METHOD FOR FORMATI ON OF RENAL TUBULES CROSS- REFERENCE TO RELATED

APPLI CATI ON [ 0001] This application clainms benefit of, and priority from

U. S. proweizonalesgat ent application No. 61/193,467, fil edTRecemnersc2, 2008,
the contents of which are incorporated herein by reference. FIELD OF THE

| NVENTI ON [ 0002] The present invention relates generally to nethods faor
formng renal tubules in gel-free in vitro systens. BACKGROUND OF THE

| NVENTI ON [ 0003] Many drugs and xenobiotics (e.g. antibiotics,

p- am nohi ppurate) cannot be cleared efficiently in the kidney by gl omerul ar
filtration. Such substances are then actively transported by the cells of
the proxi mal tubuMETHOD FORBORNATEON OFtRENAE. TUBWLESar filtrate
flowing in the lunen of the renal tubule. Organic anion transporters,
organi c cation transporters and the p- gl ycoprotein coded by the multi drug

resi stance '(%iét?s ?@Fm@@ gwhtﬁ; @’Eﬂ Nl ar transport
processes. eir func |ons In-dru ranspor proxi mal tubule cells

are a naj or @ Pet i‘l%aﬂpﬁé&'tﬁnQﬁxhﬂgb&ltafﬁ@taﬁdbﬁb mkjsiris%smaa wel I', ot her
cell types of the renal tubule can be affecte dru sinthe filtrate.

Thus, it is PaibipLsstion Ho- SLd {467, filed lﬁ%cﬁﬁP?Stzo%O%t %Ofd‘f i4&if y devel oped
drugs and t hatdrpRiibaiGten Bitefelgcecel | s of the renal tubul e. [0004] There has
been increasing interest in physiologic in vitro toxicity assays to repl ace

ani mal exper| r e is one of the nmagjor target sites in
ki dney i nj ur@@%ﬁgwmlqﬂ§ﬂ ns and i schem a. Tubul ar necrosis is
associ at ed C I IbSEAS 8 hgdienal tubule is
af fected an\(lj\t Bgzs]'?r gﬁhggl%(%g?lﬁgégnﬂ lﬁ%egglgé;‘ls%lrlgigl S, efgﬁ{&ﬁg&% 1%m{end st age renal
di sease. Thu@bulvsmg?léminwttmﬂ@nﬁ s one of the nost interesting structures
for exam ning drug effects and ki dney di sease. [0005]Cell culture-based in
vitro nodel SBAGKGROUNDIOF BHEEINVENTIONCel | s have been devel oped in
order to study renal toxicity, drug effects, and ki dney physiol ogy and

di sease. Sucl9003]delMany sieigsraidndeyobiotied (e grantbians, p-anihdhippestepdangs babl i shed

| h L )i . i he kid ,
A1 OF L neBPec et A 5 By AR PR SR 0 T dney)

actively transported by the cells of the proximal tubule from the bloodstream into the

glomerular filtrate flowing in the lumen of the renal tubule. Organic anion
transporters, organic cation transporters and the p-glycoprotein coded by the multi
drug resistance locus play a major role in such transcellular transport processes. Due
to their functions in drug transport, proximal tubule cells are a major target for toxic
drug effects in the kidney; as well, other cell types of the renal tubule can be affected
by drugs in the filtrate. Thus, it is important to assess the nephrotoxic effects of
newly developed drugs and their effects on the cells of the renal tubule.

[0004] There has been increasing interest in physiologic in vitro toxicity assays to
replace animal experiments. The renal tubule is one of the major target sites in kidney
injury caused by drugs, toxins and ischemia. Tubular necrosis is associated with acute
and chronic kidney disease, and the renal tubule is affected and destroyed during

kidney fibrosis, leading to end-stage renal disease. Thus, the renal tubule is one of the

most interesting structures for examining drug effects and kidney disease.

[0005]  Cell culture-based in vitro models employing tubular epithelial cells have .
been developed in order to study renal toxicity, drug effects, and kidney physiology
and disease. Such models use mainly flat monolayer cultures of established animal or

human cell lines, such as MDCK (Madin-Darby canine kidney), LLC-PK1 (Lewis-



| ung cancer porcine kidney 1), OK (opossum ki dney) and its derivatives or
HK-2 (human ki dney-2). [0006] The nonol ayer culture nodels have several
di sadvantwiges1o/du®sin part to the fact that the effect @®CT&GI@I@H3 Such
cell s depends on cellular drug transport functions, which |ead to cellul ar
uptake. First, stable cell lines are functionally different fromprinmary
cells and the transport functions and responses to toxins nmay be altered.
Second, aninmal cells do not always have simlar transport properties and
drug sensitivity as hunan cells. Third, transport properties and cel
erformance ends at . rt on, the stat of .cel fferentiation;
gnd cells thgi e REFIn Eﬁﬁ?’ lb)’rblgflg(ﬁ)séurlﬂ?dﬁey rlté Vg?vee(sflorr‘}gglznot express
certain drugﬂmmamsﬁuwﬂérs and may show al tered drug responses. Proper cel
differentiation is often not carefully controlled in studies using

nonol ayer cutdousF , TH$ncablE er 6t R dSls GAR s&%mﬂal;aﬁvm &s, & il pRteENt . Al so,
sub- conf | uent densities are often used er such conditions

epi t hel i al Q’F%’é’ té%fﬁlﬁc?ffe‘ftﬂf?ﬁk&gHi?Wlé?egﬁ?qu&déan %?ﬂF]Ph‘B'Pg‘Eﬁ?fP“Wm ch expresses,
for inst ancemnwogéatwhjcu o] tocnaﬂular[u@ﬁﬁe?]mrﬁt sttahﬂae d¢ll di®yre flultGorBY | S of the r enal
e oL b oS P i B SR il |t e
api cal si .desb@dltexpd ecangl) antrmabcdlled@mdtlalsva(sl?ﬁﬁsglmﬂmasﬁsm @ofxties lndor der with
mcrovilli. r ut anyl

transpepti dase %e%%%g% R%n%a# %£T9€%g%rp0%%lpg§%s i,‘d%gh %ﬁﬁo%naﬁ%r fferentiation
and pol ar i zatpers aflegstrigpart Patha%iéﬁ Pﬁﬂeléﬁlffsqu@ésn,md Mlhth{ith@ noefly t ubul e

epi t hel i um apGrsRA GfteRiiatdaal nbttészﬁfegs O&in MY Elsottdlh InddRGARGW 0! | ed

di ffusion of substances between the npart nments segﬁrat éd by the
epi t hel i um f@fﬁééf’sa?sp?qﬁ%gﬁopﬁa%ﬂ %ﬁefﬁvlafgonﬂ% ofiea pefreerefolln el ® n vitr o,
renal tubul estGddshiSing mbfdIdieh diGursd, @sxsuapdonwmh%e e@tidul t@ﬁ@lehﬂéﬂl &84,y grown on

porous filter ar at n api.ca ar a cell

cul ture wel | “?’Co‘bt{) IL?% ?els Eﬁf% ?)F%]gresé‘?h co%glg?ns(?f’lﬂ’teﬁ%g% Sstudi es have
been perf or megnasifdrin atdllfﬁsrﬁmﬁtbdl@lthﬂﬁimpwhldi ¢xpresses, lforlinsnes:, iddCnatds. LLC- PK1. For
studying the functions of individual transporters, cells are transfected

with corr eSIO[UOdT]ng IﬁEﬂé‘&ﬁinb;ﬂt}fércéi%rof¥h9re%éll%ﬁi%%§s%§ztetahsﬁnﬂlé éﬂéﬂp”er proteins.
The cells can then transgﬁ"%ﬁh subst ances between conpartnents; if the
f

concent r at i olfEergd) eritheiivgy Herentiaispedls phibmteaal é‘W&W@é‘ﬂE\}‘é‘i‘ digplgve, cel | ul ar
transport i Saﬁiﬂ’aE‘ﬁdddT@dlaﬁt@ alxthé i@l Y&d of &:‘&ﬁﬁﬁld\hbu(é&@ﬂsﬁ’(?i‘@s) PbResk gquired to

Lo | oot TG AU oo S S R B S e o1y
those tr anis F@arnapef)waset (YOI ifidiR)es }S@ij#rdelpt?ﬁd;-(@gdiﬁd Aiffarbitatidnl afnd ;J nt r ansf Iect eg and
primary cells are. us 0009] Per f use I.dn at) or isolate
renal tubul e%OIWﬁWﬁﬂ?%n%ﬁrﬁ?eﬁha%ﬁW%W ikt hFFeI"g]]tgﬁg;e eg‘rﬂéf’hﬁrflé‘ﬁ used as

physi ol ogi c mdcehstlghfyuh@mscwhiyh Hﬂﬁdunqohtakled giffudoras subbfascesibsactuant age of the
perfused ki dtrc}}g ki&‘ﬁe Sseuq%?cpb\y eep mdiSmt hat larger nunbers of animals nust

be sacrifice llaeborl ous preparative work is required.
Thus, the exg}erl ments are costly and | aborious and not suitable for the

testing and K@P¥eniFqginyestigaipgdpe Aepsesatiancgpnsdpiifourmasiubulg &8s, ani mal ki dneys
and renal tuﬂaahcﬁ@ ﬁéﬁnﬂhﬂ&le@eﬂ@r&@b&dﬂy@f&wﬁ@h@%ﬁﬁl&msmﬁg!ﬁi dneys and

renal tubules reatest disadv I at tydbul es is their
limted |i fe‘ipﬂﬁarlé'nga alqmparmen ot Cflgﬁ@‘}‘%&ﬁ&(ﬁ%/ e[&%)ﬁ\%&\(@ér only a couple
of hours. [ Oflatey). Mt Mlt]hersestudlé%eua\feareaaisrfmedmmt}ﬁmaynetanh)pdraﬁe ¢efl studi ed using
three dinensjon D 3 tl’l as a support in which
t ubul es canfﬂ) %ﬁan?%ﬂ@lﬁloﬁ‘?rﬁgpﬁ%* tfons?fsn%é rt(r)arl%ls p ’Nephrol 2005
100: e40- 45; cellydyatramikipcted wilh QOOhdIMABIQord@_rQO Q@rexmbsstﬂ% ano et al. Cell
1991 67: 90 : et al.
i i nvestt a%%ﬁrte og%lgﬁgﬁl?‘ﬁggg‘faﬁg eﬁ%ﬁ# °r%st%§%"1n§é3re‘g%gnﬁéa’?’"2\m %k*%c. USA 1997
94: 6279- 628%e conganigatiops i) the dikfesent serpRartmerigichgrge oy Ameoulg transpg02- 4006;
Zegers et al s prh6@fRd %o YeholvBil OtardBntlols ard Rirkd & enbiROm&t) e cel? Cel | Sci 2004
17: 1821-1833 Sone of these studies focused on MDCK cells, an

i mor t al | zed¥ERifinAdeRk prd thatparageliler qifosion tnebinyolsid gdsy QFC?IE Bl e or
collecting duct origin, growm in 3D gels consisting of collagen | and/or
MATRI GELTm Cther of these studies inyol ved primary rabbit renal proxinal
tubul e cells enbedded into 3D gels for studying tubul ogenesis in vitro and
the functional properties of the resulting tubules. Tubules forned in 3D
gels (3D tubules) tend to be snmall and branched. [0011] A general drawback
of such 3D gel -based systens is that high-resolution inmaging of intact
functional tubules within gels is difficult. In addition, tubules enbedded
| n 3D gel s are d| ff| cul t to access, and thus ITB.I’II puI at| ons or appl | catl ons

Y




WO 2010/ 064995PCT/ SG2009/ 000463 [ 0012] Renal tubul es have al so been forned
on 2D solid surfaces (2D tubules) (Humes and G eslinski Exp. Cell Res. 1992
201: 3-15yoDaloesueoa et al. Kidney Int. 2002 61: 1968- 1979CTIS62609H8@46938) .
Humes and Ci eslinski have perfornmed studies with primary rabbit renal

proxi mal tubule cells and not with human cells. This reference addresses
the role of growth factors and all-trans retinoic acid/lamnin on tubule
formation, but did not investigate functionality and detail ed norphol ogy of
the 2D tubules. A correspondi ng US patent descri bes in vitro tubul ogenesis

occurring on olid urfaces ased o esult jned with rabbit renal
proxi nal tubﬁégh’%gﬂt‘%t TPy tF Hal{sﬁ ‘§1°%Fr BITHE PR ck

aggr egat es ofif vikifeytedoid pHimbBrcelsetk usedjher ent rresenchyrral cells. Tiny,
slit-like lumens formw thin these cell nmasses and the |unmens have a width
of |ess thangpe C%}ms@aﬁa;%g,gge . Q@loyls&l@@dfeﬁawuﬁeﬂeé Guied, HehinAhnt hese tiny

| umens display epithelial differentiation and polarization. Thus, the
tubul e with femallifidh) ge alegpses e nhasiologs medelsdn tonisipdantals Sudies nasses of
mesenchymnal 'ﬂﬂJdlsidva{th&JeﬂhE eﬂﬁﬁecﬂﬁ&ne& RS th&del & et higBth@Berslescr i bed by

Hunes et al. are unctlona I e.a prere UISIte for any research
on tubul ar f?fr?&‘ﬂ%ﬁ%‘s‘chﬁs é‘ﬁﬁ?dtf‘ﬂ‘é)ﬁ‘iatrf\é\ﬂbvﬁ BPYS PEEPIE §“6*F ¥uch tubul es, as

t he functi onlpitey. Tmassﬂiaemﬁmbﬁeﬂeb@ﬂyadllabﬁhms@mmﬂemﬁﬁme éelhe masses
surroundi ng descri s,€et _a interfere with

st udyi ng tubuqmg m?l% Sﬁre‘fningnoglaé%er numtfeﬁs of rC%m Hsp u%ﬁf Al & ltn%lxkir@ﬁ yanétssays. Lar ge
cell masses pnaiw“bdles aaephyslblloelmlwduffﬁrane@anuumammn@nané@mlmbilbn Theragi ng si nce
the struct ur g aluilhbsle iRt dGEP thaﬂmmemeanie%te@uwﬁaggr egat es.
The penetrat on dept ' conventl ona resol ution I magi ng techni ques
such as conf@e@mﬁﬂi}’@ﬁw&‘biﬁﬂrOﬁlxanuﬁietoéhP‘KSo about 15 i..tm and high
resolution inmaging of the interior of larger cell aggregates is

pr obl emat i c. [08s0ellk vizb ke ﬁ)ﬂﬂmﬁbﬁoﬁdidnﬂﬁﬁlbﬁlésﬁs Qlfldlédﬁisﬁg asde datiadsioedl di rect |y
accessi bl e 8& for e{rxplah s grsglg %swh@ es QL he nedi um cannot be
del i vered t o“Ph&EY ga e ‘Tlum PROacon 8a Way. [“é'bﬁTAnot her
report by Ta@l@nhni«a)eeal éllephide@wrl\feb’e‘elaohialqooﬂﬁﬁlﬁlbrba@ky@alaﬁdh@wstructures by
| mmor tal i zed, Geneld eRbkynRL e dod13h: A OEXIHALBE  Fer/ Gl ; O Pl asti C

sur f aces ese structures were reé err to as tubular-like, it

vas not .nve@wﬂgi@a@cemek el Toves: 2000 04 1HSH SayraibN. FraUNMMRIA R | NVENTI ON
[001?] The pr&&.@&% 15:)9!7\9&r@zwezsrz;em@eﬁaztmf@m;&e@y&rzzsAtlb@mrmai Itubul e cells
can orm rena upul e 1N _Vli 0O 0ONn _so rrace €S pPOossess a
| unen and maiP Py@‘ﬁ?‘f%ﬁtlaé Tradsec W@r’r&@hﬁ’ L?%tlﬂgé J(-rr?lf‘%%’o%‘?b&ojﬂe to several
m | limetres (8291833 VSiel thie sﬂﬂfe@fdcﬁbﬁdlorDMBCKeﬁlls aeiin@rtalécaikl s f or mi ng

the tubul es t i fferenti ed wi.t h X ressi,an of epithelial
and cel | typeﬁémettlmls%m%flylgf taltgb ¥Re efmi%lﬁjfmon 5% 0 nPB C]?I ons specific

for the tubutoasistmeghmiagen h@déne MPsTRiI@EIeTMd €lthey ofthdse eindles mvolved
primary rabbit renal proximal tubule cells embedded into 3D gels for studying

tubulogenesis in vitro and the functional properties of the resulting tubules. Tubules
formed in 3D gels (3D tubules) tend to be small and branched.

[0011] A general drawback of such 3D gel-based systems is that high-resolution
imaging of intact functional tubules within gels is difficult. In addition, tubules
embedded in 3D gels are difficult to access, and thue manipulations or applications of
drugs cannot be performed in a well-controlled manner. These drawbacks limit the
usefulness of in vitro 3D generated kidney tubules in functional studies and
applications. One major area of interest for applications of in vitro generated kidney

tubules are in vitro nephrotoxicity studies.



[ 0016] The tubul es provided by the present nethods nay be used as an in
vitro nodel for studying tubular functions and transport processes
occurringworeotousdoar cells. M croscopic nonitoring of tRETISGROOPOILE3
processes in the present tubules can be greatly facilitated due to the fact
that the tubules may be easily inmaged with high resolution using, for
exanpl e, confocal m croscopy, since the tubules are not fornmed wthin a gel
matrix. As well, transcellular transport of fluorescent substrates may be
nore easily detected by fluorescent inaging of such tubul es than by the use
of current t v e h, qn por ous

menbr anes annﬁmgag ena ules ?SO eent ermc?gﬁ%g% c(ﬁléit Pﬁace&&ﬁﬁ]})eﬂesi fferent
conpartnentsﬂﬁmwam@déﬁmm&a&wt6&H§pdﬁ9233n3b%Téhsmﬂqeuk%@ﬁMKﬁ# by increases
in the cell uh@fzm%s'm%wstz@\ée@sfmn Anuetﬁ BEEMGR & 80ulg moni tor ed
onl i ne by USItﬁ l1ve ce m Ccr osco e tu es may al so be used as
model s for pHithpimgy £&bit [5p2 pwaisrakiu #113 EM@W‘@H&W%B@%@E such as for

exanpl e t ubu}eBdrendSsddREdeSthe M'gﬁﬁﬂﬁ‘ﬁ@t&@%ﬁcﬁalll-tﬁan; feBbiERtd imARSRACI ated with
ki dney di seas roce ubul ar necrosis are not well

The "'eadi n
under st ood, il oo, o ¢ ﬁtl%tarrvettgateg%effoe%lgy efgtdﬁtjﬂffdﬁnwft?iogmaféts. The
t ubul es of tmumnlegerﬁorrespmetmglwpaahmekcﬂ@esan 2iH0 vdilbgMksis dacuthﬁg@ nodel not

i ded .b t t t t
Tor e casi |y BB O A RE AR S R ETBL BL BRI . ootel The.
t ubul es provTMdedenhdﬂpne@mnmﬁﬂmﬂémkmmmgnamﬁmmmymmque&ﬁas invitro
model s for tQ&fxlex%ﬁttnyes%%W ?;%ellléﬁgnygﬂgmg%]ﬁmblﬂ f&ﬁ%ﬁlﬁ{tﬁ@sg t{tﬂgelféges %&‘93 affecting

tubul ar structure an e subsequent ana dr ug-i nduced
ef fects. | nvigiymyashagps wigth af flass thmeteaelwlméercﬁnlxﬁﬂmfﬁpfaﬂeﬂa ardesingi t h ki dney

tubul es and @fsetignefhefiphy @fnth@ﬁ’aﬂ QRRIchfidibie dPBlatitHHE Y nisu hBsle MYy al so be
of interest, since nanopartlc es often become enriched in the ki dney.

Nephr ot oxi ¢ Effﬂf’ésc‘@sﬁfepﬁlél‘f]ﬂélﬁlrl%lﬁ &b&fgﬁ‘é%}“’b@e%ﬁesdﬁg’ete\?@ﬂmﬁtﬁe have not been
studi ed systematically. Also, the kidney is involved in clearing

nanoparti cl eBJOﬂ3]omItheot&odynwmmmbummmbcdbﬂmsaMm a certain size
limt cannot fugaloﬁilexgiﬁ%dw&m ‘tgal 33 sﬂé foI %&&és@ér&hodﬁ tub\ﬁﬁg%ulagt{ong&her mechani sis
as, for instance ular transp secretion processes are invol ved
in clearing hephigtoxicplaghpalications e’ésuﬁlb?lhﬁltsh@ the fapetignajity bagmavendesny unknown. Such

studi es may RgedfThk e&ﬂeree&cegtn\éees JuhBurldi 1R2D) 1R HELRed 8F namRl & cat i ons of
nanopartlcles used i n humans and t he |ncreaS|n% presence of nanoparticles
al}

in the envir#ri@rbterireytoidyetihyis Bactyaand S8 Farspotnd ey t he present

met hods usi Ngs4ys.iUare Yelt td3kds @rovide a problem with regard to high resolution imaging

.—

since the structures of interest are deeply buried within the cell aggregates. The

) petletration depth of conventional high resolution imaging techniques, such as
confocal microscopy, is limited to about 15 pm and high resolution imaging of the
interior of larger cell aggregates is problematic. As well, the tubule structures of
interest are not directly accessible and, for example, nanoparticles applied to the

medium cannot be delivered to the tubular epithelium in a controlled way.

[0014]  Another report by Takemura et al. describes the formation of branched
structures by immortalized genetically modified rat kidney epithelial cells on plastic
surfaces. Although these structures were referred to as tubular-like, it was not

investigated whether the tubules had a lumen.

SUMMARY OF INVENTION

[0015] The present invention relates to a discovery that renal tubule cells can form



cells, including, for exanple, primary human renal proximl tubule cells
(HPTCs), may have several advantages conpared to previously known in vitro
nodel syswonsiidwswsi bed above. Since they consist of priPcaSg2ei0h&is3t hey
are not at risk for functional alterations as with an inmortalized cell
line. If human primary tubule cells, including HPTCs, are used, then the
tubul es wll have human physi ol ogy, which is not necessarily the case with
non- human aninmal cells. As well, the tubules are surrounded by a cl osed and
differentiated epitheliumthat does not tend to exhibit holes or gaps, as
often observed in epithelia for n er culture Thus, transport
experiments rﬁ%f’;}t"‘rblélﬁﬁﬁ’i' tprofop Rl s %%Fsrerlhgse P ‘ﬁi‘ﬂssa B’F‘erfaé’al??aﬁess or proper
cell differ enstplbaaltylh@\n:alafgdamhemgswﬂom diﬁyb deeera aslligetrds gmmj teeenpipet .
Additionally, the.tubule n e PLesen ds tend to be

di fferenti at 8FFT BRSPS §1rélgs ?%ecctegsf%a 5% {rﬁr Sﬁlrl\ togewegpffer enti at ed

epi t hel i um diiffptmipiedgvithyeppression bdpithainl and enilstmrspecﬁﬁmmtrkmsnd thhus, the

di fferentiatjfhe 0fanb BReifCkt e ABELARHAG! Bb Bt WGk QRTAl © eXpect ed

fa
to be |l ess varlasd?g Y an | n-experinents WI?I nonol ayer cultures, which are

not differentiated str ctures per se and i ceI | s can, have vari ous
states of dlﬁopgé]enﬂ Blﬁsprf@@?égr*ﬁ@?serﬁtﬁ‘etg?fghnﬁgg‘éﬁﬁe M Vhlent i on rel ates

to a net hod Iﬁa‘)denﬁ)kstﬁtgru@ tﬁtﬁnafunttmbwnenaﬁsb&tﬁreéemdo@mﬁpg ingitatpr seedi ng renal
tubule cells cul t renal cells in a

t ubul
[ qui d or ow A AREIS b npuRH e S Py s e R e
conti nui ng cgratly faciigat¢dive toghafact thabthe elbded Ihay tegadilp imaged witlbkitle. [ 0021] The
renal tubul GGl gy%fo?exa Aol SRBbsob DU Rl €S| Grndei O @ U { T e

cell line, ryon| rimar ney precursor cells, cells
differenti at ‘e@m ? efimeirisr Yo el tignsepHuleg fransporiaf fineresgert PubsiEaiesiny &8 f r om

mesenchynmal g8 @Asﬁ?hét&te@rb %J,rlss%ed@hﬁagﬁl@%mulc%eﬂesfm&myltﬁedy@&r&umnurl pot ent
stern cells. The renal %uece be proximl tu ulgcells di st al

tubul e cell S“VBTCOE‘BWEHYﬁﬁ‘nﬁtB@tI“VB]é(F Ff‘él g“?"ﬁh B%P‘tf?‘e&reaﬁbm?sne rimry renal
tubul e cell Smm;&eﬁaeu bwimdﬂraﬂalbbrlaf&{m)ﬂtuﬁrﬁﬁ&ie dfffefonit dORIpartrkitel erranaielhsiar [ 0022] The

solId surfac eaingpaggt caré?/e eﬁagr% ftfcﬁ:rﬂyéncr%%/eg ru?’c[ﬁe eq}[ll%r 2 T mmag ﬁ‘(f\@ll g Or may be a

patterned suf¥’ secting wal €olid surface may
be coated w flloraeenexind amdiemongaredadine by wing dive @Rmncagsebpyul ar matrix
conponent. [0023] The liquid growth nedium may conprise serum including

fetal bovi nqoamu M8 ehb{iRf mB¥AJHIBE Bsed mo&wmrﬂaﬁ@o@bawoc&se@% (v/v) or
greater serum 00241){2 Optionally, a tes% n% ﬁ n% be added prior to
tubul e f or nettiegtne rengbBelesr vy ERylar negosis oRUEE PESFPSIS ates to an in
vitro renal freqedile aisauatétgwﬂnedrmp disdakee Thd prodessed leddlmgm mgulaxfnamesistl es: an
unbranched or_ mni bran en th om about 0.1 mm
to about 1. Sar%ﬂ?twﬂ%?%%@eorofloan o fRERR ?%glyses %8 elél?

F e RS rtm Ferenti at ed
epi thel i al ctebilss;of e presdneinivantion provade dxavvengntgn etnamﬂ@mot@frovmedhv about 1 gmto

about 200 p %oﬂ%ﬁg’etr cﬁl@lﬂ'les, Hﬁtaﬁl:&gtioﬂg'ﬁt tllier t@ﬁﬁ%eos%éturte U&%(@rQ ga%ﬂy be

examined than with tubules embedded in 3D gels.

[0018]  The tubules provided by the present invention may also be used as in vitro
models for toxicity assays, for example in the screening of drugs affecting tubular
structure and functions and the subsequent analysis of drug-induced effects.
Investigations of the interactions of nanoparticles with kidney tubules and of the
effects of nanoparticles on kidney tubules may also be of interest, since nanoparticles
often become enriched in the kidney. Nephrotoxic effects of nanoparticles have been
observed but have not been studied systematically. Also, the kidney is involved in
clearing nanoparticles from the body. However, nanoparticles above a certain size

limit cannot be cleared by glomerular filtration. Whether other mechanisms as, for



[0026] The in vitro renal tubule may be a human in vitro renal tubule. As
well, the in vitro human proximal tubule may be prepared according to the
met hod ofwoheloey®eati on. [ 0027] I n anot her aspect, the i reemsiGen/opelat es to
a method of nonitoring tubular function, the nmethod conprising: contacting
a conmpound or particle with the exterior surface of an in vitro renal

t ubul e - prepared according to the nethod of any one of clains 1 to 10; and
(i) detecting the conpound or particle within the tubule; or (ii) assessing
the effect of the conpound or particle on the tubule or tubule cells; or
bot h. [0028 al doyi th a detect abl e

| abel . [ [ OOZ]QFItt%ﬁe rretagﬁg% ‘%m@p Qltr%lﬁré rlog@éés arFm egigdncu]bm%nlgng Et he conmpound or
particle withanppretidlasferingheiridnsy IStCer@@Yeldmpwg Sugh sthdies neyrbe afinferest an i nhi bi t or
with the ext garvénqne ﬁéregsi}@ nbifbef 'o%gpgllsaﬁ&@hfﬁauwmes L&Qﬁq%ml 3 @pound or
particle may be a control corrpoun or control particle, e i nhi bitor
may be a testn%eﬁmg@rftsweof[r@mw s pdhe egyinmert. aspect, the |nvention rel ates
to a method of assessing toxicity of a conpound or a particle on a tubule,
t he nmet hod c[o9p9] siT}gtubmremgaeﬁaiemgz majgrrmmébdnt@ma}pasrﬂsinglpﬁmmttdbutehe exterior
surface of a oc [ en tu repared a met hod of the
i nvention; &(lzllgg%cguéﬁs fore ﬁgle ehu {)H%pgg”"a?%%u E 'lié]gl e on the

t ubul e or tub}@ﬂ]@veedv{:@l ad{f@%@é}@ﬂhapdtasmuskylamwnfrwmwl giteihe present
nvent fon i idiedies g &g %nﬁpko&gtéfﬁag@ﬁg@éus & Refolafitktd: 11 Lhe art upon

review of the follow ng descriiption |c enbodi nents of the

i nvent i on i nfiagiepalaberations o itk aflﬁémglé?ééﬂﬁ‘ﬁslhl}ﬂ%éf Hupgypriggary tubule

cells, including HPTCs, are used, then the tubules will have human physiology, which

is not necessarily the case with non-human animal cells. As well, the tubules are
surrounded by a closed and differentiated epithelium that does not tend to exhibit
holes or gaps, as often observed in epithelia formed in monolayer cultures. Thus,

.- transport experiments may require fewer controls for monoldyer leakiness or proper
cell d1fferent1at10n and the results may be easier to interpret. Additionally, the
tubules generated by the present methods tend to be differentiated tissue-like
structures surrounded by a differentiated epithelium displaying typical tubular
transport functions. Thus, the differentiation status of the cells and associated
functions are expected to be less variable than in experiments with monolayer
cultures, which are not differentiated structureé per se and in which cells can have

various states of differentiation.

[0020] Thus, in one aspect, the invention relates to a method of making a renal
tubule, the method comprising: seeding renal tubule cells onto a solid surface;
culturing the renal tubule cells in a liquid growth medium to form a monolayer on the

solid surface; and continuing culturing the renal tubule cells to form a tubule.

[0021]  The renal tubule cells may be primary renal tubule cells, cells from a
cultured cell line; embryonic primary kidney cells, kidney precursor cells, cells
differentiated from embryonic stem cells, cells differentiated from mesenchymal stem
cells or cells differentiated from induced pluripotent stem cells. The renal tubule cells
may be proximal tubule cells, distal tubule cells or collecting duct cells. In particular;

the primary renal tubule cells may be human primary renal proximal tubule cells.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0033] The figures, which illustrate, by
way of exanple only, enbodinents of the present invention are described
bel ow. [ O8B4p10Kicgrese 1. M crographs show ng hi st ochem caCTsecowovison of
7GTP expression by HPTCs grown on collagen IV, lam nin, and collagen Pl+
laminin ECMs. [0035] Figure 2. M crographs showing ZO-1 and a- SMA

| mmunost ai ning patterns. [0036] Figure 3. Imunoblots and graphs depicting
guantification of a-SMA expression by immnoblotting. [0037] Figure 4.

M crographs showi ng formati on of cell aggregates. [0038] Figure 5.

M cr ogr aphs i ng. di fferent ts of a tubule of the esent invention
consi sti ng O@B%Tcg“‘ef%ﬁ ¥p ° B D arvgﬁﬁgl?eéﬁ%tbﬁgﬁ%ﬁaf??yerent parts of
a tubul e of tewpaperasiadface haviptnndtiplgietesedihedally THels@lidifaccatadyde [ 0040] Fi gure
7. M crographs, show ng. the .mor . by HPTCs in

MATRI GELTm ‘[0 Eﬁﬁh?—I}%ﬁr?cgﬁgérlﬁ%%gggxﬁﬁéeuéﬁ%%ﬁ%ctlﬁgﬁ%?ocess of tubule
formation on solid surfaces. [0042] Figure 9. M crographs show ng tubul e
formation ovi@P23 t The igwderewth madpgiyy PRge &1, mﬂ?‘%‘i‘%‘g@ali?ﬁ’é‘eshovm ng

t ubul es Wi t hsegun 44088} ekdnkifs] Y canpiisd {oBHtDA @1ve 8 @itdr B@th.um

[0024] Optionally, a test compound may be added prior to tubule formation.

[0025] In another aspect, the invention relates to an in vitro renal tubule having
one or more of the following properties: an unbranched or minimally branched
morphology; a length of from about 0.1 mm to about 1.5 cm; an interior lumen
surrounded mostly by differentiated epithelial cells; an interior lumen having a
diameter of from about 1 pm to about 200 pm; and renal uptake and transport

functions.

[0026] The in vitro renal tubule may be a human in vitro renal tubule. As well,
the in vitro human proximal tubule may be prepared according to the method of the

invention.

[0027] In another aspect, the invention relates to a method of monitoring tubular
function, the method comprising: contacting a.compound or particle with the exterior
surface of an in vitro renal tubule prepared according to the method of any one of
claims 1 to 10; and (i) detecting the compound or particle within the tubule; or (ii)
assessing the effect of the corﬁpound or particle on the tubule or tubule cells; or both.

