial infection
of the proxXp fastliteigrhg etachmest, prodiferationrand suppart e thesproxineal pbutereee used in

the r Qabs Orertfxé?‘ﬁnPﬂyEp SRouk b a%%bg, certain polymers such as polysulfone and

Fullcure™ may be chosen that allow improved performance of renal proximai tubule

cells. In some embodiments, the reabsorption unit membrane may have molecular _

25 weight cutoff of less than 10 kDa, less than 20 kDa, less than 30 kDa, less than 40 kDa,

V less than 50 kDa, less than 60 kDa, or less than 80 kDa.

In some embodiments, the cell layer on the reabsofption unit membrane may

éompﬁse renal proximal tubule cells. The renal proximal tubule cells may be obtained .

- from human subjects or other mammalian subj egts. In certain embodiments, the cells

30  form a continuous layer on the reabsorption unit membrane such that permeate cannot

pass through the reabsorption unit membrane without passing‘ through the renal proximal

tubule cell layer. For example, in some embodiments, the cells form a confluent



to facilitate the attachnent, proliferation, and support of the proxi mal
tubul e cell epitheliumlayer. As discussed above, certain polyners such as
pol ysul f oM 28HY488P| cur eTM may be chosen that al | ow i npPEVEE2HEPE rance of
renal - proxi mal tubule cells. In sonme enbodi nents, the reabsoiption unit
menbr ane may have nol ecul ar 25 wei ght cutoff of |ess than 10 kDa, |ess than
20 kDa, less than 30 kDa, less than 40 IcDa, less than 50 Is.Da, |ess than
60 IcDa, or |less than 80 kDa. | n sofe- enbodi nents, the cell |ayer on
the reabsorption unit nmenbrane may conprise renal proximl tubule cells..
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confi gur-ed LR R dROLdiRb! . For exarrpl e, the BAK may be a wearable devr ce,
i.e., a device worn on a user (i.e., a subject or patient). As shown in -
FIG 9,15a pati enh s@ﬁh@ enpdingmts, theBRKK Idy bdrainﬁrgsredombepombld: oFctrrwalpater, ent's
crrculatory t . tube. 920 and an outl et u e 930. Al so worn

an nl
by L he pat | REAKTY HSRELE HHFS b COMTELEPEPIA Bl e APt e BAK
t hrough wasja@iefitybAs shown in FIG. 9, a patient 900 may wear a BAK 910 that is connected to the :

patlent S cxrculatory system by an inlet tube’ 920 and an outlet tube 930. Also worn by
- the patient is a waste bag 940 for collection of waste from the BAK through waste tube
20  950. Advantageously, a wearable BAK presents the opportumty for a subj ect to have ; = ,
contmuous blood filtration over an extended period of time. For example the BAK may
- be capable of substantlally continuous blood filtration for a period of at least 1 hour; at -
‘least 10 hours, at least 1 day, at least 2 days, at least 4 days, at least 1 week, at least 2 ‘
‘weeks, at least 1 mooth,:atlleast 2 months,_at least 3 months, at least 6 months, or even at .
-25  least 1 year. In some errlbodiments, the BAK is a capable of substantially continuous |
blood filtration without substantial fouling compromising acc’:eptable performance. For -
exarrlple, in some embodiments, the channel surfaces and/or membranes in the BAK may :

be substantially non-fouling during operation of the BAK.

30



20 950. Advant ageously, a wearable BAK presents the opportunity for a

subj ect t ti nuous blood filtration over an ext
tinme. For\ggler\{?gq“gé%Qt he BAK may be capabl e of substanti a???ﬁsg%ﬁ]t% Om}gas bl ood
filtration for a period of at least 1 hour, at least 10 hours, at least 1

day, at |east 2 days, at |east 4 days, at least 1 week, at Ieast 2 weeks,
at least 1 nonth, at least 2 nonths, at least 3 nonths, at |east 6 nonths,
or even at 25 least 1 year. In sonme enbedBrents, the BAK is a capabl e of

substantially continuous blood filtration wt hout substantial foul i ng

conproni si ng acchipdoatd antﬁmﬁlhemt@;&thAIF@lhyﬁXtaﬂmbSd af dirafOdtat ¢eubOID MEHes, the
channel surfaces and/or nenbranes in the may be substantially

non-f oul i ngheHir #trgash be&lt Bl RsRheYr, atgasgARO mI—V@@’O‘Ple‘&@%@QQGW BQS?@EO/%GBS?? -
18 - 1eh &t 598%%L gghrg)qkrrents the BAK may filter blood at a rate of. at
| east 50 nl per hour, | east 100 nmL per hour, at |east 200 nlL per hour,

at | east 300 nL beson‘[mnbodamelas, theBaK 539 cmhp;:im’oﬂmmore pumps fdriassisting

enbodi ment s BA / conprise qQne or |st|n f|UId '»
1 ow w chi niehdfebrt the AR 5 SuRsR et e BAS weopibip.ant BnE Y im oy
be battery . pawey fewerb@fofsaiiyle- The fol |l ow ng exanpl es are i ntended
toillustrate certain enbodi nents of the present invention, but do not

exenplify the fulhe @xl;l@p@g)fpxaméesmwemndg@ to lloptrAp/perRin embodimemisiof thexanpl e
denonstrates_t.h erfor n.inventi ve BAK. A
BAK was conFid ?frgﬁn%%n ga (e n& exﬁ‘fl@f {Ef‘%ﬁ? hﬂ&cﬂ’e of ¥ %%fenf??'ati on studies

were conducted using pol ysul fone/ Ful | cureTm (PSFC) menbranes prepared with
or without 15 anti-fouling agents, such as 2-nethacryl oyl oxyet hyl
phosphotd/l choline (MPC) or 3- nethac v pr opyl trinet hoxyS| | ane (MPS).

bR
PSFC rembr anes g Subles6ikuia de RSP0t HTBEAMAR o | Oved bY

phase i nversion technique ntérna onal erial No.
PCT/ US2006/ 356th BAKL i t | ed, "Porous PoI yneric Artl cles,” by Ying et al.

