METHOD FOR FORMATI ON OF RENAL TUBULES CROSS- REFERENCE TO RELATED
APPLI CATI ON [ 0001] This application clains benefit of, and priority
from U S. provisional patent application No. 61/193,467, filed
Decenber 2, 2008, the contents of which are incorporated herein by
reference. FIELD OF THE | NVENTI ON [ 0002] The present invention rel ates
generally to nethods for formng renal tubules in gel-free in vitro
systens. BACKGROUND OF THE | NVENTI ON [ 0003] Many drugs and xenobi oti cs
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actively transported by the cells of the proximl tubule fromthe

bl oodstreaminto the glonerular filtrate flowing in the |lunen of the

renal tubul e. (RQEHREERRENCE QI RIELATED APPIACAEMINoON transporters
and the p-glycoprotein coded by the nmulti drug resistance |ocus play

a major role Wr’péhch This appiieadipy E}PIE’P benefiindisad prigitoEes db% propisientlo t heir

functions in giegadpliadisPNb t6,1/193 291 fled DEddRbre, 20b |i%e BhtentPotii@lret ar get
for toxic dru effecégeéln th |dney as weli, other cell t ypes of

the renal tubfPEPYARC BE ?Sfrggfegff by drugs in the filtrate. Thus, it
is inmportant to assess the nephrotoxic effects of newy devel oped
drugs and t heFIEEDf OFt EHEANVIBNGdONs of the renal tubule. [0004] There
has been increasing interest in physiologic in vitro toxicity assays
to repl ace anl[498f] exPremressmhingentiqtheslares penkrativfomiethoiisfonfeaniad repdle maj or

target sites {ukiidBarek B Mrdsy@ised by drugs, toxins and ischem a.
Tubul ar necrosis i s associ at eg wth acute and chronic kidney di sease,
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cani ne ki dneyjranspdefers Rifdan{cle®f¥nSrnsporters 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
nodel s have several disadvantages, due in part to the fact that the
effect of a drug on such cells depends on cellular drug transport
functions, which |lead to cellular uptake. First, stable cell |ines
are functionally different fromprimary cells and the transport
functions and responses to toxins may be altered. Second, aninal
cells do not lahg/vaycscr prawiee ISdngy [ROKt(psspdidney mopity deitesivand HEr2u g
sensitivity gg@w 1Is. Third, transport properties and cel
per formance d pen S east in part on the state of ceI
differentiatign; and cells that are not fully or properl
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careful ly con%r ol |l ed usi.ng_nono as such
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cannot form lent i at ed e he i U [esses
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renal tubule fémmgnsﬂiques s nqi]seThérsl,l trigdpert pﬂoagrefrsedr; cciperfdmabiceam  The
differentiate f. %fp&r e
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border enzynmegi.giahe aSpdhsd! iR diff-ARBRBR IsIoHasR éaY@iP)cohtFHﬁb&ﬁt es
proper cell type-sp em?lc differentiation and pol arlzatlon of PTCs.

Par acel | ul ar %ﬁa%enwmaﬁerm@r%ﬁévc tcemisearé?ﬁ e frRipRens AlfPed by
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i ncluding proximal tubule cells are typically gromn on porous fllters
separati ng anl08pflcalln haidprysthe catle piphe repak Atbule fongtitate p Fimplgl (tingle wel |

(e.g. Corni g RANSWEL:HMTR AkSsShiatedRBl onlﬁe rﬁﬁeﬁﬁulwﬁﬁﬁl JL?M? been

performed with the canine and porcine cel C- PK1.
For studyi ng qrial-agph pelargp andghe gpisal Sﬂeﬂ‘ﬂfé’@xﬂ‘i‘%ﬂ@ﬂﬁFT”éFPsTCSBe’FEIe%S far e

transfected ibrhdi b6RETABRMBELIND BxRAR N oNbrahtBFdct Dz 6RK B LESah e
transporter proteins. The cells can then transport substances between
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reful controls are required to.ensure 1 e .ce a i s not
onky and t hL SRR PO G TSl BT S IR0 6 GRE eSS ¢ he
cells are wetht catiphifneeentpatdreichyaiectpiietifirar m t hose transport functions
they would performin vivo (if untransfected and primary cells are

used). [ 000 9] [:B@ﬁé]u S %gr 15%3(%}{1'%% c(r@g tgansﬂ’oﬂtfancf?gns bSOk @}éﬁg tﬁb%f&%laﬂst ubul es

(human, i an ani nal fish) are al so uséd physi ol ogi ¢
model s in toxlin%l}“il%g ﬁ?f@nﬂﬁ{bakéeléstamgaﬂy FRED g eaeviﬁ?ragéareﬁmgtﬁﬁe
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sui tabl e fOI’ lie MDER dnﬂ@LGf?KlSEd’r@tﬁﬁylmh&)ﬁmdtzaﬁsgﬁ Endﬁ&ﬂﬁﬂeﬂ’aﬁsp&fters,

conmpounds. neys.an u es are siologically
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[0010]In vitro ormati on ne es Is stu
t hree di nensi J@m@pumed to be involved. Careful c0ntrois are requlred to ensure that 1) the cell

layer is not leaky and that paracellular diffusion is not involved; and 2) the cells are