[0028] The compound or particle may be labeled with a detectable label.

[0029] The method may optionally include incubating the compound or particle
with the tubule prior to detecting, and/or contacting an inhibitor with the exterior of

the in vitro renal tubule.

[0030] The compound or particle may be a control compound or control patticle,

and the inhibitor may be a test inhibitor.

[0031] In yet another aspect, the invention relates to a method of assessing

toxicity of a compound or a particle on a tubule, the method comprising: contacting a



[ 0044] Figure 11. M crographs show ng organic anion transport. [0045] Figure
12. M crographs showi ng tubule formation by HPTCs on solid surfaces and in
3D gel s. WOoQdg}deieggare 13. M crographs showi ng effect of PEDISGdo®Wnisase
architecture on tubul ogenesis. [0047]Figure 14. M crographs show ng effect
of solid surface architecture on tubul ogenesis. [0048]Fi gure 15.

M cr ogr aphs show ng tubul ogenesis in capillaries. [0049] Figure 16. G aphs
and m crographs showi ng a- SMA expression in initial and 4 week-old cul tures
of HPTCs. [0050] Figure 17. G aphs and m crographs show ng grow h factor

expression and effects.of TG--131. TAl LED. DESCRI PT 0051] Pr evi ousl vy,
TP UE e o ki aiEporSt PRES e Sop BTAST BRI By RO RPBEE Ui rrons ona
(3D) gel s, omcortiieg tortbemnshaind iha jnvedimh; anb ess¢sgingrta eifevt offthSompowde- | i ke

structures f a%#m% 5o Wbl wafed cells requires a supporting 3D matrix.
However, wi th the nethods as gescrl bed herein, the inventors have

denonstrated_that repal tubule cells, including prinmary human renal

pr oxi mal tub[?loég]celqt er a%?&‘ﬁs"6‘9f??ﬂﬂr"’fsi"@@?B@S@Hn\’ﬁng?‘bwgr‘?e‘é’&eiaﬂpaéeﬁbst rates to
form | arge afdhdselorekditpyodkiliih Gizay ubsheNi®s of thd folleiihg dd&ipreesf f or a supporting
3D gel matrix. .éoosbzog. The {Tth.han'.sm used ﬁ%r .&ﬁFul ogenesi s.on 2D solid
surfaces app@SPEC FOOBECHF & PrHRY o PHIh PR HEHENPS I I EI2 88 3D gel s

t ubul ogenesi s on 2D solid surfaces involves interactions between epithelial
and mesenchyBRIEFDESCRIRFIONOFSEHENDBANINGSansf or mi ng growth factor-131,
which is produced by kidney cells and is enhanced by a curved or wall ed
substrat e ark@8P3lectie EgurpoWRighoillustigie; B wayof gewlenglys ereboginsats gthe ¢ he

formati on of prRAdhvehtitidlARscaBRIBRIS. L 0 occur with remarkabl e i ndependence
fromthe ' .

[0034] F{gure 1. Micrographs showing histochemical dectection of yYGTP
expression by HPTCs grown on collagen IV, laminin, and collagen IV + laminin
ECMs.

[0035] Figure 2. Micrographs showing ZO-1 and a-SMA immunostaining

patterns.

[0036] Figure 3. Immunoblots and graphs depicting quantification of a-SMA

expression by immunoblotting.
[0037] Figure 4. Micrographs showing formation of cell aggregates.

[0038] Figure 5. Micrographs showing different parts of a tubule of the present

invention consisting of HPTCs.

[0039] Figure 6. Micrographs showing different parts of a tubule of the present
* invention generated by LLC-PK1 cells

[0040] Figure 7. Micrographs showing the morphology of tubules formed by
HPTCs in MATRIGEL™.,

[0041] Figure 8. Micrographs showing the process of tubule formation on solid

surfaces.

[0042] Figure 9. Micrographs showing tubule formation over a time course.



substrate architecture. The renal tubules generated on solid surfaces by
the nmet hods described herein typically have a I ength of several
mllimetewe,2emd4mse easily accessible for mani pul ati on®Carsd2009mg0468). Thus,
they are attractive for in vitro studies of renal tubule functions and
nephr ot oxi col ogy. [0053] Furthernore, the finding that cells organize into
tissue-like structures independently fromthe substrate architecture may
have inportant inplications for kidney tissue engineering. Tubul ogenesis on
solid surfaces without a supporting 3D gel matrix may also allow for in
vitro study of epithelial and sench | . cells interactions and
regeneratioﬁo%gﬁreﬁﬁF“gwr3@?@?%@5ﬂpﬁgémgwﬁﬁﬁﬁﬁ?EWﬁ%ﬁW% Y3 0054] Thus, in one
aspect t her diffepenpiteddpitedium. net hod for form ng renal tubules. Renal tubule
cells are seeded on a solid surface and grown to a nonolayer in a liquid

gr oWt h e haaT e ERRAOHAX Aok S OLRM Pk B EridPkinghou f ace under condi ti ons

that all ow grow h and tubule formation. [0055] The term"cell" as

used herein refers_to a single cell and.i | so i.nt d to..include
ref erence t65%15§| uFigpre - é@g%f‘fl%?holw f%tP&feﬁgm'é“ ?J%Bﬁf&gul ture or

suspensi on @frfaed 4nd jn AD¢elss ot herwi se indicated. Simlarly, the term
"cells" refers to a plurality of cells, such as a population of cells, a
cel | cul turgo&fel?‘ FILARENS VG REonE Blokhg Btk of Sli@bifcd AHRAARE 0 | ncl ude
reference to a Single cell, unl'ess otherw se indicated. A cell suspension
refers to aWHupgsmssidr semi-solid culture of cells, and a continuous cel
suspension refers to a cell suspension of sufficient density to allow for
cel | -t o- cel l[0@ATHt abigupdicle Mitregraytk ki wargeffde pO®iid sfacarrchitedire oh support.

[ 0056] The rqﬁ%k &%gyle cells may be any renal tubule cell type derived from
a tubul ar structure-or its precursor in the developing or fully devel oped
ki dney, including proximal tubule cells, distal tubule cells, or collecting
duct cel | s. [49A8]  oKigure 13y Mierozanhs showing thwlogensyys BepplAiS-f r om stem cel | s such
as nesenchymal, enbryonic or induced pluripotent stemcells, after

appl i cati on [00499ppFidard Bt eGphs iotoic®gfapls sbowihea-SMA edpressioniiminitiat ro. I n a

particul ar e di t he Iﬁﬁ%! tubul e cells are proximl tubule cells.
[ 0057] The réﬁ%ﬁ“?%%ﬁ%gﬂ%g?Pé may be primary cells or may be cells froma

cultured renal cell line (i.e. imortalized tubule cells). Primary renal
tubul e cel | 0@ cEiguse i r@arhs pndanistogipls shavwipheramthdacps FFRSI°F ncl udi ng a
mamal , i nclygifgsdrpgimpn. Unlike renal tubule cells froma cultured cel

line, primary cells have not undergone the process of inmortalization or
transformation, which 0 alter characteristics of the inmmortalized
t ubul e ceIIngxﬁﬁ&héﬂnﬁgqﬁﬁﬁxﬂiwrenal tubule cells. In a particul ar

enbodi nent , repgal . tubule cells.ar ri r I ells. In

anot her par t[{)‘gﬁ]ar 53’feeﬁc)’%s AT of:klgrf% mi%g ﬁ%ﬁ%‘v %&%eér_le%e Iersn%fgglgé %Ieﬁ(él s froma

cul tured celdiménsiomg] (F)rzelsoa theluederstrndipe thei thefopmatien AEdD tisstedike cel | i ne

LLCPKL, 1t NG 6@k Wonf fihlrd dfiarldREHfs RAuilcl L0 fPRSHD S8k HbiGe X and T ts
with the methods as described herein, the inventors have demonstrated that renal
tubule cells, including primary human renal proximal tubule cells, can be cultivated in
vitro on solid substrates to form large and functional kidney tubules, without the need

for a supporting 3D gel matrix.

[0052] The mechanism used for tubulogenesis on 2D solid surfaces appears to be

distinct from the mechanism employed in 3D gels; tubulogenesis on 2D solid surfaces
involves interactions between epithelial and mesenphymal cells. The process involves
transforming growth factor-p1, which is produced by kidney cells and is enhanced by
a curved or walled substrate architecture. However, after triggering the process, the

formation of renal tubules appears to occur with remarkable independence from the
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[ 0058] The renal tubule cells, primary cells or froma cultured cell I|ine,
may be from any organi sm having a kidney, including a mammal, including a
human. [ O962piomeasve parti cul ar enbodi nent, the renal tulpgirsceealslososas e
primary human renal proximal renal tubule cells (HPTCs). [0060]In the

ki dney, proximal tubule cells constitute a sinple (single-Ilayered)
epithelium The differentiated cells of the proximal tubule epithelium

di spl ay apical -basal polarity and the apical sides possess a brush border
with mcrovilli. Expression of brush border enzymes such as y-glutanyl
transpept i dasstrdtd {dikctiB dine aang&uuare@@@lerafee bh s&lﬂa@@fa@&%@ltﬁdrﬁeﬂ@ui ferentiation
and polariz tlon gf lgrom gule el laﬁ 0061 The reri tubule cells are
seeded at a grifed et P s 8?11?‘8‘?%96593 Bt'Ya nonol ayer on the
solid surf aemessfsteefoxrm&iulahubuhcelnﬁghg ShiEtheP ere siRedied forin videsndignsi ty found
within a rmn I a ar. sl i | oW, nonol ayer density. [0062] For exanpl e,

t he renal %%E:mé mtmngm}ﬁin}é%hra d’oﬁ' a density ranging fromabout 1 x
103 cel | s/ch to about 5 x 105 cells/cnR2, or about 1 x 103 cells/cnR2, about
x 104 cel [958k, Fuerporepthg finding thas eells prapmize igtdisedikgstmoyres el | s/ cn2, about
x 104 cel in'ilé;feﬁﬂeaﬂy B850 te sébsiatd Béhie@hrk 812§ Bie idRRwht ifipicaddddrgel | s/ cn, about
x 104 cel }(s/cmz aboqut .8 g%} cells/cn2, about 9 x 104 cell s/cnR, about
x 105 cel [Py fissue sppnsering. Jubplpgencels oot pirfaces gifhousa supRerinel | s/ cnp, about
X 105 cel kdhank matbutlldy Xr k08rocaldy 6 phlklialhotksedclomalcell05 cel | s/cnR. |t
wll be appr t ed r.the nsi t beI wrmnolayer density, the
| onger |tp\F/)\,1mI? o arffan#regenﬁ%eoncoéf%{\ﬁs%cui‘resa P bsimz%)(élf‘ and thus formthe
tubul es. The cells should not be at such a Iow density so as to prevent

nonol ayer f B8t i oHws Do 3soppfilere is previpmiragethpddonfomegirepm tubulehe sol i d

surface, ineblidiubge adiis aed&a&mﬂésolﬁishﬂm:wdQ&b@wam%ﬁaﬁfaldﬁﬂm ty. [0064]
As used herein, a two @Fmenm onal surf 2D surface or 2D solid
S

surface) refFQrhpegiun. Jhemopglayepsgroma op S@Wéﬂoﬁéﬂn‘%ﬁ P b matrix (or
3D gel). A tliwo fot ¢elt geoiwadnald tdbuleddrematicar 2D tubul e) refers to a tubul e grown
or formed on a two di nensional surface. The 2D tubules are three

di mensi onal [go8s;j rmm@yeu”mea R x%feﬁsrtéggﬁ it 9e112a9%¥s‘£RU hrﬁe\%ﬂéd%o”er ely

ref erence to tubul es having the particular m)rp ol ogy en grown on top
of a solid gl&‘ﬂ#@d&%ﬁnwﬁoeeﬁfaﬂlﬁ@ﬁ cells, ipqiyding acnowéﬁ@wﬁwre PiBEeRsionor 3D t ubul e)

refers to aoftddilufes bmmlseﬁndfc@ﬂemmmtymh@tean gedis ff@fefs'té(a pléasly bas a

articul ar three,di mrensjanal that arjse mformation within a
8 el matrix. etl]s such as a population of ccra]ﬁ)s ep ceﬂ cunge orasuspens{ono cells ut is also

AR NAPR

intended to include reference to a single cell, unless otherwise indicated. A cell
suspension refers to a liquid or semi-solid culture of cells, and a continuous cell
suspension refers to a cell suspension of sufficient density to allow for cell-to-cell

contact once the cells are deposited on a solid support.

[0056] The renal tubule cells may be any renal tubule cell type derived from a
tubular structure or its precursor in the developing or fully developed kidney,
including proximal tubule cells, distal tubule cells, or collecting duct cells. The renal
tubule cells can be also derived from stem cells such as mesenchymal, embryonic or
induced pluripotent stem cells, after application of appropriate protocols for
differentiation in vitro. In a particular embodiment, the renal tubule cells are proximal

tubule cells.

[0057]  The renal tubule cells may be primary cells or may be cells from a cultured
renal cell line (i.e. immortalized tubule cells). Primary renal tubule cells are cells

directly explanted from an organism, including a mammal, including a human.
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[0065] In contrast to previously known nmethods that involve growh of
tubules within gel matrices, the surface used in this nethod is a solid
surface, woaniog499hat the surface is sufficiently solidPC&G2odeosias f ace i s
not penetrated by cells or cellular outgrowths during tubule formation. The
cells are seeded on top of the solid surface, forma nonol ayer on top of
the solid surface and then organi ze into tubules on top of the solid
surface. This is in contrast to a 3D gel matrix, which is sem -solid and
whi ch may be penetrated by cells or cellular outgrowth, or in which the
cells may beygs I S formed either by m xing
the cells i nPgm{eﬁ%tdlg%? be?pr e Bg‘ﬁﬁqgwgﬂtn%ﬁrﬁ%&t l%gs lfag%rg%g%&f &h forni ng from
cel | s embedd®griopest fanpertalizeiiop oxtrangforniajion; sdith prpceshmacatet s i nto pre- f or ned
channel s or gAKGEHESs Jfﬂ[eriﬁﬂloﬁﬂiz&hﬁblﬂﬁéellé’%wph?éd {ogrhﬁgﬁ.{é/q’lﬂla wbfle t he range of
about 100 p.q*é chumacher et al . Kldne% I nt _2008; 7/3(10): 1187-1192.)),
where the cef VAT GHaneptestimens trrenst fbyle ells ere primary renghipuleaellyy, t he

di amet er of Inubsthe parfi@ildrelbidinehb) 1gatil tubulé &bl 16 cHBRAGR 2Qhink&l & (see e. g. Han

et al., J Cell Sci 117, 1821, 2004)..[0066] Th lid surface may be an
exposed or ei>1< eetr§f oF méjﬁ Hiepaigine Rfé’éﬁ?%‘b‘#@ CSﬁS‘LﬁB{?C%%&tg%‘é‘H‘Pe fdlingyanpl e the
surface of aMDCEsuéeopdssun eelldinaOK apd itsdekivatives. a gl ass slide or coverslip.
The surface nmay be an encl osed or interior surface, for exanple the

interior conmess Suhiasg uq;,ﬂee%elggmr}]ga%%%% {,Ilé%bgnagu%regzgédllr}?lg,gbag%gi ng a diameter

of about 250 mto about 750 pm or mto a m It will be
appr eci at ed THAEY PLEnFR hayngtlaqnse.derludipen semmay, dasluding e fiamansi t hi n a capil | ary
tube will result in a tubule that is |ess accessible, including for ,
mani pul at i on[0899]i migensgartitiiarembodipernr.cik el aibhils bells erefpfima®du@m an exposed
surface. : 0463 [0067] The solid surface may be
any solid X?ﬁ%?%%ﬁ@%ﬁ?%ﬁﬁéﬁi{e%@éﬁ%ﬁ@?? cell growh. The surface may be flat,
for exanple surface of a glass slide or. the bottomof a tissue culture
wel | . The letngoée F’ﬂa@e ﬁ&w yprmpl tehulecels capstiftis 3 simple etngledayersd sur f ace,

i ncl udi ng atepairliohi The differeglifed o@lls ditheaedtingal aibglk epidelid dighy@bichogonal angl e,
for exanple b%%]algoqa% egg%r oaf ic% td' ssue CHDI t Hﬁ)e grl ate .V\/ne,{.e the bottom of the
plate meets THe &l de wald PR SI55 RoEFREP Sl PP eV Brrggiod h XRESHgn | nt er sect i ng-
wal | struct wféssh fooder enzampl sechya yighitans] odnsgpptidabd @GTR)HBNARE fropsr sMal | wel |'s

with a flat ) Pding .t he .salid.surface al so be used to pronote
tubul e for nac??é’hgm&ﬁﬁ(g%ﬁnf%ﬁeﬁ\%tel?%ndlpﬁ%mgﬂ%cggéoxf%@’&%‘éle8‘% cave, for exanple
the interior _surface of a capillary tube. Al though the solid surface may be
flat, use ofl0%ur Jhsresalpule eells aroiseeded af a demsibesrdicinnt oallew Br use of a fl at

surface W t Ho@ftisndfenbaslhyeneh heddlid SR erhanngl dydlialye Qe r ONOL i Ng

tubul e formag{%log .rreefani ng,,t hat t1ubul es. tay formnpre quickly than on a fl at
surface wit K BEYRPLrEg F‘H]galﬂ%{‘loa?’erf)f)ﬂ’égt%’blei?é”gﬁo}aﬁeréiﬁlﬁf%ce may be conposed
of any solid material that is- capable of supporting cell growth, for

exanpl e gl ad9062hor Beriekimnie, thegénalsisbuby cells oyl herresdedateldemiy usgok i n ti ssue

cul ture pl atis abbniGkUdi ResBL Y SEouf £ F05 R cRIof ARGe £ £ ﬁ)atcaﬂ/cﬁ%ﬂ' ystyrene or
pol yester. For exanple, renal tubules npy formgn om%/ester ‘'menbr anes ( PET,

Transwel | syR%A% 10 e Ao pPout 2a0BogeRsen rtoridst Y sellsfomt,abous bk ilef sur f ace

i nfluence t kellskin? @b 5khe* deBSE? iV cLidtbls/h?, bRt 7 & 103BRRARS that the

| ength of th bule iIs gonstrained b tk% di nensi on of the 'surface al ong
which the |18 ‘6‘??6% sremc; apousp X el ¢ HisL x U eelisteme 2baph ik &0t ypi cal |y

bei ng shor t eellstchi3nbdund x e celisant’, Bburarsiotuellgdm? eusy fodeds/cdhus, 1f a
circular co IR 2 the sol . rf.ace he | ength of the tubule
fornmed will \éﬁcglt% ig%ﬁgf c%ﬁggd?%%{%&ap%@%%%ﬂ%gﬁ?@?"gﬁr?hﬁ?ierﬁ&f g‘itl‘ﬁ‘f her the maxi mal
| engt h t he mobelkysr drasityy Gabinganitiwill bike hthe tels td foama thwlgjecmdtims of t he
coverslip. [FQQRIR%s! enadend Hb4s 6 I r t e solid surface.
In the present net hogl,. si nce ?ﬂe (g(g\glfltsﬁ%lfaég‘gg%glg}?dgoag%g%%@ol id surface, it
i s possi bl e™moBolyysr formasionhe cells to forma confluent nonol ayer, which
appears to be the first step in formation of the tubules by the present

met hod. [O0O0TWI6The btk HRICsaftediBY orddiht SUkdlshrfach enchRdb@ch Whdidy an
extracellular matrix (ECM or with an extracellular matrix conponent, pri.or
to seeding of the HPTCs. As will be understood, extracellular matrix refers
to an extracellular structure that 4 :




anchors a cell layer, such as an epithelial layer, in vivo, which is
secreted by certain cell types. In addition to the anchoring of cells, the
ECM has iwpantozost99si gnal i ng functions and regul at es cel IPCSicaei9mno468 n vi vo,
the extracellular matrix is made up of a conplex mx of extracellular
matrix proteins, including |lamnins, collagens including collagen I, Il
and 1V, entactin, perlecan, proteoglycans, as well as heparan sul phate and
ot her gl ycosam nogl ycans and proteins. In vivo the conposition of the ECM
is specific for tissues and their substructures. [0072] The extracel |l ul ar
matri x used EF an extracellular matrix secreted by a particular cell
type, includ‘gg]ély ﬁW@?Pnéﬁwﬁé?ﬂﬁb a commercially available matrix such as
MATRI GELT' """ Matrix, available from BD Bi osci ences, which is a matrix
derived froriP06@ basated herinrtwpdiverneiend] fiyface (oD yefaqeprdld solidVATRI GELTm

pol yneri zes @leplPRmsheRehalht: &noPdithetRALAhNAS g&q{du@y@r feggrent nembrane
conponents and bound growmh factors that are known to pronote the
fréwl%qor

est abl i shneritvo dimeagene 10 whylgefep frrabulogpp ALPIFE LY 2 he or nore
corrgonent S tculﬂjﬁﬁﬁhahyurfaw Mthe DD nfslvh %edu@aﬁrﬁénﬁuﬁa?rnl thorj)umdg@&ah thean nae lmay be
used to coat e surface prior to_depositing o e HP For exanpl e, one
or nore of Irﬁé‘?{eﬂ?eﬁ? 51& 8’1%\‘18 éWe’ie{)',re%‘i?f“{%g‘b‘é’hul?s%aﬂf’%@ﬁBml‘é’%fcglati n, perlecan,
bamacan, agrmdéipholdghpuhen grbver &i toh ozl sohibyptfhdet liscoatdst, g @mecatidensiemdhr onect i n, or
gel ati ne, i.ch is ibved. fromcol | agen.. | n .i%l‘lgr.e | rents, the
solid surf Qg%bﬁ?eseoﬁ%lg@{é‘aéﬁq?rﬁ ¥0aal tﬁ?u% %?‘gﬂ (gfforcl:nc?fl B’%‘éﬁ% glnxd a(rgr% %?n, for
exanpl e i n aartwtlpgthisé difnewsimnallnoupholb@y that apises oot foration withizakdlagen 1V: 1 ami nin
(ww. In paptieul ar enbodi ments, fromabout 10.7 p.g/nl collagen 1V: 100
jiglmM lamnin to about 150 1.tg/nl collagen IV: 100 jig/m lamnin nmay be

used. [0074] type of ECM or ECM conponent . i nfluence the tine for
tubul e for ms[Pa%‘ﬁ ax’gcoﬁﬁift ﬁoﬁfqvi?gﬂglémf”ﬁé“%?setg‘ﬁﬁg%éﬁﬁ‘iolwf}vﬁg*%ulte%e nonol ayer
formed, as weltin gebmbthieesahd srfhceabedriiy tisinptiok lissdlid onfaed meanidghlat occurs, which
appear to be, steps .in.the.formation t.he | [bed in nore
detail bel 0\?51.1e ug#J 5 SFg{c%% Soglﬂglaéstger %cg Wt %yr'?‘ﬁ%%ﬁ%rog_%%onponent , the
ECM or ECM cwtgpovienduringiybulefodidtion. e thegrllsdiresserded ewltop nf e sl urfesdi um  added to
the surface gngd, monolayer on top of the solid surface and then organize into tubules on top of

the solid surface. This is in contrast to a 3D gel matrix, which is semi-solid and
which may be penetrated by cells or cellular outgrowth, or in Which the cells may be
directly embedded. 3D tubules may be formed either by mixing the cells into the gel
before gellation, with the tubules then forming from cells erﬁbedded in the gel matrix,
or by seeding the cells into pre-formed channels or passages formed in the gel matrix
(typically in the range of about 100 pm (Schumacher et al. Kidney Int 2008; 73(10):
1187-1192.)), where the cells may form tubules or other structures. Typically, the
diameter of tubules formed in 3D gels is in the range of 50 um (see e.g. Han et al., J

Cell Sci 117, 1821, 2004).

[0066] The solid surface may be an exposed or exterior surface, meaning it is not
enclosed, for example the surface of a tissue culture plate or well or a glass slide or
coverslip. The surface may be an enclosed or interior surface, for example the interior
concave surface of a capillary tube, for example having a diameter of about 250 pum to
about 750 pm, or about 550 pm to about 600 pum. It will be appreciated that use of an
enclosed surface such as that within a capillary tube will result in a tubule that is less
accessible, including for manipulation or imaging, than compared to a tubule formed

on an exposed surface.
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then dried. For exanple, one or nore ECM conponents nmay be solubilised in
growm h nmedium at a concentration for each of fromabout 5 lug/nl to about 1
ng/ m, prworotimesséposi ti on on the surface and dryi ng. PCT&G2e0et00@oz! | ul ar
matrix is used that is capable of formng a 3D gel, such as MATRIGELTm the
extracellular matrix should be applied as a thin surface coating and not as
a 3D gel, in order to pronote tubule formation on top of the solid surface
and ECM coating. [0076] Al t hough the solid surface is such that the renal
tubule cells do not penetrate the solid surface, the renal tubule cells may
penetrate t nt co ted an_t olid However, as
not ed abovehﬁPE&wE%e%O%S?’%gg S aﬂyf)eldsurf cesughﬁe%su%pﬁﬂ%&{%gvétrﬁ so t hat
formati on ofﬂ&MccmaYbﬁmfda}exztnhréeﬂ:ebdr&cwftalglass difleordweoftengsf cannot  occur
and the cell I ens ow ng tubul e
formation onést% Y}ﬁ%éwgfeofgﬁr ggee&%hag%:cur }(ggégﬁ%wgﬁg@gé ﬁlgsurﬁlé% ded within a
3D gel natriigylw @MWQ@@@&%@@@@W@IWW%MO&@ anglgefof @amplet ubul e cel |'s

are cul turedyig eagewhhﬁbé &utllﬂegmecmfequ@tta)ttmﬁqublatmﬁetg th@'sh'd@lwﬁl[ owt h nedi um
may be any growt h nedjum that "typi cal K ports the g Y\/(h of the renal

tubul e cel | sAPrtepge f4ifage Pf%whn%:lawaletﬁgec ’&q‘f{ﬁ“rséﬂ"“r‘fﬁ% F‘F&’fﬂ”é’ AT owt h,
i ncl udi ng s adftpsralls Highdhicds c&@ldalmmﬁmﬁ@tlﬂdﬁbott&ﬁIpro@iﬂﬁllgm{e&ohddﬂﬁ‘a@mw h medi um may

be a basal e |theI|aI cel | wth nmediumis not
ool Ted ool + Bhae vieas e bR fimnpeon, Qs 5, it s S PefRe. cul  ur g
of the seedefir example tHetidietioe swefatd & a chiillirBilubel ethbaghuhabolijd owikde nmayde um may
conpri se Serﬁlarpug ofd cﬁ&%p%ﬁgc%tsuchp‘?a&%[%gegﬁa%é &"us §HN &y ggc%rvﬁthtag the clear

| iquid portion of *bl°ood renain er coagul |on and renoval of the |
cells and cliotetseaingwell manbe n8ae tﬁmurerbéd federsm@tmﬁ tltbybéor@lﬁtl@emmn& ncl udi ng

fetal bovi nem @it £5PBim mdf \mfefdgﬂﬁ.ﬁbﬁaﬁ&rsh&@ace@aﬂ%m&%uﬂgwﬁﬁr um or human
serum I n various enbodi rrents e growt h nmedi um conprises about 0.1% or

greater ser ter seru 1 0,01 er Seru or about
2% or great gﬂ%gg r‘/ﬁh ﬁ‘fr °BaY, WSO, Secgﬁtu '6}“?&3%?}3? R EISUF' 2% serum
The per cent agesortingreels gowity fooaemple by, borosdlicate glassam aaslyﬁz’@nsﬁqh asCeneral ly, the
Sl onl y. the rrap by e R Rl a3 e R0 IRR e &%, Th0r  ant
for tubul e fredyester @nr%VHNF?T@sltah@Pﬂnwqun@elyeﬁtermﬂﬁéﬁ% the serum
conpri ses orrgRRsH ktmefcotfispl bovine serum and the growth medi um conprises
about 0.1%or greater FBS, O.5%or greater FBS, about 1% or greater FBS, or
about 2% or ter S, about . 0. 5% BS,. about, 1% P or about 2% FBS (al |
% v/ V). Ol%ﬁ Thérhfg’aﬁilséonﬁf”{)%?’i’ﬁf{é'ﬁ %eﬁ‘feat}wnsézeagaeé "W constituents or
growt h supplmmm%aeapyeneﬁiattthnlsng]dmfnhetum1scnnvlramtibmhddgremmrh of the renal
tubul e cells S in addition
about 0. 5% t%f tlg%g u%é glqgéﬁhlchttﬂglo%&%tﬂ %% g ngl%%i}%& t]ntﬁ %@tn%hl@

serum (Tor exanp contain the follow ng
suppl ement s: typipadly beingisibeerian theadievant @ng@wpgfthﬁ;urfa?m 1S, ¥ a Cisgdnat

1-101. 1g/ ml) ooubiyt 19&9&ssltﬁ@s!aﬁd4&@&U&e%§m8fmé%m)mmln%&%we (about
200-750 ng/ m ), fibraobl ast g}bowth actor 2 (FGF2) (about 1-3 ng/m), EG-F

(about 2-20 %ﬁlﬁwefé’ﬁﬂleme’(s Gpirather theppyyi engtbﬂiema’dl?tnrfw?ﬁﬁ‘i W%l (1-100 nM,

L- Al anyl - L- gbeshérte thén thd didflettidr thekersiganpl e, growt h nmedi um cont ai ni ng about
2% serum (e.g. PBS) may be supplenmented with about 1% of epithelial cell

growt h suppl t, I a jug/ m),

insulin (abo @Hﬁg jig %ﬁﬁ{lh&ﬁg ggggers?%%hég?é%&{d |lr%llél ﬂ&r:l%épre’és%))ltnephr| ne (about
500 ng/m), lflﬁtb?domm;ﬂte cglitsomt saeded ento p salid (GRS )it i¢ pdseibie toxulge i) | EGF (about
10 ng/ M) angd;fA ré:ashauk stibiayer, which appears to be the first step in formation of

the tubules by the present method.

[0071] The solid surface may optionally be coated with an extracellular matrix
(ECM) or with an extracellular matrix component, prior to seeding of the HPTCs. As

will be understood, extracellular matrix refers to an extracellular structure that
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[ 0080] Al t hough transform ng growh factor [31 (TGF-131) is involved in
tubul e formation, supplenmentation wth high concentrations of TG~ 131 at
the tinme wbh2wadit9yg the cells on the solid surface nmay PEPSIGROWMOWDWLICE
formation or result in inproperly forned tubules. Thus, the growth nmedi um
may be conposed so it does not contain any specifically added TGF-f31. It
w Il be appreciated that growth nmedi um nay contain very | ow or trace
anounts of TG 131, as it may be difficult to fully purify other conponents
from contam nat i ng TG (31. For exanple, PBS contains trace ampunts of

TGF-431. As wel | ney cells prod te 31 t.hensel ves.
[0081] Al teraﬁﬂiofs\f‘e‘ﬁe yiroﬁ’fﬁh PEpS E%‘fhmer & vw?‘fcq%gésdsecre ‘?Eyecefgt? owt h medi um

i ncl udi ng addil tylp&n Ixaﬁddtthetdthmcmfnngeﬁdlls;lglecﬁﬂl\hlﬁas @nporthre sigoaliog ayer has
formed. For i f TCGER 131 . it rray be
added to a c lhcgl[é?ilstafl% i 11?sghgxrrﬁor;l{f?u?ﬁ%eﬁﬁ&%\ﬁ&@%&‘%&%@g ggf ng

[ 0082] The r enmblet mixdfextebllugar malyix peotaing) lmhfl@@g lemiis, CQEﬁgFI&blllcéld@@ndl t i ons to
al | ow for m)c!aﬁig@y?ﬁlll mrﬁaéﬂtée{ﬁl %%cépgéégél%s Lkl SnépafARiiaR. The cells

are grown to a nonol ayer, whi ¢h confluent or closed nonol ayer, may

exhibit tighmd p@ﬁcﬂlxcewmoalaepnﬁmﬂpﬂée%%w‘aq% %qmpysmwéﬂﬂr«ﬁ&m Yol es or gaps.