filed on Septenmber 12, 2006, which is incorporated herel n by 20 ref erence)
By varying the méithK Vﬁf@m@es-tmg@smho‘pmryglﬂfi ofrevigrpg)trafitiration stedigseejre MPC

and/ or MPS, n stLuctu ed with
or it hout SUCIAER DGR e By b b RS THSHrp R il PR
301(13a5 anﬂatmjﬁﬁng epEes, Lsﬁmﬁdsmeﬁ;bﬂ@c@myad@umynphwbmb@lmbmd (Mng) & Bh
perneability to water and other small nplecules. They had a hydrauylic,

per meabi | i t ethgcrgioyiaxynirryl armsthexsilae MRS PSECnen a&@foW?ﬁeﬁ heszed Higy) |

and a diffugjva;ar Azaﬁ%%tta}&maﬁy a@@;ﬁ@ﬂldﬁr@&nﬁueﬁs& ItefddngM S-

A feed solution contadining umn, O. L of urea andOOl g/ L
of creati n|Pmc:nt\aokppdnhatwasSemahNbaPCTﬂJ%lﬂ)D@tOéS@m;emnﬂadat‘li’ames Balyibknod pl asm,

d int AK at 300.m |/ U.trafi.ltrat t
o bun o enitidese s T 2kt e B STl 1 allos AR bl niiEy
nmeasur egh t oreeéfa{déft By m@lrrgem@mr@t PECERAZRE Bo ﬁl@ne‘tl’S) PSREuraeRy, MBS -

denonstrated excell ent Separation properties. They successf ul | y filter ed'

out | ow nol &eerdYPfengrbrapeovish as ommuménmsawmﬁgcoazldawmamebwﬁar%d to
Pal | - without post-treatment (Table 1). These membranes had a MWCO of < 30 kDa, and

were hence impermeable to albumin, while providing high permeability to water and
other small mo]eculeé They had a hydraulic permeability to water (ultrafiltration fate)
25  of~10-100 ml/(h m* mmHg) and a diffusive permeablhty to creatinine and urea of >
0. 5><10 cmy/s. '
A feed solution contalmng 50 g/L of albumin, 0.2 g/L of urea and 0.01 gL of |
: creatimne, which was similar in solute concentrations as blood plasma, was pumped into.
“'the BAK at 300 ml/min f()r 4 h. Ultrafiltration rates, albumin sieving coefﬁcient, urea; ,
30  and creatinine clearances were measured to evaluate the membrane performance (FIG. -
4). PSFC membranes demonstrated excellent separation properties. They successfully

filtered out low molecular weight proteins, while retaining albumin. Compared to Pall



WO 2011/ 040889PCT/ SG2010/ 000377 - 19 - OregaTm 10 kDa nenbrane, PSFC

menbr anes (especially 20w %°SFC200- 5wt %vPS) of f ered superi or

ul trafil twatzoomw4osspes, and urea and creatini ne cl ear anc@€T/SBaoleeI3TOr €,
there was no need to stabilize the pores by post-treatnent of the PSFC
menbranes with a liquid pore stabilizer, such as glycerol or polyethylene
gl ycol. 5Resi stance of the device could be enhanced by increasing the
nunber of mcro channels in the pernmeatgg9chanber. Two ultrafiltration units
with different nun‘oers of microchannels (FI Gs. 5A and 5B, show ng design V1

and desi oN oY, " 39RBL EhIAndPSLCLEShIENLT bR RAY bORIRBSFCAR- KhavpShr ane.

FI Gs. 5A an ow ‘a pérnmeate chanber 500 containing a serpentine.
channel Iapﬁaﬂed&ﬁp)enomluhraaﬁlﬁrdtmnjr@tesnwdaMmd@@tlﬁm clearaniges. BROISf FI G

5A are larger than th C ne3512 f_Fl .aThe.
devi ce rest¥ErENEL] W’Eeﬁé @hﬁ %?eaqﬂr?s b%ﬁ’oﬁmﬂf%tglegfrﬁgbﬁéag b%n%l?r"ﬁhp

pronot ed Ulltqﬁlﬂfpolré §tadiligdd; suth a@glfyeael &d plil\yd’tlr'llylend)%ly&ﬁo m/mn, the al bumn
si eving val ues "obtained were simlar, but the u traflltratlon {é\tes (FlG

5C), "andl urea aRésisianes dfthndevi¢ecpuihbeenhanted byspyreasingthaingmber 9fsi ng a
device w t f#ggrg)r%,)rfnfﬁ SRR Re dtont \é?) TR MR i i FeieRnthldibdever

aus e to I ncrease urt her the
ul trafiltraFedosabeela(EIG £A aamdBpmahmgmmngamm W2 triespectively)

| b 0 01 FIG 5 d ,
ooy 54 ance werslesal nag PRl Ontsean” (hkPhatarrans B! Sha7d SRERIBRh, saps
robranes gutie Al SO corli ﬁgﬁ%él‘flémtu?é)&la&'l@lﬁfyloQ s fAwHERdhe and 100 urn

(FI G 6B, wer e 0 conpar.e he thi nner nenbrane 610 has | ess
mechanil@al nﬁbﬂ‘oe]mgmhls 51 imes chhmbefcbfﬁGt B4 avf largenthan domisgechanndls dHelns uppor t

| ayer 620 B ctions of the.two fu ar cal |
presented i }H‘: m & ‘Bfﬁgngg e\f\lﬁl"(‘fﬁ rSHERcCt ng%?fgl?%ﬁ%uhc f?ot"igegggﬁgé’ hous |y ng
605. FlGs. kb éﬁ@%&ﬂ@dlﬁl&mﬁml&r At Lfded AW rhRDEBOG nidehiAGHE AbUMI®D
di fferent setups fects of nenbrane thickness were assessed@B%/nda

repl aci ng (Slél/@g \@Bles phtainied WEDOsifnilar, berhemitnasiation ratep (G- R
100, P B2 A BR T 205, R P SRR P R e Brodfpmesesul o
cl earanses (VB) 43 co@@)arethbe defiee weloreerteif m«nremynm (e rfihos,stiyss plauseblleémmval
vas achi ev?njcrge}se tfglr?he?)t(h%eurl]tsraeﬁl?r];tu?n r%alteI z?nrc]ltureap gnrdeggaﬁlmr{]e c éa?éjnré‘eé‘ Wi ou’cI ng
compromising albumin sieving (< 0.01) (FIG. 5E) by increasing device resistance.
The ultraﬁltratlon characteristics of 20wt%PSFC2OO 5wt%MPS membranes of
Ctwo dlfferent thlcknesses 300 pm (FIG 6A, 600) and 100 pm (FIG. 6B; 610), were
20 compared. Asthe thinner membrane 610 has less mechanical strength, it was. placed on
top of a macroporous membrane support layer 620 (F 1G. 6B). Cross- sectlons of the two )
- setups are schematlcally presented in FIGs. 6A and 6B, which show the membranes '_
within the housing 605. FIGs. 6C-6E show the ultrafiltration test results usmg the two j
different setups. The effects of membrane thickness were assessed by replacing (FIG.
.25 6A) the 300-ym PSFC membrane (T1) with (FIG. 6B) a 100-,urn PSFC membrane and a
200- -pm polypropylene mesh (T2). This resulted in further increasing the ultraﬁltrat1on
rate (FIG. 6C) and solute clearances (FIG. 6D). The improved efficiency of uremic
. substance removal was ach1eved at the expense of a slight increase in albumin sieving
* coefficient (FIG. 6E). Decrease in membrane thlckness resulted in a reduction in
30  diffusion distance and a more consistent optimal gradient for diffusion. Consequently,

the ﬂuxes of small molecules such as water, urea and creatmme increased s1gmﬁcantly

with the use of the thinner membrane without compromising the albumin retention.



coefficient (FIG 6E). Decrease in nenbrane thickness resulted in a
reduction in 30 diffusion distance and a nore consistent optinal gradient
for diffu¥P3AIVME8equently, the fluxes of small nol eculP&L/SCUVANOBIT wat er
urea and creatinine increased significantly with the use of the thinner
menbrane wi t hout conprom sing the albumn retention. WO