(3D) gels. A 3D gel matrix is used as a support in which tubules can
be grown in vitro (Karihaloo et al. Nephron Exp Nephrol 2005 100:
e40-45; Lubarslcy et al. Cell 2003 112: 19-28; Mntesano et al. Cell
1991 67: 901-908; Montesano et al. Cell 1991 66: 697-711; Nickel et
al. JAin Invest 2002 109: 481-489; Sakurai et al. PrOC Nat! Acad Sci
USA 1997 94: 6279-6284; Taub et all PMC Nail Acad Sci USA 1990 87:
4002- 4006; Zegers et al. Trends Cell Biol 2003 13: 169-176; Han et
al . J Cell Sciwvelp@0érediidted 28PkhiBBBYse tSopwt dfictivhabey whlddiedanfiocused on
MDCK cells, a e cell, line that is probably of

di stal tubul enfo]% %F %{i:%ﬁﬁjgimgﬁn:e ozﬁ‘rr‘ci‘%lE grown in 3D gels consisting
of collagen |_and/or_ NATRI C;E her of t hese studies invol ved

primary rabbi [9%08hal eﬁ’l"%ﬁ%‘ﬁﬁ?ys ﬁetﬁo(ﬂ)é?r Eeprdreagpeglgedupi saspeliel s for

st ud?/l ng tubghmammﬁ%) Fﬂa alé? 114e@ aMGsib168c ﬁluclr&tﬂ(l %maity Qﬂtﬁﬁ@ﬁ&sﬁﬂ&éﬁ tge
resul ting tubyl es. Tubul es for S D t.ubules) tend to be
smal | and br am%gﬁdva[ltﬁgﬁ P& p@‘@ﬁé‘fﬂﬂ“@iﬁgﬁ% Rlegpodel i atéﬁg PP ed
systens is thatanhiafimuseiechuificaiund nﬁgela@veqflahoﬁmacptepirhﬁmtvuoﬂnaI t ubul es
within gels is difficult 3Dge|s
are difficult tq%regcfchémgéhe ex%eﬁlmteﬂs §° °°S Yandlqbbtofl%uﬁgn JJB’?%{%%? 05 Irons of
drugs cannot isetingend wrepng ¢farger weilﬂefscxﬁ mlIlIIDhﬂlCEdAIEKB. aneal kidhesed
drawbacks | i n}ehalmglefﬁg[aw ﬁggﬁalﬁ' éhf'fél]e }/fr&ﬁ 9\11?329 kgﬁ% a@& I%Elai Iﬁfbglgse Xhe
tubul es in functiona d plications e maj or area of
interest for &BPest deadiagirge effisolatedyenal ybules iretheit lééifqélhéﬁﬁ@y as fisybessmar e in

Vi tro nephr ot %&ghglwlﬁgmg%Onlggg&gﬂelggﬁms t ubul es have al so been
fonned on 2D solid surfaces (2D tubul es) (Humes and Gieslinski Exp.

61 1066 1079 MOROE" 3ahgisns RHEmn SusheBlpyrsif Tialeding i Simepsiomai

studies with (D) Beis. v Fadrbinttrir énvedd ap p eupporain vthidhulbales ednlbs gawd iméto wi t h

human cell's. Ahi6.864 qr ﬁ/ﬁmﬁﬁg&%ﬁ%ﬁﬁgbﬁoof QoS5 O p @RV 1y ééﬁzto@é‘ s

all-trans ret|n0|c aC|d ["am ni e formation, but
i nvestigate fuletd-dhdlontespnapidl det 4391 6a: W%M@Wﬂ@fstaﬂ &l 2991 Sbubul es.

A correspondi gg.4$ mzeeatai S‘@i@ﬁﬁﬂ:e@@‘éoi mm&mﬂs&%&% r}fréa ﬁatp,&gw ring
on 2D solid surfaces resul ts obtai ned r enal

proxi mal tubub®d ety 941%9 8%%451?%6%1 ftsed Bl %@5%5%6%9@&70@0% hi ck
aggr egat es of 4008 Tvgyts EI:Q[] mhmazm&i,zo@dlher@nws RS et Warglscioebd s: Tiny,

slit-like lu |n t e.ce nd the | unens, have a
wi dth of | esrsn; a{%l%é OHE: Iﬁ}eif’ &ﬁ’é’f g’lp“se%fﬂr@f)fsj%ece‘?ew lﬁiﬁoft%]‘zg%‘f‘aa’é‘?i ng

t hese tiny | usmlnise daispprayabhypif tikel titalle o iclfeetingrivét atigiorawndn 3D gels

pol ari zati on I T hel i cells is
subnerged w t%gm& Ogie@a%# ?%r%dgoé\rg&@ngﬁé Wvﬂther O?ﬁ)‘ﬁi%ﬁt Smm%ﬁ%t known
whet her the tpidremsbelesel plosichabiybuknedsendieddst] intai gdiufcttidgingl , whi ch

woul d be a pr&Bﬁ&’é&héistn‘?wfrQEnﬁﬁWmﬁc‘ﬁﬁr?a@ﬁx%Ebr@éE o%mpfé gftwfafeg L ARG1Or
nephr ot oxi col ogy apgalcatlons of such tubul es, unctionality
B

has never beefPt¥dt &g selyti %Wﬁ?é@b%%?aﬂlaﬁ%@%@éedsurround| ng the 21)
t ubul es described by Flunes et al. may interfere with studying

tubul ar funct [00h$] andgastihiriwtacksqielidh 3BrEl-taed sgdtdrs 1%&&3@&-resbmﬁge cel |
?ﬁ:sgtsrgr:?\lj:’ glgna?f E:éﬁ{ltac%%n\t,v{}%l?let{lbe as'l;w(iithlin%elgks%{}‘ﬁcu?ts naHél tu%u ﬁgl ng since
aggr egat es. Thebegdadet jagdlome diﬁ”mtllhtoaﬁce@omdems lmmaill_atlrmgh apgation$ ¢fon

| Tagi ng t ech koG rihe A hRloniIGd ARGORYmd: SrabbfBid fihs g about
15 inn and hlgh resol ution 1 mag of e Interior of lTarger cell
aggr egat es i susshubisssefiritee 3@&#“9@? kldlteﬁélbtll%mlﬁ@cg@lﬂlﬁe-tdww of interest
are not di rechiMc.86ie st Rhsr AADs irkQést ﬁ?‘@;ﬂm&aﬁons@@ﬂ(?lf?ﬁf%?'he@elt&ﬁmﬁigp| ied
to the nmedi um cannot be delivered to the tubular epitheliumin a
control l ed way" ulfsﬁﬁel’ﬂ}’ﬁﬁéﬁwoxﬂ%‘ﬁié‘ﬂlf“%y Takemura et al. describes the
formation of branched structures by imortalized genetically nodified