The nonol ayes?eoqm;yfopessd@@gx{dtggnfshmmﬁt ed, neaning that nost of the cells
are differentiated to eplthel ial cells and di splay epithelial cellular

mar ker s, ng -f or_.ex e ZO 1.and 7 gaqggle the cells
are cul tur eg[bblﬁ]t hé[fheem glgr R m%ﬂbagg%acélﬁlga?%]attng%cée?ature (e.g. 37C

for human cedattehlar q@hd@p, lmhldalgri‘ﬂ’s’l“ﬁhe!rmabbe M@@lallﬁ’@Yallb‘é?mééh about 1 day to
4 weeks. [00 L&LJ:(RJIIA%?ETWM% aaxﬁfablfe%%]j ﬁfasmetnt@ WidHtiys gz of the cells is
continued int i qui r owt diumuntil the cells re- organi se and form
tubul es, as degvedifipmibeasa |1W%fﬁﬂuFed@éla@%V“nW@ﬁFfeW GEbPm after 1 day to 4

weeks in cul foWhGrizdsQOBS: te raﬁllrefrhdalgzoﬂﬁlﬂs Vadib® bafembutbidn®rabor mation will be
i nflluenced by ‘a nunber, of rent factk(f)lrs inclu % Elhsﬁw eilks used, the
g eyt ol

growt h medi USTRAE™S ayh é%ﬁf’@ﬂ‘ whors thal ATk ghiogFomp SFchitecture
of the soli dap&hﬁhﬁla&ﬁleand any ECM or ECM conponent coated on the solid
surface. [0086] Thi s nethod may be used to assess the effect of various

conpounds oOnygh @g&ﬁ@ o o RBieRbihf A0 iRubRatoEEMEAPN. A conpound
that is to be t ste or effect on tu ormati on may be added to the

growt h medi urffticplady idrysblamapeay kasef tﬂgoabﬁ‘eﬁ‘ﬁ@c‘i:@of’é’ deppsitipg & thonol ayer
formati on, fmT@\MF&QBXEEHﬁIQ|oaé'&rm5r@6ﬂmﬁmlﬁrbomgen Mfca[agedmbul e formation, or

during reorganisation of the cells for 00 7] The
conpound may“#fg ’gﬁ?)ac% RS PEaCHTn PP S “LfOl?tS’ist‘%g?eg’%tfs antllgs?[‘ #&irable to
determ ne i fnepllﬁeneﬁﬁnmﬂgemlndaa&waﬁs deﬁ‘feacfﬁommnlletgadouh@arhoﬂammbmnemtsncI udi ng

promotion of tUt[) surf_ellce 5 I eldc\)zvnth%r 1}|(tunr%|o? cotlllaé)eg 1'9 n&l%:‘l 1nef0£ 8l felnp{l] The
conmpound nay FRaceut | cal I've~ compound a nmetabolite of a

phar maceut i ctatlld gff@otabv‘a 16:0 rpabontd; IOfOépollemdﬁllemalndww@ betiicdar a snal |
ol ecul e Conpay gnents, from about 10.7 pg/ml collagen IV: 100 pg/ml laminin to about 150

pg/ml collagen IV: 100 pg/ml laminin may be used.

[0074] The type of ECM or ECM component may influence the time for tubule
formation and may influence the rate and quality of the monolayer formed, as well as
the extent of myofibroblast formation that occurs, which appear to be steps in the

formation of the tubules, as described in more detail below.

[0075] To coat the surface with the ECM or ECM component, the ECM or ECM
component may be diluted or dissolved in growth medium, added to the surface and
then dried. For example, one or more ECM components may be solubilised in growth

medium at a concentration for each of from about 5 pg/ml to about 1 mg/ml, prior to
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[ 0088] I n anot her aspect, there is provided an in vitro generated renal
tubule (in the followng referred to as in vitro renal tubule or 2D

t ubul e) . Wheoiwnewdssr o renal tubul es descri bed herein ar @CaiSGRen®ni46s n

nor phol ogy than tubules fornmed in a 3D gel matrix. Thus, the present in
vitro tubul es, such as those fornmed on a solid surface, are also referred
to as .2D tubules, to distinguish fromtubules formed in a 3D gel matrix,
referred to as 3D tubules. Thus, the in vitro renal tubule nay be nade on a
solid surface, including using the above descri bed net hods. [0089] The in
vitro renal tubule may be an t hat rom renal
tubul e cell §3P°F1H?f1%d?9f@rf%1°eﬁﬁ Z# ‘3‘% eﬁl’lﬁrﬂﬁ Xlsl)ﬂ?]ecgﬁlﬁgﬁ%ﬁa Bl human renal

t ubul e. As wefolming H18D 4, sucHarsMA"mIe}IELtmhﬁleﬁranayalabma@xxphooldlheml tubule, a

di stal tubule. or a ar structure_ f [ gduct cells. In a
particul ar &GRS ?Sr‘?é%f’sur%aﬁecoamg\/an%?ocgasraeﬁgig@’ﬁﬁ%lfrg%%%ggmn proxi mal renal
t ubul e, and formytidnen toprof s edidsfufape prdeEGM beptiasy r enal proxi mal tubul e cel |l s.

[ 0090] The tubul e may have one or nore of the follow ng properties: a

straight, UT&W@PChﬁﬁmﬁ%hﬂm:mllmrfa)éeia@lﬁ:ﬁ@lﬁﬁﬂie {eemubare ctmalolsanches per tubul e)
mor phol ogy; "a | en

from abo n interior
| unen sur r o@FEE#S g sQdputHRse:§f efrF’@r E‘h‘g? &etuéﬂla%Eﬁnf%ﬁ‘g‘? t%%%c@eolr EbM(at hat is,
al t hough Sown@n%a@eﬂmha&sbmumf iibwelt, asiosednbyveltbe B¥i€seating t he majority
of ceIIslln t he el I's); the
| umen havi nj e&ﬁ@tegp q}“maP'Sr n° ag%o lon%tét]%lstuglgm%gﬁ tggééuglmﬁhe maj ority of
the cells ofthetcbﬁmgmamhoeod@mamgthwblls atwam g‘pwnwmoeshmenﬁln@ql mmﬁ@/e@pl t hel i al
cells; the em&lﬂeflutt@é?oﬁﬁ;t oﬁor?%pbpt'h&éu?ﬁcer@[)&ﬁfﬁ s Sy36Rd BembGdRaand ZO-1; renal
upt ake and trans or unction; associated w th nyofibrobl ast aggregates
t hat expr esgvithine 3R s8Mpatriwk ker ; nmay be continuous with an epithelial
nonol ayer at one or both ends of the tubule. [0091] The in vitro renal
t ubul e t endg0077] r eORdeRedtd attdhesurficayhe fdnhirtainleashis aggitegdines, whi ch may be
associated wi. ne.or hoth.e f u e found at
ni d- t ubul ar sPléag'ieglﬂ‘éldg‘f eéiluennglgw? m?g]rét)r%glHrlleé)fu%%%1 ache%llkft%%t nyof i br obl ast
aggr egat e temadlutrﬂhdnwpw@lmsunmglemmﬂr&lQﬂﬁl@rm@hﬂblﬁeieqﬂs@fcukfﬁé aanol ayer. [0092]
The in vitrq ?19 e(ﬁlgrg?hu&élts(}‘ﬁlg@&vaﬁ qnéﬂ)ﬁu?g@@lts%@é&?aﬂﬁ%&rﬂ%@cﬂé sikay |unmen

g

formati on, i‘NC umens havin di aneter .in the range of about 1 pmto
about 200 prﬁiarmﬂlegwﬂm(iﬂ@n%bm @%eR}WFlwéFeua%‘B’GPmS@“IBn{”PeO about 200 pm
The tubule V}%{uh owméduﬁﬁls%tf g‘eﬁédemlua; R6hi-6did] hrelsiugedex RfueSHBinngr t | ght
junctions and brush bord r é‘ﬁ ﬁone nyofi brobl asts are typically

at t ached to@%@@‘%ﬁf@ﬁéﬁeﬁ‘?rﬁﬁ uhpe 6t tend to form condensed cell nasses
surroundi ng the tubules. Thus, the lining epithelia of the tubules are not
submer ged wi[oow8) oTheliquiskdrowthensdies nep doraprise B2 et d pmessais &4 159 t he

envi ronment ., [ Q0% frd 8 i cfehichiRakiol UNoA réidhliby deir lobiidib@ns simlar to

in vivo native e ules, incl udi n transporting organi c anions into
the |unen. #repousphibagds pUTgebroyngSeymancludes any type of serum,

including fetal bovine serum (FBS), newborn calf serum, donor bovine serum or

8
==

human serum. In various embodiments, the growth medium comprises about 0.1% or
greater serum, 0.5% or greater serum, about 1% or greater serum, or about 2% or
greater serum, about 0.5% serum, about 1% serum, or about 2% serum. The
percentages for serum concentration are given as % v/v. Generally, the lower the
serum concentration included in the growth medium, the more slowly the renal tubule
cells tend to grow. FBS was found to be important for tubule formation by HPTCs
and in particular embodiments, the serum comprises or consists of fetal bovine serum
and the growth medium comprises about 0.1% or greater FBS, 0.5% or greater FBS,
about 1% or greater FBS, or about 2% or greater FBS, about 0.5% FBS, about 1%
FBS, or about 2% FBS (all % v/v).
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[0094] It has been observed that the above-described nmethod results in
generation of in vitro renal tubules that appear to formas follows. Upon
seedi ng, wbeorogwad9st ubul e cells forma flat and wel |l di PCEsenotIaEId3

epi thelial nonolayer. Sone of the epithelial cells then appear to undergo
epi thelial -to-nmesenchymal transition, resulting in increasing anmounts of
a- SMA- expr essi ng nyofi brobl asts. The nyofi brobl asts form aggregates, and
t he epithelium surrounding the aggregates reorgani ses to formtubules.
Thus, the tubul es appear to result froma reorgani sed epithelial nonol ayer
formed from t LhSmahen face.

[ 0095] Reorgalfflongitl orﬁlggglg%g@s to occﬁ’?aﬁgglm ?fgtétgeglrsé)?ﬁ%?’{ehd and

si mul t aneousSU@P} F@@F@&Uﬁs@@ﬁwgtlzyfsulalvplaan@growgmfé}eger@ktuw ¢ells. Hoesul ting in

retracti on ofxahpe, HORWAYRHLIwRIOE cohtaER upafddﬁomﬁdobm{%|a@§&t2@9(9r egate and
then the other s de of the aggregate. These hi coor di nat ed cell

movenent s | eX0T ORI bt rfoﬁtf‘mé}te fPlf:?é?’éng()*flPPgeé‘}eP@ pRtEPSER nyof i br obl ast
aggr egat es i @abduisied pﬂ‘ﬂnﬂ)bhihhh'(ﬁboﬁttll:mﬂ%ﬁnl),E?er&ﬂs&@ (&Ioﬁﬂ (pﬁz LQ/M}H“ on, the

cells within the str e ddi ti opal
reor gani zat i SHEP hrP@é%F‘lt Zh(g% ‘%h @bgﬁrgﬂ’é{‘fﬂ? Bfor Zr@%ﬁ?)dg@ﬁbls? s on solid
surf aces appegng, RGF (Iaimutmku@@dn@ﬁdma(dbaasu 1i00 M @ti6 @ahyBoninE @108 1, V\/ﬂl Ch is

likely rele n\ut syst of i br last egat es. is
wel | docunen estjﬁarM]E 0 l@Oerle %“spgy “F@YB’( ng’?*?hus

t ubul ogene5|@OwﬂVs@twrdesuEBSa@@sbcwpplhleeraﬂﬂomél—adescl%iolﬁe;dthalmn teids appears to
invol ve | ar ggssmal.e r sheet r.ou

nyof i br obl as?maggr%&%’?@s‘gﬁ%{u{?ﬁaﬁ%@ rang lélsuelrll1 %blo‘étfgdt ypically
occuring in @n@éydmmsome(sboudbggmhmpmﬂpma(abmSpﬂrzgymk), fibedbzstand t hese
processes ar ‘gtlhqr& R4 vivo. In
contrast, | niﬁgl al 0?9 (%P:}ggilb&ﬁggk&fl)r Egﬁkab&#%kﬁo g{layer(e%ocfogs not occur in
t ubul ogene3|‘§\’1)c hat occurs in 3D gels and is thus not involved in tubule
formation fromthe 3D gels. Individual cells typically first start to

branch i n 30Qogsd]s @I]ldm%ﬁhﬁﬁs%ﬂg@fov@lﬁfaktomr(@GF-(B@ﬁU1’11501{/&1?19 wdbfem such
branched cells aor sma] |l g[rou ps. of cells. The outgrow ng cords, which have
1t

branched celPEnagen: sipalemegtation withgh P}W@VB%“SOETQF bﬁd‘l“‘e@ne@ubsequent

out growt h ofseamcythd@n@dnthg@n@heﬁcém@mnbhﬁm&umh@d%oﬁ&I}dsilttup result in highly
branched t ubul ?r ghugdlﬁ Ce]_thgs are not bserv d duri Hg vitro renal

t ubul e fornmnproﬁerg' 8 "B fjlﬂ?e&é‘é”ﬂéﬁa PR &aY R SPPPPSs ‘éhQ‘P t ubul es formed
on solid Surrfoaﬁﬁ&nﬁlnﬁsp&aﬁcdﬂlyghﬂeﬂTGF«’:ﬂ’]Ch@ﬂLlbéappteﬁ'ilatbcll&lat%)ﬁmtbl ting either no
br anchi ng or ]a 2 branches r t ubul e. é g,?é vivo, increased expression
of TGF- Pl arft*UphBR SRS Y, tfaﬁ? Hrugs esT¢ Bga%%be ‘?‘gg’b]bh’se to ki dney

injury. It Iiﬁllytﬁiﬂlﬁ;ghlﬁer&d]ﬂionémﬁdnbédﬁﬁhﬁﬁﬁﬁg"HEIﬂBIT%r &3hpleanss | nportant rol es
ry apart fromtheir promnent roles in

t t t
Fbr osi 5. NGRS G<BFPREST [0 eb g Ko S0 PadbEer peor AL Pona
tissue-like thdniseleésur es were re-organized in this in vitro systemafter the
appearance of nyofibroblasts and increased TGPl expression. The finding
that additigg T t i S.9f, tubul ogenesis on
solid surfagegé)llf]s ?Eeéﬁglpﬁgﬁggﬁ%étiﬁna?% la(sleulnilglggrfo rééw ’ous st udy
per f or med witndudingiadditiongg thie time lpibseediag or afttreh@mhilptayenhascfbnn‘EG:FdrSI (beyond any
trace contarg, ROrAIRY that expressed by the
nmyof i br obl astésﬁ%%ense ve%oﬁe&%tﬁ@o‘%g}%@ﬂrg%%@paﬁ dé%?/, i ncl udi ng the
appear ance ¢pPngeiritienddympaewdd ngmlieshonicl@)neliinl.cel |'s i nto which the tubule
becomes subnerged. [0098] Thus, the human renal tubules generated on solid

sur f aces prqwmd a.‘hdﬁ@ﬁtdlbulbBethIa?Becﬁil’cd@hu&iéﬁquMedoﬁdlﬁ&ﬁttcf Al to tubules
gener at ed |3 ‘W&ﬁ I}e tu % raéoed on sol I? surfaces are easily
accessi bl e Y9 fraetog Aad st ??8‘1 b Frpaien- oHhegpllsgrgevn 8ar t i cl es and
ot her conpoumislay, whmharae%éacmeem u:tmﬂsasméxmnalyaﬂm@bxsmitlt@htsurfaces are
exposed and C i ed h resol u ion |ight m croscopy
and fl uores &eg*(iz%s rfa?&(}rnoy 0| ggan}f%gs%agplgllggéf ra ket a@'eﬁrha

I'tro nodel
i nteresting erﬂldlf@vpllat@ame@mg thahmbsilofithecells axaldéfwntlat@lttmeblmshaacﬁdim nvitro
nephr ot oxi col ogy. The descri bed renal tubules m ght be a physiologically .
nore rel evant test systemthan nonol ayers of animal or hunman renal tubule
cells, which are currently widely usgg for in vitro nephrotoxicol ogy.
[0099] The accessibility of the invitro renal tubules formed on solid
surfaces for



hi gh resolution imaging allows detail ed studies of the cellular and tubul ar
transport processes by confocal and live cell mcroscopy. H gh-resolution

i magi ng 1woroty/Ee®si ble with tubul es enbedded i nto gel sPairiSiseen/o8@es i oni ng,
whi ch destroys the tubules. Thus, live cell transport studies are very
difficult with tubules fornmed in a 3D gel matrix. |Imaging of transport
processes and subcel | ul ar structures/processes woul d be inportant towards
addressi ng renal tubul e biology, function and pathol ogy, and performng in
vitro toxicity assays with drugs and nanoparticles. [00100] Particles such

as_nanopart i gaef,Qf bEAReCAT: ALLANUHSD RS0 /| sy Kidney af ter

exposure in vivo, and particles abdve a tertairn size cannot be cleared by
gl oner ul ar H I h@ati on. Wet her and how such | arger nanoparticles can be
cleared front®Rd kifeheymple. thegelxspaHiredin ke epRi madivin 4 an shempristbed her ei n

may be usef ulemp@itnd s g BMMorigimah e indePdnt drfdsBiferSdrahy @3, fpanoparticles are
transported g)nto t.he {ga'r)}g‘lgﬁ%u ules by the tubular cells and cleared in this

way. This nocfé‘feerslil/bsofltem “Pseful to systematically study uptake and

t ubul ar transBort of nanoparticles, and the effect of the various features
of the nanop@P84lc| delloveipg monplayer formatierh the sultugihgofi thedellcio ngntisiediion, sur f ace

coatings, et e liquorbiPih de@inAMelifl i ARALRIkganib Ol ek Hbfs, ok b ARRLOET aspect,
there is: proyi de,ij met hod of nponitoring tubule function, such as transport
of a conmpourid g lbei‘?"f'de’lblél?sWefP’é“?f?r hiaydo fhiveeks éestlterenet hod of assessing
toxicity of a compound or particle on a tubule. [00102] The conpound or
particle is [008flacTheltimingland fae obitree foomation wilbieanihiend@d by Anvtibef 6 2D r enal

tubul e, suchygSedediiRU ; IELN9ds, described herein. The
compound or particle b#‘%%@%ﬁggl?lp%?/q@e " nc%glfué]&nvﬁ’ blelf’?‘}’és Pfbul e to all ow
for uptake addition friEFohl; tho prehitpetutetalf the golgirsutfge ald aoWECNF or X1 conmpound or

particle to c%&?&ﬂent%@at@ééﬁﬁésoﬁé‘s%a&,tUbU' e or cells, such as toxic effect.
The tubule is then assessed to determ ne the |ocation of the conpound or

particle or ssess the effect of the conpound or particle the tubule or

tubul e cell quéicl ﬁg’is Hﬁaf)ﬂ@a%]?ef‘ﬁ t°6??estgﬁ’8ﬁg:§ﬁt oltariewsicPyppdsARihol ogy and/ or

viability. [m@idish Minhibierd efgubinletiotration! Wisskipeunditiels tsiesest@tigCct | ng and/ or

e eesl N0, el Bh e Ui AP helo RN ot Mlnfldgr5! | S ©F the
seeding of the cells, before monolayer formation, following monolayer formation but

before tubule formation, or during reorganisation of the cells for tubule formation.

[0087] The compound may be any compound of interest, for which it is desirable
to determine if the compound has an effect on tubule formation, including promotion
of tubule formation or inhibitipn of tubule formation. The compound may be a
pharmaceutically active compound or a metabolite of a pharmaceutically active

compound, for example a drug such as a small molecule compound.

[0088]  In another aspect, there is provided an in vitro generated renal tubule (in
the following referred to as in vitro renal tubule or 2D tubule). The in vitro renal
tubules described herein are different in morphology than tubules formed in a 3D gel
matrix. Thus, the present in vitro tubules, such as those formed on a solid surface, are
also referred to as 2D tubules, to distinguish from tubules formed in a 3D gel matrix,
referred to as 3D tubules. Thus, the in vitro renal tubule may be made on a solid

surface, including using the above described methods.

[0089]  The in vitro renal tubule may be any renal tubule that may be made from
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conpound or particle that has been taken up by cells within the tubule to
the lumen of the tubule, the effect of inhibitors on uptake and transport,
and/ or t hwoebfoastvosncl udi ng nephrotoxi c ef fect and cyt oroXisG2afoectss of a
conpound, particle or inhibitor on the tubular cells and the tubule,

i ncluding an the norphol ogy or survival of the tubule or tubular cells.

[ 00104] Thus, while the particle or conpound nmay be nonitored and detected
to determ ne uptake and transport, the norphol ogy of the tubule and the
tubul ar cells, the degree of cell differentiation (epithelial) and
trans-differentjation ( fibrobl asts t.-he bul ar cel | s and the extent
of cell deatrﬁ“aji?f ul%‘éeirﬁf’ ”glﬁ’lglainf V%%a?a i) Hzlictéus%gl gglafnaneﬁe?alier with or

wi t hout det eatulaghstwel, thompotorehabiubylemssi el aproxtiradl tibals, hdiwd tibdideda The
conpound or ticl I r.a..b ol icle that is
to be assest{s?%:ijar F%urcglﬁeg% r S{Egié?l%%t% ﬁ%t‘éc%)rc ghasfs ﬁlaaapggﬁgjlgﬁégﬂgdl S?tptfﬁé Igat ment of

ki dney di seagten renal tubgle istatwmatyproximgl rengl fubdel@ed way herceppesed ofipAAPLi t or treat

fibrosis (a%uhﬁg}egﬁ%ﬁﬂhpayuﬁhlg@glgd nunbers of al pha- SMA- expressi ng
nyofi brobl asts), or to induce or inhibit tubule formation. [00105] The

conpound or i cl be any conmpound .or. particle .of interest, for which
it is desi régﬁi&jtoTE%EE%W%%"%0?%052185?%8135%]%3’}%5’50?%“8'%Stlraég%%’aken up by the
cell s of a tunbtahchedordnihinatip ratdhetiofxyor tvebringches par tulgdd) nerhologhe i nteri or

| umen of the_tubul.e [ r i it 1S I ] its

nephr ot oxi celee e%%tﬁgmoagoﬁ{og Ir|¢1)][Icl)t ea(lfl’ |taltltS c&a%ﬁ%é&?%%&tshgougg%%%ﬂ?y of ki dney

di sease. [ OOiiiG}nThed eniplplicels (e isprtheugh hemaa§Mdt axprtsing active conpound or a
metabol i te qf, gy ﬁgt%%%{%%%{tlﬁﬁeerﬂ%%ﬁr%gf&%mwgelulfng{wi@f)@npl e a drug such

as a small rmsfecupe co ound may carry a charge. For exanple,
t he conpoundiiffasntipied epithelial eslls); the bisen bavinga diapjeter efiffagnabeyt lytobe unchar ged.

The conpoun dab?‘lﬁéO(E ﬁla,ﬂtgé( %‘%&g@%gwtﬂg cé:llg| g‘ltthé. tﬁblﬁé(gegxfgbﬁzg dﬁfﬁeréﬁﬁat&ﬂr geted for

cl earance by yS, us nmay not rmaceuti cally active, for
exanpl e suchinceding doislotialaeidl; thie egitheliad cedlb pxditiiting norkerstshdyas g@Ehingal t hat may be
i ngested by Qk . i B o cidt G M3 E b b1 £00107] The
particle may é’%%aiﬁgggft%{%p%ﬁg%&?s’eﬁ%cédéétag%{ﬁ%ﬁge .]lpnha e(%aor i ngested by,
i mpl ant ed orthitekmeess thd o NLY magker; otah by winBmopswidr angbitheliad mopolayer iy a manmal |

one or both ends of the tubule.

[0091] The in vitro renal tubule tends to remain attached to myofibroblast
aggregates, which may be associated with one or both ends of a tubule but may also
be found at mid-tubular regions. Tubule ends that are not attached to a myofibroblast

aggregate tend to be continuous with the remainder of the monolayer.

[0092] The in vitro renal tﬁbules obtained by the above method display lumen
formation, including lumens having a diameter in the range of about 1 pm to about
200 pm, about 10 pm to about 200 um, or about 50 pm to about 200 um. The tubule
walls comprise differentiated epithelia expressing tight junctions and brush border
markers. Some myofibroblasts are typically attached to these‘epithelia but do not tend
to form condensed cell masses surrounding the tubules. Thus, the lining epithelia of
the tubules are not suBmerged within other cell masses and are directly exposed to the

environment.

[0093] The in vitro renal tubule exhibits functions similar to in vivo native renal

tubules, including transporting organic anions into the lumen.

18



I ncluding a human. For exanple, the particle may be a nanoparticle used in
a nedical treatnent or that is the netabolic or degradation by-product of a
subst ancewo=et/iemosedi cal treatnment. The particle may alPS®/SIG20/000463 _
nanoparticle used in cosnetics, textiles or as food supplenent or that is
rel eased in other ways into the environment. [00108] The conpound or
particle may possess properties that allow for detection of the conmpound or
particle directly. For exanple, the conpound or particle may be col oured,
fluorescent or radioactive. The particle nmay be of sufficient size to

det ect di r eCdogaSi ks bBOWBsRE A ﬂy&%vé&&&b@&mgﬁgd@eiu tsin ﬂem%gscopy
met hods. [00109] Al ternati vel %/ the conpound or part I ncl ude a

det ecti on | apil Virg renaldplates {iat appens faferm asiiolioys| &EP’P@GM é’f?tr@w upt ake and
possi bl e t r ansReEds kymtaTat etnulwhalffeEEm&téa%pﬂﬁtldl%an@ﬁel soRwrg any |abel that
can readily be hq f g@d usmg ‘B’aom detection rrethtlz) for exarrple a

col oured | ab&ela] i503 Beraneer foppdfree spitpcligh-igmseachygal mansifig sgsuliibgat ey be

det ected by arincmaam@ﬁdgm@rofamwbad)yess&ﬂgag;mﬂ&tobm&mmln@bﬁﬁr&bwsfse known and are

readily avai %ab For a Eél fluore ce t |abel s include FI TC, Rhodam ne,
TRITC,  Texas HeaE&%)%h |a’ﬁ‘£t e%)pét V8 o AR AICHICOTRISES Lo Py s,
[00110] The cwhyeutupthe phnles gipear krembd I&bacatradgmsédbpttIMaleﬁdrﬁray@r of the

t ubul e. That Q1 n l.cl e | ically adm ni stered or
del i ver ed tofot eedﬁcoe re&a?ﬁﬁ&g lg(revr%e’F &edo gps lg%lgac?)f the tubule, and is not

typically admnistered directly to the Iurren of the tubul e. For exanple,
cont acti ng 99Ihc IRFareanistion gcaHie OB bLisklY erordieatediand Emplianeqys gr owt h

medi um surr Oﬂfbdﬂedl@o{léﬁ&nfsub&ﬂhl%enﬁM]:@trés@ﬂlﬁk inVtretrdchiéh @fet i cl e or conpound

I's incubated g\rnxo agertogeone s1(§)euo|f % myoﬁbrgblast aggregate and then the other side of the

aggregate. These highly coordinated cell movements lead to the formation of stripes
of cells, with the myofibroblast aggregates included within the stripes. Following
stripe formation, the cells within the stripe then undergo additional rapid, dynamic
reorganizations, resulting in tubule formation. Tubulogenesis on solid surfaces
appears to be induced or at least influenced by TGF-B1, which is likely released in the
in vitro system by myofibroblast aggregates. It is well documented that
myofibroblasts release TGF-B1.

[0096] Thus, tubulogenesis on solid surfaces in the above-described methods
appears to involve large-scale reorganizations of epithelial sheets around
myofibroblast aggregates. Budding and branching morphogenesis, typically occuﬁng
in 3D gel matrices, does not appear to play a role and these processes are also not
involved in renal tubule formation in vivo. In contrast, initial formation of
differentiated monolayers does not occur in tubulogenesis that occurs in 3D gels and
is thus not involved in tubule formation from the 3D gels. Individual cells typically
first start to branch in 3D gels and outgrowﬂ1 of cell cords occurs then from such
branched cells or small groups of cells. The outgrowing cords, which have branched
cells at their tips, then develop into tubules. Subsequent outgrowth of additional
branches from the tubules tends to result in highly branched tubules. Branched cells
are not observed during in vitro renal tubule formation on the solid surface and the in’
vitro renal tubules formed on solid surfaces are not highly branched, typically

exhibiting either no branching or 1-2 branches per tubule.
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desired length of time, for exanple fromabout 0.5 hours for about 24
hours, about 0.5 hours or nore, or about 24 hours or less. [00112] The

cont act i yoant/wgosonal i ncubati ng may be perfornmed in Prohg/Spre®dnee3 of an

i nhi bitor of uptake or transport, to assess which particul ar pathway or

pat hways is or are involved in the uptake and/or transport of a conmpound or
nanoparticle. The inhibitor or test inhibitor is contacted wth the
exterior of the tubule prior to, sinmultaneously with, or follow ng the
poEtgcting of the conpound or particle. [00113] The inhibitor may be a known
i nhi bitor or_may be a conpound t hat be tested f b|t|on i.e. a
test inhibi tlBP971 | 7 ¥ypeing ?FF‘E)?’EPE?FSI‘?”SO@G%@?“‘? ?ﬂRF%?“P%?meXOﬁB ound( or

particl e refigf p@RhatrespaROWEidIBY infey. anmmgmhatﬁgﬂmumhtma (I‘GH-tBn ol particle,
meani ng a conpound or {}artl cle that, is known t aken u%tby the cells of

the tubul e WY PHELHe SH‘ﬁﬂ?ﬁ%?%ﬁ‘o??ﬁeamé‘ﬁ%aﬁaﬁtﬂm 7 I UHRA  of the tubul e
by a parti cubs mp”ﬁfolaiwamchE@mffExlamhﬂy inhihe. anablb; fiuntiond tigseskikei nhi bi t or may

be an inhibito otentl a hi bi t or nd i £ pat hway, or the

p- ani nohi ppﬁ&rﬁ?%r st‘ly EARY Oﬁaﬁlzg(%/%l{aielsrﬁ" v'[%’disg%] %ﬁ%e %%[r%'gteggrrpound or particle

(rj eferred to IﬁM‘bﬁ)blaithﬁldlnftl’Ha*ﬁdffﬁtF ﬁjrexpr&ston i Thh fibdingthatrmdgitidreof JGEE t | y
etectable ar | be

appr eci at ed, n?uigle | n 1t16 s?eg? ofet\cljb gsl%esm orhsﬁ) &rﬁpéssﬁsolhﬁ%%{;ianﬁ?&gtﬁ’:tﬂngw <habl e from

t he go mpoun Cresits quammvmluestuc[y()@lfqrﬁl]ed:mﬂh whbiheslls dinveeeeri theadditignebt i onal

i ncubating, cess conmpound

or par ticle, ’f(tﬁg-ﬁf é’ég}g)gg &ﬁc%&“aﬁﬂﬁ!ﬁg{%}éﬁmg fnqﬁeegqom nfeglm\ﬁ?thgtx mp

inhibitor. This may be done by
renovi ng gr Gwplhssndaht{ thermpefthrablagt theinsrlyesyimaly affpcégqbulmmhﬁb@ggnc ¥e€ai ni ng t he
conpound, papd ép%lea?ancé mbxlﬁieli@& mgésestcﬁﬁ‘ltesehmhlm def into Whchlthdtgbud May be done
one or nore tines, as desired. [00116] The conpound or particle is then
detected w tl??F?inqSH‘é’fftetﬂS@rl e, u5| ng an appropriate detection nmethod, such as
fl uorescence m croscopy, epifluorescence m croscopy, confocal m croscopy,
dark field n0098]scapys, the adhagemptopyles gammiaishaolii sugfaces prvidédochem stry.

useful in vitro model system. In contrast to tubules generated in 3D gels, the tubules

genera;[ed on solid surfaces are easily accessible for manipulations, and administration
of drugs, particles and other compounds of interest. The tubules formed on solid
surfaces are exposed and thus can be readily imaged by high-resolution light
microscopy and fluorescence microscopy. These properties make this in vitro model
interesting for applications in tubular transport studies and iz vitro nephrotoxicology.
The described renal tubules might be a physiologically more relevant test system than
monolayers of animal or human renal tubule cells, which are currently widely used for

in vitro nephrotoxicology.

[0099] The accessibility of the in vitro renal tubules formed on solid surfaces for
high resolution imaging allows detailed studies of the cellular and tubular transport
processes by confocal and live cell microscopy. High-resolution imaging is not
possible with tubules embedded into gels without sectioning, which destroys the
tubules. Thus, live cell transport studies are very difficult with tubules formed in a 3D
gel matrix. Imaging of transport processes and subcellular structures/processes would
be important towards addressing renal tubule biology, function and pathology, and

performing in vitro toxicity assays with drugs and nanoparticles.