2011/ 040889PCT/ SG2010/ 000377 -20 - The best nenbrane fromthe in vitro
ultrafiltration study (20wt %°SFC200- 5w 3VPS) was sel ected for

henofiltrati on perfornmance conparison with conmerci al nenbranes, such as
Pal | membr anes Ofndlidkf eaBlantMofa (kO kiR EERANEDRdy (0vas8EEROTO0 Shown
in FIG 7A Fresh rabbit blood was punped at 200 m/mn through the _
ul trafiltraiwt®MBR) was selectednfor bersofiltratioreperfornianed campdngen withieommageial

Filtration rate, albunmn sieving coefficient, an eatinine
cl earances Wﬁraﬂﬁsaﬂﬁ%lead ,P(Saplnafrg%m.‘es(ﬂlfl ef?%)Mi@gﬁi(w gﬁ %8‘8&1 \%\ggﬁ ﬁéggaas the
feed sol uti@Rpad saewh s BIG.SHA. 3B@sHabbit Bldoﬂtvﬁhs?igﬂg%ﬁ iat 200ednl/atin totighahe t he

flat-bed BAK ﬁ(:iFl G 7B) Utrafiltration rate,. ) 7%) al bum n-'gieving -
coef fi ciSentyltrefdfrationyuyi} fardntostimulatardimicahdiglysis|daratippy Falfratien /6@ Arance

10 A RS APy ) 08, o

and urea anhXRsditiblboewad wed antheSeeddol btmnremid pegusadreg 300 enlsmimantbow al buni n

i s sl b 1 B Sk VIS b 5 PR
nemodynam ool LAOSAEIGNTE) BB E 3 (R ) IRuRRapERSRKEFLEAPe

faci i tigt e 3aoAISFRo00BNYNPD! (af €6 RDR Pall 2 SURRAT k ) 90 kda Pall Omega™
wel | -differentiated HPTC epithelium | ayer. PS/ polyvinyl pyrrolidone (PVP)-
and PES/ Pvnnmnhtaneme@w%mmﬂmﬁm%%%%w@gmghmmeyz@tﬁ@nwe@aﬁ t able

e o Ry R R R A G SRt ond e

n

3- (4, 5- di med.by) dstFaBahe @™ 1)4Da(add PatlByset B0 pheaybnané. (I4-additiboptheny 1) - 2
Ht etrazolium (MIS) assay (FI G, 9). Assays were perforned at. day .1, (is)
week 1 and Yonepgteksystest way fquad o %ﬁ hemedyragialy ?%‘I%Sle%? W&P@%Ezqaﬁ“%“’ﬂ
triplicate m ne the average netabolic activity. Error bars

i ndi cat‘% t?\‘ggsgct)%%ggé'd deviations. For this study, we have 25 optim zed

| Onmt %°PSFC200 andTHemambtanaisedinsheneatmoaptonvadt wasmbfigursf tsbpgde t¢ ng HPTCs.

F BAK icatiogn, it | d t i f HPT el |- di tiated
2nd funct | o e S TRERTAEE ARspreR o R B P I o uden- 1
(ZO 1) wer echisetudSay¥R! KShHolyk RiylfybEaond\BRFP) a0l PESTVDhehtbrames fowdeat or  of

wat er reabsorption functionality in the proximl tubules q[ﬁls Tag&é. J,C K
Leung, C. WiKosticammercipl hamadialyzegowarenot aila e pecfoun sugh a fapqtion. RFdieywere -

0 e 20 ke R A LR 00 SO bl i |

epi t hel i um 3-f415Kirhethaldv el 29 P33 fcarbog ginethbk yshengl2s(@r sud fopienfyB:2H- .

Rothen- Rutl o et (18] A%y (FIG 81 FRcchySare pertoomad at (w) day 1, (=) week 1 and -
(i) week 2 after initial seeding of 50,000 cells/cm? 1n triplicates to de’terminefthé a{/erage o
metabolic activity. Error bars indicate the standard deviations. For this studyf, we have: -

'25  optimized 10wt%PSFC200 and found that this membrane was capable of supporting
HPTCs. For BAK application, it is advantageous if HPTCs are well-differentiated and
functional. The expression of aquaporin-1 (AQP-1) and zonula occluden-1 (ZO-1) were
used .as markers for HPTCs. AQP-1 expression is an indicator of water reabso@tion .
functionality in the proximal tubules [S. Tang, J.C.K. Leung, C.W.K. Lam, FM.M. Lai, - |
30 T.M. Chari, K.N. Lai, Am J Kidney Diseases 2001, 38, 317]. ZO-1 expression and |

enrichment at lateral cell membranes would indicate formation of tight junctions sealing

the epithelium. This is édvantageous for selective reabsorption [B. Rothen-Rutishauser,



- 21 - S.D. Kramer, AL Braun, M Ginthert, H V\ﬂnderli-AIIenspach,

Phar maceutical Res 1998, 15, 964]. | nmunofl uorescence staining of cells
seeded onVPEAWMIPEEE200 nenbranes showed that the attachgﬁT@é;lzg@/‘)@%Fessed
the required ZO-1 and AQP-1 nmarkers for well-differentiated and functional
HPTCs (FI G 10). A control study was conducted to determ ne the
cultivation duration needed to attain a renal epitheliumlayer on PSFC
menbranes. This was perforned by neasuri@y-the transepithelial electric
resi stance across.the apical and basol ateral side of cell-seeded nenbranes

using an epgih & tider, \polﬂreuh}mmt@ﬁntﬁé%v@/ﬁyumlmlﬁh%bﬁImﬂnaeeturnwmuss
Sar asot a, F@g%COmrerm al poI yet hyl ene terephthal ate (PET) nenbranes were

used as a 1 A9+ Y14 %@PBQ@%&E@SCM stppning peerllsveedpd op 1M GPSFR2E0 al cel |
seedi ng den r S gﬁ(t)ﬁ{m gtjt:zlcﬁaed ée#lzs B_%gsgﬁ?ﬁ%‘llehﬁléépfweldaddn&g?ais' ng

resi st ance, ateau a Icating theé formation
of a renal mar]«tek’saforumillmffarenmtedlmuiﬁlhetakaHPTBeﬁK} dore for the seeded PET

menbr anes was | ower than that of the se ded .PSEFC nenbr anes Th|
because 1 he PSFCAORBP Was eondpst E@E’r cterininey! C{‘Tﬁ‘l ‘i atio ﬁ%t

conpar ed t O 2 BRI Qﬁfﬂé[lﬁﬁQ§y&%ﬁ@rS@Q€rnérﬁbﬁh&esﬁuswﬁg})éiﬁ)rmedb m&@ﬁﬂmgseeded