renal tubules in vitro on solid surfaces. These tubul es possess a

| umen and may typically have a length in the range of fromone to
several mllinmetres (m), even up to nore than one centinetre. The
cells formng the tubules tend to be well differentiated, with
expression of epithelial and cell type-specific markers, and the
tubul es display functions specific for the tubular segnent the cells
were derived from [0016] The tubul es provided by the present nethods
may be used a@082] i NRanelitatolevbdelalss been Strmet/onigp 1oud)smlria¢es {2netulans and
transport pr &-l?lﬁ'x% %d?fe%filnsﬁlléq % d'er}Rtesu 1?552%1 %eESI‘ ’fakelm.lr% cBr

nmoni tori ng of imn'the’ p Sent: tu [ees can be
greatly faci |1qoaﬁbw6aue7% bTStSHé9 P?@tHT!Mtaﬂd (ﬁleslmd@hﬂveserfmyedb@d@am |y

i maged wi th %{a{brr&a%b&ergﬁl 154%;419191 mmrcemmt%h%%%ﬁé THisCr 0scopy,
since the tubules are not tornmed wt gel matrix. As well,
transcel | ul arrefereasragéiessesghe IP]G@Bgrew@é‘#ﬂtorwﬁﬁlﬁrawégﬂnﬁwmé@lw@n easily

detected by fhuos RacRi0h, bl A GivetigatdGhctbitit £ déthﬁﬂ‘m@ﬁbh&lb@ deae of
current two- corgglartnent syst ens that i nvol ve cel}lE wh o or ous

nmenbr anes and?FaYEH ér?%rﬁ"’tsl’oc?fh“% U5 SetFy descelsh Beitd y ql%ﬁn?"ﬁ O‘ECH‘Em Pt ferent
conpar t ment s. 217 §oi0 Sfakds bhsad ot ﬂ’eaﬂts ﬂﬁiihedﬁﬁﬂi rhﬂblt easl prokintke tdale edis by

i ncreases in the,cel r and u of fl yor escenc and can
be monitored ’56 Obﬁgle‘%)VLLﬁ i%g rPre Q‘% iPk aget es SOhpyLY [nﬁ’bg%nlzﬁtg t ubul es
may al so be usibdeasesmcehsl deiby Tpalshtalhlcagmmb _fqnm@»mtbmsﬂese @&l fressts a_ng renal
tubules, suchyag for, %ﬁﬂlﬁlh%ff &Q%H;Jng; e &%%Ea%lf:ﬁ' W ALRS Jd lsS 1S
frequent | y assocli at e& a | sease rocesses ing to

t ubul ar necr oess tiny kmagstdisplay Pplmﬁ@é‘#lﬁtfe‘é@flowél relaivatpa. Hiup fthedléhuie to

address usin gwftﬂts%a‘fl@of@ﬁﬁl%hlﬁ cel-ghgsuglﬂg}g&l:(ﬁﬁthm m&s?t‘? oﬁﬁ&%&ﬁfzmdl gyent i on
provide a convenient in vitro nodel not provided by nonol ayer

cul tures, and t|o can re easily be
exani ned thanw&i :%}h t U B ggowélr?%heeglﬁretg L\lﬁ?ﬂ% Eesfl fﬁ%ﬁtgﬁ@etubul es
provi ded by t fuectipnasaridh wonidéda tiperequisiye ferd e&mrds@rqhsedlbalsr fumctionstor 0 nodel s
for toxicity r fecting
t ubul ar struc %ﬁrg%glﬁ%%aﬁ@%ggrﬁsggh%t& gessag gg'mﬁg%ta ﬂ%ﬁ%lng%?g&gf

drug-i nduced tfi¢dedhs confengesiorll atsesonmoofling theZDmbekaéeW@nftb}dﬂumes et
hanoparti cl esal%éﬂntgﬂf&ig]@yh IbHL SR En @bnd NE whth EREES: Ad RRMPPAr ti cl es
on kidney tubules may also bé of interest, since nanoparticles often
become enri ch&YF-hateh gelkinatice provide ppiople with respmd de high 1solNiaR BREINE| ¢l es

have been obsghéa shetiurbay eidat ar@%ﬁlyﬁﬁr&bﬁhﬁﬁm&%ﬁ%l@@dc@é& e Al so,
the kidney is inval v(gedhl cl eari gg }g lgartl cl es Lromth body.
However, nanoPAFTIeT €8N PSP BRI ioﬂénﬁgf%tetc 13%1%?18'110 B cl ear ed
by gl oner ul ar cdnfdcinairbReby, M\h&fﬁtb‘t&b amuhmrmﬂemh@mrmm&maﬁm ofthmst ance,
t ubul ar transpor.t d se retlo psses are | i c aring

| ar ger nanopa&‘fef“firlg §BF a?ﬁﬁga @’Wn dHreh ?/m%ﬁ?(ﬁm uch
studi es may bmteadt dravicediestly grasgble tukipfor mmasnan@anmhfbmph@lfto the
applications of .nang Ay reasi ng
presence of nélﬁ%mg? ?%I (sieqllvﬁr%? ﬁzﬁe(ejnrll]%/uirﬂaf %%Sh 8%8{1‘}3? ‘%‘%ubul es
generated in vitro t he present et hods usi rimary_ tubule cells,
R R 01 e R T M F%@F&T“bﬁ%‘g%féﬁﬁﬁt“’% ATl | S
(HPTGs), may Eti:h\éﬁreg syﬁmaalna@d&g@.&ﬂg@ﬁms@maat&diné}oeppn@M| callESdnYplaktown i n
vitro nodel %/ué} ggs%ﬁ;lrl bed above. Si nc& t he i [](BI st of primary
cells, they a a5t ifeRe FTHFOUIFY K Fe5HaT o4 Pé‘t‘f iEVBI%i th an
imortalized aetstigdiddierethbdthenulrgen hipt 4 lmaeny t ubul e cel | s, i ncl uding
HPTCs, are used, then the tubules will have human physi ol ogy, which
i s not necessgmM%ﬁg(gﬁqﬁmﬁﬁ fN-human animal cells. As well, the

tubul es are surroun osed and differentiated epitheliumthat

does not tend dOQSFXhTIQ'pFesé}\PiIn%HSH red@PRra ﬁ%o@%t@?r&gm%%&s ckh form
epithelia forrred I n monol ayer cultures. Thus, transport experinents