[00100] Particles such as nanoparticles often become strongly enriched in the

kidney after exposure in vivo, and particles above a certain size cannot be cleared by
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[00117] Detecting the conpound or particle within the tubule refers to
detecting the conpound or particle within the cells of the tubule follow ng
upt ake ofwoheloowmgpound or particle, as well as detecti ngCrise2ewmopowsd or
particle within the lunmen of the tubule follow ng transport of the conpound
or particle. [00118] Detecting may al so invol ve sectioning of the tubul es
before and/or after performng the detection nethod, in order to better
detect particles or inmmunodetection signal within the |unen of the tubule,
or in order to assess the norphol ogy of the cells and/or tubule after

exposure to oynd, parti ibitor or tes tor. [00119]1If
t he corrpoun&oﬁ}e“%égﬁfa&?’éwt% gi‘%‘%ﬂ’ﬁﬂl}ﬁ%ﬂ‘fﬂi’%w eﬁﬁaﬁ‘}b Cfeéf)rf’%) ef'ial cells,

t he conpoundhesiumaydnBMo\bne Tiat, eettetiles destritivil hertih eay b¢ wssfubfort he | unmen of t he
e o SrEOHERR DRk pRRNA s DRI AR d B 8 | S DL 1%

transportedl ound or particle should
be det ect ablmulnsbhthnufobiaoemamhelbaraim@eﬁ\rf@ d’ﬂllsmvéeltsmm@aybﬁ‘b@efé]orrpound or

particle may, g@teﬁlgtlﬁ:glﬁi éﬂﬁyt&gtaﬁ Eﬂ{llglhﬁhép@:}t of':l?a!nl)p%rtﬁfbg ahd@B effdcpg¥sported into

the | unen of case the compound or particle should be
det ect abl e \ﬁhet‘ﬁTlWSthélf@PS@ﬁ’é\ﬁn@PP@lﬂl*FéﬁstSﬂﬁitﬁsélze Foroes07Fal S9RRHPDi t or or test

i nhibitor i g,#3eehatiResCANRAbAR indB¥nspst. done bet ween assays performed with
and W thout inhibitor. [00121] The met hod may further conprising assessing

t he ef f ect 26%#0qfhco%our}ldan0 Eerggr eCt. 1%61'6 is&?%vhdteggmetﬂﬁd &n]io?l{t% g test I nhl bl tor

on the cell e tub ssessin e nor t he tubul e. Such
assessi ng neybulerfinotioe su;:kamransmg of b eongpeiuidsor partieleiHees if @i?o rpadeges in

mor phol ogy %%O%Yasgéa%#?ﬂfl Fh o 9?5rlﬁ%tlglggﬂb%bﬁgd examning the interior

| umen for changes 1 n ce or tub nmor phol ogy, including disruption
or destructlgw%f t he tubul e and the, arran V\%thlnthe

t ubul e. d99Yehs s e LF pRINERA % PAEC Fﬁ(??‘ﬂ?fé%dvgﬁgl}erﬁ({?fl?fduﬁfﬁg eXtent, if any,

of cell deatihvinbd bbiréhat thlaﬂet, klbhl heea tubudé foearb tie nustiodgdearibedhearai. | deat h

Sgt g;t :jgg_ dailzx?¥§1hpol}%aa ?{ 6)?1116 f ipltere mﬁy%% %Ic&)a{l‘g “Whtﬂl% t@buﬁ-:qgrBR)Wr that is taken

uptake and transport by the tubule or to allow for the compound or particle to exert an
effect on the tubule or cells, such as toxic effect. The tubule is then assessed to
determine the location of the compound or particle or to assess the effect of the
compound or particle the tubule or tubule cells, including the effect on tubular or

cellular morphology and/or viability.

[00103] Monitoring tubular function includes detecting and/or assessing the

. uptake of a compound or particle within the cells of the tubule, the transport of a
compound or particle that has been taken up by cells within the tubule to the lumen of -
the tubule, the effect of inhibitors on uptake and transport, and/or the effect including
nephrotoxic effect and cytotoxic effect of a compound, particle or inhibitor on the
tubular cells and the tubule, including on the morphology or survival of the tubule or
tubular cells.

[00104] Thus, while the particle or compound may be monitored and detected
to determine uptéke and transport, the morphology of the tubule and the tubular cells,
the degree of cell differentiation (epithelial) and trans-differentiation (myofibroblasts)
of the tubular cells and the extent of cell death and cell viability may be also assessed,
either with or without detecting the compound or particle that has been added. The

compound or particle used may therefore be a compound or particle that is to be
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[ 00123] Assessing may al so include conparing the degree of differentiation
of epithelial cells and determ ning the extent of transdifferentiation

i nto nyofwbnotwmsws in the presence and absence of conp®CmEG2R0D465 €,
inhibitor or test inhibitor. For exanple, immnostaining for the a-SVA
cellular marker that is present on nyofibroblasts but not epithelial cells
all ows: for the assessnent of the nunber of myofibroblasts present in a

t ubul e under specific conditions. As well, techniques such as

i mmunost ai ni ng, fluorescent staining, or histochem cal detection may be
used to detect chanages in. 1. expr i [ nd/ or. det ect brush
border mar kearssses%crlfrg %faortoxé%ﬁoﬁ%ﬁﬁcg 3‘?:%1 t?ﬂﬁre%%e%ﬁoﬁ%ﬁdp%aq 8551(52% n this way,
any conpoundhoabiliafotipdsieeor peavert,rinfiithi dr ¢neat dibrosie & ndivhiedby dieredpay be assessed
for nephr ot QxS hF S5 SMABG L AKE BRI ANIPRlce Of infifk hBjd conpounds,
particles, inhibitors or test 1nhibitors may be toxic to the tubular cells,
whi ch toxi cifPymaeys be nani fested in changes or destruction of the tubule,
as has been observed in vivo. [00125] The descri bed net hods and tubul es are
further exerjpbid5]ed DEhewvaryponiid dripextitleinapbeé ang corapouhd o paitialy ofdersst, es.

[ 00126] EXAVRLES, 00457} Branpl.e. 1,1 001281 EQM coatinas,uer.e,f gsted and the
per f or mance of primary AURan rena prOX|pma’i1 tabuf'e caelﬁ?spv%s nmoni t or ed
duri ng ext enditofpdybiulsdad tinspevebyethe wbdksellsDuthe fgeriohlumepeighess, it was
observed th i ol b ELER i 4 agman primary
renal proxi %?ﬁ{g%%ﬁéﬁg{eﬁk ﬁsiae ngbl%g&%gt%was ‘?ﬁ‘%‘g’gﬁg‘g%ﬁg{éﬁtﬂg@ tEldgul ogenesi s,
whi ch occur radrugordls tregtmepirof kidesy dispasesas found that tubule formation is
faster on ECMs consisting of collagen IV + lam nin. The | onger the ,
nonol ayer i J00H6)t ai rehd corhfvnd @iyete atphidrtth@uficalyradtivodmpomidiosa . Thi s exanpl e

I h g| | eadi bul.e f [ | i f .
W 2010/ 06498SPEHF o BTEh SobHES “f s SeialRy oF ciPLT i flpgenfl Surtaces

molecule compound. The compound may carry a charge. For example, the

compound may be an anion, a cation, a zwitterion or may be uncharged. The
‘compound may be any compound that is expected to be targeted for clearance by the
kidneys, and thus may not be pharmaceutically active, for example such as a food
additive, xenobiotics or other chemical that may be ingested by or internalised by a

mammal, including a human,

[00107] The particle may be any particle that is expected to be inhaled or
ingested by, implanted or injected into, or otherwise internalised in or by a mammal,

. inciuding a human. For example, the particle may be a nanoparticle used in a medical
treatment or that is the metabolic or degradation by-product of a substance used in
medical treatment. The particle may also be a nanoparticle used in cosmetics, textiles

or as food supplement or that is released in other ways into the environment.

[00108] The compound or particle may possess properties that allow for
detection of the compound or particle directly. For example, the compound or
particle may be coloured, fluorescent or radioactive. The particle may be of sufficient

size to detect directly using known techniques such as dark field microscopy methods.

[00109] Alternatively, the compound or particle may include a detection label
to assist with detection following potential uptake and possible transport by the
tubule. The detection label may be any label that can readily be detected using known

detection methods, for example a coloured label, fluorescent label, a radiolabel or a
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[00130] Cel I culture assay: Al cell culture nedia used were al so

suppl enented with 1% penicillin/streptonycin solution (ScienCell Research
Labor at orwep10@amudssbad, CA, USA), and all cells were culPCinsaRexd/ 0at4637C in a
5% CO2 at nosphere. HPTCs were obtained from Sci enCell Research Laboratories
and were cultivated in basal epithelial cell mediumsupplemented with 2%
fetal bovine serum (FBS) and 1% epithelial cell growth suppl enent

(ScienCell Research Laboratories). Cells were propagated in poly-L-1ysine
coated cell culture flasks The seeding density at day O of the experinments
was 5 x 104 cells/c perl erfor h _24-wel | cell
culture pl atléléllthﬂd’haé' e f)céﬁ’i P’Ia]il%nnge{ 6@5’%’@ oy ucqllth)lte%re nedi um was
exchanged eewyn tivmralaydly aveiletie P@xp&mpheﬂuoadsceaelabe@snclt[d@(EM] Bone

nor phogenet i i ] bs, MO USA) was

added at a clghr?gger%ﬁr gﬁﬁb@%ﬁ%ﬁ%%ﬁﬁgﬂﬁgﬁ%% ﬁésg)gf:j?d&gﬂ%%osphate (AscP)

(Sigma) was supplenented at a concentration of 5011M q)e correspondi ng
experi ment al [0 Qg Qles, Therparaipd & Padps isgrptpgiedaahthe ‘?’fteBRﬁj’f%l‘e WRscP

suppl enent edTHﬁBﬁ'thHBombﬁhnﬁ@ﬂﬁaﬁ't&b&hs typiehllysaditviisterddrop déliverediottii cEns chostatin A

(TSA, 10 ng/ ver ni seedi ng.
[00132] Li ve/@%é‘a’(ﬂhﬁ% Ilaﬁ“ﬁ@%ﬁ‘%‘é}e GSE?”%FH oAHS %@wdﬁéﬁﬁ V1% e (DAPI,

Mer ck) sol utlumen ¢fhertupfuid. Forezemle, pantadfingmpy mpludhduddmgﬂiq: chenpp®id,or | nvi t r ogen,

Si ngapore) sol 1 each well containing 1 m of
medi um Cel I%aﬂ\%%rtgaﬁ%mmqp&g%‘é%%d%%ﬁ%ﬂu ger 1-2 h before imaging.

[ 00133] Fi xation; Fixation was perforned with, 3. 7%forq$ dqg\)?}g i n phosphat e
buf fered sal [OAE! 1(1PBS)OH‘"8’|MHth‘?ﬁaFP°€?t°rP‘HH?ﬂ“’E Eisnerbatedrath hedfuisid by ext ensi ve
washi ng W t hdeRE3 lengihX@ fmé A6Hk L5 SNRdE 2tV @Y Bouksepi abd@ 24 hdudd) b4 BCM coat i ng:
The commrercial |y avail a ted plates applied in sonme experinents

e-Cco
wer e obt ai nellf“fsrobf?]orﬁe?ftag?’il?%fﬁﬁmﬁoﬁ%snson (BD, Franklin Lakes, NJ, USA;
Bi oCoat TM 6-Wel | Multiwell Variety Packs The ECM coating of 24-wel |
pl ates was p8P1HIned By cefitdcting sng optipaald %@&ﬁ’@hb@ﬂ%ﬁ’ﬁl@dﬂ‘ﬁg@ final
concentrat i Oﬁ}es\éﬁctelaf &ﬁl’lﬁlbl%bﬁd‘}%ﬁﬁe SrRhdpor, td OQesh Anfeh pirh&la@ﬁ‘éﬁﬁ\i'eﬂ%r sol ution was
added to each well, and pl ates were dried overmgpt in a lamnar flow

hood. Miri nepag’d‘IaV%i@%‘iﬂf‘“fm(of?é“}‘?l@}‘W andprtrapsPohgh 4ROMREH™ °Fer many), col | agen
'V (150 j ug/dshepaivRIet he ﬁlﬁdndrafrﬂeﬂmmuﬁtaﬂ@ccp@cﬁh witfothg RRprionef e tubwiel. Col | agen

IV and | am nin were purifi e ent and in nost experl ment s,
t hey were erFB-TOBE?eﬁm‘é]‘Fanf% roé%%ﬁ?’ggﬁégm%c ¢ RPPERE OWEIFppl i ed i n
conbi nati on. However, one experl mental series vvas perforned with 10.7

jig/m of colOPXEn | iherkibitomayi bgahemovst inhibidr oF Fay bRfeomBersfl B2t iIECM consi st ed

of collagen twe(e;téa)founﬁ/bﬁmoéme&ﬁqmmb@ M{é%mm@mh}est@ﬁmwltﬁe as_human
reconbi nant ni dogen (7.8 and nephronectl nugpryc /ml) (R&D

Systenms, M rﬁ?@@ﬁ%ogpaﬂm @@%“’ alP‘Weg’GHPT?‘Eﬂ‘}“O o[o1m Al R (100 ttg/n,
BD) , pol yL- | pasiceemébahthgjaicehpdund &ipgitale thaprsqm@mﬂoroe RkénSy theChi ot Cal

| ndustries and gel.atin 1 [ el A, Sigm) were
used. [00135F¥m%§%ﬂdﬁ’§ss X Hﬁgﬁhﬁﬁ %)mméno‘?% 8’;bnlre %Baartécélgfdl ng to the
i nst ruct i onspatfway.hBor gramplen the inhbitor dvkeFRIIERELOT mep beian ivmbitener pdtehtidll ed 70- f ol d

wi th medi um

inhibitor of an endocytotic pathway, or the p-aminohippurate transport system.

[00114] As with the compound or particle referred to above, the inhibitor or
test inhibitor may be directly detectable or may be labelled with a detectable label. As
will be appreciated, the inhibitor or test inhibitor should be distinguishable from the

compound or particle.

[00115] Following contacting and optional incubating, the tubule may
optionally be rinsed to remove excess compound or particle, or excess inhibitor or test

inhibitor. This may be done by removing growth medium and replacing with fresh
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[ 00136] The ECM deposited by HK-2 cells was prepared or solubilized
according to the literature nethods (Beachamet al. Curr Protoc Cell Biol
2006; Suppbensme4®3 (Chapter 10: Unit 10.9): 10.9. 1-10. 9CZEG2005000463
cross-linking, the HK-2 ECM was incubated for 10 minutes with 3. 7%

formal dehyde. Afterwards, the cross-linked ECM was extensively washed with
PBS. [00137]Cell counting: Cells were trypsinized (0.05%trypsin/0.5 nM
EDTA in PBS), resuspended in PBS and counted with a Beckman Coul ter
Particle Counter (Mdel Z1S; Beckman Coulter Inc., Fullerton, CA USA). For
each ECM coating and tinme point. triplicat. . r . e different
wel s were CHURTRE:CY ﬁcmﬂ%lds?agtfcl}]efﬁ%lﬁﬁ%gg{eogﬁgb%wgt@% %l;d i magi ng:

| nrunost ai nimey badenepae bronaretdmessasdiesedi bed i n Sadoni et al. J Cell Biol
1999; 146(6): 1211-1226. The followi ng primary antibodi es were used: rabbit
anti-ZO 1 (ZptMMef OCCihb 8§Houdd or bAEIE IsAER Retedtal Withads tubile, ukiifyn and nouse
anti-a-snooth nuscle actin (SMA) (Abeam Canbridge, . K%i. Al exa Fl uor

488- conj ugat¥@eroBts defegtingimethof, el 45 Syerrcongh guorsrop 3(1?37';‘?}]0 J&1€d anti - nouse

(I nvi t r ogen)misie6dpd dsnforanhicladp e Jateil nd@pdco®dradibitgty, i nmunost ai ni ng, cel |
nucl ei were .stai ned.w tlﬁ. DAFE' .%d cells were nounted wth vectashield
(Vect or LabdPHEPBIEERE BEFHTELEHE CA) for nicroscopy. Histocheni cal
detection of yGIP activity and controls were performed as described in Ryan
et al. Ki dr{@¥117ﬂ1t 1 Pptectingsitelompgung pr parighgvidip iadbPerfStted with a Zeiss
AXi 00bser Ver @l ¥intd SSORE of fericle viinSEe coll&bahe tERIBNNingiSitdke of he Zei ss

AXI OVI SI ONTM i magi n% sof t ware. )[r?g0139] I grprunobl ofting: For. inmunobl otting,
cel I's were |YeogPPHidpyprriiqls, agyelias JeledinaiPoSYRPOPLT LA P & Bl 1% r .

(1 nvi t r ogen)lum&asTitleasbuleErtl®way @b df thh eddpethdatr p@8&e.and centri fuged at
10,0009 for 2 mnutes to pellet cell debris. Protein concentrations of the

super nat ant S[O&E{Bﬁggggfégc&%ﬁé%taﬁo%MWEW&Q?&%I&M@Q{Mer

(Bi ofrontier ropriate amounts o e supernatants were

| oaded ont o aftennsHamnghedeiestiongasthqdqinppdsy to bt f¢eshRARClSEf h t he size marker

PAGE Rul er RlusinddeRbtbn83hA SithiHARANEEN of Meublerin RuQLEARSs ther e transferred
to i Bl ot nmenbranes after el ectrophoresis. The menbr%aes y%re bl ocked in TBS
12:Ye (0

buf f er cont aPHPIPEY chbeseHsaspr 2uls ater FERoBEAL MY P56 m t enperature for

1 hour, and M&bierbiedidhivbat ed overnight at 4C with 0.2 gnl of both nouse

anti-a-SVA antibody (Abeam). and rabbit anti-a-tubulin (Abean) antibody.

[ 00140] Af t er[oﬁ‘?ﬁg' nga{fﬁlﬁgo mcﬂ%ﬁclwn%um&gugﬁ;tﬁgm\sg& Bpifdeia f 11/ Ml of both
shee

per oxi dase- conj ugat e ant 1 - nouse anti body and onkqefy anti-rabbit
anti body. Theellhherempgapdshgud aptdp defeqipbiaiyithinthe gt ordas lwmen iheki t (GE

heal t hcare, {hiadsf PR corlpoun@ol SisticlHEKINABRARBEY thesell ik nbt@aidporeidce a
chem | um nescence signal captured on X- r%, Ei hml The filns. were scanned and
EFRETCSSEH b 4t

anal yzed usiihlg thedoBes BHgig<as hecearoyng BYC Vil es: I n order
to obtain sesd épndiabdelld offthd tatsule. HR Eampheiidoor Garofimmeybe tilen spvey the pol yest er
menbr anes ( Corni. nc. mn A). . ter t l.e forqmation, cells
wer e enbeddee(glt%‘]%’?%eﬁsl ggﬁﬁ%ﬁﬁ%&fﬁ%%tpﬁsﬁmﬁ%ol uen%g%lﬁed%g’zhéﬁcgsnee with a
cryostat. compound or particle should be detectable within the lumen of the tubule.

[00120] If an inhibitor or test inhibitor is used, a comparison may be done

between assays performed with and without inhibitor.

[00121] The method may further comprising assessing the effect of the
compound or particle, or the inhibitor or test inhibitor on the cells of the tubule, by
assessing the morphology of the tubule. Such assessing may involve examining the
cells or tubule for changes in morphology and may include sectioning the tubule and
examining the interior lumen for changes in cellular or tubular morphology, including

disruption or destruction of the tubule and the arrangement of cells within the tubule.
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[ 00142] Cal cul ations, statistics, and arrangenent of inmages: Calcul ations
and statistics (unpaired t-test) were perforned using Excel 2003 software.
Fi gur es weoeorrmwagyged usi ng AdobePhot oshop CS3 and | magedT/SIGoeRA8)463 gur e
Legends [00144]Figure 1. 7GIP expression. HPTCs were grown on collagen IV,

| am nin, and collagen IV + lamnin ECMs as indicated, and 7GIP activity was
detected histochemcally. 7GIP activity results in red staining during

i ncubation in reaction mxture. Control cells were grown on simlar ECM
coatings (shown.for collagen IV), and incubated with reaction m xture

| acki ng L-gl [001922] o aCAsQesZmﬁ ﬂlay zﬂﬁhﬁ&iﬁ% SRR ORAMiAG) of S8, Par 500

[ 00145] Fi gure i mmunost ai ni ng patterns. The upper panels
show t he nervéleﬂlén i ulﬁ’?‘l]%af%i ef‘?né?l%?‘ﬁngﬂ‘&?%‘feﬂélea(t?@?efnongqs%% whighgi\: red, DAPI:

bl ue) whil e indhedelsaintrz yitnebspeling phey taksl vy by dead26hshnd AOTBPRF RN Ng pat t erns.
HPTCs were grown on an ECM consisting of (A C coll agen 'V and (B, D)

col | agen IV[¢01 Ni Mss&S8h RayVBd endid QA d rtr n th BMP-7 or
(A O recei vedﬂr?o addslstl oénafl troeat BT - &éﬁggﬁég éelregi%bl 031416(] Fi gure 3.
Quant i fi cat i Birgp! cgllssphd %m%@s@wt%spfﬁmmm@m intp. myofpropBSECs wer e gr own

on uncoat ed if @R pfesddos dndlapsefde 0P BontpdEnddpdri &S, ﬁﬂflﬁblt&%ﬂehtriﬂﬁbﬂop%xcat ed (Col 1V
collagen IV, La lamnin). Cells I%ﬁown on lamnin + collagen IV were

ei ther treat®f frﬂmwa*?mérforlt@fot‘s tcplidar alrkerthygisirepsntger e extracted in

each case f mofiBrobledH but A epicidfbl bNE alfosFatGhe a@Q&sﬁieﬂﬁﬁﬂieanﬁbé?%Ph sanpl e was
| oaded onto 2 SERAL (I ower bands, 42 Ir.D) and

t he
a-tubulin (I"02drS S%sol?{fsl’e%lmaﬁlbﬂ%'r‘ndﬁ%ﬁﬁ%ﬁc q%d“k%f devel frshmipescly
i munobl ot t |aﬂgnm1ﬂoeam§|ﬂupmmnt@ﬂamﬁigz@ hi¥eeikeaticabdsrdsonand) deRgedGor r espondi ng

nol ecul ar i G r tvdo the left. (B e tensities of

t he bands ‘é‘ﬁ%@éﬂc?ang% %061 erI’angmﬁ,.. nearl ﬁigte"tg or %’“ﬁﬁlﬁ’édn or the

aSMA- speci f iotherepifbeligk cebdamatkeree wer e di vi ded by the correspondi ng val ue
obtained for the a-tubulin-specific band. The bars indicate the averages (
standard de{0ei24pns) Lomhisthg sy Edipo® dr pArtiRE PinEBRIPRsi@thilope control .
Asterisks denote ssesgealfl C tt di f ere es ageorrpared to the control, which are
only observed’ 3 ?8’8? ’@k‘?”i’t B FRusPprhef At ; gure 4. Formation
of cell aggp@g:we@ paniles, ldnutow-osmlﬂlﬁﬂilarﬂﬂyeﬁ&(ﬁd: tO¥heiniFaMAQRE, ai ni ng, and the

(cel 1 nucl el ana i 8 BERRARRAN bELES o Tt Rtn H3ic Hile PHEt bot ¢ om DAPI -
blue, zZz0O-1:° ’éfé‘hm"SMA red). The upper | eft region of the i maged area was
i nvaded by a- SMA- expressi ng nyofi brobl asts, which remai ned spread out on
the substraft@125h admiladembecaméa&das RQShHuleY Bre GRlnbSexbApIIRA LRWRMGE cel |

aggregate | hal f of the inmaged area. The ZO 1-expressing
epi t hel i al &htegﬁw\lfx}& 111“3‘&‘8%81 ieﬁ areas where a- SMA-positive cells were

present. Therefore, the ZO 1l staining patterns were out of focus in these
areas. Scal WOA26] 200EZAMPLES -

[00127] Example 1

’!

[00128] ECM coatings were tested and the performance of primary human
renal proximal tubule cells was monitored during extended periods of several weeks.
During this process, it was observed that the formation of differentiated monolayers
by human primary renal proximal tubule cells (HPTCs) was closely coupled to
tubulogenesis, which occurred on solid surfaces. It was found that tubule formation is
faster on ECMs consisting of collagen IV + laminin. The longer the monolayer is
maintained, the later tubule formation occurs. This’exam.ple relates to the experiments

leading to tubule formation on solid surfaces.
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WO 2010/ 064995PCT/ SG2009/ 000463 [ 00148] Resul ts [00149] Cel |
noni tored over a period of four weeks in each experinent.
peri od, aseayr/dserosnmonitoring cel

behavi or was
During this
per f or mance were per Pomssdoossedicy

starting one week after cell seeding. The initial seeding density was
ow nonol ayer density. Al experinents were conducted with
multi-well plates wherein cells grew on ECM coated tissue culture plastic
(TCP). [00150] The performance of HPTCs in the presence of different ECMs
and additives [00151] Experi nents focused on nonol ayer and tight junction

slightly bel

formation. ﬁ@mégﬁt te

(control) a
for cultivat
m ght requir

effects of t
per f or mance

LhEd mbddld € 1) was perforned w th non-coated

w t'h po y?§?y5|ne coated wells (poly-L-lysine is reconmended

This test series also_included gelatin.

As HPTCs

'8n f HPTCs). \
@ é3°gonp|‘é9!1<ﬁéﬂwr?ﬁ?aé= AY pallicxliure edipqpsed e glso ECM of t he proxi mal
tubul e, and agpletksifedmliiiy Yageaicdiid/dtiepithicit RIES @HhEelakdafdhci al |y, the

Bl reCRbecRy b Piigu St Sl e a ke i Gyerz0 1+

Non- coat ed- Oatmpxphsre. [HPTY's wae-obtainGefrat BeienCell RésehrcmBabkradZiesSand were

cultivated in basal epithelial cell medium supplemented with 2% fetal bovine serum
(FBS) and 1% epithelial cell growth supplement (ScienCell Research Laboratories).
Cells were propagated in poly-L-lysine coated cell culture flasks. The seeding density
at day 0 of the experiments was 5 x 10* cells/cm?. All experiments were performed
with 24-well cell culture plates (Nunc, Naperville, IL, USA) and cell culture medium

was exchanged every two days in the experimental series.

[00131] Bone morphogenetic protein (BMP)-7 (Sigma Chemical Co, St. Louis,

MO, USA) was added at a concentration of 100 ng/ml. L-ascorbic acid 2-phosphate

(AscP) (Sigma) was supplemented at a concentration of 50 pM. In the corresponding
experimental series, cells were constantly kept in BMP-7 or AscP supplemented
medium. In contrast, cells were treated with Trichostatin A (TSA, 10 ng/ml) (Merck,

Darmstadt, Germany) overnight prior to seeding.

[00132] Live/dead assay: 2 pl of a 4°,6’-diamidino-2’-phenylindole (DAPI,
Merck) solution (5 mg/ml) and 2 pl of a propidium iodide (PI, Invitrogen, Singapore)

" solution (1 mg/ml) were added to each well containing 1 ml of medium. Cells were

kept in the incubator for 1-2 h 'before imaging.

[00133] Fixation: Fixation was performed with 3.7% formaldehyde in
phosphate buffered saline (PBS) for 10 min at room temperature, followed by

extensive washing with PBS. Fixed samples were always kept wet.

[00134] ECM coating: The commercially available pre-coated plates applied
in some experiménts were obtained from Becton and Dickinson (BD, Franklin Lakes,
NJ, USA; BioCoat™ 6-Well Multiwell Variety Packs). The ECM coating of 24-well
plates was performed by diluting the ECM components to the final concentration with
cell culture medium. 100 ul of the coating solution was added to each well, and the

plates were dried overnight in a laminar flow hood. Murine collagen I (750 pg/ml;
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Gelatin + AseP+, until week 21-2 GCelatin + BMP7 + AscP+1-2 HK-2 ECM
deposited+3 HK-2 ECM sol ubilized+, until week 33 HK-2 ECM sol ubilized +
AscP+, urWpl2010e8k9930-1 HK-2 ECM sol ubilized + BWP7 + APCEAG2@9/0p@BI52] | n
Table 1, formation (+) or no formation (-) of confluent nonol ayers is
indicated. "until week x" means that confluent nonol ayers were formed after
seeding, and remained intact at week x, but disintegrated afterwards. The
rating of the ZO1 staining patterns was performed independently fromthe
assessnent of the nonol ayers. The different types of ZO 1 immunost ai ni ng

atterns (O- ShRslf | d LM hght junction
1I‘Oor mat i on(‘ r eg%?léegjﬁeid?eaki %gggél%?&?ﬁé%g&@?ﬁgﬁ qﬁ]an\%v%%ﬁﬂlg?f ects
r eabsor pt i onP&/&kSigRe) Beie wed Gollages Hband lmipintwersmyrifiad-feom gl j unct i onal

protein ZO lpla&n@, el mah@bashdlsl REMvdBEH Ry 8 HEETHE hehibadl F f erenti at ed
epithelial cells, ZO 1 i rrrrungstal ning patterns indicate the extent of tight
junction for FRETEHONPFIIEPPled M RQmbBAIon: Heweyer onesrrerimspial seéss ween t he | at er al

si des of thepeotrhe vith 10.1@igeabeshlbyn & aliana AR bShh il MThadsapiewi re-1i ke ZO-1
i Munost ai ni pattern, [00154]As with the other assays performed, the
state of epi]?%glcf’%ﬂSteﬂiOf‘P PEEREY B0 yamikad tapinin (PR He/mbs astwellias | unct i on

formati on WekgnaAeRbhehAeniWeRK (X8 jymb B d-pIRost @isnihg) @leFO 1. Different
types of -ZO- 1 staining patterns were observed. Diffuse cytoplasm c staining
patt erns not SYEE@pMRaAR e NN B olredditanepdy-Deptined lfate/sl, BP), 2ah1 wer e

cl assi fied a514sie0Q/mlyRkha)l orbREid1Qaky R GericAMALEGHE, KEGE AP dot-| [ ke

| ateral enrichnents Il e nore extensi've stretches richments at
some of the QEEFaEdIpe/mhpaicmsswe Andigaa)stesrwed-eri stic for a type 2 pattern.
In these categories, all (0) or nost (1 and 2) of the cell-cell contacts
di d not di sd08IB8%Nny ~ZOatingewith MATRIGEL™ (BIjiveapérfegmédecadisenee of tight

junction forpablof L SRLEKER: WA FRiGEE® DAL 8 0 Situted 70-fold with

medium.

[00136] The ECM deposited by HK-2 cells was prepared or solubilized
accbrding to the literature methods (Beacham et al. Curr Protoc Cell Biol 2006;
Supplement 33 (Chapter 10: Unit 10.9): 10.9.1-10.9.21). For cross-linking, the HK-2
ECM was incubated for 10 minutes with 3.7% formaldehyde. Afterwards, the cross-
linked ECM was extensively washed with PBS.

[00137] Cell counting: Cells were trypsinized (0.05% trypsin/0.5 mM EDTA
" in PBS), resuspended in PBS and counted with a Beckman Coulter Particle Counter
(Model Z18; Beckman Coulter Inc., Fullerton, CA, USA). For each ECM coating and

time point, triplicates obtained from three different wells were counted.

[00138] Immunostaining, histochemistry, and imaging: Immunostaining was
performed as described in Sadoni et al. J Cell Biol 1999; 146(6): 1211-1226. The
following primary antibodies were used: rabbit anti-ZO-1 (zonula occludens-1,
Invitrogen, Carlsbad, CA, USA) and mouse anti-o.-smooth muscle actin (SMA)
(Abcam, Cambridge, UK). Alexa Fluor 488-conjugated anti-rabbit (Invitrogen) and
TRITC-conjugated anti-mouse (Invitrogen) secondary antibodies were applied. After
immunostaining, cell nuclei were stained with DAPI and cells were mounted with
vectashield (Vector Laboratories, Burlingame, CA) for microscopy. Histochemical

detection of yGTP activity and controls were performed as described in Ryan et al.
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[00155] Chi cken wire-like patterns were characteristic for types 3-5. \WWen
chicken wire-like patterns remained restricted to some limted areas, the
pattern e 20l0ks$995i ed as type 3. In contrast, patternsPpagse2elassicsi ed as
types 4 or 5 when the entire cell layer displayed a chicken wire-like
pattern. Some irregularity and mnor disruptions were typical for a type 4
pattern. Very regular patterns were classified as type 5. Only types 4 and
5 imunostaining patterns indicated tight junction formation in extended
areas, Whereas types 0-3 patterns revealed that major areas of the

epi t hel i um Widaey Tt 1998 ak@slady;. thasie waggg—?dnﬁaﬁwiﬂla‘)&}s@_ akibbs eE‘%Fﬁ ts of the
Z0-1 i mmunost ai ni n riments on HPTCs are summarized in Table 1. Cells
wer e noni forlé’&fmg%oé’g (cgaé%fsf’dﬂ‘aocﬁerpﬁ‘i}’r) iRt Z e AKIPMIIEN S Lilasibeg was

per for med wesHiwgre. | mmunost ami ng was perforned in parallel on two different
sanpl es for each tinme point and ECM coating. From.each sanple, several

di ff t S ed. ar ea. re j ed at a given, ti poi nt, and
For every 1| arsaly o cloliflo b o or BB ey S BB 1Al Cern s
det er m ned. IrEANEPge bRS sernisbufiosinvitrogep)cfatmples whs eslicedd, atatal apar t i cul ar ti ne

i Tabl } ; B i particular coating
bver i heamﬁ?ssg??ﬁdg%h%g%%%q%mgﬁ mipsto 89(?\%@3%’6‘%%%88@&/ SG2009/ 000463

[00157] I n cofPrgratoppefihesappmatanisppregnagsred vhadtANQGPREEYM v onto the HK- 2-

deposi t ed EGykadopitonicfnmBiatkon@r, §igipby. 2&8 4 A8a]§- ?ﬁgﬁg&eﬂaﬁge%%ﬂc E) Eg i E; |2 o ESVI

ilizatiq | so tested. _ , ,
o Eove and G Rrd ButS? BB Bl pel i 12be pvisehen it el BeRFoS it b HTCS
are |isted iPAGERbler Plus (EFeinbrsaermbeanDslgmr%ﬁmsﬁv@ﬁrﬁamegﬁgw_rig%ﬁ, ngngn .
fl : ti.on ) not . observ n .u ‘ a _
gglny- E?P;sinﬁg%%%gfkgﬁ%gﬁhﬁwgﬁl SW?Pra%eﬁs‘fv«fge,ebq%cg?ﬁ‘P&éﬁ?ufgﬁnol ayer formation

was . obser vecdrontaining 0.05% Tween 20 and 1% BSA (Sigma) at room temperature for 1 hour,

and were then incubated overnight at 4°C with 0.2 pl/ml of both mouse anti-o-SMA
‘antibody (Abcam) and rabbit anti-a-tubulin (Abcam) antibody.