PSFC nmenbranes, cut to size;, were seeded with HPTC cells and cultivated for
5 days. Thethedtansepitbeléal cheetrivrrasistencoeacenss ﬂwrappdah@tehbasnlatdn@ stdgaifsellsegdsd uni t

for reabsorption studies ed wih growh

factor and %&F@Fafﬁﬁv?lﬂéagsvlﬂ}ﬂlaﬁ@%fwg"g@w@%| @ﬁ’flg ﬁ%"&ﬁlm“%f‘ V{%\’s been

spi ked wi t hsimsdth, TBL)UCREm&cANSbl étﬁﬂbﬁ@tef@hthﬁmte(mn%&mﬁan@wmé aécachstahe
By

cl earance of the urenm c solutes | onerul us into the tubules of the

nephr-onl0 TheoriwdoRetigtprge maméurew&serpjé@f aftcs dnitiel ogllspedingdensiyef of 1 nl/min
as the api C% 06@@:@@‘16 \Me)t hl"}gr gﬁﬁ{g sﬁ%&fmcﬁggng%ls&ﬁﬁg V&lﬁkﬂ e%!:ﬂetdglr at'ggtg' um
w’ra s used sol u

The low flo ransport was per ormed entirely
by the HPTCafte!3 days dndicatitg thlafcﬁﬁgbofﬁ ofxmﬂabe;ﬁMeMmMyer Withoult lbakageldy showed

25 that there was no | eaka n n (FI 12A atin ©12C
fromthe apRE%?ta’%sﬂ‘?J%@P S?‘?SI%SI?%THIB%QUS rléf‘%é‘éﬁs WSH;})’)@? ég‘é %{faﬁlsi: Coer e )
desi rabl e, @ﬁ%nfb}an'eg'd’f %Rﬁg bb&fke ﬁ’letP'Sg'@m&ﬁb}an&e%ere'tﬁrcﬁérq%ér% tWickhése =t he

renal epitheliumand that solute transport across the polynmeric menbrane
via theltel 100 an),mocompyred tovds MiiTohegbraks (averebe tiidkness ASQumyr essi ve

i ncrease and dec e concentragtions in th n ap| cal
30 chanbers; res@%lil F‘?}%ﬁ&gi:ﬁdg Wﬁe?ﬁégégﬁ/‘@?fe Wi%sﬁlgfél"ﬁglé

suggest ed t hativitefor 8Nt }rs O &il- :ﬂ:@ﬂécl\/xﬁeﬁlbﬁhbﬁﬁeﬁé&h@l pladBdak ek ﬂeﬁbs’bﬁjtﬁm
system Renal epithelial cell covered PSFC nenbranes, seeded jnitially at

50, 000/ cn®, usibfas resbserption prudics.nEhe apieal shambexryasyerfused with growth factor and

2011/ 040889 / 0 , eptup free
cell cul turggrgggl u%%g%%t(%%gz ﬁee%glﬁulﬂgﬁgdmg%?ﬁ%fdbe%ﬂisﬁ I n%tﬂnﬂu@f ea and
creati ndhe, avbGeqiiina) SEds totiditidnemalatedahe cllaanm&rofohe tuleenic sdteobptticon unit .

The basol at er al. S|de of the re bsor i0 n S sed with serumfree
cel | cul tur@OW@H}Eﬁﬁnoﬁ#@% Phﬁ’é“ (#‘e FQVigteTgﬁém’i‘%ﬁﬂl“faﬁpe € a??LZB)
urea and (Flifiad 2@ off fBkliALOGC aﬁlcﬁhﬁlaﬁxb}:r %tﬁﬁbwﬁpﬁcﬁgh@ﬁﬁgltﬁk%ﬁ' e

chanbers of the bioreactor were neasured. Punp flow rates for the
reabsor pt i oenltmé medisn. T lowl ﬂqmrzm yes nyed spithat solaterfranspert whs E@f@ﬂ@ﬂ

Conoent r at | REEmTY s AREECGHS ol R A dpieed ehotor CTh {fldY?*ﬁf*“ed

sel ectiy® s@hatiherdWasaitReilGgt BEHfuEH (BIG. tlQﬁR oetieatinil IS, 22€) findehesdied| e
| evel s of creatinine in the 10 basol ateral chanmber of the flat-bed BAK

after 4 h oqshambg[ fnie byseilatens] ehambsr.t Rleese oepwdts were desirable, as it indicated that a
: tlght cell-cell interaction w1th1n the renal epithelium and that solute transport across the

polymenc_ membrane via the cellular monolayer was biologically selective. A
progressive increase and decrease in urea concentrations in the basolateral and apical

30 chambers,'respectively, was further observed (FIG. 12B). These data suggested that the
functi‘ons of native tubules were mimicked in this system. Renal epithelial cell covered

PSFC membranes, seeded initially at 50,000/cm?, were placed into the flat-bed BAK



rejection of the native kidney for creatinine synthesized by the body. It
confirnms the formation of a sheet of renal epitheliumw th HPTCs that have
ti ght celwoceilo4ssper acti on on the PSFC nenbrane. |f these/sceilogoes’e wel |
differentiated and functional, our reabsorption unit can replace the
function of the native nephron. 15 Table 1. Conposition of precursors used
in the preparation of PSFC-based ultrafiltration nmenbranes. 20wt %SFC150
20wt °PSFC150- 5w %V PC 20wt %°SFC200- 5w PAPS Pol ysul fone, PS [g] 1.00 1.00
1.00 FullcureTM FC [g] 0.15 0.15 0.20 2-nethacryl oyl oxyet hyl '

phosphoryl clal & Rgys d‘f"%@ltwkﬂ&nos&QmQﬁQe‘S&u culture medium, without growth factors,

spiked with inulin, urea and creatinine, was perfused into the apical chamber of the
- reabsorption unit. The basolatéral side of the reabsorption unit was perfused with serum-
- free cell culfure m'f-:dium.' The concentrations of (FIG. 12A) inulin, (FIG. 12B) urea and
5  (FIG. 12C) creatinine in the (#) apical and (m) basolateral ch_ambérs of the bioreaqtor -
- were measured. Pump flow rates for the reabsorption unit was minimal (1 ml/mih);
minimizing the effects of convective movements of the solutes. Therefore, any chah_ge
in solute concentrations in the apical and basolateral chamber is due to the selective
_ solu;té fnovements inducéd by the cells. There are undetectable levels of creatinine in the
10 . béso__latcral, chamber of tﬁe ﬂét-bed BAK after 4 h of testing. This mimicks the 100%
| réj e"ction.vof the native kidney for creatinine synthesized by the body. It conﬁrms the
formation of a sheet of renal epithelium with HPTCs that héve tight cell-cell interaction
on the PSFC membrane. If these cells are well differentiated and functional, our |
‘reabsorption unit can replace the function of the native nephron.
15

Table 1. Composition of precursors used in the preparation of PSFC-based ultrafiltration

membranes.
- | 20wt%PSFC150- | 20wt%PSFC200- -
20wt%PSFC150 ’ '
| " | swt%MPC Swt%MPS
Polysulfone, PS [g] ‘ 1.00 11.00 | 1.00
Fullcure™, FC [g] | 0.15 o5 020 -
2-methacryloyloxyethyl ' :

i y_ yemy 0.00 - ' 0.058 : 0.00.
phosphorylcholine, MPC [g] -
3-methacryloylox '

Rt , 0.00 0.00 0.06
propyltrimethoxysilane MPS [g] : :