[ 0021] The renal tubule cells may be primary renal tubule cells, cells
froma cultured cell line, enbryonic primary kidney cells, kidney
precursor cells, cells differentiated fromenbryonic stemcells,
cells differentiated from mesenchynmal stemcells or cells
differentiated frominduced pluripotent stemcells. The renal tubule
cells may be proximal tubule cells, distal tubule cells or collecting
duct cells. In particular, the primary renal tubule cells nay be
human pri mar yread fdulepingitorralsolid mtices. ciibsedubules Dpsesy ahmenswlimgy sur f ace

may be concav %pwﬂﬁMmt@M@ng@zﬂn S @pﬁdﬂn&e‘ﬂ@éel/erg rlmﬁﬁﬁétr@%’nﬁ% R@dntugr ne d
surface haV|n% mul'tiple intersecting walls. The solid surface my be

coated with a ‘@%fﬁﬁb@FPﬂF%ﬁ“ﬁﬂ???%s3Pn%ﬁﬂ@?¥W%i%Wq%P%Wdhatr|x

_corrFo g_ent g [ OG28ediheed) wlqwxglregroa\bfépnaam dmwﬁypecs@éﬂilﬂid 158keBC hrldlhe
Including feta

boyi serum and for e rlse out 0.5%
(viv) “or Jor eaberip i Eios LDt o Rarts Sl P R B g B
added prior to tubule formation. [0025]1n another aspect, the
i nvention rel BO38] t olhatrbirles pepvifed blyélwa*esmmaﬂheismaivbﬂgsed)ﬂﬂean@rvivrme of

the foll ow nngﬁéPﬁ)?Et{lﬂ}%ﬁrmlﬁlﬁr Hma{oaglgda%qns%ﬁ 'sys%wcymp%ﬁ@&ﬁaﬁﬂ

mor phol ogy; a | ength of from about 0.1 nun cn an
interior | umeffllsdfiFotraeie mopisiog of ‘Eﬁ/ﬁaﬂﬁﬁ‘?ﬂéfc’é?ﬁﬁqsa}t Beprassnt tHfes gin beel | s;

an interior |wWaBR f&bﬁmtagduatdihaﬁa&m th@tub{neprﬂaya&e%my Ind28 4@ mhput 200
gm and renal uptake angd tran or% functions. [0026] The in V|tro

renal tubule ‘EF& 9B USng (RTEHMPH CANEY THEAGPPY ﬁﬁﬁl‘ tubrles grapot forpgd, 1y
vitro human ptvakih 5adl xﬂauhum“myrab@eimaeﬁarsgdt c&@e@éﬁermgxb&teatets heyset hod

of the inventjan. %09%7 I not her . ct vention relates to a
| diby ! Bules AR by 12 hsd of chtrent
met hod of non™ rgreid 6 ctegted by fluorescen unag ng of duch E ules than by the use of curren

two-compartment systems that involve cell growth on porous membranes and

measurement of substrate concentration in the different compartments. Transcellular

transport can be easily detected by increases in the cellular and luminal levels of

fluorescence and can be monitored online by using live cell microscopy.

[0017]  The tubules may also be used as models for pathological processes
affecting renal tubules, such as for example tubular necrosis. Tubular necrosis is
frequently associated with kidney disease. The processes leading to tubular necrosis
are not well understood, and can be difficult to address using in vive models. The
tubules of the present invention provide a convenient in vitro model not provided by
monolayer cultures, and alterations in the tubule structure can more easily 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



function, the method conprising: contacting a conpound or particle
with the exterior surface of an in vitro renal tubule prepared
according to the nethod of any one of clains | 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
tubul e cells; or both. [0028] The conmpound or particle may be | abel ed
with a detectable |abel. [0029%The met hod may optionally include

i ncubati ng t hisstatspyseitulel rewpopint festelonirpdgssesree invabveén qhearing lareer

detecting, anginOfartcR kR iekEhind s bdHRhiY LRfiowWM tShch@ﬂﬁ:e@ﬁﬁﬁé Rl the in
vitro renal tubule. [0030] The conpound or particle nmay be a control

conpound or c%‘ﬁ?“r%el IFERFE BIRNCT Sfifablichiont AHPIIPEGFIcTHAS ipBureeng anhthe

i nhi bi tor. [ O0Q3#sing peedncadtatdipirtiaeneat enid@ndnivention relates to a
nmet hod of assessing toxicity of a conmpound or a particle on a tubule,

the met hod Cogaw]s' nl%etu%ﬁ’l@%ﬁér&t@@m@mo%?ﬁ%% i m]% nmBRLLLE n%narydmbmt he

exterior surf tro renal pare cor
t he nmet hod of cellhéncludipefpl esempla mdmers Sewe) el Drhiemelffﬁ@éﬁtceﬂn‘(HPﬁ@s)conpou nd

or particle ofa.fhee &UQH'a@an{angUaﬁﬂa?edcf@ﬂ)rleﬁous{y%g@t] £ b)% modaIR etlrg and

features of the present invention w || become apparent to those of
ordinary ski I‘Iles‘f”rl?e‘% ﬁ’é"f‘arsfncﬁﬁ’éhcor“@%oéwnw tHe treppreaqi sgskdesscri pti on of

speci fi c enboglhd®ad slteddtiohd¥e with YemtihddBlidel cHQRE UR GhhH \A?mmaﬁyhuﬁume

acconpanying f| 519 mcﬁlﬁmg E@Tg ar%%sSegRLen-I; 60\%3 ?: W-E?}%v%nan 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 monolayer leakiness or proper
cell differentiation, 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 structures 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.



[0033] The figures, which illustrate, by way of exanple only,

enbodi nents of the present invention are described bel ow.