[00140] = After washing, the membranes were incubated with 0.2 pl/ml of both
peroxidase-conjugated sheep anti-mouse antibody and donkey anti-rabbit antibody.
The blots were developed using the ECL detection kit (GE healthcare, Chalfont St.
Giles, Buckinghamshire, UK) to produce a chemiluminescence signal captured on X-

ray film. The films were scanned and analyzed using Adobe Photoshop CS3.

[00141] Sectioning of tubules: In order to obtain sections of tubules, HPTCs
were grown on transwell polyester membranes (Corning Inc., Coming, NY, USA).
After tubule formation, cells were embedded into TISSUETEK™ mounting medium

and sectioned with a cryostat.

[00142] Calculations, statistics, and arrangement of images: Calculations
and statistics (unpaired t-test) were performed using Excel 2003 software. Figures

were arranged using AdobePhotoshop CS3 and Imagel.

[00143] Figure Legends

[00144] Figure 1. yGTP expression. HPTCs were grown on collagen IV,
laminin, and collagen IV + laminin ECMs as indicated, and yGTP activity was

detected histochemically. yGTP activity results in red staining during incubation in
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al though di sruption of the nonolayer occurred in npst cases during the
second half of the nonitoring period. The best results obtained with regard
to tight wonetwmmosor nati on were type 3 patterns, whi chPagse260rneid3 on
directly deposited and on sol ubilized and coated HK-2 ECMin the absence of
additives. [00160] The results of further test series are listed in Table 2.
The effects of the solubilized HK-2 ECM were tested again but in the new
test series, this ECMwas fixed with formal dehyde after coating. This was
done because ECM sol ubilizati on was achieved by treatnent with

guani di ne- HGhactiphnGdurk. Toh@et cfis 2R g‘é@tﬁl A shRAHEER BAkENGh G fishi ng af ter

coating. Cross-linking with formaldehyde was perforned in order to prevent
ECM coat i ng FoHps9&Y): i ingabaipdjth reasonyaifuredacking drgletamigedy{4icl uded pronectin

F and p0|y-Lm&M§&Qﬁ%%gﬁﬁgnﬁ®_ﬁmﬁgggbbég'COﬂtrO|.. Tabl e 2: HPTC performance

and presence of a-SMA-positive cells ating/ Treatnment HK-2 ECM

P b ) e e Hirs SO
panels show the merges of the different patterns (ZO-1: green, a-SMA: red, DAPI:
blue) while the lower panels display only the ZO-1 immunostaining patterns. HPTCs
were grown on an ECM consisting of (A, C) collagen IV and (B, D) collagen IV +
laminin. Cells were (B, D) treated in addition with BMP-7 or (A, C) received no

additional treatment. Scale bar 100 um.

[00146] Figufe 3. Quantification of a-SMA expression by immunoblotting.
(A) HPTCs were grown on uncoated TCP (control) or on the different coatings
indicated (Col IV: collagen IV, Lam: laminin). Cells grown on laminin + collagen IV
-were either treated with BMP-7 or left untreated. Proteins were extracted in each case
from 3'replicas, and the extract obtained from each sample was loaded onto a separate
lane of the gel. a-SMA (lower bands, 42 kD) and a-tubulin (loading control, upper
bands, 50 kD) were detected by immunoblotting. The positions of size marker bands
and the corresponding molecular weights (kD) are indicated on the left. (B) The
intensities of the bands shown in (A) were determined. The values obtained for the o~
SMA-specific band of each lane were divided By the corresponding value obtained for
thé a-tubulin-specific band. The bars indicate the averages (+ standard deviations) of
these ratios for each coating and the control. Asterisks denote significant differences

compared to the control, which are only observed after BMP-7 treatment (p = 0.002).

[00147] Figure 4. Formation of cell aggregates. ZO-1 and a-SMA were
detected by immunostaining, and the individual immunofluorescence patterns as well
as the DAPI staining pattern (cell nuclei) are displayed. The merge is shown on the
right (bottom; DAPI: blue, ZO-1: green, SMA: red). The upper left region of the
imaged area was invaded by a-SMA-expressing myofibroblasts, which remained
spread out on the substrate. In addition, a.-SMA-positive cells formed a huge cell
aggregate in the right half of the imaged area. The 'ZO-l-.expressing epithelial sheet
was folded up in areas where o-SMA-positive cells were present. Therefore, the ZO-1

staining patterns were out of focus in these areas. Scale bar 200 um.
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patches and 2 at other areas a- SMVA PronectinCells dead at week
Cells dead at week 1 Cells dead lat week 1
WO 2010/064995 PCT/SG2009/000463

[00148] Results

[00149] Cell behavior was monitored over a period of four weeks in each
experiment. During this period, assays for monitoring cell performance were
performed weekly, starting one week after cell seeding. The initial seeding density
was slightly below monolayer density. All experiments were conducted with multi-

well plates wherein cells grew on ECM-coated tissue culture plastic (TCP).

[00150] The performance of HPTCs in the presence of different ECMs and
additives

[00151] Experiments focused on monolayer and tight junction formation. A
first test series (Table 1) was performed with non-coated (control) and with poly-L-
lysine coated wells (poly-L-lysine is recommended for cultivation of HPTCs). This
test series also included gelatin. As HPTCs might require a complex ECM more
-similar to the native ECM of the proximal tubule, and as such ECMs are difficult to
assgmble artificially, the effects of the ECM deposited by HK-2 cells was also tested.

Table 1: HPTC performance on different ECM coatings

Coating/Treatment Monolayer Z0-1
Non-coated - : 0
Poly-L-Lysine — 1
Gelatin, +, until week 2 2-3
Gelatin + AscP +, until week 2 1-2
Gelatin + BMP7 + AscP - + 1-2
HK-2 ECM deposited + 3
HK-2 ECM solubilized +, until week 3 3
HK-2 ECM solubilized + AscP +, until week 3 0-—1
HK-2 ECM solubijlized + BMP7 + AscP + 1-2
[00152] In Table 1, formation (+) or no formation (-) of confluent monolayers

is indicated. “until week x”° means that confluent monolayers were formed after
seeding, and remained intact at week x, but disintegrated afterwards. The rating of
the ZO-1 staining patterns was performed independently from the assessment of the
monolayers. The different types of ZO-1 immunostaining patterns (0-5) were

classified as explained below.

[00153] Tight junction formation reduces the leakiness of the epithelium, which
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Collagen IV Lam nin Lam nin, 1% FBS and 025% grow h factor mx +, until
week 2 +, until week 3 but some nonol ayer patches 4-5 until week 3 4-5

until week020R/0em95] week 3, 5 at nonol ayer patches at ®eESG2009/000463

affects reabsorption, secretion and transport functions. The tight juncﬁonal protein
ZO-1is a well characterized marker expressed in differentiated epithelial cells. ZO-1
immunostaining patterns indicate the extent of tight junction formation. Proper
formation of tight junctions between the lateral sides of the cells is indicated by a

- characteristic chicken wire-like ZO-1 immunostaining pattern.

[00154] As with the other assays performed, the state of epithelial
differentiation and the extent of tight junction formation were monitored weekly by
the immunostaining of ZO-1. Different types of ZO-1 staining patterns were
observed. Diffuse cytoplasmic staining patterns not displaying any obvious lateral
enrichments of ZO-1 were classified as type 0. Typical for the type I pattern were
some dot-like lateral enrichments, while more extensive stretches of ZO-1
enrichments at some of the cell-cell interfaces were characteristic for a type 2 pattern.
In these categories, all (0) or most (1 and 2) of the cell-cell contacts did not display
any ZO-1 enrichments, indicating the absence of tight junction formation and

chicken-wire like patterns.

[00155] Chicken wire-like patterns were characteristic for types 3-5. When
chicken wire-like patterns remained restricted to some limited areas, the pattern was
classified as type 3. In contrast, patterns were classified as types 4 or 5 when the
entire cell layer displayed a chicken wire-like pattern. Some.irregularity and minor
disruptions were typical for a type 4 pattern. Very regular patterns were classified as
type 5. Only types 4 and 5 immunostaining patterns indicated tight junction formation
in extended areas, whereas types 0-3 patterns revealed that major areas of the

epithelium were not sealed by tight junctions.

[00156] The results of the ZO-1 immunostaining experiments on HPTCs are
summarized in Table 1. Cells were monitored over a period of four weeks, and
immunostaining was performed weekly. Immunostaming was performed in parallel
on two different samples for each time point and ECM coating. From each sample,
several different randomly selected areas were imaged at a given time point, and for
every time point and ECM, the most frequently occurring pattern was determined.
From the patterns most frequently observed at a pérticular time point, Table 1
displays the best results obtained on a particular coating over the monitoring period of

four weeks.
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Collagen IV + Larninin ++, until week 2 N dogen + Nepluonectin

week
poi nt

3

4-5 until

[00161] Di sintegration of tight junctions after a certain tine
I s Wodnwaeeds For exanple, "4 until week 2" nmeansPCH&G2609109@w3 4 ZO 1

| mmunost ai ni ng pattern was present at week 1 and week 2, but the tight

junctions disintegrated afterwards.

a- SMA was perforned in all cases. "+" indicates the presence of
a- SMA-positive cells. For further explanations, refer to Table
[ 00162] The new test series were nmainly focused on coll agen 1V,

[00157] In control experiments, HPTCs were seeded directly onto the HK-2-
deposited ECM after removal of the HK-2 cells. TCP coated with the HK-2 ECM

after solubilization was also tested.

[00158] The ECMs and the combinations of ECMs and additives tested in the
first experimental series with HPTCs are listed in Table 1. Cells remained separated
from each other, and confluent monolayer formation was not observed on uncoated

TCP and on a poly-L-lysine ECM.

[00159] - Inall other cases, confluent monolayer formation was observed,
although disruption of the monolayer occurred in most cases during the second half of
the monitoring period. The best results obtained with regard to tight junction
formation were type 3 patterns, which were formed on directly deposited and on

solubilized and coated HK-2 ECM in the absence of additives.

-100160] The results of further test series are listed in Table 2. The effects of the

solubilized HK-2 ECM, were tested again but in the new test series, this ECM was
fixed with formaldehyde after coating. This was done because ECM solubilization
was achieved by treatment with guanidine-HCI, which is toxic and would require
extensive washing after coating. Cross-linking with formaldehyde was performed in
order to prevent ECM coating removal by washing. The new test series also included

pronectin F and poly-L-lysine again as a negative control.
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conbi nati ons of these conponents, since relatively good results were
obtained with the corresponding ECMs with HK-2 cells (data not shown here,
Zhang et wbD.201026@8%. The conbi nati ons of collagen |V an#Crsaczenonoees e al so
tested in the presence of BMP-7 and AscP. In this test series, a

| am nin-rich conbination of collagen IV + lamnin (10.7 1.1g/ m and

100m m, respectively) was applied. Native basal |lam nae are lamnin-rich
and contain simlar relative anounts of collagen IV and | am nin.

[ 00163] Furthernore, in order to avoid possible overgrowh problens during
t he second half of the nDnltorlng per|0o the.Janhnln ECM and t he
combi nat i onTaifle % SIPTG performancs and Rresencg PLURA &4l so in the presence of
reduced anounts of gromﬂh factors For this purpose, the concentrations of
ei t her FBS, Qka-" ' . Ol.gaf N conponent s
wer e gr adual TggTk ASHE: -
cell growth an@&npmﬁhology mere—aasﬁ&sed r egiiitaolayer by phase contrast
m croscopy. The best results wew@dﬂﬂ&ﬁ%@dl%ﬁhhwi%wPBs and 0. 25@6ep|thellm
cell growth pplemen growt h S

appl i ed mheré“PﬁH}cated in Tablqm?mwﬁﬁWWﬁer

ECM consi st iRgrofseottagen VI am Bty N opgsR St et T—ard nephronectin
into the nemgﬁggwnw—mtm&mwmed With
pronectin F, 1o8mWNkEBs GRloks% di o BRkodUr Vi VE doflevedsl 5 week. Sone i sol ated
pat ches of nm@thagcefmmere obt ammﬂyetmtcbestlmolwmtmﬁcmsqyol y-D-1ysi ne coated
wel |'s at the_end of the observation period Y& H extensive formation of
tight juncti s-»l'"_ _patterniUBERE 1"& {ﬁﬁ%‘%ﬁhese—é&t—ehes. However, on
the maj Ol‘lty(,?i MR -Iymg@%‘“ W Ed surface area within a given wel |,
cell's remai neggiiLSq ,',‘,o 010} @28 FONO! A §fibwec@d1d_d1:SPl ayed type 2 70 1
stai ni ng pat RS Nk EREENT +. Uk De@BT  PrEMIIGIE If 65Ul fis_obtained with

pol y-L- |ysi nellag0016blidn €ByP1 uenitl wekel| ayeruntlowedrli ng_t He entire bottom of

=g

the wel | sCfnkmvwé&iﬂhéﬁnn@aﬂ@ﬂctiurfMgﬂtﬂ%flf| r stunffleetk lon thé HK-2 ECM fi xed
with formal deiips Ler sg on—anRd—coatine tight
junction forrﬁﬁ ﬁg%’f %gesheirm‘ad ‘ Qﬁgﬁt results in terms of
tlghtjunctlon pWlthW flgenlv lami nin, and with

a conbi nati orto@Jgentmei@mﬁ@nponemsnmﬂea:lze absentieweEs addiiives. Sinmlarly

good resul t s NveE® +adeghenatut ai ned With the conplex ECM consisting of four

basal |am na conponents. In all of these cases, both type 4 and type 5

patterns vver most . fr LLLNS it iBhdicddgme poi nts

before disim Eﬁtlonl%%ﬁﬁﬁa Q;g‘vﬁﬁﬁﬁgéﬁgfﬁ%% o? P { jd%CthﬂS was

observed af fFer emplk, “2 unti] weble2 gunaty thataitom 4&0- bmm@gwma/paﬁeméﬁ%f nin, and

after week i 3tht %%51?9&‘1{& wede 2 lbﬁi‘%@ﬁ%ﬁt ﬁlﬂ&oﬁi@mﬁt@éfﬁ&ﬁ&ﬁems A'so the

nmonol ayers frea I si ntegrated er week t he conblpatlon of :

col | agen + Ilamumswnuigmﬂh\ﬂéFlélbs(iyaﬁ&ﬂy“ﬁaﬁW&ﬁaﬁWO{I'FﬁdllﬁaWé?ﬁ 27on col l agen IV

and the conpl Eﬁmp &b et A WBEK eI IRN Fb Ay Brplahhtéss, rdfdt 1§ €r ns  of

nonol ayer andﬁtlg F%%cf#on fo?ﬁatfoﬁ and nalntéﬁ%nce the best results

wer e obt ai ndabkilt h collagen IV, lamnin, and the conplex ECM WD

2010/ 064995PCT/ SG2009/ 000463 [00166]Additiona| experinments showed that

HPTCs grown [oeMe2p! | ageendwMed i @ert miainlyHoMsedas coldghn 35 lagmicehd agen |V +

| am ni n coatings ex ssed the brush re 1), which

pr ovi ded f urthH ag){}%) %tg}ﬁ:&e coEnﬁo%en ereli)a%vgy %oo%%é{ %ege%[)fg{egwat ed on't hese

ECME. [00161}}e0csmbdpmdng§iﬂMssmﬂﬁH%@d¢llss{¢ﬂmoeShmn h@reﬂézmgét df, 280%i f f er ent i at ed

epi thel i al %n%r%f_atuor?s%w;oqm fl'égﬂ‘]\ﬁ ﬁ%&?éalk&e&&&ﬁ%%ﬁcm col l'agen 1V and

| ani nin coatin ormat 1 on iple layers and | aggregates

particul arl >B1‘dBrr7lanfbAQCHén§@d@ﬁﬁ€?nh$i?iaﬁéﬁmﬁhlé°%afl%’rq A8 IVod wer e obser ved.

The monol ay g, gﬁt(f&hﬁgﬁn%dllﬁﬁﬁt/mf, FRIBSRIE wal §pBed. KERE bAG litinddhe formation
of cells. T '

of areas devorl .. . -
are laminin-rich and contain similar relative amounts of collagen IV and laminin.

[00163] Furthermore, in order to avoid possible overgrowth problems during
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[ 00168] Mbnol ayer disruption is associated with the presence of high nunbers
of a-SMA-positive cells [00169] Based on these observations, the question

ar ose whywoheilwmwsosayer al ways di sintegrated and coul d mof/Soeoaypessi ned
for longer periods. It was al so unclear whether all of the cells displayed
proper epithelial differentiation, and whether cells at other states of
differentiation were present. In particular the presence of nyofibrobl asts
was of interest, which could arise by an epithelial-to-nesenchynal
transition (EMI) process. Therefore, the presence of a-SWVA-positive cells
was nonitor [ fi.na n a ser ' essed in

myof i br obl a esse‘i?ﬂ‘%pﬁ% fﬂteﬁnoé'%?‘%ﬁ r|1aftth ¢ gthés edt%(tzltgﬁe in these
experi ment s cblinget Iveand Wintitin F63 téstdshalso dn mﬂnﬁm@rﬂdﬂq@g aringgiof grogrih,

[ 00170] Gener, aI I r SIVA- sanpl es tested
(Table 2), afehc T ﬁorth%@ﬂ%gr%éédloﬁ%ﬁ%g@}e gﬂg?ﬁﬁ t% §§Q(L:pdﬂl%lllaséaeltnl on period. In

t he presenc@rqﬁth$Implem€mﬁ>eb@hmmmngwefwﬁuﬁﬂwc@@lﬂﬂ Yarig4se nonol ayer of

epi thelial %@ntﬁatsgwaekagdmmmt aﬂduap%rbmsnmsrphmg@am and t he
a- SMA- expressing cells resided above or the e |thel|31 ayer (Figure
2A, C). Howeswesed repplaghydy ohesg RIRHh PorgsrIPg Nl i ﬁ%é‘?‘é“s re obtained with

aSMA- expr es Stlwmsmafoub%cepiﬂeﬁtleen {rb@theRipldieht (Blowiipdray ey andalss of t en

di srupted, and, the ti t|o rat ed e 2B, D).
Typical ly, foFPPHI8 Wiag Pé‘y ({]Taée\églhﬁabge? :Fméhe %ﬁg’iat e"'(sclﬁtf\igélﬁel observed in
such region S:omﬁ’lé)eBSMa:Snﬁshﬁ)g\bf coltagbn ) tagniridn) nahgeantactunl agd hephifooestiy
si mul taneousltgthl n the sanme well, and thus the effects were not globally

€ New test Selilfis
occurring in a given but were locally restrlcted pr obabl y dependi ng
on the interaction of the different cel|

ty
2010/ 064995#88164E200FhoBERE S tOBEY i‘rﬂlﬁ@a’é‘ﬂ\/ﬂf‘tfﬁ“ﬁu gﬁ“ Whirhesiisdids
a- SMA- expr esst smgm&é&ilé firstaeelS tsemalsmaefp@m@faanawtsdvda@mmeatmd with all

ECMs and ECMad nbi nat i.on ste tre ment with BMP-7 in
particul ar |9 g E’é%ﬁ@ﬁf%‘ﬁ?ﬁl ﬁ? at 9%@%@ Wa“P“%‘““’s xpr essing cells,

associ at ed \M;(teiiblmmﬁnaflmfdfﬂghtdnmcﬁrfns (ty@tﬁtpa}tm)otcctmméwﬁH‘h@iesﬁadatchftsayer typically
appeared i1 rnedular,, Adylh 5ol Ay s, Ml Lavaredarepgfis gavent | y. Due to the
mul tilayere natu’re area contal ni ng many a- SMA-expressing cells, it
was diffi cuIVtellt ®lld@tnemﬂd ipadateds didaet frmnmprintay ers tggpd @l@ﬂlah’@d Wﬁ%@goanal ysi s

sof tware. 319111% ;ﬁHé}Hg htagelaﬁ{&t @ﬂﬁ‘h%%te%loﬁi re&ﬂ@oﬂ&lﬁéd@ﬁlﬁ%lyqe hysinkypes by flow
sorting was ficult due to the présence of cell aggregates. Therefore,

th t ent MA tified o F 3

| n*agr comendOHfEh  hes POt o arsﬁt‘%ﬁghis'e@raﬁeﬂ I'ntﬁ%;;ﬁfﬁw Qig;?)oéf i her

d f a-foMd ekdadedsing thediou velekine tieFEe2 FEY Gof alde! ment

[Sgrl(;(za] ﬁ/bngl ° eF’lsf D ° he g JHf t]ubul es on
%Féf)a%?%? cE)at Ex?eﬁg%stg%%t j@(ﬁc@gn gfxﬁﬂﬁhﬂ?p @W&Us%

flat surfaces e occurrence of increasing
nunber s of &here. The best results in terms of tight Junctlon formatlon were obtained with collagen

IV, laminin, and with a combination of these components in the absence of additives.
Similarly good results were also attained with the complex ECM consisting of four
basal lamina components. In all of these cases, both type 4 and type 5 patterns were
the most frequently observed patterns at all time points before disintegration occurred.
Disintegration of tight junctions was observed after week 1 on the combination of
collagen IV + laminin, and after week 3 on collagen IV, laminin and the complex
ECM. Also the nionofayers already disintegrated after week 1 on the combination of
collagen + laminin, but were stably maintained until week 2 on collagen IV and the
complex ECM, and until week 3 on lamirtin. Thus; in terms of monolayer and tight
junction formation and maintenance, the best results were obtained with collagen IV,

laminin, and the complex ECM.
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SMA- positive cells coincided wth the nonol ayers di sruption. D sruption of

t he nonol ayers typically occurred during the second half of the nonitoring
peri od, awo 2em6a®sSoci ated with the disintegration of ceCr/sSGeod/ooss act s
and tight junctions, the appearance of huge cell aggregates, and the
detachnment of the nonolayer fromthe substrate, |eading to areas devoid of
cells. The question arose whether these processes and the appearance of

a- SMA-expressing cells just reflected uncoordi nated disintegration and
damagi ng effects, which could be dimnished by providing a nore suitable in
vitro enviro or pxaet, ! { o0 specific
pr ogr ans perpﬂﬁrred byAt he @ﬁ?a%\%ﬂ%ﬁggﬁﬁ %n) Q)g {)lﬁg%elﬁ%ngndpor nt than
nonol ayer * f ol BeMs fWIMPwlla%Pé}ﬁgéféaf@W@Om&sseﬁp@md theyerugdy eas cont ai ni ng
nul tiple | aygger E%Tﬁ@léur@ﬂg&ﬁg@ﬁrgﬁd&l%@f RidigecMQfipehge s of

a- SMA- posi tive cel wer e exam ned nore closely. I.n the exanple shown in

Fi gure 4, théméeﬁ]iyldﬁ@ﬁnﬁé}teqo&)ﬁﬁs Bedsstill intact but fol ded up above the

a- SMA-expressing cells. The epithelial cells were inmmobile and tightly
connect ed t o[QON&7]r neAgthbmulss stasvell Ghafle amintdnnct Y difitrerdipted ethélal | uncti ons
wer e present X sin asts _were nobile, and
able to genfélrn]zliotlaggr cgﬁld%égdh%e@e%pgoﬁt Cracer olf% né}(/ﬁ"&)]br'\ P RS i bers. This
suggest ed t hBermetina opmpltipletdyers anf cetl hgerepgios Pdgtrcobﬂﬂémrmg\tww@nd)hﬁlﬁ(équr red for
the observedm@ﬁ@ﬁlroaﬂgséﬁ%mw%f,semg ﬁgrﬂtohtﬁweﬁée ARG Rast Wt Chhehas 11
agreenent with the -observation that epithel |a yers wer e rearranged and
fol ded up i n“%é%‘%?‘éf%ﬂl@m%ﬁgqsﬁ‘@@Qfé?llss were present. [00175] Al t hough
it was an intriguing possibility that a- SMA-positive cells played a crucial
role in fol d[omgsa]p aﬁﬂonﬁlareuﬂisimoﬁhassﬂﬁﬂﬁdla'jmlthelﬂERn@QﬂhﬂhnOt excl ude t he

-

possibility that S n uncontrolled and uncoordinated process
due to the glr“(l)"[l m Ols'% ‘frﬂon of nyofi brobl asts bel ow the epitheial

sheet. Thus, the questr on arose whet her this process was directed and | ed
to a parti cul04i16esylBasedunghaseolgernptionn ths question asese whis fe mohelayspi t hel i al

nonol ayer haawa%ﬁmwgﬁreuraﬁ&&umqt ﬁeqha@lﬁﬁneaqorw@atﬂehbdagu ik Aot ubul e-1i ke
structure seal ed % unctl ons. Secti oni ng such structures was

perfornmed t om{ff@fré’}‘hmh |°fthFﬁ%1§§ d%@lra%pd@&i’ﬁfsepﬁlrehfllfﬁﬁﬂreé‘&atwpt%d ¥hethgren.
Longi t udi nal cefieg tothernsatdsfoF gﬂelentihaorB)/erspﬂaéehr mqﬁnicﬁla;tthé Resfeedt r Uct ur es

consi st ed, at lea artia an i thelium expressing
o Toget nyosRRtst B et ofhish SpHARSE bl BUnBk E bRy gt

di fferenti ateasigi (ENE) pavcese Thertforabe psentd o b-INB-pasitiveIeslisanal (2D) solid
surfaces, and thi 0 soci at wi th monol ayer di sruption and

det achnent  ofRETA L by B PREVEM (st & SO TR HUB AVEBIPEEOYY 7] | ncr easi ng
nunbers of andbMipitetialiceliscandalal Setevesdén ks expedtierad ogdther vigh ZO-1 by

*  co-immunostaining (Figure 2).

[00170] Generally, o-SMA-positive cells were present in all samples tested
(Table 2), and their numbers increased during the cultivation period. In the presence
of low numbers of a-SMA- positive cells, the monolayer of epithelial cells connected
by tight junctions was intact, and the a-SMA-expressing cells resided above or below
the epithelial layer (Figure 2A, C). However, in areas containing high numbers of o.-
SMA-expressing myofibroblasts, the epithelial monolayer was ofien disrupted, and
the tight junctions were disintegrated (Figure 2B, D). Typically, multiple layers of
cells and cell aggregates were observed in such regions. Areas as shown in Figure 2A
and B could be found simultaneously in the same well, and thus the effects were not |
globally occurring in a given well but were locally restricted, probably depending on

the interaction of the different cell types.
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formation of differentiated nonolayers, which probably arose by an EMI
process. This was associated with disintegration and disruption of the
nonol ayerwoant/osieds the formation of tubules. [00178] Si mc@/scatmeloogiedesi s of
renal cells is usually studied by using cells enbedded in three-dinensional
(3D) gels it was surprising to find extensive tubule formation on 2D solid
surfaces in the absence of a gel matrix. [00179] Exanple 2 [00180] The four
panel s in Figure 5 show different parts of a 2D tubul e consisting of HPTCs
(Scal e bars: 100 m. WD 2010/ 064995PCT/ SG2009/ 000463 [00181] Fir st

hi sti di ne- Coﬁbm(;quawmﬂ@t}&h(n%ers Qfo?wtéxﬁrggsﬁgggﬂgg%lo%r ¢ added to

cul ture medi um DAPI counterstainin 20 hours | ater

t he speci menSisiers cpyld byobigined vt al) BC WW@VWJ&W%@GS@W&I uor escence

m croscopy. AheevilRGBSenSRRAYBIPAL L Bﬁcu%d%@aﬂﬂ%ﬁ%g&}@ﬁ ddhbGs- There was
no evidence for_transport of the into the tubular lumen (1.e. no

enrichment off IGPEARPessiae rellsessoginted ith paor fappefioa pf tighoipneipppdhe |

transcel | ul adeuuaryarw;p@n& appbarbdiere SIS, %@31S}]§1¥3%M%y%d s HRANBWELLTm pl at es
where a nono er of . HPTCs %(Iew on the |l ower side of a porous nenbrane

separating t B puitayend watyrs pf thepreasicoptainipg meny| o-SMpgapiewingiellshot t om
conpart ment )it w@:ﬁff it 16 daelaad theell Hﬁn&%ﬁﬁ'ﬁsﬁ@ﬁ?@é ARG sof@iféuéxfsgﬁ'cfooz heq:)s in
the bottom cq rimen m_system (correspondi ng

tubul ar | umehf"cH Wf’?flayﬁlﬁlf’%tﬁ?‘gf?rf‘gﬁgr‘gm%?’g?%ﬁ%‘?%%ﬂ fiowlistietedhe occurrence
of QDs in tmesbasafcen@gg@@atemerem@umdemn?efoﬁsm@p&@mhe«akl tnesstof tﬂe qggll
nonol ayer or nat i of the npartment w

duri ngyt he e%}lalg?]ie%@h mun%ﬁ‘%?%%@“b‘?%@la?ﬁn%‘gﬁg ERRLIIPESHY £ cat ed by t he
fact that thgn@sntm@o@)hlghﬁrIdygreeaxbcesméxﬂrm@scoumabbetveaiafeeed | eaki ness of

;)r(lge;rlt)ggln?yegMPerggh%thThe results show that 2D tubul es provide an excell ent

[00172] Monolayer disruption is associated with the formation of tubules

‘on flat surfaces

[001 73] ~ Over the 4-week period, the occurrence of increasing numbers of a-
SMA-positive cells coincided with the monolayers disruption. Disruption of the
monolayers typically occurred during the second half of the monitoring period, and
was associated with the disintegration of cell-cell contacts and tight junctions, the
appearance of huge cell aggregates, and the detachment of the monolayer from the
substrate, leading to areas devoid of cells. The question arose whether these processes
and the appearance of a-SMA-expressing cells just reflected uncoordinated
disintegration and damaging effects, which could be diminished by providing a more
suitable in vitro environment, or whether such processes might be related to specific
programs performed by the cells, which might have a different endpoint than

monolayer formation.

[00174] To address this question, the areas containing multiple layers and the
cell aggregates cdntaining high numbers of a-SMA-positive cells were examined
more closely. In the example shown in Figure 4, the epithelial layer was still intact
but folded up above the a-SMA-expressing cells. The epithelial cells were immobile -
and tightly connected to their neighbours as long as the typical epithelial junctions

were present. In contrast, o-SMA-expressing myofibroblasts were mobile, and able to
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system for addressing the question whether a certain substance becones
transported into the tubular lumen in order to clear it fromthe body.

[ 00184] Thwoabowms4®gper i nent as described for the 2D tubwCesGyensrasdd by
HPTCs was repeated with 2D tubul es generated from LLC-PK1 cells (porcine
proxi mal tubule cell line frequently used for in vitro toxicol ogy), using

i dentical histidine-coated QDs. [00185] The two panels of Figure 6 (Scale
bars: 1001.1m show different parts of a 2D tubule generated from LLC PK1
cells. The 2D tubule is the bright stripe in the rriddle of the imge (blue:
DAPI count er st ai.n a is.on the r t D tubule. The
substrate SLﬁef’eé?:t%}ome thﬁ%le] ?tfaCtOIF Gy GV TR sersdlggf "zﬁted P1 i tﬁ?l s. The QDs
(green fIUOrmmﬂms&th&ayr&ibm@laﬂswdﬂ@\bdxhqdﬂ‘é’d'@rQlE)otJaqtmde)tﬂ@g@nﬁmloat ed only in
areas depl et it ne LLC-PK1 cells
and primary tﬁg??g{ﬁelﬁﬁ% Sﬁ%&%ﬁ%%gggﬁ ffs |hnttﬁ%€°gég¥¥tlgp?l%t a?g%etﬁ 1y with the sane
ki nd of QDs.laﬁbmvserqmmqume@fotdqéupmpmamhmaaﬁMAumsmgemllswaqey human cel | s
and 2D tubulotggserttorned by HPTCs for in vitro nephrotoxicol ogy and

nanot oxi col [ 00187] Exanpl e 3 [00188] Materi als and Met hods [00189] Cel |
cul ture: leferent bat ches of HPTCs were obtained from ScienCell Research

Labor at or i edOPHERI| spatithoesh it wasay intrigaing pospibilisy et or N Awatitiyereliasal epi thelial
cel I nedi umpia:yla@t S0BALed intbldhg 2 grtdeﬁ@ttpubg)mwlen&@wme(osa&mand 1% epi t hel i al

cell growth su ment SCI enCe Resear ch at or I n sone

experi nments,® “r’gﬁetﬁ@i"ss(l t@tsé‘ﬁéjusﬁ\ﬂnﬁﬂ‘é’ﬁﬁ *? Wordﬂ?i% R¥&Sadded at a
concentrati afue ﬂfthé.ﬁ'oﬁl@/aﬂdl acaﬁrhxﬂattloﬁbfmymbmblaﬁtmbeim the aplth[e@]&héb(ﬂ]"ﬁﬁed,l S were
(F;H’;IE Ie\s/at(::ggt gtg %e ﬁ)gt eo(s;levrs}rﬁJ Het i, roceSQwaicﬁ ctg%géd tyg c\{lllar e@tgt.! L, USA) or.

am ni- scr| in Zhang et al.
Bi omat eri al sFig0e$ PB‘@OWQW@@M.the'ﬁhehebd@dlnnlgyedéa@mnﬁlwd@nd( 104 cell s/ cn®,

uni €ss ot he rf\Md@c@uﬂ, Heg.'tlﬁr%tlﬁ g tubule-like structure sealed by tight junctions. Sectioning of

such structures was performed to determine if they were cords or tubules with a

‘Tumen. Longitudinal sections (Figure 10 B) confirmed that these structures consisted,
at least partially, of a lumen lined by an epithelium expressing ZO-1. Together, the
results showed that tubules consisting of differentiated epithelia were formed on flat
two-dimensional (2D) solid surfaces, and this process was associated with monolayer

disruption and detachment of cells from the substrate.
[00176] Discussion

[00177] Increasing numbers of a-SMA-positive cells were observed after the
formation of differentiated monolayers, which probably arose by an EMT process.
This was associated with disintegration and disruption of the monolayers and with the

formation of tubules.