While several embodiments of the present invention have been described and
20  illustrated herein, those of ordinary skill in the art will readily envision a variety of other -

means and/or structures for performing the functions and/or obtaining the results and/or



0.00 3 -nethacryl oyl oxy propyltrimethoxysilane MPS [g] 0.00 0.00 0.06

Wi | e several enbodinents of the present invention have been described and
20i | | ust r¥OPSAIINEPBP N, t hose of ordinary skill in the ar PCHMSIGROWOLRETT y
envision a variety of other neans and/or structures for performng the
functions and/or obtaining the results and/or WO

2011/ 040889PCT/ SG2010/ 000377 - 23 - one or nore of the advantages descri bed
herein, and each of such variations and/2%- nodi fications is deened to be
within the scope of the present invention. Mre generally, those skilled in

the art Wi ldnelpafid ¥f MPRARKkAELE déLAbePhdreiR2iAIBRER bS suctivaBASIRRASd/ofAL er i al s,
and configurations described herein are meant to be exenpl ary and that the

actual 5 paredificasions isdlepmnd tobswithiattee seaps of Hiedreseniciarentignr More generplly.
depend “poo'?késg%kﬁl%ﬁ% ihecanatgﬁ)ll r'e%cﬁ’%}na%:p ?ciat@&lg 411? Qt%rsf ﬁ{gne}iqgiogp Iilzii ials,

t eachi ngs the present inven are used ose S e art
wi |l r ecognind eonfogurixtons ldescribed asresr dranfeattsio tbg eremplaryeartdhar th@antuale ' '

experinmentation, many equival ent the specific nts.of t

i nventi én d’é&"’é@qtﬁé»dhﬁ’é’r“é?‘ﬁ niaferiai? aq%gr@pgxggatip%s ‘ﬁ%ﬂﬁ FJhe Wte&i}e 1G he
foregm ng \: @fhd” at,
W thin the%ggg%gggia }tg etcg%%gnf&éﬁﬁﬁp%%hﬁfg,@ eocfgllfni/a %r??isrﬁl te ﬁtgﬁrdgts 0, tsrﬁg :

i nvent i on rihpsoekipedint the edl will roghige, o baablaso smnamlusaiglry) wdere dhdrbietitingmd .
cl ai rred The ‘present invention is g(lirect ed.to i dual 10(ﬁature

system ar tXRFENCHATQ, mapy eqyivalents fo e sﬂﬁ?ﬂﬁﬁmﬁgﬁﬁep °(§ ee‘P‘é‘T’nrt\
addi tion, - apycriRABERR. | P, tti‘eréfm R bellRiderstoahhdt eias M@g,@mgsaﬁﬁcmmemaaﬁel cl es,

materials, kits, and/or
- 10 presented by way of example only and that, within the scope of the appended claims and
~ equivalents thereto the invention may be practiced otherw1se than as specifically
described and claimed. The present invention is directed to each individual feature,
system, article, material, kit, and/or method described herein. In addition, any
combination of two or more such features, systems, articles, materials, kits, and/or
"1 5 inethod_s, if such features,‘ systems, articles, materials, kits, and/or methods are not
mutually inconsistent, is included within the scope of me 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. |
20 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
- one.” | | o '4 ,
The phrese “and/or,” as used herein in the 'sp:eciﬁcatio'n and in the claiins,_should‘ N
be understood to mezin “either or both” of the elernents SO conjoined,‘: ie., eleinentsfthati |
25 are conjnnctively present in some cases and disjunctively present in other cases. |
Multiple elements listed with “and/or” should be construed in the same fashion, i.e., “one -
or rnore” of the elements so conjoined. Other elements may optionally be present other
| than the elements specifically identified by the “and/or” clause, whether related or
unrelated to those elements specifically identified. Thus, as a non-limiting example, a
30 reference to “A and/or B”, when used in conjunction with open-ended language such as
“comprising” can refer, 1n one embodiment, to A pnly (optionally including elements

other than B); in another embodiment, to B only (optionally including elements other



15net hods, if such features, systens, articles, materials, kits, and/or
nmet hods are not nutually inconsistent, is included within the scope of the
present iwW0oentl/@nss9 Al'l definitions, as defined angCusedoto®pe&n,
shoul d be understood to control over dictionary definitions, definitions in
docunents i ncorporated by reference, and/or ordinary neanings of the
defined terns. 20The indefinite articles "a" and "an," as used herein in
the specification and in the clainms, unhgss clearly indicated to the
contrary, shoul d be understood to nean "at |east one." The phrase
"and/ or, 1 [ t shoul d be
understood togﬁeghﬂfé?% %Fﬁgﬁﬂgnéﬂgﬁt%h?ﬁghgﬁzﬁﬁﬁ?%ﬂggﬂggﬁk P%%& i.e.,

el enent s tbhnmﬁﬁhm&:conjunctively present in sonme. cases and d|Sjunct|ver

present in other, casgs. Ierrent | i.st ed vvlgh, "an houl be
Ponstred i n 1 nds SaRreit i Bis opcifcaion gl imfresies, r HRRER RO

conj oi ned. toqmrtheedaﬁf&aﬁéamﬂg% %ﬁ&/b?%ldevm&fawvesm eﬁhﬂﬂé v&ﬂaﬁ@ dﬁd?ﬁhr@ ement s
specifically identified byt "and/or" clause, whether related or :
unrel at®d items mbstemérremfa@dé@ mdhhﬁanﬂewrctdém b¢mgmclush@slea©eanclusmn B
non-limtin a,30 reference to "A B" u

o e P SERTB n B RARETHGE o oS A h o MU o one
enbodi nment gptidhally Giaditioh@ninlieRadlitelhs] mﬂydmgcleheﬁmai@wattb@re ddﬂ&ﬁryB)uchl n
anot-her errbodl ment, to B only (optionally including elements other

2011/ 040889513@#35@02{0/)06@3% onezqf Zory hen uyed lplﬁh%@m&ncﬁoﬁélﬁt%?féblw%nt to

both A and R ( ]ﬁ{ﬁ%& sed
herein in tellgee tgig{eelcllB ?%:%%ff)g%ggﬁ olﬂﬁelt% it t:% ns, 3t W?ﬁ%blm(fnb rstood to
have tHe sdweemeant agused hémmdélmﬂl"orﬂi)sbdeﬂerpmhdadsomthcatiagrexelxlamphbemaﬁm
separating 5|1,ems nalist, "or" "and/ shal | nt er preted as being

i ncl usi ve, Gi€: gfneqrihe ?%@I%PB?P%‘F )ﬁhepé’ées‘leg%léy et Og‘?’%‘; ST RS mor e

than one, efjgr MUSHRRIE, "Obnlyl die I RHGERAY Sne 80 “CoRbibEHdskehtiaRF oF b wneal
unlisted items. Only terns clearly indicated to the contrary, such as "only