[ 0034] Figure 1. M crographs show ng hi stochem cal dectection of yGIP
expression by HPTCs grown on collagen 1V, lamnin, and collagen IV +
| am nin ECMs. [0035] Figure 2. Mcrographs showi ng ZO-1 and a- SVA

| munost ai ni ng patterns. [0036] Figure 3. I nmmunoblots and graphs
depicting quantification of a-SMA expression by imunobl otti ng.

[ 0037] Fi gur e {0028} cr Bgrelplmiishowy hgedcavemay baveah itedettimmggtl egates.

[ 0038] Fi gure ﬁeaMttsmcg;uﬁpmaéﬁgqmmge g%g%g{ngﬁig%@g elt__sﬁllﬁ)siurfg‘cgtrﬁjag%l e of

t he present invention consistin ure

M cr ogr aphs sﬁ%%ﬁﬁ@mévﬁﬁ@ﬁﬁﬁbfmﬁﬁ¥@W@ﬁmaw@@ n@ﬂéﬁmmNEﬁﬁresent

i nvention generated by LLC-PKI cells [0040] Figure 7. M crographs
showi ng the npooaBpl opye lighid krskhid esinomn e Py sdBTRSint diMATR tokdad m

serum and for example, may comprise about 0.3% (v/v} or greater serum,
[0024]  Optionally, a test compound may be added prior to tubule formation.

[0025]  In another aspect, the invention relates to an in vifro 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 prm; and renal uptake and transport

functions.

[0026]  The in vitro renal tubule may be a human in vitro renal tubule. As well,
the in vifro 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 vifro 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 compound 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 particle,

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



[ 0041] Figure 8. M crographs showi ng the process of tubule formation
on solid surfaces. [0042] Figure 9. M crographs show ng tubule
formation over a time course. [0043]Figure 10. M crographs show ng
tubules with a lunen |ined by a differentiated epithelium

[ 0044] Figure 11. M crographs showi ng organi c anion transport.

[ 0045] Figure 12. M crographs show ng tubule formati on by HPTCs on
solid surfaces and in 3D gels. [0046] Figure 13. M crographs show ng
ef fect of sol ¢ochpsundoapaetickr il theataupesudre bl oige nmgli tshuld Ddpdréd Fi gur e

14. M crogr agenl?or&zpé) W tﬁgne%{ofd %?‘Fne 91(7811%9111; iaﬁid zﬁ;&rsgn?gctﬁe &%egtmf %h% (c‘&ﬁgogncp&

t ubul ogenesi s.
particle on the tubule or tubule cells.

[0032]  Other aspects and features of the present invention will become apparent
to those of ordinary skill in the art upon review of the following description of

specific embodiments of the invention in conjunction with the accompanying figures,

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]  The figures, which illustrate, by way of example only, embodiments of the

present invention are described below.

[0034] Figure 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 Z0O-1 and o-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.

[G042] Figure 9. Micrographs showing tubule formation over a time course.



[ 0048] Fi gure 15. M crographs show ng tubul ogenesis in capillaries.

[ 0049] Figure 16. Graphs and m crographs show ng a- SMA expression in
initial and 4 week-old cultures of HPTCs. [0050] Figure 17. G aphs and
m crographs showi ng growm h factor expression and effects of TG--[ 31.
DETAI LED DESCRI PTI ON [ 0051] Previously, in vitro kidney tubul es have
been generated enploying three- dinensional (3D) gels, on the
understanding_that the formation of 3D tissue-like structures fromin
vitro cul ti vat¥g3kel igure d@uMpcengraghssipas tpwes 'gitb adumen lieed Biwever , with
t he nethods asifdes@idikgithefaat.ei n, the inventors have denpnstrated that
renal tubule cells, including primary human renal proximal tubule

cells, can be iV, i itro.on solid substrates to formlarge
and functi onade%%ne@’&%gfl)%rhéﬁs{?og{/ﬁp lt]%sgﬂvf’m% RE heed 1 S?Sp%n'supporti ng 3D
gel matrix. [0052i The mechani sm used for tubul ogenesis on 2D solid
surfaces appeHi?4°l o Bergilst Miseaeraphsshevine vhwe PapitispPeHBT eyasgolidy 3D
gel s; tubul ogangsdssndin3Blesol i d surfaces involves interactions

bet ween epithelial and nmesenchynal cells. The process invol ves

transf orm ng h . -3 ich .is produced kidney cells and
i s enhanced bgi ngfcurlf}g%te g% h\ggﬁggmsssﬁ%ws? Faie Ogrscg%is?rg% ﬁ?%&%&%ver,
after trigger uhglogehesispr ocess, the formation of renal tubul es appears

to occur with remarkabl e i ndependence fromthe substrate

archi t ect ur e. [00ag] r en@lre tabvlcRGr-gRNBH AL EErRNLISMdIsErab kit REaSRBY t he
met hods descriglﬁlgd herein typically have a | ength of several
mllineters, °#P€"%asi |y accessible for manipul ati ons and i magi ng.
Thus, they are attractive for in vitro studies of renal tubule
functi ons and[fﬁéﬁhr Jtigiee 3| M'g:y‘ographs showing tubulogenesis in capillaries.

[0049] Figure 16. Graphs and micrographs showing o-SMA expression in initial
and 4 weel-old cultures of HPTCs.

[0050] Figure 17. Graphs and micrographs showing growth factor expression
and effects of TGF-B1.

DETAILED DESCRIPTION

[0051]  Previously, in vitro kidney tubules have been generated employing three-
dimensional (3D) gels, on the understanding that the formation of 3D tissue-like
structures from in vitro cultivated cells requires a supporting 3D matrix. However,
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 mesenchymal cells. The process involves
transforming growth factor-f1, 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



[ 0053] Furthernore, the finding that cells organize into tissue-like
structures independently fromthe substrate architecture may have

i nportant inplications for kidney tissue engineering. Tubul ogenesis
on solid surfaces without a supporting 3D gel matrix may al so al | ow
for in vitro study of epithelial and nmesenchymal cells interactions
and regeneration of renal structures after organ disruption.