[00178] Since tubulogenesis of renal cells is usually studied by using cells
embedded in three-dimensional (3D) gels it was surprising to find extensive tubule

formation on 2D solid surfaces in the absence of a gel matrix.
[00179] Example 2

[00180] The four panels in Figure 5 show different parts of a 2D tubule
consisting of HPTCs (Scale bars: 100 pm).
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[00191] The wel | s of diagnostic printed slides have a dianeter of 2 nmmand a
gl ass bottom No ECM coating was applied in experinents using the printed
slides. [WODORJGISs were seeded at a density of 2.65x POP/SGOIIDOEHR | nt O
glass capillaries (inner diameter = 0.58 nm Sutter Instrunment, Novato, CA,
USA) and kept in static culture. Only the ends of the capillaries were
exanm ned. [00193] Applications of MATRI GELTm (BD, Franklin Lakes, NJ, USA)
were perforned according to the manufacturer's instructions.

[ 00194] Secti oni ng of tubul es: HPTCs were grown on pol yester TRANSWELLTh

menbr anes menbranes with
t he tubul egq\?/ere enb gmtlmcog@%@é%%(%ﬁsrgre? Aﬁtura }%tek Tokyo,
Japan) and s¥léed tegetire meinmo SPARrgvesstaining pirel Aeplayiblteh 2h berrslatek :

Hi st ocheni Cathe gfatiREAS e Bled Yind Hé 115 RBMLs WerdEXaRRRA bﬁm&%séexééT P) activity,
f or mal dehyde fixatiQqn and i nmmunos a| ni ng were ormed as outlined in

Zhang et al . ™ISfO85PRY-Rf HpagesBoy thept @@@@'GTE ghtgken EW@PTCS There was no

2010/ 064995P@Heﬁ£az&{1aﬁ@61®4ﬁ8e QDQ&&GLJmaﬂamﬁdn (IS B@SichnldabeH s ih or med 1- 2
weeks after segdi ”Sgdé‘e,{]f ﬁL{ tivated in phenol red-free medi um suppl enent ed
with 80 p, M B FEeFFR:“RBPY'Yw (Si gne Al drich Chemical Corp, Singapore), 10
JI M of rhodam ne 123 (Ilnvitrogen, Singapore), 5 p, M of

5, 6- car boxydiP8HZr of INsh érersesiivlagiirancnortof the QPs@ras pramings yfilelor escei n)

(I nvi trogen) TIANSWELIMG 2t BIRRY nfchoRE @ﬂ@’ﬂCs(gleQ/Vdntﬂ'iéqg@&)srde Iflé? U| es were
fixed after 20 h of. i ncubatjon, and subsequently stained with , 6" -

di ami di no- 2' EOHZHlé ng‘npﬁ%qe%arf(tmpyg compartments (apical sides of cells facing the
bottom compartment). QDs were added to the upper compartment. Occurrence of

QDs in the bottom compartment of the TRANSWELL™ system (corresponding to
the tubular lumen) could indicate transcellular transport. However, occurrence of QDs
in the basal compartment could also be due to leakiness of the cell monolayer or
-accidental contaminations of the basal compartment with QDs during the
experiments. The interpretation was somewhat complicated by the fact that the QDs

were slightly toxic for HPTCs, which induced leakiness of the monolayer.

[00183] The results show that 2D tubules provide an excellent experimental
system for addressing the question whether a certain substance becomes transported

into the tubular lumen in order to clear it from the body.

. [00184] The above experiment as described for the 2D tubules generated by
HPTCs was repeated with 2D tubules generated from LLC-PK1 cells (porcine
proximal tubule cell line frequently used for ir vitro toxicology), using identical

histidine-coated QDs.

[00185] The two panels of Figure 6 (Scale bars: 100 um) show different parts
of a 2D tubule generated from LLC-PK1 cells. The 2D tubule is the bright stripe in
the middle of the image (blue: DAPI counterstain). A cell monolayer is on the right
of the 2D tubule. The substrate surface on the left of the tubule is depleted of cells.
The QDs (green fluorescence, same as used with HPTC 2D tubule) accumulated only

in areas depleted of cells.

[00186] The results show that porcine LLC-PK 1 cells and primary human
proximal tubule cells interact differently with the same kind of QDs. This underlines
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[ 00197] RNA I sol ati on and Reverse Transcription Procedures: Total RNA was

| sol ated using TRI ZOLTm reagent (Il nvitrogen). Three replicas were anal yzed
for each woreiopoieys. The RNA was purified using the RNERESYBG20A9r000463 t

(Q agen, Hilden, Germany). The RNA SUPERSCRI PTTm 11 RTPCR kit (Il nvitrogen)
was enployed for reverse transcription. [00198] gRT-PCR was perfornmed by
using the I CYCLERTM system and software (Bi oRad, Hercules, CA USA). Cene
expression levels were calculated relative to the expression |levels of the
house keepi ng gene gl yceral dehyde 3-phosphate dehydrogenase ( GAPDH) usi ng

the BioRad s : Pr 1. 0e. i.on | evel s of
the indicat eglg %&?ﬁ%ﬁ%g? Mgll%‘Jty %&T%Ef%d%.ﬁ t‘?’?ﬁ”?g@%ﬂ?ﬁ%ﬁ&é’gd Rever se
Priners usedViranghpiomcplosyk e mprpigricslopr.obe Sequence SEC) | D NO GAPDH
forward ATCACCATCTTCCAGGAGCGA 4

[00187] Example3

[00188] Materials and Methods

[00189] Cell culture: Different batches of HPTCs were obtained from ScienCell
Research Laboratories-(Carlsbad, CA, USA). Cells were cultivated in basal epithelial
cell medium supplemented with 2% fetal bovine serum (FBS) and 1% epithelial cell
growth supplement (ScienCell Research Laboratories). In some experiments, TGF-B1
(R&D Systems, Minneapolis, MN, USA) was added at a concentration of 10 ng/ml

after monolayer formation.

[00190] Cells were cultivated on uncoated multi-well plates (Nunc, Naperville,
IL, USA) or plates coated with human laminin or other ECMs as described in Zhang
et al. Biomaterials 2009 30: 2899-2911. The seeding density was 5 x 10* cells/cm?,

unless otherwise indicated.

[00191]  The wells of diagnostic printed slides have a diameter of 2 mm and a

glass bottom. No ECM coating was applied in experiments using the printed slides.

[00192]  Cells were seeded at a density of 2.65x 10° cells/cm? into glass capillaries
(inher diameter = 0.58 mm; Sutter Instrument, Novato, CA, USA) and kept in static

culture. Only the ends of the capillaries were examined.

[00193]  Applications of MATRIGEL™ (BD, Franklin Lakes, NJ, USA) were

performed according to the manufacturer’s instructions.

[00194] Sectioning of tubules: HPTCs were grown on polyester
TRANSWELL™ membranes (Coming. Lowell. MA, USA) (pore size = 0.4 ym). The
membranes with the tubules were embedded in TISSUETEK™ 0.C.T. (Sakura
Finetek, Tokyo, Japan) and sectioned.

[00195] Immunostaining and histochemistry: Histochemical detection of y-
glutamyl transpeptidase (yGTP) activity, formaldehyde fixation and immunostaining
were performed as outlined in Zhang et al. Biomaterials 2009 30: 2899-2911.
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GAPDH rever se CCAAAGTTGTCATGGATGACC 2 a- SVA forward TCATCACCAACTGGGACGAC
- SMA reverse ATGCTCTTCAGGGGCAACAC 4 TG--P 1 forward ACCTGAACCCGTGITGCTCT

1
3 a
5 TGF-p IWOoevBy®e995 PCT/SG2009/000463

[00196]  Transport assays: Tubules formed 1-2 weeks after seeding were
cultivated in phenol red-free medium supplemented with 80 uM of lucifer yellow
(Sigma Aldrich Chemical Corp, Singapore), 10 pM of rhodamine 123 (Invitrogen,
Singapore), 5 uM of 5,6-carboxydichlorofluorescein diacetate (5 ,6-
carboxyfluorescein) (Invitrogen) or 5 pM of BODIPY FL verapmil (Invitrogen).
Tubules were fixed after 20 h of incubation, and subsequently stained with 4°,6°-

diamidino-2’-phenylindole (DAPI).

[00197]  RNA Isolation and Reverse Transcription Procedures: Total RNA

L™ reagent (Invitrogen). Three replicas were analyzed for

was isolated using TRIZO
each time point. The RNA was purified using the RNEASY™ Minj Kit (Qiagen,
Hilden, Germrany). The RNA SUPERSCRIPT™ III RTPCR kit (Invitrogen) was

employed for reverse transcription.

[00198]  gRT-PCR was performed by using the ICYCLER™ system and software
(BioRad, Hercules, CA, USA). Gene expression levels were calculated relative to the
expression levels of the house keeping gene glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) using the BioRad software.

[00199]  Primers used to determine expression levels of the indicated genes are

set out in Table 3.

~ Table 3: Forward and Reverse Primers used in gRT-PCR experiments

Probe Sequence SEQ ID NO.
GAPDH forward ATCACCATCTTCCAGGAGCGA 1
GAPDH reverse CCAAAGITGTCATGGATGACC 2
a-SMA forward TCATCACCAACTGGGACGAC 3
a-SMA reverse - ATGCTCTTCAGGGGCAACAC 4
TGF-p1 forward ACCTGAACCCGTGTTGCTCT 5
TGF-B1 reverse GCTGAGGTATCGCCAGGAAT 6
LIF forward TACGCCACCCATGTCACAAC 7
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GCTGAGGTATCGCCAGGAAT 6 LI F forward TACGCCACCCATGICACAAC 7 LI F reverse
TGTCCAGGTTGTTGCGGAAC 8 FGF2 forward TGIGCTAACCG TTACCTGEC 9 FGF2 reverse

WO 2010/064995 PCT/SG2009/000463

LIF reverse TGTCCAGGTTGTTGGGGAAC 8

FGF2 forward TGTGCTAACCGTTACCTGGC 9

FGF2 reverse GCCCAGGTCCTGTTTTGGAT 10
KGF forward AGTGGCAGTTCGGATTGTGG 11
KGF reverse CCCCTCCATTGTGTGTCCAT 12
HGF forward TGTCCACGGAAGAGGAGATG 13
HGF reverse AGCCCCAGCCATAAACACTG 14

[00200] Imaging, statistics and software: Imaging was performed with a

Zeiss AXIOOBSERVER™ Z1 microscope (Carl Zeiss, Jena, Germany) using thé

Zeiss AXIOVISION™ imaging software. Calculations and statistics (unpaired t-test)
. were performed using Excel 2003. Figures were arranged with AdobePhotoshop CS3

and Imagel.
[00201] Figure Legends

[00202] Figure 7: Morphology of 3D tubules formed by HPTCs in 3D gel
matrix of MATRIGEL™. The panels show different focal planes of a branched
tubular structure. The branched structure comﬁises convoluted tubules (marked by
arrowheads) and straight tubules. Thinner tubules are continuous with wider lacunae
in the middle of the structure. Intersections between tubules and lacunae are marked

with arrows. Scale bar: 100 pm.

[00203] Figure 8: The process of tubule formation on 2D solid surfaces. Panels
A-D and H show images obtained by epifluorescence microscopy after
immunodetection of ZO-1 (green) and a.-SMA (red). Nuclei were counterstained with
DAPI (blue). The other panels show images obtained by differential interference
contrast (DIC) (E, F) and bright-field (G) microscopy. In all cases, the HPTCs were
cultivated on the bottom of the wells of 24-well plates. (A) First, a well-differentiated
epithelial monolayer is formed. (B) Subsequently, myofibroblast aggregates that are
strongly positive for a-SMA appear. (C, E) The monolayer then retracts on the one
side of the myofibroblast aggregates, leaving a surface devoid of cells (left half in C).
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GCCCAGGTCCTGITTTGGAT 10 KGF forward AGIGCCAGITCGGATTGIGG 11 KGF reverse
CCCCTCCATTGIGIGICCAT 12 HGF forward TGTCCACCGAAGAGGAGATG 13 HGF reverse
AGCCCCAGOEAPAMAGAITG 14 PCT/SG2009/000463

(D, F) The monolayer subsequently retracts on the other side of the myofibroblast
aggregates. This leads to the formation of cell stripes, which include myofibroblast
aggregates (myofibroblast aggregates are labeled with arrowheads in E, F and G). (G,
H) Finally, large renal tubules are formed on the 2D solid surface. Several images
were stitched together in order to cover the entire tubule shown in G. Scale bars: 100

pm (A), 200 um (B-F, H), and 1 mm (G).

[00204] Figure 9: Tubule formation is associated with rapid cell movements.
The panels show the same area imaged by DIC microscopy at consecutive time points
(minutes and seconds are indicated in the lower left corner). The images show living
HPTCs in cell culture medium on the bottom of a well of a 24-well plate. The imaged
area contains part of a myofibroblast aggregate (right edge). The monolayer has
already retracted on one side of the myofibroblast aggregate (note upper right area
devoid of cells). Cells are in the process of retracting from the other side and folding

- up the cell stripe into a tubule. The cell stripe is substantially narrowed over the
peﬁod of 5 min, as indicated for one region marked by the small arrowheads. A
tubule-like structure with two clear borders (large arrowheads) is visible at the end of
the observation period, but not at the previous time points. Thus, this structure and its
lower border (marked by the lower large arrowhead) formed in only about 3 min.
Cells at the borders of the stripe (marked by arrow) are quickly integrated into the
tubule that is being formed. The dark line on fﬁe left side of the panels belongs to a
grid, which has been drawn on the outer surface of the well bottom to facilitate spatial

orientation during the imaging of cell movements. Scale bar: 200 pm.

[00205] Figure 10: Tubules have a lumen lined by a differentiated epithelium.
Cross-section (A) and longitudinal section (B) of a tubule. Tubules were stained with
DAPI (white). (C) The surface of a tubule is imaged by epifluorescence microscopy
(the upper right areas are out of focus). ZO;l (white) is detecfed by
immunofluorescence. The tubular epithelium shows extensive formation of tight
junctions, as indicated by the chicken wire-like ZO-1 patterns. (D) YGTP activity is
detected histochemically. Higher levels of YGTP activity result in the darker staining
of cells. The image shows high levels of YGTP activity in a tubule, while the
monolayer cells below displays lower levels of activity of this brush border enzyme.

Scale bars: 100 pm (A—C) and 200 pm (D).
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[ 00200] I magi ng, statistics and software: I nmaging was performed with a Zeiss
AXI COBSERVERTM Z1 mi croscope (Carl Zeiss, Jena, Gernmany) using the Zeiss
AXI OVI SI OMONbiommgiong sof tware. Cal cul ati ons and st ati st iPC3/SGaooA00463]
t-test) were perforned using Excel 2003. Figures were arranged with
AdobePhot oshop CS3 and I mageJ. [00201] Fi gure Legends [00202] Figure 7:

Mor phol ogy of 3D tubules fornmed by HPTCs in 3D gel matrix of MATRI GELTm
The panel s show different focal planes of a branched tubular structure. The
branched structure conprises convol uted tubul es (rrar ked by arrowheads) and

straight tu Thijnner_ -t ubul.es t _
' @2561( uct '&fgg L1 gglrJSeC iH & &30 ﬁun%'a% le}ﬁlegdkgﬁ?ehacunae in the

m ddl e of t I ons etvveen acunae are
mar ked wi't hoﬁQD@MBl sufced wert)apubatwﬁ)rP@E@@Bﬂlﬁpwlealsonsméefp@%\éss of tubule

formation OPaiD Aol fBli{ASE R [ANE GriiefhBftheH] Bl imges obt ai ned by

epi fl uoresc oscopy a nmuno et ection of ZO- 1 reen) and cc- SMVA
(red). Nucl QO%YELG%M@(EI%@H}EEUWGF Arefiagm] befqse H@an’?ﬁémﬁfﬁ% panel s show

ibp?gﬁts 19|bte ?3{9&9 afbottd R RN I A AT '('51&5 fP%ﬁe@B%ﬁovm%ma@éd s(e@b@)ftt(eE F) and

Dot {om of t NI SqTHFaPYBPLEELS DR P o EOUTPE UET f or ont | ated
?ﬁgt h: |r Iealst ?ﬁgﬂra% ﬁhﬁ@ﬂ(i) vdh&hfdﬁf.)la%&nly(fﬁ)lt R/%uﬁsﬁqm fAtdryscenty. & edotrahltmst aggr egat es
retracts onl¥ %Sr‘i‘gné?' E‘h\{?ﬁ (8@04??6‘\9 1%?@%?%&?(1 %%eru?alé%&%egﬁggbﬁxgr at Qﬁpf ace
devoi d of cebhpardd iefte otitat lhyet of c&l)s. The arrowhead points to a region that is enlarged

in the inset. The DAPI-stained nuclei of the outer cell layer are on the right in the

inset. The cytoplasm displays only very faint thodamine 123 fluorescence, which is

enriched in the tubular lumen (on the left in the inset). (D) The small arrowheads

point to the cytoplasm between the DAPI-stained nuclei of the outer cell layer. The

cytoplasm displays only faint 5,6-carboxyfluorescein fluorescence. 5,6-

A carboxyfluorescein is enriched in the tubular interior (large arrowheads). (F) BODIPY

FL verapamil is enriched in the cytoplasm of tubular and monolayer cells. Scale bars:

100 pm.

[00207] Figure 12: Tubule formation by HPTCs on 2D solid surfaces and in
3D gels. Panels A-D show tubule formation by HPTCs growing on MATRIGEL-
coated bottoms of 24-well plate wells. (A) Firét, a confluent monolayer is formed. (B)
Subsequently, the monolayer retracts on one side. (C) Then the monolayer retracts on
both sides of a myoﬁbroblast aggregate. (D) Finally, a tubule attached to
myofibroblast aggregates is formed. The process is similar to that shown in Figure 8.
Panels E-H show tubule formation by HPTCs suspended in MATRIGEL. (E) Initially,
single cells or small groups of cells are present. Note that most of these structures
distributed in the 3D gel are out of focus, if a given field is imaged and appear as
blurred rings on the images. (F, G) Cell outgrowth occurs (no cyst formation before
cell outgrowth), leading to the formation of elongated cords or tubules. The tip cells
are typically branched and display multiple filopodia (shown as enlarged in the insets;
the branched cell shown in F appears blurred due to problems with imaging these
structures within the gel). (H) Finally, thin tubuleé displaying multiple branches are
formed. The size of tubules formed in matrigel is typically less than 1 mm, and the
tubules are not attached to myofibroblast aggregates (note the different morphology of
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(D, F) The nonol ayer subsequently retracts on the other side of the

nmyof i br obl ast aggregates. This leads to the formation of cell stripes,

whi ch i ncWoadelomgadosbr obl ast aggregat es (nyofi brobl ast aggTrsGa0wH@6E

| abel ed with arrowheads in E, Fand §. (G H Finally, large renal tubules
are formed on the 2D solid surface. Several images were stitched together
in order to cover the entire tubule shown in G Scale bars: 100 gm (A), 200
gm (B-F, H, and 1 nm (G . [00204] Figure 9: Tubule formation is associ ated
with rapid cell movenments. The panels show the same area inmaged by DI C

m cr oscopy ' u i ndicated in
the lower le tg%(@)t?ﬁeg%%{ eah}g?n%gg&sﬁ}s caﬁ %v?ﬁ%@gﬁ) §&PM§§?%§UI ture nmedi um
on the bott off0oim @wel | of a 24-wel | pI ate. The imaged area contains part
of a nyofibroblast aggregate (right edge). The nonol ayer has already

retracted 0”50012@8]SI danQIrehb@eﬁ%@dfb@ﬁ@hé&%gg@ﬁ%b%ﬂ;@é&s& Nol@ BURREr right area
devoi d of ce acting fromthe other

si de and fol Woﬁﬁllhﬁzﬁff’éne?@ﬁ Wéﬂf’ HPEQS Wt@l"é“]?“ﬁ%ml% attth%l IE%’IFP"OEIP%H pe is
subst anti al Iaggfe@xtésqmmfw@rsnﬁda@emmﬂﬁedafy aﬁom) Are pR&ert Mithia@esd f or one

regi on marked arr d tructure with two
cl ear bordergeltg)(‘ﬁ?tjg&meﬁo%@%w%gb %F glwf?fs dbSQ{ay?ﬁl? t%‘Fe #& observation
period, but uheédge,twlnchéeapxte\mecgmermouaf nogilike strucfﬁk’assonsishn@fsﬁmlmzmr e and its

| ower border dy nly about 3
mn Cells at It'fﬁgrh g‘g%ﬂ%&e{s@% m{’rﬂaggr %M ?%gea%d? %?&chﬁ\;\?) g%er?qw ckly
i nt egr at ed iiHywingties ixdypin @thdha’ifeCtSSlt tbeedeg The dingstion Wheee Haedeelisi ne on the |eft

side of the B@a?e%'xﬁn@@ité&ﬁﬂ%ar%&n%wﬂéaﬁ@ and R GPmb afe RERGLIN AN LPH the outer.
surface of the well bottomto facilitate spatia orlentatlon during the

i magi ng of ciéght comey Brfe Arrart obthg manglayer is zxa’@lepﬁlﬁ fosolsE pepgyit & Ab:  Tubul es
lhavg a lj!lﬁelfbellééf&ICEMOHBy@h?oﬁr&IﬁﬂEiaﬁéoeﬂy f6h fﬂé%hgeuéﬂrar@tﬁ?&&ntgﬁﬁl ﬁnD(A é? and
ongi tudi nal, section’ .of a : ul es r t ai ne t

Contey ( Oyteie b fobichipridte bl Biop D g ReelipeeBieriisratibnee

M croscopy (théiedge Hees, cdordjiutedastaitondion thedppadite bioEhEs ptartafOvhicK Wkdks e) | s

det ected by | rescence. The t Lthel 1 um s Qws, Xt ensi ve
formation of N ﬁllayg % (%: Smg-sqafr(r)lw aééke%&etgn%d i H}) gjn vvllsrae like ZzO- 1
patterns. (D)my@IPbas:mlG/anﬂjb 5@ idet ect ed hi st ochem cal I y. Higher |evels of
yGIP activity result in the darker staining of cells. The image shows high

| evel s of yGbBoagt | thlghrbrm%tgg@mgefmmgle&s&a@peﬁmglﬂéwse&@bﬂas bel ow

di spl ays Iovver Ieve s of activity of this brush bor der nzyg& Scal e bars:
100 gm (A- C) THsteisergiieresy HPTED 598 6PrR fuortiuency ey glashrwversis & B r ansport .
Hurman pr oxi nald G)ubthk @8 @nmedll plates consisting of tissue culture plastic (B, F and H)

and in the wells of diagnostic printed slides (C, F and I). Coverslips with a side length

of 18 mm are used. The wells of 24-well plates and diagnostic printed slides are 15
mm and 2 mm in diameter, respectively. Cells on the different devices are monitored
over a time period of 8 days. Panels A-C show the confluent monolayers at day 2 in
the centers of the coverslips or wells. (E, F) Monolayer retraction starts at day 3 at the
edges of the wells (marked by large arrowheads) of 24-well plates and diagnostic
printed slides. This leads to areas devoid of cells (marked by a small arrowhead in F).
No rearrangements are observed at (D) day 3 and (G) day 8 at the edges of coverslips
(marked by large arrowheads), which do not have a 3D structure. The monolayer is
still intact on coverslips. In contrast, major rearrangements have taken place at day 8
in the wells of (H) 24-well plates and (I) diagnostic printed slides. Formation of
tubule (marked by small arrowhead in H) and myofibroblast aggregates (marked by

small arrowhead in I) has occurred. Note that the wells of 24-well plates and
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on 2D solid surfaces were incubated for 20 h with the organic anions

| ucifer yellow (A B; green), rhodam ne 123 (C, red),

5, 6- car bowpf2bwawe®sei n (D; green) and BODI PY FL ver apanPCT(S62009r0e@H6} .

Tubul es are fixed before imging, and the cell nuclei are counterstained
wi th DAPI (blue). Panel B shows an enl arged sector of the tubule displayed
in A - The arrowhead points to the outer |ayer of cells lining the tubular

| unen, which displays only faint lucifer yellow fluorescence. In contrast,
the lumen is strongly | abeled. (C) Rhodamine 123 is enriched in the tubular

| umen, as cqnpared to the out. r e arrowhead points to a
region that ¢ ’iagnoé‘i‘ﬂ%nﬁ%hdfsnpr?‘ﬂ‘g ql“k?ét? “‘%ﬁ %BRE%‘GSS gllrlfg n\lljwcll ei of the outer
cel | layer @oge®n i buth daseg}the ddge (nlvekeid b Bitge altbrehaeystin Bl Bdhandispt ays only very
(on the I of aDRRR 1 gy SEEiEarENerty SafHb 0%’ Doi it 1o the cytopl asm
bet ween t he DAPI - st ai ned nu%g;iﬁgof thegglilljterﬁflf%lpl | ay 8%1 %’ggsscyt opl asm

di spl ays onl802118] nt Bigareclar ¢ngeis Bsailages. 2YE e 0

car boxyf| Uoﬁﬁﬁfaﬁ%ﬂmlﬂ?an%ref E0EGerioPsdonen. Wikl BakoW Dligkicai cafilldlege ar r owheads) .

(F) BODI PY verapam| 1s enriched in the cytoplasm of tubular and

monol ayer cebritainingSHRTEs imaged 2 weelo 2§pnseqding sy iRl ifpgee wers stitthfful e f or mat i on by
HPTCs on 2D50Mhldn SMEd 8688 aQEl‘geﬂa‘fba&QtﬂBJ after JB&B@ movidyes Rowribgibul e formati on
by HPTCs grow ng on MATRI GEL-  coat ottor?s 4- vvel I t}pl te wells. (A
First, a coffdiunsnraliohtp sapdlorissers Bt e(“B’P"%Y?B’sSé BREVY M0 onol ayer
retracts on hQIN6F tBd 1dRer chrfillaryl (EﬂMybﬁ)rmodg@yegitesr@pd’aaaﬂesmmldy@t h sides of a
nyof i br obl a ate. i nal | of i br obl ast
aggr egat es %%m’f‘ ‘g’n@gﬁm}“ﬂ]@’%ﬁ%&gé@%md e%?nr(rilt g&e%ﬁ% t& Qﬁﬁar&&aﬁ Fi gure 8.
Panel s E-H ahdmbilestid ﬁnﬁedlwnthmmm:aﬂuyaridmkedtbs plewcﬁédvhllql‘l appitmbe . (E)

Initially, sin €8lelvsr: @By Present. Note that
nost of theze g?fﬁjﬁo%m%%e% 5(1 ute %u)e 31) gel are out of focus, if a

given field is inmaged and appear as bI urred n the ges. (F, ©§
Cel | out gr od@@1dtcur @g(‘lﬁ‘?)lﬁc?%@@ﬁeéil?‘blﬁnﬁ‘éaﬂﬁ?d%g%@ Tl h), leading to

the formati ek, &) PROR @Qloﬁ%g§oﬁi-smmgle@i$e to (AYEPTIH, Iaveﬁ:@eh-s sdne typically
branched and di sol ay multiple filopodia shovcvg ,ghs enJ alocgﬁg in the insets;
ue"to™

the branchedveeedetermiesity GRi-HERAp gl culiyres phIGT s with i maging

t hese st r uctgfiifedMchdtrddhly RRdedatom thé h&l obiathad B}ythe tdntor ancmtha bels hati spl ayi ng
mul tiple branches are for | e forlggsdmln matrigel is

med. Thg‘h ﬁrlswas CrIornie
typically | &85 T%%aﬁsa?dr]ﬁ?oreef’ﬁﬁly?% o g re no tached to nyofi brobl ast
aggr egat es (epitieRialtsheet ithid béea f@nied. For @inphrisgy, sixfilar QR%P@RaMtSGFrV@e shown in
panel s D and Scal e..bar (5 L AR 2@Ghedm (H) .
[ 00208] Fi gurel-%?f e‘ivélllthcon %entjm(%%l g§°gz‘“ersf°gggfﬁg§3t ubul ogeniaS| s. A and B show
two wells ofresmtsaw*ﬂowpl(al @»§Mm ¢xhreb4idnQslatixg o GARDEL eYAgP &5 s VRS at t ached
myof i broblasf, g fbg,ﬁ%cﬁé upa{lc%éa%sf}%ﬁfdgfe& gro%d@@%amt&%d by arrows) are
pr esent wi t KPS T hes Iameter = he | es al ways
di spl ay a siomthreswhighswesgisedef innrallpleThedgliures yarepet P@%?@Ed g generati on of

0G| TKe SUENGLHE RS fORRkEh WABBliad HRHLRE. © 2 amn@gessmem dohidlal retraction
of the m)nola er starting at the edge the i

) Une Iﬁ}atlonls due
to opti cal GPEH%TECSt(‘#?é Ob%f@éc"'WnEﬁt%l’:% Z6h 1 vﬁﬁ‘éef“e glg | ocated is

I ndi cat ed bybl&a?o&%&&a@%%&ééam@nﬁ Tﬂ@EatmeQB-lﬁﬁl@ncﬁﬁﬁﬁlglp&)caduSd vwdse in the upper
ri ght corner A part of the nonolayer is visible in the |ower |eft

corner in C.perpimedefidra8 days wile culires peggesin psglish Mapy ot VNEEESHPE f r om t he edge
towards the c%ﬁ%@ﬁresent.