one of' orusedsmthel gJaimneshall haveits ordinary. meaning as wied ie theifield of pasent flasy. ng of,"
L et 9 eSS ekt oSO LT, el Ry e
inter pret eftf@endediadist d)ﬂ?ﬁle@f @h0#6 EMthedlst ﬁfoﬂﬁi ben@Rierstood to mean at least one
element selected from any one oOr more of the elements in the hst of elements, but not
necessarily including at least one of each and every element specifically listed within the
list of elements and not eicluding any combinations of elements in the list of elements.
“This definition also allows that elements may opfionally be present other than the
- 20 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,
-asa non—limitihg- example, “at least.one of A and B” (or, equivalently, “at least 'Qne of A
or B,” or, equiQélently “at-least one of A and/or B”:) can refer, in one ¢mbodhh¢ht, to at . '
least one, optionally ihcluding more than one, A, with no B present (a_hd opticjhally : |
25  including elements other:than B); in another embodiment, to at least one, optibnally
: mcludmg more than one, B with no A present (and optionally including elements other
.than. A) in yet another embodlment to at least one, optionally including more than one,
A, and at least one, optionally including more than one, B (and optionally mcludmg o;her
" elements); etc. | ,
30 - It should also be understood that, unless clearly 1ndlcated to the contrary, in any

methods claimed herem that include more than one step or act, the order of the steps or



(i.e. "one or the other but not both") when preceded by terns of
exclusivity, such as "either,"” "one of," "only one of," or "exactly one

of ." "Consobimgosgssentially of," when used in the clai wer/sshedoloodsave its
ordinary meaning as used in the field of patent law. As used herein in the
specification and in the clains, the phrase "at |east one," in 15 reference
to alist of one or nore el enents, should be understood to nean at | east
one el ement selected fromany one or nong.of the elenents in the |ist of

el ements, but not necessarily including at |east one of each and every

el ement specifjcally |jst Wit hi. j ' Hadi ng
any combi n&t% 8#1 %?éﬁé(fde%éﬁg%ecf Pt eﬁrplles {og#'e g‘lrdeeﬁ%ﬁ\?@% ?helasgébég? Ficnt??lpg% al so
al | ows t hatpelcameotaeité®y optionally be present other than the 20 el enents
specifically identified within the |ist of,et&nentﬁkto Mhiﬁh t he ghﬁase "at
| east one" ref efmstheyghampes webl asti thegpegifiFationabave litagsitonsl phaspssucn as —
speci fical Ly i dent i Jhus - sk b Ak a lvindt “h6ldgig, one of
A and B" (oér(",“l‘fgrgs{‘}?%|‘§%%1 FI}E " sg%@?, gg’st H(E)R?ldéé’of Eéﬁrﬁ%?lﬁ% ﬂm(l)\?) e%ui val ‘gtr%t ly "at
| east ofie Ofomdpaadibfy? aml the dida arectb de uniersiond tebbhopkinnded, itto tamepRast one,

optional ly_ inc]udin re.than.an ith no B pre Joptionally
25i ncl udi -nbncgw‘dé%d]:’l‘ftg‘ogﬁﬁlétfe‘a f%gﬂglﬁ) ,eéwsﬁnwgﬁ@asgﬁb%%ﬁﬁemﬁ ,()F?gldat | east one,
opti onal |y «igislsHek BeARAE I SRhIHRlod8d onbdrhi-E10sed tRaneisionil pheaes,opt i onal 1y

i ncluding el enments .other "than A); in yet another enbodinFnt, to at |east
one, opti orespégtivelyc hustt frythiorthe United Sfates PatenpQffie Mpguad pf Bafent Fg‘ﬁﬂl@ﬂﬁl ly

i ncl udi ng nore.than, one (and optionally including other elenments); etc.
301t shoul ?%ﬁeglgeﬁfregeﬁ %zalo@d; that, unless clearly indicated to the
contrany, in anwrRtidéaismedligi med herein that include nore than one step or
act, the order of the steps or WD 2011/ 040889PCT/ SG010/ 000377 - 25 - acts
of the method is not necessarily limted to the order in which the steps or

acts of the nmethod are recited. In the clainms, as well as in the
specification above, all transitional phrases such as "conprising,"
"including,"” "carrying," "having," "containing," "involving," "holding,"

"conposed of ," and the |like are to be understood to be open-ended, i.e., to
mean including but not limted to. Only the transitional phrases
"consisting of' and "consisting essentially of" shall be closed or

sem -closed transitional phrases, respectively, as set forth in the United
States Patent O fice Manual of Patent Exam ning Procedures, Section
2111.03. 10What is clained is:



WO 2011/ 040889PCT/ SG2010/ 000377 - 26 - CLAI M5 1. A bioartificial kidney,
conpri si ng: a bl ood side configured to be placed in fluid

comuni caWPAAIMI40889a bl ood supply and a perneate side, PEESHROOIETHe and

t he ‘perneate side separated from each other by at | east one sem -perneabl e
menbr ane; wherein at | east one sem -perneabl e nenbrane has a
non-tubul ar configuration and has seeded thereon a plurality of human renal
proxi mal tubule cells. 2. The bioartificigl kidney of claiml, wherein the
plurality of human renal proximal 10tubule cells formsubstantially a

nonol ayer of cells on at least a portigmRfsat |east one sem -perneabl e
menbr ane havi ng a non-tubul ar conflguratlon 3. The bioartificial kidney
of claln12].whenEbNmnﬁﬁuﬂkuhmyJmymnﬁumwnan renal proxinmal tubule cells form

substantially a bstantially.t nLir

15| east one sidéﬂﬁ?o Hee Qﬁﬁguﬁgﬁﬂéﬁﬁﬂﬁe | ﬁgmgyx?ﬁgg?gé §U§%¥|§%m§%|t
4. The bi oghliiafjefhédte &t6lMBYbIObd Gldeiahd the peafiBité Side Separfbdifrain dayh ofher by at
sem - per neabl e nenbranes, at |east one seni-perneabl e nenbrane being

essenti 4l | yedst ere wmiggracable membenepghersin The bioartificial ki dney of claim
2, wherein the ot/ 835t Qe oSN ARAIRARLEL AN AL ARRBR ALY [ e

of adhered cells |s pPoOSi 3t On URI T aving an 1nlet

in fluid CQemwnBaEd)erPmmlfnybhmrbiroadalspmnh;al nmmﬂacwﬂerel n the at | east one
sem - per neabl e nmenbrane having a non-tubul ar . conflguratlon and havi ng.
seeded 25 thereon a nonol ayer of human renal proximal tubule cells is

ositioned -4 n a £ ‘o
gl de of th ej Ul t r"lFahf%atﬁéa(?ﬁﬂ&hmdﬁH}' ot c'lfﬁml kaéréﬁ?m@-ﬂ‘lﬁxﬁﬁ@y' dmluﬁdahti'erﬁll xR

tration unit The bioartificial kidney of claims5,
wher ei 10t heubllé celfsi fbtmaubmmhyarmmdlaofh!eofr@blbgmﬂpba%ﬁ pertian ofrab leagiangi ned in

a single hOlé[SIlll rﬁgrmeagle memgragiel ﬁgv%r?gS g %cI)DnCIx{bg?z %%‘n{igmgt?’o?n?