[ 0054] Thus, in one aspect there is provided a nethod for formng
renal tubul estbRBRATChsGHR Eheenel whdpsecnrigen sgid sarface) hydhesnitodt e and

grown to a mgehidyEierdidtyfcdll Hiked z@g@wr&v&admmmeteﬂgh@dmr&@éﬂ@yer Is
grown on the SO|I §$rf 1@ under cond|+q that allqw far cel.

growth and t (ASEEC'E B PATPEHIONT DO 5BIENse ooy 2redfeoivg for s eé| n
refers to a sifighleutdd finciiag ahdnephisoxicslbgnded to include reference to
a plurality of cells, including a population, culture or suspension
of cells, unlggssot ﬁtﬁﬁ%ﬁﬁe 6L Bl o a}ynae o sk Gkl | S
refers to ap urallt , such as a population of cells, a cel
cul ture or a ‘adpspeaivdiemghe S@bitqa@ archijpeturegmay|hgys inperpdlisasons i ude

reference to @qmi agh@eneﬁéémo %Eﬁ&%m&fs RE EMdSE e G @ Dupphria g
suspension refers to a§FHﬂ- or sem-solid culture of cells, and a

conti nuous ce3el M&TEpan OY’é‘i‘ré’f wirg gudy of anitheliaf andanesinghymat el f £ i ci ent
density to alihemctions adeddendrios of enaCQntiaet afn 6:Qart digugiehl s are
deposited on a solid support. [0056]The renal tubul e cells nay be any

r enal tubule @ﬁgh t e, gg&é¥§gx?£@F?§0 I%&8§%¥§$£H5ﬁm8 S

precursor e ‘deve 6p|ng eve ope ney, |nc I ng
proxi mal t ubuﬁf@ald@lul@eﬂswrﬂs%ﬂed pubielié sepgd apd gpwn s m@@lab'ﬁgn @ﬂmd cells.

The renal t Ubé“)\@th %!:hluﬁ ?ﬁé]n&%la%rssogr%{ s 8sofill Q& Bl & c@rﬁiliticﬁs @Mch as
mesenchymal , enbryoni c or induced pluripotent stemcells, after

application dﬁbﬁ6%F@b$P§@é“$WB@%@BP%m?or differentiation in vitro. In
a particul ar enbodi nent, the renal tubule cells are proximl tubule
cel I's. [0057][0B&5]r efTat tetimmgll’easmeddlhsreimgfelbe) qmirigtmmlyamléd il igendedip be

cells fr om a 188!1&69&%&06%1\11‘% F (Jeh{'glc](lhln?ii gdngE’ a{ll{u% L\EHBQH e

cells). Primary renal are ce anted from
an organi sm ¢fsellsudiaspotherwiahindibated Sonilady.ile terrhigehsn refer&]ﬁramk@hfyaﬁal

tubule cells Jenpeﬂcﬁa% WERA oCBIL, ol cbiNGiirullol MR Yen G & drSciRaN@is AR
under gone t he grocess i mortalization or transfornation, which

process may aftrded fintudepederence foasingie celhanlesnoderaseindigted upgrle cel | s
conpared to pdwsﬁmﬁah réiel@aia1tqutawlreem@bﬂdscmtdraota;enbaﬁﬂdlacbuﬂua;ﬁo@rmpd| ment ,

the renal tubule cel I are primar ule ce t her

b t1 Curar - orBIITRE s A kee] st b Beist R g et R s e gl o

cul tured cel Icohuaaencefthercemmﬂpesztem goolicsupporipr oxi mal tubule cell |ine
LLC-PK1, the canine cell line MDCK or the opossumcell |ine OK and

its derivati V|i©§56}[ 0%@1&[&1 %ubﬁ@ RAls rfay BUAS 1681 hbule RN RN VERkIR0r from
a cultured cel| Iine,
tubular structure or 1ts 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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from any organi sm having a kidney, including a manmal, including a
human. [0059] 1 n one particul ar enbodi nent, the renal tubule cells are
primary human renal proxinmal renal tubule cells (HPTCs). [0060]1n the
ki dney, proxinmal tubule cells constitute a sinple (single-Ilayered)
epithelium The differentiated cells of the proximl tubule

epi thel ium di splay apical -basal polarity and the apical sides possess
a brush border. with mcrovilli. Expression of brush border enzynes

such as y- gl uFaifrrenal uhreesis fromsa é““%‘gﬁéﬁﬂ% lige rpeimagt GUs Iavenns pudergppe
tylple sp[eCI fi ]Ct}ﬁlpfof:@ﬁ S?InhﬁghlfiﬁhoaIaldtr@n@ﬂoﬁﬂidh&@wg&g pﬂ)ﬁespfngy(:ﬂﬁm tubul e
cells. [0061] The a ubul e cel]s are seeded,at .a den

O SRR s S e A et e b R
surface. The relrain atpwtniuﬁm embbdimemlya o] sibde edls a ptnlne-y d@ﬁl&uﬁuy: ckiund
\M t hl n a ITDnO na%gterr r L’:IiI'%In% %{men?lt}?e I‘Bnrrpglgulgye r r?%e OX] ac{xl dzc]efzor

exanpl e, the rena ensi rang ng
from about 1 kneltB)Be)@ellpleg}ﬂWme@rcab@mub@e XeHl@@Lb@{PK%/tbm@nm@celldbc)ut 1 x