[00212] Figure 17: Growth factor expression and effects of TGF-p1. (A) The
expression levels of TGF-B1, a-SMA, LIF, FGF2, KGF and HGF are monitored over
a period of 4 weeks. The expression levels are determined by quantitative RT-PCR,

and displayed as percentages of GAPDH expression. The five different bars displayed
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| eavi ng an al nost void surface behind. Panel D shows a cell |ayer that
retracted from the edge. Here, coordinated retraction fromthe opposite

si de has woantods499%hi ch breaks up the cell |ayer (marke@CiopGaamliono463
arrowheads) at defined distances fromthe outer rim Scale bars in C and D:
500 gm [00209] Figure 14: Triggering of tubul ogenesis depends on the.
presence of a 3D substrate architecture. HPTCs were grown to confl uency on
gl ass coverslips (AL, Dand G, in the wells of 24-well plates consisting of
tissue culture plastic (B, F and H and in the wells of diagnostic printed
slides (C Fa S W L t e used. The
wel | s of 24 ef‘?q* tja%tor Shcow t%er lladle exﬁressfonqe\%irsgﬁie%gygl ?ﬁg%dg%ém%@aaﬁ’m and 2 mmin
di amet er ;- reispemaela@]apdat&dekssl-@fnﬁetmdldg Rbeﬂteﬂn@tmmné'@sntb(rdéffqlﬁ#hl tored over a
time period (gto% of theﬁ)ﬁ{'alt:ﬁn mgh%lﬁ%ﬁed%ﬂﬂfahgﬁé}fsk AR A¥eks at day 2 in

the centers covers Monol ayer retraction starts

at day 3 at sxgqéicwgééfe@m(pﬁé’ %ﬁ?f%theﬁﬂi?k‘éfﬂnwt fayried arveshhasds) of 24- wel |

plates and djRea%3hinko mehéléseﬂaréisnsdﬁ%owﬁhé&11&@@6&8%& daysedm 1devoi d of cells
(marked by a small arrowhead in F). rearrangepents are observed at (D)

day 3 and (@Fmid@Fel aftermquolayspioamasion. J&Fe@ S FrPaectt RaPREGHPET S e

arr owheads) 1ea‘thmh@|f2>nﬂ@fbn B@ééﬁdeﬁsea@nﬁésrdﬂeélldﬁﬁi ar%eevﬁmrwbeﬂyg;, D)s still

i ntact on covers| earran ementeglg %eBt aken pl ace at
1

contr
day 8 in thé’%plséo"bsfa g eosegs ‘\‘7\73:1"‘11516{524?]&“ R GREY A Yinted slides.
For mati on ofthéiutlaulnﬁmélagaikeﬁhﬂvayneamhlbbafmo)\mead in H and nyofi brobl ast
aggregates (narked by snmall arrowhead in I) has occurred. Note that the
wel I s of 24- 5\@% pl atgg and diagnostic printed slides provide different
surface cher{l Fes and“ surface areas. Hovvever in both cases, the edge
(marked by | arge_arrowheads in E F a3Dstructure in
contrast to [P¥&%dge IB*‘“%\?’&‘%‘*‘H“}?Sf"WPQHBHFm@BB&% [00210] Fi gure 15:
Tubul ogenesis in capillaries. HPTCs are seeded into glass capillaries with
an inner di 082161 of 184 fpmmtioA cfimbatBnd wellifferditiofed etheliatmpidldyar i es
contai ni ng '?!E’Igﬁse}vQNﬁ&}ﬁ)fﬁ@%l%cﬁ‘ﬁ&ﬁédlﬁ%ﬁf @Q}pl%\(ﬁfgﬁle g Ajges were stitched
together in order to cover |'arger area 'y after seeding,
nmonol ayers cwbsgienty, itveeasingraounis pf o5 SHA- Qxh@ssﬁamyloﬁ‘afpblé%s agp@reflor med. The
monol ayer i sl“h%ée'nll)loﬁbljaﬁl@&stfoh&dtlg?ge F&éat@%ﬁ&uﬂfs ﬁ)hﬁ ﬂe@ﬁﬂun@ﬁ@'olf lary (B). .
Myof i br obl ast agdr egat es pear afg er nonol ayer formatign. The nonol ayer is
then rearr aﬁg@t?gai?@t%éb%@.ﬂbfgﬁmmrb@?ﬁ“{eﬁ‘é’r@aﬁﬂ |ty bighly soordipriedanby| es ar e

formed wit hlsﬂnaldaﬁeoﬁsadﬂeLtkﬁlﬁb@&eﬁtml&@anmbea;rolf@ams)ed td’&hlra(éhorﬁdf&heat tached to

nyofi br obl ast aggegat es . rke ar rowhe G 1 mm :
[ 00211] Fi gurenpgyergn g*ml‘%ggw%@f‘g%% aﬁg’ie%t% Vz”ﬁrli’g“lfi%é eléfleﬁlp%’ul tures of
HPTCs. (A) Ehﬂ'ac@)éf)ﬂh&ﬁf&li @igured €| B). SibsaquGv, the abaldyeaetateGAPDE, aver age +1-

s.d.) were det PCR in.i These .
initial cul tgl} LY %%ﬁfeﬁ%ggr lagt pzgrqzate @ﬂf%}llrgéele)ég)d%% on’%ﬁ%ceﬁgdl&gfe obt ai ned by
t he vendor awlmbhenepsllddgo ﬂna@rmdtonb’émepa§®ﬂgwhbédng\filefmmsvsﬁa}s The

anal ysi s was,geltor e 18 BARR @Ak ﬁptﬁélﬁip'e?xhcﬁ&@% Rdubgegn formed. For
conparison, Si m 1l ar q anal yses were al'so perforned with confl uent
nmonol ayer C LizeTGRAss. of HEK293 and HeLa cells and the results are shown. (B)
a- SMA expression (relative to GAPDH, average +1- s.d.) was determ ned by
gRT-PCR i n i[002163l cmhbualeﬂqad{avmgﬁ‘ﬁzeddﬁya@x)pe&hﬁﬂpé’ﬂomhagyaiditlanaer in cultures
whi ch were sgeded in ara The .c during this
tinme period (ﬁ'u?mlfﬁe@r 18%51’V\Xla1§h egui a F‘% eXC ﬁgé@%?%@%gﬁgmge shows an
i nitial cul thwmen ohal HPTIES fofrdedyin Gs WoeﬂDcsohd srfansowerapiraightand 20 1 green,

a- SMA- red, QAP ﬂled '91 'r&fg) 11 Ea%vf‘le){@ﬁ of@%erﬁgﬁﬁm%@gl(ﬁgm(e@G)Tﬂ% sane

co- i munost ai ni ng’ proce dure was per f orne days with cul tures
seeded in peﬂdlallfrsélwaymmym%flasmﬂéfﬂmy@ﬁ%fpﬁgﬁ e@rqggteqwéldpp

associated with one (Figure 8 G) or both ends of a tubule but could also be found at

mid-tubular regions. When an end of a tubule was not attached to a myofibroblast

aggregate the tubular epithelium was continuous with the remainder of the monolayer
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[00212] Figure 17: G owmh factor expression and effects of TG--f3l. (A) The
expression levels of TGF-131, a-SMA, LIF, FGF2, KGF and HGF are nonitored
over a pewDadiogf499sweeks. The expression | evel s are det @CKiSGeaholwgo463
guantitative RT-PCR, and displayed as percentages of GAPDH expression. The
five different bars displayed for each factor show the relative expression
| evel s- (average +1- standard deviation) at day 1 (week 0) and at weeks 1-4
after seeding. Results that are significantly different (p < 0.05) fromthe
data obtained at day 1 are marked with an asterisk. Results that are

significantly differant. ( ) . Lae day 1 and at
week 1 are r%gltg%aecg (\%I?)hﬁfevf\gl alzys@g%%stﬁ)yap é%%ﬁlsndagh %taéqﬁég\%}) l'lt& ﬁga ‘géerfl s treated for
3 days with vid diffstentiatqdGFignges 8H and 10/ M) ayer formation. TGF- 1 treatnent

i nduces rearrangenents leading to the formati on of condensed stripes of

cel Ils ang ar[emn:le\éoiaéuafov&ﬂn’:jssﬂvbﬁvediDl)monEilajrbefeofg‘aﬁtuﬁmaxﬂ r?madel aggr egat :a.
Panel F displays the untreat control. cells,.wherehy, t i ntact nonol ayer
i s maintai ngjaﬁ‘%%‘f'eée B Poly g’(ﬁﬁ”ﬁ?‘[%‘ﬁ“i%?‘%@é%ﬁ?@%ﬁ'ﬂfﬁ ?&ﬁ"ll’ﬁ%n%ﬁ renal tubul e
formati on orcoiensatibn ald Saldifigugas tHe@EPdie] whith alimétely hedtte wbulof a flat and wel |

differentiat i Lial. .k er was observed when HPTCs were cul tivated
in multi -\/velf?‘%f)l (g Eé%glz‘llﬁlélgl;ﬁgﬁ@{n% Subsequent |y, increasing anmounts of

a- SMA- expressi ng nyof i brobl asts appeared. These of i brobl asts forned | arge
290 egat 65 (RVGE o § Tapuley have puesprings s Agieregtised ENbSHR 88t o, ¢ he

epi t hel i um hggpaRrangromnitoas. Firstly, highly coordinated and sinultaneous
directed novenents of |arge nunbers of cells led to retraction of the

nonol ayer o sid J i i ehi nd the
| ar gel y errp{[?/@iglgirl f aC?eég{onﬁgﬂ\i}%ﬁﬁﬁ%ﬁ%nﬁgﬁ%ggﬁﬁ% d‘%ﬁ‘ﬁ"‘éﬁ%’éﬁt ly, the
nmonol ayer r eprfamediaighe hptesgadiesed slugen Figure 0 MBf Thelwurioges lisgdgr egat es

(Figure 8 D,byE)weu.ﬁli}?ef»&ﬁa&gé}huemmﬁsgia 88nGied highT PR MrBatlogd to the
formation of “stripes of cells, with a th of up to several mllinmeters

en
or even centFignxed0L)(Hiegmsh bgdqrmarketjaelutpmyl ssasppitidpss SETTY Wes myof i br obl ast

aggr egat es. LHORIHLTHACHE Rbliss (Fhkake 103 Ecorfitan £8@pbRpeRifid Stripe then
performed addi ti onal d&/nam C reorganj zat |_gqs Tfﬁ/m ch gave rise to tubule
formation (FigEFREatenend spjcal-basal pplgAR AT thespipellgslit-es formed in this way. on 2D
solid surfaces were straight and not branched, and typically have a |length
of several P0220fet eldsorifitgtestovhgth@)the tThwiar epithaliws disdlayey ypicdnai ned att ached

to nyofibro 4 [Holo N . u Ig bdshuc (Figure 8
magszpt)% RRGERI AR wild el Feg%tﬂ ﬂgqlbgfe?c% R aitbrlsucRBe

G or both en ] e but cou al so ound at m d-tubul ar regions.
When an end ysHova thodiypine 133a% 6-arboxyflrsesprinand BODIRY STivBremilakicifdygr egat e t he

tubul ar epi tyaglv A0 VRS R fubRMRIASrMibsRatbd & (e Bhindhepu@ie thigorioNol ayer
(Figure 8 G H). The fmally forne tubul,tﬁr epi t hel i um and attached
Cl

epi t hel i a weVEThettongsr flpupseser Wesbseyad griPmdhegubylar umeg s eompsied 9 5021 77 cel |
novenent s i nvdunethding nidvinalaay e epitelfaeis hdhd healuaaa Thud)thee ofganioat i on wer e
not only hi h%x coordinq&gd but -al so ur.e 9

condensati o nsdb FBr |nﬂfg u 161 ﬂé‘? tu{nflnaer luér(la Ir(ﬁglltlr(r%i.lpl)gl,pl%\‘/\ﬂllné ﬁViE‘TQl? %Aﬁr%t 2?; led to
t ubul e f or netanspost agress thertwbdlayepitheliwmnilso thedamine 123, which is a substrate of

the multidrug resistance-1-encoded P-glycoprotein (P-gp) transport system, became

enriched in the tubular lumen (Figure 11). Rhodamine 123 is actively transported,

whereas BOPIPY FL verapamil is transported by the P-gp system via electrodiffusive

anion transport. BOPIPY FL verapamil became enriched within the cells (Figure 11),

suggesting transport of this substrate at the basolateral sites into the cells, but slower

or no transport at their apical sites.

[00221] Whether this reflected impairment of the P-gp mediated
electrodiffusive anion transport at the apical sites of the cells was not clear, as the

kinetics and exact routes of BODIPY FL verapamil transport in the native human
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[ 00218] Tubul es have a lunen lined by a differentiated epithelium and

di splay transport functions [00219] Sectioning of the tubules forned by the
pr ocesseswoestvisdd above confirmed that the tubul es eneCosedow/obumeen
(Figure 10 A, B). The lunmen was lined by a well-differentiated epithelium
di spl ayi ng extensive tight junction formation (Figure 10 C). The brush
border: marker y-glutanyl transpeptidase (yGIP) was expressed within the
tubules (Figure 10 D), confirmng cell type-specific differentiation and
api cal -basal polarity of the epithelial cells. [00220]1In order to test
whet her the tréjxlﬁ%'eh%rb £ ie}eh%Léh#rrrz?ctgi' spl ayed typi cal transport functions,

t ubul es wer &9 ncubat 6d Wt € 11 uor escent organi c anions lucifer yellow,
rhodam ne 123, 5, 6-carboxyfl uorescein and BODI PY FL verapam|. Lucifer

yel | ow and 08222 hoxyestisrissewitnshared BejFaqus preaniogniqng ¥ets_ ani nohi ppur at e

transport sysh§Hedabo@NBebdlirepiiREGR AECsusRG 0 Batd Yad twd différentt he t ubul ar
| umen, as conpared to the surrg&gdi ng medi um and the epithelial cells

lining the I"H¥fenspeifrathwarawere SPEURRe ani ons became enriched in the tubul ar
| umen (Figure 11), providing evidence for transport across the tubul ar

epi t hel i um [00223] r ho itk dortigion WhHEKC en 2D salidsurfagepanstinSRgelsul t i dr ug

resi stance-| -encoded P-glycoprotein (P-gp) transport system becane

enri ched. i n fobg24] Ubuli@brdbrisBllirdsSBYE Brodalibn bIRAPTURITH BD gdi2 Biekcdllsact i vel y
transported, whereas B Y am | is.tr tred. b P-gp system
via el ect r odV¥f gfvgEd Q%ﬁﬁ@ns‘%ﬁﬁ? BEPrpY Mﬁ?@g%&paﬂ? 'X%gc]%rre enri ched
within the cH)ihseFbgndhingbl yells sitiyniesiblistagestof aibslp furtativh ahdiuggrewthst rat e at t he

e o B Yol 3t 10 Al ) b Bithen SR s B RARDRAL o' |

api cal sites’ er I's reflec I npai rment of the P-gp nedi at ed
el ectrodi f f ushule cenld enqurt giming fesite banchehebupistedures (Figygred? Whleweel | s was not
clear, as tnhgKlRebhGS A BmSXKEE bt HRiAIRbafddhl odidind@mARadtids transport in

the native human proximal tubul e were not characterized, [00222] Toget her,
the resul ts “hsgaaambenel coly Veserot gl ia bRl drmatonie sy edhdport ed across the

tubul ar epi ttind RimAaoxHHI ABsleesbtiiktatin b cdlR&E rdat®elgihdliedigyMyeda] or

transport pat hways re_functignal 00223 ule _formation by HPTCs on 2D
solid surf ad@‘g\é\@%}&a’?c es{Pegen 12 'ﬁo‘fﬁ’ﬂ‘é‘ FWV@P@%%‘H" 51181? e58°¥UBul e formati on
by HPTCs i n adaxhgétosnylofierobiedt hgpregates, in contrast to the tubules obtained on 2D solid

surfaces.

[00225] In order to test whether MATRIGEL™ had an influence on the process

L™.coated

of tubulogenesis, tubule formation was investigated with MATRIGE
multi-well plates, where HPTCs grew on top of the MATRIGEL™ coating. Under
these conditions, tubule formation occurred in a similar way as observed before on 2D
solid surfaces (Figure 12 A-D). Generally, different extracellular matrix (ECM)
coatings consisting of laminin, collagen IV, a mixture of these components or other
components could influence the timing of monolayer reorganization, and the extent of

myofibroblast aggregate formation.

[00226] When tubules were formed on 2D solid surfaces, they always occurred
by the same process as illustrated in Figures 8 and 12 A-D, regardless of the ECM
coating used. Tubulogenesis occurred also on uncoated 2D solid surfaces. Together,
the results showed that HPTCs form small tubules in 3D gels by a process of budding
and branching morphogenesis, whereas large tubules are formed on 2D solid surfaces
by a process involving large-scale reorganizations of epithelial monolayers and

interactions between epithelial cells and myofibroblasts.

48



were cultivated in MATRIGELTm Tubule formation in MATRI GELTm (Fi gure 12
EH) involved branching of cells at the initial stages of tubule formation
and out grwet2bioafe4d9sanched cell's. Qut growi ng branches t heaTiSoromedotmbul es,
and budding fromthese tubules could occur, giving rise to branched tubul ar
structures (Figure 12 H. It was inportant to note that formation of

epi theli al nonol ayers and coordi nated novenents of |arge nunbers of cells
were not involved in tubule formation in 3D gels. The resulting hunman
proxi mal tubules obtained in 3D gels were relatively small, displayed

nul tipl e brapohes (FIﬁwufefalzndf%noﬁqnlssilmrfa@éavs%us.eddﬁﬂawv@d 7), and were
never attached to nyofi brobl ast aggregates, in contrast to the tubules

obt ai ned on PHAEHPRitecr¢ aces. [00225] 1 n order to test whether MATRI GELTm
had an influence on the process of tubul ogenesis, tubule formation was

i nvest i gat ed[0AR28] NATARﬂ@Egh'Em&mhtled)mwohioeqnebd onlatobd surfabuersevekPTCs gr ew on

top of the VLELGETLAI8! %l i sbhEse icoRdhikoRomp ke for mal] on

occurred in serve ore on surfaces (Figure
12 A-D). Genwhaicpdby qﬁuwh@pmhﬁubewqr e@@tmtwp AMoshraikinacwis evnding fhat hgs

consi sting oéloée@maw femnee% Le%semﬂu\ésm@mmtaehéanﬁyoﬁfmgmﬁggré‘g%p&ﬂent s or other
corrponents could uence he tim nmonol ayer reor gam zatl on, and t he

extent of ny'EﬁfP‘HFeGB"Pta’é‘ta “é?agwéegtaetéeég&rmaﬂl&wﬂef é}me]g\mgﬁ of gdigfances wer e
fornmed on ZBOMddg%(s;gnfme@,B)thle:ysmadsmaﬁeceﬁ&umedelnyheteb@c&aﬁe process as
illustrated 0 r@g 8 lan(ijl diagssl of the ECIVI coatl ng used.
Tubul ogenes&' ERP LG 3??“5?1986& FRy- L gservatplget her, the
results shomdgdsﬂn@tanhﬂﬁiﬁﬁsntfrmemmﬂogmww&mrmm&ml@ahgmbmea process of .
budding and BEARERL A IRLEPRASAES bne MARLEATRALASEhURNLES dLe Tormed on 2D
solid surfaces cess I n ate reor gani zat'i1 ons

epi t hel.i al nﬁrﬁf(ﬁltﬂi@e@@OéﬂdePlh(P&laeﬁ GrB) bet vveen epi t hel i aI cells and

nyofi brobl asts. WD 2010/ 064995PCT/ S&2009/ 000463 [ 00227] Tubul e formati on on

2D solid sur[foazzssj i s 16 BRiSN6 e&eﬂayneamwlemedprssdﬁd‘eaﬁep@@eﬁhibﬁlmaghr e
[ 00228] Al t hou

b fo n accurred on id surfaces,
several obsefl 39? %fﬁ‘ga@@?%“{t@ fg%rfaﬁﬁﬁ ?%{’waﬁe S?ﬁ‘ﬁ“? t‘gf”i’ structures
by HPTCs wasmerhemstied(nd yerpandionlttrdge)stalwedlichis tlﬂtateealm chitt ect ure. Most

striking was £ hndi I [ | tubul es
W th attg achepcf%d&;qlegg%%? %‘ﬁ%gn@stﬁgﬁ%%@sh@%s&hﬁ B epggrg‘ﬂrr%r%){ %v? R ﬁga wel | cl ose
to its edge,l4shews thatinitialretrhasion af thpéndyélinm fastopayiredat ﬂ@ieégﬁanf:@et o the edge
(Figure 13 AyeiBbfths - @Qpﬁlﬁt@ss(ﬂveﬂ RiatnBiEr B%ﬁ)ea'hd glagx{og'tﬁ Weleh shde;b@veﬁdge of the

wel | has an ortho onal architecture (i.e.” a perpendi cul ar ' 1). Another
observat i on GBIy RseaPsRY B RARteY § GToEsapigtion As ‘ﬁ?lltqéiéﬂbﬁﬁﬁ{egaé? chitecture in

enhanci ng tL&ﬁumuIE%rﬁiaﬁdnms VBSrvbdaithih thi v of&reger@%ésom cBitrakthi@e €pi t hel i al
nonol ayer start edge _of the wel] (Figure 13 C

1 fi t Tt
L Bb5 0] | B e e P R Rtk R v TiE G EELRmebiroasmer Sondt cul &0

edge of 8 days, and no retraction of the monolayer occurred at the edges of the coverslips
(Figure 14). ‘

=

[00230] The surface material was glass in the case of coverslips and diagnostic
printed slides, whereas 24-well plates consisted of tissue culture plastic. Furthermore,
their sizes were different, and thus the numbers of cells that could be involved in
reorganization processes on the different surfaces were also different. The results
showed that tubule formation was not dependent on the material, surface area and cell

numbers involved, but was only dependent on the presence of a perpendicular edge.

[00231] In order to find out whether cells might sense the rigid wall, HPTCs

were seeded into glass capillaries. In glass capillaries, HPTCs could only attach with
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i ndeed enhanced the initiation of tubule formation, cells were seeded in
parallel on 18 mm coverslips (no perpendi cul ar edge), 24-well cell culture
pl ates (wohloparp®adi cul ar edge), and di agnosti c pri nt e@CSISGdems/00wics h

per pendi cul ar edge). Figure 14 shows that initial retraction of the
epitheliumfirst occurred at the edges of the wells of the 24-well plates
(well -dianeter 15 nm and diagnostic printed slides (well dianmeter 2 nm.
Subsequent |y, nonol ayer reorgani zation as well as cell aggregate and tubul e
formati on was observed within the wells of these devices. In contrast, the
epi thel ial - monQlaySie 1R BRY «hSAIIRNLESH LG AUE Mol BarlHhdr0G:  he

noni toring poriod o af%, and ho retraction of the mono ayer occurred at
t he edges ofwat fepocan br fidioptwietbierthe prodedy of tfbOBIORtMenightbe inbibitetht eri al was

glass In the gass, ol GOXEY Rhi% if08nBlRGASRERG PTinted s i des, wher eas
24-wel | plates consisted of tissue culture plastic: Furthernore, their

sizes were different, . and us th ers, of .cel.ls that. could be invol ved
in reorgani 334%32 pr&%‘%bé%‘?‘?%ﬁ?ﬁﬁ?%&?%ob“&eﬁwt CEPVEFE "aT°80 different.

The resul ts r&igvishohdtatkd thatiubue fhratatdt wamotialsbired by deqneing BRI Comtat he nmateri al ,
o esence. of & BEPHA R FareRnge opasur il aiks RPAN O D her cel I
m ght sense atdoeiptishgd by thasame preTCss enlaeyed ercdfeeblil sirfeeyl iavdviempi | [ aries. In

gl ass capi | Larl &5 cbRTR SO R palhals ibhbloniidSlafoshBoghe ST des Lo the

rigid substrate, I ateral "sides. Furthernore, it was

i mport ant t aestltypdsoaenealoghibetirieralafizshpen deadgidfubstipsyyas petdRpREPIAT ni ght be

i nhi bi ted i fid BQifekh 5D WRARuAb, SR wak pravigerhyi il dag@ of thbuklyasar chi t ect ure.

[ 00232] Fi gure_ 15 shows fhat HPTCs forned tubules within capillaries. These
resul ts dendffles B defs 4 Eubul e formati on was not inhibited by arranging
HPTCs into a pre-formed tubular architecture. Tubule formation within

capi | | ari es [082334c coMEE-Bhipdudeythe indtid atvps ¢fhumes senabtubnlp fayypatiomn 2D sol i d
surfaces, invglhvipg npnol ayer formation and subsequent appearance of

nyof i br obl ast aggregates. The results also revealed that |ateral attachnment
to a rigid substrate was not inportant for the sensin oaﬁ) 3D, envi ronnent ,
whi oh vias priBUBMbd byBet e UM GHEHBtettHe DigRpions terygEn Frdelia el Pt o

capi | | ari es.myo@6:RB83dsTipbeatedto baidhp6emt fohRbilafdhaion SFigme 161C show@an renal tubul e
formation on 2D solid surfaces 00%g4l Elﬁslia des su?stratﬁ] ar.tclzrlli tecture,

i nt er act i ondhb & NEFBEFFRHE HP 0 R ER PO ETEbIE R S " bear ed to be

i WFFY t ant fQﬁlt&rzmmTtﬁerfﬁfgkﬁ&sioﬁegwﬁ_alﬁ\xi_ Eafsh&ﬁemhinb@aj qu_antf%t‘lﬁzl elexpr essi ][lg

cells were not detectable i mun ing inthe initi. ultures o
HPTCs. The éﬁ%‘l‘%@?Pléiﬁerf’s?\%?"greﬁ‘ftm%g‘%m " getvg’fyr}?‘ﬁgldsu%’ymﬁlglé:ﬁ i'tati ve

real -time pohywereashighbathan theaptesstmm (g MTR)cellver Bunvarepbiyowci n such initi al
cul tures and et 0801 NGk D] N SXBL SRR BYERul BhaiRg cells or

human enbry
as well HEK 293 cells are well established epithelial cell lines free of contaminations

with other cell types. In contrast, large amounts of a-SMA-expressing cells could be
detected by immunostaining after maintaining such initially myofibroblast-free HPTC
cultures for four weeks under in vitro conditions (Figure 16 D). Accordingly, the
expression levels, as detected by quantitative RT-PCR, increased (Figure 16 B). As
kidney epithelial cells can transdifferentiate into myofibroblasts under in vitro
conditions by an'epithelial-to-mesenchymal-transition (EMT) process, the most likely
explanation for the appearance of myofibroblasts in the initially myofibroblast-free
HPTC cultures is transdifferentiation of epithelial cells into myofibroblasts by an
EMT process. At least the data show that the initial cultures of HPTCs were not

contaminated with a.-SMA-expressing myofibroblasts.
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ki dney (HEK) 293 cells (Figure 16 A). HelLa cells are negative for a-SMA and
HeLa as well HEK293 cells are well established epithelial cell lines free
of contamvoabioowssdi th ot her cell types. In contrast, | CHSGAMOWONE463 Of

a- SMA-expressing cells could be detected by i mmunostaining after

mai ntai ning such initially myofibroblast-free HPTC cultures for four weeks
under in vitro conditions (Figure 16 D). Accordingly, the expression

| evel s, as detected by quantitative RT-PCR, increased (Figure 16 B). As

ki dney epithelial cells can transdi fferentiate into nyofibroblasts under in
vitro condi tj by an sen on (EMI) process,
the nost i lgb@aglaxpl %n %Bioﬁe b ‘%?Sﬁlépagégelléglr g’%ng@ oﬁi#;q/ﬂfolb{)%tobl asts in the

i nitially mpedredates ihedtzies bfmwﬂﬂ@ﬁ@stshm‘tedlsesalms mpleeies gkifréssedamthiedt i on of

epi thelial ggl, lcﬁlh&r&t@er%ingé ﬁﬁé!ﬁ'@i"}sA X’h@&pg%n%\@ﬁ%§ﬁyoﬁ%§obla@tas'[ the data
show that the initial cultures of were not contamnated with

ct - SMA- expr élsaye gromiuibpters é}mealgﬁnmed\h@@@f@% B Pty BeerreTier 0463

[ 00235] As t yhadks Qgﬁ@%bﬁor&@a%t Ihﬂkérlaaém Ih Omua@uu\‘és%fylﬁaﬁu&%d 5P i brobl ast
aggregates, the types of r%g) ]ﬂbf | ast-derived signaling nolecul es
1ce

expressed i rﬁln}elﬁ’éﬂ‘?drf’fé""te?l@ WOW?WS@&WﬁﬁdPWW%ﬁ‘% 1-p7veghs  The
expressi on |o@ﬂﬁ»lmlﬁocfﬁftur@mh 111%5@&h&&bﬂa{maﬁm@bfmb@?rﬁzaﬁ&rwvsm?aﬁeo gfaterm neg by
gRT-PCR in par e it e expre .levels o terry0| robl ast mar ker
a-SMA. In vﬂF?‘%’”@ﬁ qy}‘@?@\éﬁg‘éegfﬁtbﬁﬂ“ W@glai%?sa time period of 4 weeks.

Typi cal Iy, nyofibrobl ast aggregates appeared after 1-2 weeks of in vitro
cul ture. CellP0236%s cdbe swis cayral¢dthat heatmoentsgowth fcton (igaNiardit i on events due

to detachnent aga‘cyt@%g Gt Bbibr (RGSH @Q@B&%xﬁ&ge&?biﬂ?&!;éd% ves 186 lichels[ 00236] The.
results revea ed that keratinocyt eé rowth factor (KGF) and hepatocyte

growt h f act d» cqufet)subsapiial meresgigppldSdt » spkeaiginkibitnyifager G-EPDynqd ow | evel s. In

contrast, s t Lghél-&any factor (LIF)
and fi brobl g@@%&‘%\%ﬁg@{@?ﬁ?@%?&e&ga%ﬁ%g%gﬁgiﬁes ) % wi th the expression
of a- SVA. | rngll of thybe eapssemesgiyeincresse ipespvonilevel BasdsevPdefprlessi on | evel s

was obser vedyeaf 65 viko WRRkKe. @fnsvasM'a&cbﬁa&Ulvﬁtﬂﬂﬁobs-EWaﬁonWﬁaﬁ in accordance with
t he observation.that nyofi brobl ast peared after Weel[fs of invitro

culture, ananﬁE“’@?Sﬁsraé’ggaf‘iﬁlﬁﬂFrelv%W? bt v R/ﬂ‘%ff’?da“fl@f SOESIRINEY hi gh unti |
the second weeksmAhgd 'B(B']la-BB&iiaﬁle 111§h/iﬂ1t1$thlefsecbr%d'_we%la.(:thgafﬁesdbﬂﬁw after week
1, suggestin r ation. The |evel.s TG 1 expressi on
were signifi° 25 tqnngﬁggrppgﬂl a&‘i—.‘é"ﬁ?e L, puggest Oé‘fnéwaffo’{/\g.g‘f(laﬁw@and this m ght
refl ect dovwraFe[gLHnahLMAaxrdésﬁbn wak biglifGatly [bver sewpikeqsd compdreiel s of TG 1
si gnificant ed. agaj,n t t he itorin riod (week 4).
00237 1t habe e gaeien s BBt et o Ha PRl 1 al ot ops
of tubul e f of Taripdsigmifaanity intrehs@ingZibatahd énd oSthe hmatiesipg peaiow (week W f or mat i on of
a condensed stripe or cord of cells froma nonolayer. As these previous
experiments per f whet her
primry hum&%@ S gtg%g?e%&\é%sh%fﬁg%%%e%gf%mgglhw\gg#&%lﬁ%lg t(rgrfent W th

TGF-f 31 | ed whylefematienaseyreng ond?D sohié surpers| nagpely thedermationadpdendswsed st ri pe of

cells and t%tr%@@rcfogfﬂgﬂs%npj mé&ilabera@9HEAF & Roul &p%&% wefe BE) . This result
showed t hat TEG I nduced the i1nitial steps of human renal tubul e

for mati on oPefemedithrabif qelis avs tes 669?88]‘@(%%’1“@3’ hoparotgpaEief @ 4 ment s wer e

perforned t Qi GRIPEY. ﬁm&é&%&ﬁﬁéﬂ%@hﬁgﬂﬁa tefrbarfbhgenfhilbTeS ndtRdlafer €S| i nski  Exp.
Cell Res. 1992 201: 3-15: US 5, 429,938) with tig‘l pr esent

into a condensed stripe of cells and to the format1on of cell aggregates (Figures 17 B-

E). This result showed that TFG-B1 induced the initial steps of human renal tubule

formation on 2D solid surfaces.
[00238] Example 4

[00239] Experiments were performed to compare the method of Humes et al.

(Humes and Cieslinski Exp. Cell Res. 1992 201: 3-15; US 5,429,938) with the present
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met hod for the formation human proxi mal tubul es. [00240] The Hunes et al.
nmet hod used prinmary rabbit proximal tubule cells. The references indicate
t hree facwonsice9necessary in the grow h nmedi um for 2DrCulschagenesss: (i)
transformng gromh factor (TGF)-f31; (ii) epidermal growh factor (EGF);
and all-trans retinoic acid (RA). The nmethod involves cultivation of
primary rabbit renal proximl tubule cells in the follow ng nmedi um

Dul becco's nodified Eagle's : Hamis F-12 nmedia (1:1, v/v) containing
L-glutam ne, penicillin, streptomycin, 50 nM hydrocortisone, 5 ug/m of

insulin, and / of tr nsferrl rred to herein as Hunes basal
medi um [Ooﬁ%@\g’ sz%nrnf1 ed }Erﬁ}élglﬁletﬁbgé gnces t he rabblt proxi mal tubul e

cells becane confl uent after 9 12 days i.n the_ Hunmes' sal nmedi um Addition

of TGF-1 (160924Ph ), Twum%ehmmfébﬂéumdpwaw@b@%@mh ule gellsuch confl uent

cultures fOﬁh@kfelréﬁaéﬁnd?o%tehﬁeéﬁctb@dreha:eism@nfmégm{»vmdaﬁnformDey tubul es on 2D

solid surfaces. Addition of all Er%__fee fa@gors s,re wglﬂffor

t ubul ogenesiulogengsiy (ihangtorpiag groyrfactor (HFIRS: ¢ Ep“ile&?l P sol i d

aggregates @G@dﬁﬁﬁﬂ%ns(‘reﬁﬂo& aCid QR AW MR8 nethWhigvoleskuliiddionstpriafy wer e added

t hese solid regat es r E}E%ﬁ? goﬁl SO no.lu ’]chQJs”rﬁct)c%lto'&) Si mul t aneous
Rk oos ol fre gV REPRGH I

exposure to” aggregates with prinordi al
| unens, whi @aglellymﬁ’uFlly ngbeiag]: d),pzexd cbnmlnnlr@L-gkuewwcﬁn@ﬂluEG: i kely due to

t he expansi | i nin t hel i aI Thu t factors
appear to hé{’}%’?W§ o) rﬁgv\f TS %g?oln&?n SH %ﬂd 5tﬁmld°f%§%e (f ormati on of
solid aggreg&bm)tqhﬁfas(fmmesbasalm@iulm gromh); RA (cell differentiation
(epithelial) and initiation of |unmen formation). [00242]1t appears, based

on the Hunegoglarp! - fA@%&Hcﬁ&dddﬂ@léefetréheesftﬁéﬁs&t;Qékuaﬁmaﬂielcénsa@gﬁregat es induced
by TG--1 is an initial event in tubul ogenesis, RA % L?IO(EGF al one had no

dramatic ef feewfugntafierOhi@ daysyip fogyumes’ baspd RRgian. ﬁ&fh %‘b Wl ay any specific

rol e in tubylagepesisum Hmn'maﬁémﬁo&z%hl:on%&ltblilﬁfea&‘dreaeasmhl ch has an
indirect effect on tubul e phol og is well-known GF acts as a

mitogen on rabpirs leghioghe matlp@gﬁ}vche}géwlgs OH[ZQGE%ﬁuFf%?eﬁgA?‘{Ht r‘?ﬁfﬁhods of the

present i nveptd 9AoreRds felRities for hibBdbedis0 IANBLibOSE daly THTESleon kol i d surfaces
has been observed in the follow ng culture medi_um basal%%%l %hel ial cell

medi um ( Sci dproetion oRelidagemeaes Bbrdheret plls (nodupnd iken TGEA cont ai ni ng
?E:Bts )s Sugalysere aﬁ?&dﬁﬁbs@&ihqﬁgﬁégﬁtea w&lellwéei?@lﬁﬂh@mniéh tddmaPén. eL a:j bovi ne ser uEn1

, apo-transferrin insulin ydr ocorti sone
jiglnt), ep|ShrélﬂﬁPq°H%eX@5%t? tﬁlg“P% 4% 161 %fog“a?tbﬂﬁfnagﬁ%?&tﬁ trer) (2 ng/n),
EG- (10 ng/ oﬁ&dmﬁ?’eﬂi ¥Rich My fuﬁkaaemgwumhab&@ene@dsﬂmmmcﬂypﬁﬁ keci 1 1in and
streptomycin, [00244]]1t . sho t dded as a
suppl enent dhe SIPT 15‘3‘&?1”:'1}?9?1 glsg q}ﬁ”ﬁg f?ftgrsa e(%rorrp%vﬁglht It is
possi bl e t habllowaipefitdtaatrabbiitsed: TGF-AC Chinabmetsblittpegepatésy EGBas. present in the
FBS. ‘As the hi hes ans o th| Q asured in FBS
are report ed™ %1%:81 Fﬁwﬁ’ﬁrgﬂsféﬁi}g 8an lnflg‘li) Wémm F}dl (%Ieung%pect ed that the

TGF- P1 concewdmatidn).on in the nmedi um used in the HPTC experinments was
maximally 0.3 ng/m or less. This is much | ower than the concentration of

TG--1 appli E[dOé&] t he 1 ARkt b6 dnShd Hilndd 8 alllrdsults) thbd 1Be fokiRiSn BtsoRd .  Met hod.
aggregates induced by TGF-B1 is an initial event in tubulogenesis, as RA and EGF

alone had no dramatic effects on the monoleyer. EGF does not appear to play any
specific role in tubulogenesis, but mainly affects cell proliferation, which has an
indirect effect on tubule morphology. It is well-known that EGF acts as a mitogen on

rabbit proximal tubule cells.