3. The bioartificial kidney of claim 2, wherein the phirality of human renal proximal
tubule cells form substantially a monolayer of cells on substantially the entirety of at

15 least one side of the semi-permeable membrane of the reabsorption unit.

4. The bioartificial kidney of claim 1, comprising a plurality of semi-permeable
membranes, at least one :semi-permeable membrane being essentially free of adhered

cells. - | | | |

20 |

5. The bioartificial kidney of claim 2, wherein the at least one semi-permeable

- membrane being essentially free of adhered cells is positioned in an ultrafiltration unit
havmg an inlet in fluid commumcatlon with the blood supply, and wherein the at least
one semi- permeable membrane having a non-tubular configuration and havmg seeded

.25  thereon a monolayer of human renal proximal tubule cells is positioned in a reabsorptlon

unit in fluid communication with a permeate side of the ultrafiltration unit.

6. The bioartificial kidney of claim 5, wherein the ultrafiltration unit and the :
- reabsorption unit are contained in a single housing.
30
7. ‘Th.e bioartificial kidniey of claim 6, wherein. the ultrafiltration unit is contained in a

first housing and the reabsorption unit is contained in a separate housing.



-27 - 8. A bioartificial kidney, conprising: an ultrafiltration
unit conprising a blood side configured to be placed in fluid conmuni cation
with a blwoadosuppdsy and a perneate side, the bl ood sidepramgcehw/opermeat e

si de separated fromeach other by a sem -perneabl e nmenbrane; and a
reabsorption unit in fluid comunication with the perneate side of the
ultrafiltration unit, the reabsorption unit conprising a retentate side and
a perneate side, the retentate side andayhe perneate side of the
reabsorption unit being separated from each other by a sem -perneabl e

menbr ane; wherein 10t he sem - perneabl e nmenbrane of the reabsorption unit.
has -a non-tubul ar configuration and has seeded thereon a plurality of human
renal prox8nal Abiohreficial kidney, codpriding: bi oartificial Ki dney of .claim 8,
wherein the pluraljty of. human renal pr t uhul e ce ofMe. ..
substantially a2®Bl 6‘1)‘( ’Pné‘P‘té’@mPE‘S‘Bﬁa ‘gsig‘?coé‘? YrEity eBac?cLlélfgﬁ?ln' 15

per meabl e s whH% b ?f)l@ta'nﬁrﬁ péfthate sl thJ BRoBisRIRhd fHeGieahedtt dney
of claim9, ereln the plurali human renal proximal tubule cells form
subst anf i alsﬂdy sa)a:marbfraymaclmbtheewssm ma@nm@mr@%h@dentl rety of at

| east one si.de of n f r n unit. | .20
11. The bioarti ]alr E?%H%@lrbﬁeglcgfnfﬁl@m& e%él%n %E%H%g%t%?&edrﬁnﬂéegbl e
nenbrane onltfaherdtieahﬁmr ik iredbsoiptibn GEINPSMPESing 0 ketentht ofie-ahd Ialpenn@.te g@de, A

bioartificial kidney ri sing: 25an uItraflltratlon unit co |S|nga
bl ood si deﬂt?dﬁ‘iemjtﬁsé@? WH‘B%P%‘WE?@@OF“MP fthe, reg bR RYRIMTH LRSS RATPIATBR 0 0
suppl y and @taeseﬁh%%rméatﬁfe%Iar%ﬁn@'\gﬁer%d the perneate si de separ at ed
from each 6 y°a ‘sem - per neabl e nenbrane; and a reabsorption unit in

fluid ¢comuni cathememMpehndzalbh: membmat ef Siedeabobrptine unit hasd hon-rdtlapn unit, the
erontate SPHEMEHITHE tabrRst BeBPne misiRe reRbe STl PR TN P UE A e
fromeach other by a sem -perneabl e nenbrane; wherein
- 9. The bioartificial kidney of claim 8, wherein the pluralify of human renal proximal
tubule cells form substantially a monolayer of cells on at least a portion of the semi-

15 permeable membrane of the reabsorption unit.

10. The bioartificial kidney of claim 9, wherein the plurality of human renal prpximal
tubule cells form substantially a monolayer of cells on substantially. the entirety of at

" least one side of the semi-permeable membrane of the reabsorption unit:

20
11.  The bioartificial kidney of claim 8, wherein the semi-permeable membrane of the
- reabsorption unit comprises polysulfone-Fullcure. '
12. A b10art1f1c1al kldney, comprising: ;
25 an ultrafiltration unit comprlslng a blood s1de configured to be placed in. ﬂu1d

communication with a blood supply and a permeate side, the blood side and the permeate
side separated from each other by a semi- permeable, membrane; and . ‘
a reabsorption unit in fluid communication with the permeate side of the
~ ultrafiltration unit, the reabsorption unit comprising a retentate side and a permeate side,
30  the retentate side and the permeate side of the reabsorption unit separated from each

other by a semi-permeable membrane; wherein



WO 2011/ 040889PCT/ SG2010/ 000377 - 28 - t he sem - perneabl e nenbrane of
the reabsorption unit conprises polysul foneFullcure. 13.The bioartificial

ki dney ofWEI28144889 wherein the seni - per neabl e menbr ane PST/SCRRIOOBYT S or pt i on
unit has a non-tubular configuration. 14.The bioartificial kidney of claim
12, wherein at least a portion of the sem - perneabl e nenbrane of the
reabsorption unit has seeded thereon substantially a nonol ayer of human
renal proximal tubule cells 10 15. The bedartificial kidney of claim 14,
wherein the plurality of human renal proxinmal tubule cells form

substantial ly a fieRehay&ieable GRIhbraRiofIhdfdaBrptidd vhit dengdes pellsulfvheat
| east one side of the sem -perneabl e nenbrane of the reabsorption unit.

1516. A net Wodlegfe.filtering blood in an bioartificial kidney, conprising:
flowi ng blood froma patient into a blood side of an ultrafiltration unlt
if the bioartificial kidney that is configured to be placed in fluid
comuni cat i th w The lblbmlﬁbmbkhdﬂebp@ﬂ glampHBswhe@lmthel seas-peangabie membmhe af f | ui d
conmponent 0 t he bl god th E r& er nreabl e menbrane to forma

per neat @F?FBH?%“’%‘? ‘5%“ ‘i“ wlap cqrifign ﬁtltOPau on unit; flowing at |east
a.portion of the per neat e |nto a retentate side of a reabsorption uni t of"
the bioartificial kidney; - passing at least a portion of the perneate
fromthe ult4af Jheﬂamraﬁcxahkrdn@smfmlgm B2, Nﬂwremwb@ﬂt apertionpdthgesenlie . menbr ane

of the r,eabsor t.i.on u it tq&l eded.there 5 & proxi mal
tubul e cel I at?l “}ne glﬁrrgatfssgrﬁ’eilon ‘Wét ha? ergs%)i QSt{ﬁ@ 2
r eabsor pt i ofokdlhfer oﬂﬁﬁlmﬁ@fdnémrﬂgmﬂﬂ tllb@l@éi&ell@ portl on of the reabsorbate to
t he patl ent . _

15." The bioartificial kidney of claim 14, wherein the plurality.of human renal proximal

tubule cells form substantially a monolayer of cells on substantially the entirety of at

least one side of the semi-permeable membrane of the reabsorption unit.

15 16. A method of filtering blood in an bioartificial kidney, comprising:

- flowing blood from a patient into a blood side of an ultrafiltration unit if the
bioartificial kidney that i‘s-configur‘ed to be placed in fluid communication with the blood
supply;

' passing at least a portion of a fluid comp.onent of the blood through a semi-
20  permeable membrane to form a permeate on a permeate side, of the ultrafiltration unit;
| flowing at least a portion of the permeate into a retentate side of a reabsorption
- unit of the bioartificial kidney; A .
passmg at least a- portion of the permeate from the ultrafiltration unit through a
non-tubular semi- penneable membrarne of the reabsorptlon unit that has seeded thereon .
.25 human renal proximal tubule cells to form a reabsorbate in the retentate side of the.
reabsorptlon unit; and '

returmng at least a portion of the reabsorbate to the patient.

17. The method of claim 16, wherein the human renal proximal tubule cells form
30  substantially a monolayer on at least a portion. of the semi-permeable membrane of the

reabsorption unit.



17. The nethod of claim 16, wherein the human renal proximl tubule cells

form 30 substantially a nonol ayer on at |east a portion of the

sen - per N¥QBPE/MHBBr ane of the reabsorption unit. WO PCT/S62010/000377
2011/ 040889PCT/ SG2010/ 000377 -29 - 18. The bioartificial kidney of claim
17, wherein the human renal proxinmal tubule cells formsubstantially a
nonol ayer of cells on substantially the entirety of at |east one side of
t he sem - perneabl e nenbrane of the reabsz@ption unit. 519. The met hod .of
claim 16, wherein the bioartificial kidney is capable of filtering the

bl ood suppl 1g. ofhettiGariAtiaEIinGOSH dAROLES Whefed thathulR@sénal peYmy thbh\Qel tells
substantial fouling. 20. The bioartificial kidney of any of clains 1, 8,

12, or 16, farrasebstantinBy aimanglayer efzeils an swhstansiglly teentiespabitdeasbenaside ofar e

contained i ingl , ' . bi tificial kidney of any of
claims 1, St!qe%ﬁl %%%@Qﬁahng?nﬁﬁq%g%ﬁs}gﬁ%%i on unit is contained in a
first housing and the reabsorption unit is contained in a separate housing.
15 22. The bioartificial kjidney or method aof any. precedin ai wher ei n
the senm’- pkt np‘aB}eéf‘?F_E%Pé’ﬁél_nbi@twr‘?‘%étl?s@?ﬁl lﬁlﬁp{ﬁﬁf‘?y 1S§g1_§33’5)%?gtlﬂ_f‘ir5‘lgl y
flat. 23.Thge Blogglrs%ﬁﬁ%ﬁf e eligr?%m‘ﬁ{uoﬁ.ﬁ?'f@ldat(?éas?‘[‘)ia}pﬁv%&ﬁ!sﬁgstﬁtﬁl fBulipher ei n

the sem - pernea nor a the ultrafiltration unit is substantially
flat. 20 24. The bioartificial kidney or nmethod of any preceding claim

wherein the bigartifijci.al, kidney is_.confi tao be portable . .25 The
et o ,e&ﬁwlﬁ?l%Fﬂ%’ao%yﬁf’yé’rﬁﬁﬁﬂ?seg’;%ﬁggorgpa?’vrthgre\l/ﬁ@rgélﬁﬁ f‘tl‘%%m o
unit and the reabsorption unit are contained in a single housing. : -

10 . o ' _
21-.' The bioartificial kidney of any of claims 1, 8, 12, or 16, where.in the ultrafiltration -
unit is contained in a first housing and the reabsorption unit is contained in a separate

housing.-

15 22.  The bioartificial kidney or method of any preceding claim, wherein the semi-

permeable membrane of the reabsorption unit is substantially flat.

23. - The bioartificial kidney or method of any preceding claim, wherein the semi-
’ permeable membrane of the ultrafiltration unit is substant’ially flat. |
20 |
| 24.  The bioartificial kidney or method of any preceding claim, wherein the

- bioarﬁficial kidney is configured to be portable.

25. The bioartifiéial kidney or method of any preceding claim, wherein the'

.25 bioartificial kidney is configured to be wearable by a user.

26. | The bioartificial kidney or method of any précedi'ng claim, wherein théjs‘ém:i-
permeable membrane ofﬁ the ultrafiltration}uni.t has af molecular weight cut-off of less
than 10 kDa. o

30



25bioartificial kidney is configured to be wearable by a user. 26. The
bioartificial kidney or nmethod of any preceding claim wherein the

semn per mewble1mrogzpane of the ultrafiltration unit has acisicecwloass7nei ght
cut-of f of less than 10 kDa. WO 2011/ 040889PCT/ SG2010/000377 - 30 - 27.The
bioartificial kidney or nmethod of any preceding claim wherein the sem-
per meabl e nenbrane of the ultrafiltration unit has a thickness between 50
m crons and 500 microns 5 28. The bi oartjgficial kidney or method of any
precedi ng claim wher ei n the sem' - per neabl e nenbrane of the reabsorption

unit- has a_thi n R sente

bi oartifi & al &ﬁ’ﬂg’ éf%fm ‘P%reggd&%gm cgalrn(rirli% lejrre%nh Se(::orrprl sing a
10 nmenbr a@%nﬁé’a‘%ﬁ?xﬁ&mb%@ bf it Wltilfreads@iiphidsathickndss betwfeey G micxtoos prdvi de
support to the sem -perneabl e nenbrane of the reabsorption unit to resist

appl i ed pri®8suicens 30. The bioartificial ki dney or nethod of any
preceding claim further conprising a menbrane support layer in the
ultrafiltration unit configured to provide support ‘to the 15seni-perneabl e
nmenbr age afg. t herhel visafifitiarddneyrormmithod of anggiretedimgsldimg whewssiiesems],  The

bioartificial kidney or thod of an cedi.n er rreat e
si de of tmnmtheampm@pfgﬂwﬁﬂsom@%@aaﬁgﬂﬁaegsa%e?vv?m%&%%% S{%‘dp

Cross- sectiog%lcro%rsea t han channel s in the bl ood si de of the ultrafilt ratl ‘on
uni t 20 : _

29. ‘. The bioartificial kidney or method of any preceding claim, further comprising a: )
10 = membrane support layer in the reabsorption unit configured to provide support to the

’ seml-permeable membrane of the reabsorption unit to resist apphed pressure.

30.  The bioartificial kidney or method of any preceding claim, further comprising a
membrane support layer in the ultrafiltration unit configured to provide support to the |
15 sémi-permeable membrane of the ultrafiltration unit to resist applied pressure.
31. The bioartificial kidney or method of any preceding claim, wherein the permeate
51de of the ultrafiltration unit contains channels- havmg a smaller cross- sectlonal area
“than channels in the blood side of the ultraﬁltratlon unit. |
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