[00243] Using the methods of the present invention and HPTCs, tubule
formation by HPTCs on solid surfaces has been observed in the following culture

medium: basal epithelial cell medium (ScienCell Research Laboratories, Carlsbad,
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[ 00245] The formati on of condensed cell aggregates al so played an inportant
role in 2D tubule formation with the HPTCs. After the formation of a

conf | uentwoonolmy®s of epithelial cells, the nonol ayer PeT&GROM®OIGAHNI zed
into 2D tubul es. Condensed cell aggregates were central in these

reorgani zati on processes. Qbviously, the formation of these cell aggregates
was not dependent on the addition of purified TGF-131, as suggested by the
results obtained in the Hunes et al. nethod with rabbit cells. During the
process of tubule formation according to the present nethod using HPTCs,

t he cell es con5| ed of _aSMVA-.ex 9 asts, which

li kely ar osg;rAbg]g r%?ﬁtgmﬁ’igf? reRt AT |m8ﬁ°1§ q[)hsﬁgﬂéé}l%[n e%tg?/qg% Ys into this
cell type (epvikdwehimaFBY); mas:amfhymﬁllO mgmahmstlhndﬁ)tg/rﬂl)t hydgocegsibnekihown t hat

TG 131 plays central l e, i hi.s. proce

t rans- di ffer“e/l’ﬂ% 8?‘?68#“81(§0§61ig{’ﬂ£ﬁ|{’r§‘f’la%gﬁ Wﬁlfg&?rgpr&rf%gg% o)bﬁas {12 (mesenchymal
cell type). nghilisand RA (1 GnNID SBhis blediumhaib cintained pehidillie pwisteptoynin- dependent
formati on of cell aggregates, which appears to be crucial for 2D tubule

formation, Wiy hanﬁegouM%teanst&w b1 gasquaeds biplhiRsr pls al . by the

addi tion of h” concentrati ons of . However, contrary to the
di scl osure wlqdeiméhe@rov&ah medﬂaﬂdsiﬁql}?h"”éﬁpt ﬂt@%%@e thahFOME a9 @MPYY Ui 1 ed, gi ven

that kidney g ?? n a&nﬁhﬁ%?@f* B1 W8 &Gk Be FiEE AL b HidAeBQlcMBStiont BUS di recting

the trans-differentiation processes and tissue reorgani zati.on. [00246] The
fol | owi ng exiesiwiiftctor mepstred dntRicaretspertsd idted? the Fraes ¢t 1 ééf&};{l’llbn of TGF-1,
EG- and RA o‘ﬁldrb%%JcﬂeMe&hét%Mdfemeenﬂtﬁﬁuﬂﬂaﬁl&ﬁ&@dsem@ﬁmmmmer t he
conditions describ by Hunes et al which lead to tu LEUI e formati on by
rabbit ki dneype@elemgWa%a%lrbaélygﬁg’e/%ﬁbieﬁeﬁmilémlﬂl phreeih® Pesult in functi onal
tubul es. Al o0t SR8 B 6ias abbibeds Q8 hgwiMe e Hugkd @elred wi th HPTCs.
[ 00247] Experi nental Results [00248]1n a first set of experinents the cells
were cul tivatd®di n Humes basal medi um (see above), not supplement with
TGF-1, EGR, or RA. 4 series of experinents were perfornmed with two

di fferent b400246% of THPHEsatiooef Goudmiscdicelhag@reditésfalsp layedratingaitest) . | n al |
exper | Ment al o SGr) Py EXhHSh ¥n HIHpIRL. £k ncdafhibits Qimerved. Thi s shows

that the medrumsui or cultivation and propagation of the rabbit
ki dney cel | annslambwthfrhallceﬂ%ﬂlem@syeﬂmﬁn%@fgﬁ’ezeéw D EMEsal series were

term nated REGARLLCEH Xg Sedwerd BB RSEEN BdrdaRSSioN ﬁro&@iels Glerldly, Two of the
series were conti nued in one of the serie #}tlcel s re dead after

12 days. HOVB@/@Fnatlglbﬁféheé%‘Feﬂ SEEERAPS VA4 e’H’F&‘}lOa PHEPEIHREr series and
this series GRONPr, bSRLkehOd whé &sﬁ@eaededml thd Hu@lkd & al. athbheBlerabled | s some -
conf | uent patches of cells 8’& d and cﬁr&[ ul es Bgtga‘{ed in 6 out of 10
wel |'s. [ 00248 sTRude theeppesso ?t%ﬁ‘é&cof greﬁeél it appried to the
rabbit cel | supCsstb@Rtapdredatel Binsibled Snsandeipressimsiydibrabhes,casbs HPTCs die. As

wel |, additign of TGF 31 t £SSe tla far ubul e
formation bykeprrese byt tgﬁ‘etlag%?ff?ﬂ% eB‘rSﬁléepa cglf gy i ceLl?pte (eﬁlr%%e%%lrral t ubul e
cel I's are nab-neuncly@aMeantisn) tThie whib kittniticin TCF- Bzaaymhm rddyinTCs. [ 00250] I n

a second set of experinents wer e. aga g Humes basal
medi um In %%C&W&ﬁ&f@m%eiw ﬁ?‘aﬁfﬁé ORISR eh‘!11 C?CI% inty }@Bﬁgom%tesl | death

occurred al t(hmagbhymelrmll opb)l Thesit wlpwesdnleethd triwrdififaientiatine-dopanfi¢ntient pat ches

after 2 wee ) RAehOY & |

confl uency (E%mfag hot elgaég gﬁ %Llah%gé%e@g%\@%m e rcﬁ?}% nt platcﬁes wer e
treated wit tﬁnh@lc‘t@ndftr tip@puditiongused by Hamesebalviivtthe addisonpifigh et al . net hod. The
TG had no, LOE BRAA FURGisABG W el eiind tubul e
formation was o Esmfezlrd;ﬁlsegtrbgi% g‘?g anz‘a:tl on for %Sheseemr}esul tg m ght be that a
functi onal | yadditibd eﬂé}ﬁﬁloedylnopbmmmd,ewew@stkehﬁ eHewe APt i9g8¥°® he survi vi ng
cells. At | ese I didisqas used for
rabbit proxinma { Bmielves ﬁ#l é&ac?%qgl @gsgfﬁ%e%rng%&t% eg%g E:ESSCI’I bed herein for
t he formati omongdnization.

[00246] The following experiments were conducted to determine if addition of
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tubul es on 2D solid surfaces. [00251]In a third set of experinents
conprising 6 experinental series, the HPTC epithelial nmediumw th al

suppl emrerwe 2e08p95FBS was used. Al so here cell death wasTslogevpedcs o a
vari abl e degree. 2D tubule formati on was never observed under these
conditions, [00252] These results suggest that addition of FBS is required
for optinmal propagation and for 2D tubule formation by HPTCs. [00253] A
fourth experinmental series was perforned with our HPTC nmedi um cont ai ni ng
al | suppl enents incl udi ng PBS HPTCs were grown to confluency and t hen

treated with T sane,.congce iLon.a r the rabbit
cells). Aft&pPF T%: Fe%F(‘ifg}Q‘ y\f‘ere%lbrFIB%n? Rib & drersseedzvav es gl? rcgl s with an
el ongat ed, wﬁﬁlbﬁydehinaeduya{ums gthb) vadgsh lbladdo mamlﬂ@dnannnwabmem@y Al t hough in
the conplet e HET so rﬂe‘é"oﬁf?%hi&&l agnﬁ%guleggﬂlggﬂﬂé es also form

wi t hout t he“H&dPt Po B PPdtures f ormed more
consi st ent | yxpafiherts dapstdl'bedhylvwerél'@fomned@thﬁﬂ’tT€§- t he nor phol ogy of the cords
was di fferent conpared to the cord-/tubule-like structures observed w thout

TGF-1 and t fpigappreaggsbrin@niaRE@RENt MOre massive aggregates of
nyof i brobl astic ceI ls. [00254] This result is in agreenment with the results

obt ai ned bygd& et Inaa ﬁr]st set o?e){pg‘rti)xgéntt tﬁee e lsswé'}ggllé\}ég:g%?ltlﬁnéslﬂgstal TG--131

pronotes th rve ce aggregat es, consisting nmainly of
non- pol ari zﬁﬂdmmsmaalbtyra)ahotm@lplemcntﬁhmgGFdﬁdE@F,GnRéﬂ wrefg¥nous TGF- 01 appears

unnecessary and in fact I HFeprbes generated by
HPTCs. [Oozg’ﬁie’fjnens er lfﬁﬁeésﬁ‘%@tbvpdffre%%rqgﬁésxg{{%@q%m ori ty of cells in

t he tubul ar dﬁfc%reutnaucné@ I ot erperihptal seiby, exteasipivifiabest!deatyvasnbsiied: mesenchymal
character. Eﬂﬁ W%ﬁ%e En%&ih&hfsataﬁllé9&%§1t1v4ub@£ndtplfup§gaﬁsﬂ ke debbidue to the

presence of oncentrations of out | i.ned above, this gives

rise to tubllﬂda?y@il%ﬁé%bGP‘é%al?&Hﬁﬁ?bg&"’\ﬂf%‘ﬁf”ﬁ’e‘% setigy “HBsenchymal cel | s,
whicch are | g88ineied bﬂéﬁhuufe@rdué!@rth&jb&radaﬁﬂabmtcblommt 'hﬁmoﬁth@seﬁwwﬂrej epi t hel i al

t ubul es obt ai ned usi ng t he met hod SCri h r, sofne 2PPEATrS t hat
addi tion of © t‘@‘ﬁed@BﬁH‘é)r’i‘f’P’gtP‘TS%?‘Fge% . W?e%agﬁ‘}t]ﬁ&'if }%V}J§ It.nf:y not

required, butliseweivediindelbvidel fath¢ ahdr Ismeﬁ ordriE$ sedes Qvfnpswbéﬁ)tvpl&ﬁal t ubul ar

structures. O%i%g\alﬁfge% %ﬁ?} %'w%f.'s SL)QIQ @&ﬁ&??ﬁéh@éoﬁc@ﬁs@%l@éd ifyepHumes et al .

met hod are f¢
tubules appeared in 6 out of 10 wells.

[00249] These results demonstrated that the medium applied to the rabbit cells
is suboptimal for HPTCs and in most of the cases HPTCs die. As well, addition of
TGF-B1, EGF and RA is not essential for 2D tubule formation by HPTCs. Thus, the
conditions used for rabbit proximal tubule cells are not conducive for the formation of

2D tubules by HPTCs.

[00250] In a second set of experiments cells were again cultivated in Humes
basal medium. In accordance with the previous results, massive cell death occurred
although some cells survived and formed some confluent patches after 2 weeks. By
this time cell growth was very slow and overall confluency could not be achieved.
However, the confluent patches were treated with 10 ng/ml TGF-B1 in accordance
with the Humes et al. method. The TGF-B1 had no obvious effect on the monolayer
and no cord and tubule formation was observed. One explanation for these results
might be that a functionally different cell population was enriched amongst the
surviving cells. At least these results show again that the conditions used for rabbit

proximal tubule cells are different than those described herein for the formation of
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aggregates of mainly non-pol arized, adherent nesenchymal cells. Slit-Ilike
| umens formwi thin these cell nasses, displaying a wdth of |ess than one
cel | di arsDep10/m9§ the few cells bordering these snal | PCuSERa0900&4065 ay
epithelial differentiation and polarization. Thus, the tubule with its
wal I's of epithelial cells is submerged within nmasses of nmesenchymal cells.
[ 00258] I n contrast, the 2D tubul es generated by the nethods descri bed
herei n di splay extensive lunmen formation and the walls of the 2D tubul es
consist of differentiated epithelia expressing tight junctions and brush
border mark e mai cells (nyofibroblasts) are typically
attached toq%%éeéggg%. @ﬁ% 1?% out they do not form condensed cell masses
surroundi'ng the tubules. Thus, the |lining epithelia are.not submerged
wi thin ot hedO8F1 npdaatirdsel obgxgerphenis CoOMRrisig S SXRAFERatSFRES R i r onmrent .
[ 00259] I n vipwac éphmmhéd@no&mpmmppm{enﬁs Hbdébt&bBS@ﬁuaﬁteﬁIAl@d hermce&pi t hel i um
whi ch |ines dlg oherent Itumen g ﬁﬂ (fe q}‘ongvtasnee,earso 2k gut 65 [im
(about 1 cel mahEEysd Oﬁ’ﬁae‘a%vf SE et PObERE SR YL FSUNEEd by only some
i nt erstiti alunfiérlitendrdoaditions. Thus, under normal conditions proximl tubul es
are not embedded into condensed masses of non-pol arized adherent cells.
Toget her, thgodgapdi NG eUQaRShedeiAat édhﬁloﬂgfﬂiﬁmh RY¥irdfodpgmaD t ubul es
generated by the presently described nethods is nore simlar to the
mor phol ogy dFomgatioy endder 2l teile foraipe Hfe260] Al 1 publ i cations and pat ent
applications cited.in this specification are herein incorporated by
ref erence aq400253¢ach A foditlvéxperithenplidetiesoeds ipenformed widt @mHPAE pledivat | on wer e
speci fically _an i ef erence.
The citation %ﬂmggﬁgu&gﬁﬁggét ‘?é%ﬂr‘fﬁ’?é O?‘Iﬁﬁés)w%?%ﬂg ogﬁgﬁ%ﬁﬁgﬁgﬁt he filing
date and shdrehtdd woh TGE—Bd;bWSBh]@le&dmasonawtramasBseéfpfﬁh?a{ibb!‘fhélsbﬁé@ent i nvention
I's not ent| tdu%ﬂ g&h@anﬁuggbefgeee?&*c@l?s%@m%gaedt #MofdfobRidcor 1 nvention.
ni c sci en

[ 00261] Al tec terns used herelin have the same neaning

as conmonl y %ﬂfﬂ@ﬂ%ﬁ’é@dfowdo‘h@G oﬁllwwdwﬂswmpleieﬁ{PtTﬁéne&WW this
i nvention, Lijﬁsec':‘o?dsdaﬂfibé‘ﬂea%g@%alﬂﬁléﬂ £6n withQP &6 24N oF Bilral TEFYR, sehlb- | i st or

sub-conbi nation.included wthin any range, |list or conbination set out
herein is i rtresteresforeediyore ¢oasitiendy a a«i*d‘ltloenéT@E*@lr%’ge, theyb-1ist or

sub- combi naty, Qp MRS of%P E&&S«La\é d?fi%f’eﬁﬂ dompsled b ARZERL/ASuILSRSstiubrutehi S
speci fication and the appended clainms, the singular forns "a", "an" and

"the" i ncl ud®sgsyedrthon JOE adheanaessdipEspicssit BYe “@F%"&rag&}e%ﬂe&?%t es
ot herw se. ,q,gyo%le,glagtg cgﬁy S speci fi catl on and the appended clainms, the terns

3—(

“conprise", "conprising", "conprises" and other.forns of these terns are
i ntended | n Qf‘,} on m t| . ncl usive | ude

; I e{%ﬁ dp s el
particul ar [é 4id elllehllsre s onrlal eemer(’)tﬁ‘('altht er%s‘%tfﬁgbt % ilHugJBng any ot her

el ement or. cathpabbéntlls dob bhegstsdiet W@EB@pﬂwmm@s the fainhtione€ tyaistyakelland scientific
terms used her elatesh%\r/lselstm %}aﬁ%”%noﬁﬁoﬁng& Heereh m Qtlsl% &'ﬁlﬂ%ﬁﬁﬁ?&% to one of

ordi nary ski®fF" e ar I'sS T nven
exogenous TGF B1 appears unnecessary and in fact results in improperly formed

tubules generated by HPTCs.

[00255] Of note, Humes et al. report that the majority of cells in the tubular
structures formed by rabbit kidney cells disblayed mesenchyfnal character. The
present results suggest that this effect is due to the presence of high concentrations of
TGF-B1. As outlined above, this gives rise to tubular structures submerged within
masses of mesenchymal cells, which are less optimal for various applications than the
mainly epithelial tubules obtained using the methods described herein. Thus, it
appears that addition of high concentrations of purified TGF-1 is not only not

required, but even gives rise to the formation of suboptimal tubular structures.
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bel ongs. [00264] Al t hough the foregoing invention has been described in sone
detail by way of illustration and exanple for purposes of clarity of

under st arnsioreglo/des99ss readi |y apparent to those of ordi n®Cy/Sskodoloodsa3t he art
in light of the teachings of this invention that certain changes and

nodi fications may be nmade thereto w thout departing fromthe spirit or
scope -of the appended clains. References US Patent No. 5,429,938 Ryan M,
Johnson 0, Kirk I, Fuerstenberg SM Zager RA, Torok-Storb B. HK-2: an
ikm(;mrtal [ zgd proxi mal tubule epithelial cell line fromnormal adult human

i dney. Ki t 1994:45(1):48-57. Beacham DA, Amatangel o MD, Cul der man
E. Preparat irtg%zslgf ex'?’?szfgsesfo ular matrices produced by culgtured and primary
fibroblasts. Curr Protoc Cell Biol_2006; Suppl emrent 33(Chapter 10: Unit

10.9): 10.9.190243] 9. 2£ub‘$%ﬁcf@medhr{thﬁélﬂla%%et§;m¢§%ﬂﬁﬁe@ﬁn9§eﬁﬂﬂ’a@‘d¥ 0, Cremer T,
Tﬁr ner BM t@,%gr@éa%es Bplﬁiiﬁghprgam&z adteRAt r@a‘sleﬂmymhélarsugﬁmw&is pol ar
chronosone territories i u uncti o i stinct higher order
conpar t ment Sommwighig thesgie rmis@fﬁﬁﬁ’if’é'tnﬁ)a :W“g@igfgsig%fm éclltrl fhﬁxélggrobﬁ?' Ni ckel C,
Cantl ey LG i fgwatls bodderidy thasé snchlldurhanbdibday digipdhiniotiffdrongiatidephd ol 2005;

100( 1) : e40-45, .Schumacher . KM P : 1.AQ:1:TY. Controlled
formation ofpog%%%lbiqg‘é’ e&%’ﬂ eé‘”tgég%@fréé)f?pﬁ&e%%ggglsﬁblﬁeg eagn%%llg;i X gels in
vitro. Ki dnegasientf RGOBhFAB(L@)s: 1187-1192. Han HJ, Sigurdson W, Nickerson

PA, Taub M Both mitogen activated protein kinase and the mamualian target
of rapanyci rooxsdyl at &, i@ eneirppBA hetatddbyeid Mislias dettibed praxi mal  t ubul es

in matrigel. J Cell Sci 2004;117 9):1821-1833. . Takemur.a T, Hino 5, Ckada
M Mirata v, displey SxjpryLye fymep éthn\(ilPP‘? th%%“'al Io%%ﬁéﬁéua%qes S8R %ne- bound ,
hepar i n- bi ndiiffigeneipiedi@iithElia egrenstaf tifha ihaiond and@rugh batids rfagketso$on{eHBEGF) 1 n r enal
epithelial cell branching. .Ki I nt . ' : ik umes HD,
Ceslinsld Iﬁfsenlcg ea?gegltsl( Oﬁgré)g f\%gér?r eg#%éﬁgg?ag&dgggr téw%%%%re eti gglle}? acid in the

i nduct i on ofdokibdiveycanddvsddrgl messessuiropnding the enbules. tThvsethe Enipe epith¢liaRes 1992;
201(1) : 8- 15. e pot submerged within other cell masses and are directly exposed to the

environment.

[00259] In vivo, the walls of proximal tubules consist of an epithelium, which
lines a coherent lumen with a diameter of at least about 65 pm (about 1 cell diameter).
The proximal tubules are surrounded by only some interstitial fibroblasts. Thus, under
normal conditions proximal tubules are not embedded into condensed masses of non-
polarized adherent cells. Together, the findings suggest that the morphology of the 2D
tubules generated by the presently described methods is more similar to the

morphology of native proximal tubules.

[00260] All publications and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application
were specifically and individually indicated to be incorporated by reference. The
citation of any publication is for its disclosﬁre prior to the filing date and should not
be construed as an admission that the present invention is not entitled to antedate such

publication by virtue of prior invention.

[00261] All technical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art of this invention, unless

defined otherwise.
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Lubarsky B, Krasnow MA. Tube nor phogenesi s: maki ng and shapi ng bi ol ogi cal
tubes. Cell 2003; 112: 19-28. Mntesano R, Matsunoto K, Nakanmura T, et al.

| dent i f i cwiDi2or/6f998 fi br obl ast derived epithelial norphegersGasohepias ocyt e
grow h factor. Cell 1991; 67: 901-908. Montesano R, Schaller G Oci L.

| nduction of epithelial tubular norphogenesis in vitro by
fibroblast-derived soluble factors. Cell 1991; 66: 697-711. N ckel C,
Benzing T, Sellin L, et al. The polycystin-1 Ctermnal fragment triggers
branchi ng nor phogenesi s and m gration of tubul ar Ki dney epi thelial cells. J
cin Invest 2002; 109: 481-489. Sakuralejs d il S to T, et al.
An in vitrdOP2BAMl ogeusrsTagrs TS SO nlatlcfnll?lc%e évrl vey zm t he

enbryoni ¢ klis@&ec)ém&h&ibﬁ séieﬁkﬂllaﬂencﬁteﬁdbdmmaetmthded sif thip k- Igmgwwbr factors. Proc
Nati Acad Sci @ 2 Sl9 Taub M Wang Y, Szczesny TM et
al . Epi der nif oF 9&“?]{’“?33%‘1‘6?‘5 ol Stlya St ng growmth factor al pha is required

for kidney tubulogenesis in matri gel cultures_ in sertfxmfr medi um Proc
Nat| Acad J6D26BA 1000¢d ig this spewfaiend the appepded A BF PRI LE, Yu W et al .

Epi thel i al Bﬂksaf b t“Xn”%ﬂ&’“tﬁé’%&hﬁgEl'ﬂ@ﬁﬂeferdnﬁb ks @e cobteRNdkanlPaiclateBi 0l 2003; 13:
169-176. Zhang H, TasnimF, Yi n% a]a)a}tﬁt al . ggﬂlzﬂs act of extracellular

matri x coat ¢thgygisgrspuped Hb@FSfSB‘?C’rPﬁ FOARES applied in
bi oartifici @ejombhs‘éﬂ@Uo‘inpnah@ﬂﬁdoﬁ@hs’tk’?anaﬁﬁ& for3B of BE8RJerRO &r& intenWAT | S CLAI MED

IS: 1. A nethod of, th sing: seeding
renal tubul &eegr lFrgltlﬁngE}“sgve%‘fsf Sﬁ" a5t mc u%ép mc%m”%%@%%m%@ﬁ? Ile renal tubule

cell's in a bdntpohdisgrithvdtexdietiigany btberfet@mnmtavr eromohenenlesp defiggd sol i d surf ace;
and continuj othetwise !aﬁ (I;hlnpc a‘iﬁﬁ' CidnBR@ernls WM Rrefiflal Stht QunfeReoaniAe dsubul €.

commonly understood to one of ordinary skill in the art to which this invention

belongs.

[00264] Although the foregoing invention ﬁas been described in some detail by
| way of illustration and example for purposes of clarity of understanding, it is readily

apparent to those of ordinary skill in the art in light of the teachings of this invention

that certain changes and modifications may be made thereto wifchout departing from

the spirit or scope of the appended claims.
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2. The nethod of claim1 wherein the renal tubule cells are prinmary renal
tubule cells, cells froma cultured cell line, enbryonic primry ki dney
cell s, kiwoeyioprwewmar sor cells, cells differentiated frorCesiozyoRIE6c3t em
cells, cells differentiated from nmesenchymal stemcells or cells
differentiated frominduced pluripotent stemcells. 3. The nethod of claim
1 or 2 wherein the renal tubule cells are proximal tubule cells, distal
tubule cells or collecting duct cells. 4. The nmethod of claim2 wherein
the primary renal tubule cells are human primary renal proxinmal tubule
cells. 5. The nethod of any one of clains 1 to 4 wherein the solid surface
I's concave. pferedde Nethod of any one of claims 1 to 4 wherein the solid
surface has an intersecting wall. 7. The nethod of claim®6 wherein the
sol i d surfadés PaengN 31428PHed surface having multiple intersecting walls.

8. The nethod of an one of clalns 1 to 7 mhereln the liquid growmh medi um
conprises 0.5 ,/9 Seﬂo oRAFod 489B BATK3009/ 000463

9. The net ho e@%‘? o 4| %1?5 e&?’l‘@h&l cf’lbh@ Smetospd] afuiiduest Fdoeyur f ace i s
ce

coated with ‘matrix or an extracellular matrix conponent.

10. The et hqgeac% Fangeflol\cffb blﬂgerma P?ep];r%{lgnho ext?age [alr I?l!ltplgesaddl tion Of a

produced by cultured and primary fibroblasts. Curr Protoc Cell Biol 2006;Supplement
33(Chapter 10:Unit 10.9): 10.9.1-10.9.21.

Sadoni N, Langer S, Fauth C, Bennardi O, Cremer T, Turner BM, et al. Nuclear
organization of mammalian genomes: polar chromosome territories build up
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test conpound prior to tubule formation. 11.An in vitro renal tubule having
one or nore of the follow ng properties: (i) an unbranched or mnimally
branched worptoaleetyy; (ii) a length of from about 0.1 nmPCoH/S&RE900M6S cm
(tii) an interior |unmen surrounded nostly by differentiated epithelial
cells; (iv) an interior lunmen having a diameter of fromabout 1 pmto about
200 pm and (v) renal uptake and transport functions. 12.The in vitro renal
tubule of claim1l that is a human in vitro renal tubule. 13.The in vitro
human proxi mal tubule of claim 11l or 12 when prepared according to the

met hod of any one of clains 1 to 10. 14. A nethod of rmonitoring tubul ar

f!"nCti on, ttfe bnﬁt&% %@Pzregn iTrw,:etal.E idermal étlnn)gtrﬁlsﬁ)ﬁﬁﬂgund or parjti cle
W th the ext ?Rx’t}?%actg 151;% i€reqUlire@fbr kidne 't&%ﬁg&gﬂ il QiReERaEEE according to
the method SRl SR ths 11 999b087: 36112-4006. (i) detecting the
conpound or particle wthin the tubule; or (ii) assessing the effect of the
conpound Or Zakd N, & HHRn LREYE WOk 42 Epfihelisl Pty 6Rd uBilogdhesBad Yitro.15. The met hod
of claim 14 ¥ €41NBibIYB0SaBP@YNGds.or particle is labeled with

Zﬁang H, Tasnim F, Ying JY, et al. The impact of extracellular matrix coatings on the
performance of human renal cells applied in bioartificial kidneys. Biomaterials 2009;
30: 2899-2911.
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a detectable | abel. 16. The nethod of claim 14 or 15 further conprising

I ncubating the conmpound or particle with the tubule prior to said

det ect i ngwo 200/u649bRe net hod of any one of clainms 14 to PETSGROGI®NO463
conprising contacting an inhibitor with the exterior of the in vitro renal
tubule. 18. The nethod of claim 16 wherein the conpound or particle is a
control conpound or control particle, and the inhibitor is a test
inhibitor. 19. A nethod of assessing toxicity of a compound or a particle
on a tubule, the nmethod conprising: contacting a conmpound or

particle wt teri surface of an in vitro renal tubule prepared
according to §%§3#ﬁ§§h§¥“§ny one of clainms 1 to 10; and assessing the

effect of the CoOMRAURY oPhab b GbRl dfifeuldhSisRE, tubul & cells.

seeding renal tubule cells onto a solid surface;

culturing the renal tubule cells in a liquid growth medium to form a monolayer

on the solid surface; and

continuing culturing the renal tubule cells to form a tubule.

2. The method of claim 1 wherein the renal tubule cells are primary renal
tubule cells, cells from a cultured cell line, embryonic primary kidney cells, kidney
precursor cells, cells differentiated from embryonic stem cells, cells differentiated
from mesencilymal stem cells or cells differentiated from induced pluripotent stem

cells.

3. . The method of claim 1 or 2 wherein the renal tubule cells are proximal

tubule cells, distal tubule cells or collecting duct cells.

4. The method of claim 2 wherein the primary renal tﬁbule cells are human

primary renal proximal tubule cells.

5.- The method of any one of claims 1 to 4 wherein the solid surface is

concave.

6. The method of any one of claims 1 to 4 wherein the solid surface has an

intersecting wall.

7. The method of claim 6 wherein the solid surface is a patterned surface

having multiple intersecting walls.

8. The method of any one of claims 1 to 7 wherein the liquid growth medium

comprises 0.5% (v/v) or greater serum.
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9. The method of any one of claims 1 to 8 wherein the solid surface is coated

with an extracellular matrix or an extracellular matrix component.

10. The method of any one of claims 1 to 9 further comprising addition of a

test compound prior to tubule formation.
11. An in vitro renal tubule having one or more of the following properties:

@) an unbranched or minimally branched morphology;
(i)  alength of from about 0.1 mm to about 1.5 cm; -
(iii)  an interior lumen surrounded mostly by differentiated epithelial
i cells;
(iv)  an interior lumen having a diameter of from about 1 um to about
200 pm; and
(v)  renal uptake and transport functions.

12. The in vitro renal tubule of claim 11 that is a human in vitro renal tubule.

13. The in vitro human proximal tubule of claim 11 or 12 when prepared

according to the method of any one of claims 1 to 10.

14. A method of monitoring tubular function, the mefhod comprising:

contacting a compound or particle with the exterior surface of an in vitro

renal tubule prepared according to the method of any one of claims 1 to 10; and

(1) detecting the compound or particle within the tubule; or (ii) assessing

the effect of the compound or particle on the tubule or tubule cells; or both.

15. The method of claim 14 wherein the compound or particle is labeled with
a detectable label.
16. The method of claim 14 or 15 further compﬁsing incubating the compound

or particle with the tubule prior to said detecting.
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17. The method of any one of claims 14 to 16 further comprisihg contacting an

inhibitor with the exterior of the in vitro renal tubule.

18. The method of claim 16 wherein the compound or pérticle is a control

compound or control particle, and the inhibitor is a test inhibitor.

19. A method of assessing toxicity of a compound or a particle on a tubule, the

method comprising:

contacting a compound or particle with the exterior surface of an in vitro

renal tubule prepared according to the method of any one of claims 1 to 10; and

assessing the effect of the compound or particle on the tubule or tubule

cells.‘
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