103 cel S/C”QMli‘J‘K)Mtthe]op%ss&Qéelﬁﬁleb‘i(/ F% daQNL. 2x 104 cel I s/cn®2, about
3 x 104 cell s/cn?, about 4 x 104 c Jcne, about 5 x 104 cel | 's/cn,

about 6 x 104 s/ x.104 eIIs/ch a t 8 x 104

cell s/cne, @SHQ lctékf“res‘"'/eé*rﬁ“m%f) oryfrom 3 pjtiure F“I QWEWWY PShout 2
x 105 cell S/ Cfrim a@bcﬁmmsﬁl hévid@kitedy) i8I, a radngnt], ikkludinkQhuael. | s/ cn,
about 5 x 105 cells/cnR, about 2.65 x 105 cells/cn2. It will be

appr eci at ed tp;’g ihem of?é’ﬁﬁ(-ncﬂlgxeelrfﬂﬁﬁ‘iﬁl'eﬁt{shgx%hé?‘%bmé'3 s @ Engﬁrﬁﬁfﬁu A fthe

| onger it wl he cel onn a m)no aye orm
the tubul es. THE PerradreaHoiprlg cellstHBECsAt such a | ow density so as to
prevent nonol ayer formation. [0063] Thus, the HPTCs are seeded onto

the solid sur[e66] ilndlekttinagpwiinal td’ﬁﬂﬁdenyconsitdtgmiinylebseig&\maympl ayer

gﬁpfs Iazg ) OE 006 pllﬂaﬁlu dls %Iclje grgnngtbd (?éllg \ol\fothéj Igrg}&%a Itqurlll%lepiﬁ‘i%{ilgn? gigplgyoali)icazlp

basal poIanty and the apical sides possess a brush border with microvilli. Expression
of brush border enzymes such as y-glutamyl transpeptidase (yGTP) indicates proper

cell type-specific differentiation and polarization of proximal tubule cells.

[0061]  The renal tubule cells are sceded at a density sufficient to allow for
formation of a monolayer on the solid surface. The renal tubule cells may be seeded

at the density found within a menolayer or slightly below monolayer density.

[0062]  For example, the renal tubule cells may be seeded at a density ranging
from about 1 x 10 cells/cm? to about 5 x 10° cells/cm?, or about 1 x 10° cells/cm?,
about 1 x 10” cells/cm?, about 2 x 10* cells/em?, about 3 x 10* cells/em?, about 4 x 10*
cells/01n2, about 5 x 10* cells/cm?, about 6 x 10° cells/cmz, about 7 x 10* cells/cm?,
about 8 x 10* cells/em?, about 9 x 10° cells/ecm?, about 1 x 10° cells/em?, about 2 x 10°
cells/cm’, about 3 x 10° cells/cm?, about 4 x 10° cells/cm”, about 5 x 10° cells/em?,
about 2.65 x 10° cells/cm”. It will be appreciated that the lower the density below
moenolayer density, the longer it will take for the cells to form a monolayer and thus
form the tubules. The cells should not be at such a low density so as to prevent

meoenolayer formation.

[0063] Thus, the HPTCs are seeded onto the solid surface, including at a density
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surface) refers to a surface that is not enbedded within a gel matrix
(or 3D gel). A two dinensional tubule (or 2D tubule) refers to a
tubul e grown or fonned on a two dinensional surface. The 2D tubul es
are three dinensional in norphol ogy, and the reference to 2D tubul es
is nerely reference to tubules having the particul ar 3D norphol ogy
when grown on top of a solid surface. In contrast, a three

di mensi onal tubul e for 3D tubule) refers to a tubule grown or forned
within a gel %F?Y@?OW&WOH%d%“S%rH cul ar three di nmensional

nmor phol ogy that arises fromformation within a gel matrix. [0065]In
contrast to pl0&§4Jousisysddiomwnm, aetohidnisibivturface(al Alesugfha@wt PD eflidt ubul es
within gel matr e this ol,id
surf ace, maan%Llrijalc ?%fetm?%s'ﬁ% Jtﬁggsen%?%r&fg iwgtliuélﬁt%%man (:01631? Athe
surface is notWOplemEIpr@ﬂ atulplpr g tibslerefesed 4 wbde growt grfomte gn @IU*rq ng
tubul e f or Mat kusiohNSubek | fhedbRuRReREditlid aRolf iRl dnftiE f aCe,
forma nonol ayer on top of the sol surface and then organize into
t ubul es on to@fwcqu8D§61ulealsslwrehaeféren@ﬁ? gibjles hawn&@ﬁp%@%ar $® a 3D gel

matrix, whi Chmb@h&@@wh%@!grb‘dn @rpgpw'ﬁs%hd Hﬁﬁfceb@n RepaL hatedikvsiegl | s or
cel lul ar outgrow h, i n which th? cells may be directly enbedded.

3D tubul es na{PHROF %P Pﬂé&ie)éFfFﬁ &3 2 HORIGEQY MG f?fi‘ﬂé’d &dhin e selmagt< e g

bef ore gel | at padtizplaidhied dinfegsidndatidrgisldeh @t driedsMorFofitation Wil Sgeenbedded
in the gel matrlx or by seeding the cells into pre- formed channel s
or passages forn}éd in the gel matrix (typically in the range of about
100 p. m (Schumacher et al. Kidney Int 2008; 73( 10&{ | 187-1192.)),
where the cel 10965kny If epnirast taurviosslp knogmpvesthods thas snvalve erowthypbiuswlky v, t he
di aneter of tyii mfaQi@&eiﬂe LR dRsg6h fid el id \B1id ANEE, AfankQ oy M (see
e.g. Han et al Sci 117, 1821, 2004). [0066] The solid surface
may be an exp‘B%Eﬂfa‘éﬁ“s %’)’@"é“i“ Lpfolid it Besrfacedenet pRycatediby cellser esfilposed,
for exanpl e t&hgorsund acieg mtaulafotma&ismer&wkmswwse@ieabxetopbfmedohd Qkfaée, gl ass
slide or cover sli he SL{ Z(:l?e ey, %e and ncl osed. or l|3nter|or
surface, for &1% %0 PR PR Bl COREATR" | ?Pr‘?%?&%"'ﬂlf‘“&“éeéﬁf‘ [P&Fy
tube, for exatpiodidlaftacsThé iginaometagto 03D ad) outix280ckpmsdmd-saidand 750 un,
or about 550 p Ise of
an encl osed s‘ﬁﬁﬁlg ﬁg]gieugtgg?)pﬂls Artc?lwlialr Lutgrgw@l lugr&h@l{ t%gcetllp% HI‘ esul t
in a tubul e tdiwedyanbedisd Hewbgesinglyde fqnned ewfmrrbg nfixing thmﬂllpmoatbq gh or

i magi ng, than,GQoRaLEH, J«ﬁntﬂe&%&é‘tﬁemff&{n% Grof e enfiRRS ROnS hARE:

[ 0067] The solid surface may be any solid surface suitable to support
cel | growth. 9FREs&ding %@elhﬁvo pe-fgrngd chaprgls oppastpgesdotidindify febp@ipf  a

gl ass slide ofyddamy lhqtetrg{zb@ffabautho(s@u@scﬁahgcwr%t Adikney ThGORUIH RS My
have an intersectin ting the surface, including at an obtuse

angl e, at an Hé&dt égzghéﬂh%‘e C%HS ma fesm RS prthen sgeres  Bpicaloaths| e at
the edge of adl&lﬁ@&'éﬁtusﬁléstfbﬁrﬁdﬁﬂﬁi RIsWakR rhdye ol ol HikeetRI 3t e
nmeets the si dg wal | gat tﬂsr ned surface providing many intersecting
wal | structur ‘§lscf Ur7 " patterns of parallel channels or snall
wells with a flat bottom providing the solid surface may al so be used
to pronote tulf@f@d f diheredlidewfacdingierenaipeeddyy extdrior mcfeamaminaj’t et
concave, for I f

Al t hough the %%1%5’% tgruérX a@%ﬁ‘ﬁ%ﬁ% t?%gu,g&gtsu% pla?e %Q‘%HP {/%K Xsélg}l}'a gi:e such
as a concave el dhopuriaeranayfbe an ¢rclysedoninfeiersumiiceforaramiple bie séssipl ng
vl | may be gt @yﬁwﬁbkfpﬁfagrm@ RABLIBE nhd ol BPAbABs0 FRANT N
that tubules may form nore quick than on a flat surface wwth no

i ntersecting #ahi750 [11@068]3%5,509@1 tpdbglgé(foame Iireijl Yo epreestatrd shatiuso bf any
solid materi aéncfoteafsuﬁa%e SRPARNS wﬂﬁmauaﬂgw alﬁgmﬁ%shu QL QWaflthat Riesexanpl e
gl ass, borosilicate glass or a polynmer such as used in tissue culture
pl ates, incl uﬁF%@blader@rf@n@n@hlaﬂ@mrfl%@g{fhwwarﬁfbtpywlﬁ@ﬁ@%r

pol yester. Fogn &%aféBurticenal tubules may formon pol yester nmenbranes
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[ 0070] The renal tubule cells are seeded onto the solid surface. In
the present nethod, since the cells are seeded onto a solid surface,
it is possible to culture the cells to forma confluent nonol ayer,

whi ch appears to be the first step in formation of the tubules by the
present nethod. [0071] The solid surface nay optionally be coated with
an extracellular matrix (ECM or with an extracellular matrix
conponent, prkor to seeding of the HPTCs. As wi || be understood,
oxtracel | ul ar (0BT} xTheplisr s ma beat eleiontiese Shtaie A epariee] Havt.
anchors a cel IThd ayede,ms5be NataSr &BmEIP tHeR@Fabt A P Edlide bithéMortém ofi ch i s

secreted bycrtal cel es. In additjon to the anchqring of
coll o, the” Echitae st MRS Ses ity FiiG o bitter Bre LAt Pegurtes cel

behavior. In richding hthae oemieraagiela{ulmmte mterdrm ah@rﬂmdﬂl sifgle0for examplep| €x
m x of extrac trix n ud| nin ol | agens
i ncl udi ng col ageeerc]lg? ofm% isque culg\rell\/e: eth Igottjamo Ijgf: 8@? r1lneets ?%tsgiog @C&I’IS
as well as hebalamnﬂslumﬁqaplewdmgim@lumeuersgllﬁy&‘ﬂéhmucmgi Varampamdttems

proteins. In Mfﬁé&nhf&ﬁanﬁ%{%%ﬁ{aﬁ \v@l%e hatdzﬁbdﬁﬁk\ﬂ& e Llifsul QL %SSUGS

and their substructures 00721 T extrace trix use
an extracel | ublag beiaedtp grogeterdnsdomption. ;ﬁéﬁe@ﬂ@@lmﬁle susfage payphe Cﬂncﬁ@l udi ng

HPTCs, or nHYf&@xaﬁl OB dhudate @fVaaéafnﬁm ﬁlbsr&hmozsgﬁy&éah@ﬁuﬂy&m GELTm
Matri x, avail bIe om BD Bi osci ences, is anmtrix derlvedfrom

the basal | ant#a*pP &VéaSLHS?CEaSHmﬁsuaﬁ%meWemeﬁa@mﬂeﬁawlgbﬁér. zes
at roomt erYDEIrﬁeTrﬂdEtElg wal tha¢ B dre REovalilé ﬁﬂﬁroﬂﬁ@t&i@ﬂ%ﬂk f&ﬁﬁmnaﬁeamng

conmponents an wh factors that are

ot ab 1 shment DTl ot e Sl doncho )RR minet GRGPRHE o ror e
conponent s typi cal ly found in ECM and particularly in basal |am nae
may be used t P08t Theeolihsrifiase mapbd eomppssd dicqn stlidinméprialfthat keapdPlFCE. For

exanpl e, one prpnﬁmﬁoeceﬁtgrolwﬂ{r?dﬂ'eﬁmpfe%llajs@g&asﬂ Nhe ghad Ar@%@l?m!zr such as
ni dogen/entactin, per| e ba agrin, tubulointerstitial

nephritis ant P& BHE Chlélﬁ%‘éﬂﬁ?ﬁeeflﬁﬁng Pﬂlysa@iﬂaﬂqdﬁérfa%ﬁ%w ROy SRS Fed

from col | agenpolj(dgtepa:rol‘ bGbbR) re@MMO6 by A Em dulpRlysddr ndmStahdsaerer,i s coat ed
wth a mxtur oII e I.V.and lamnin, for exanple in a ratio of

f r om about 10 niwg 51)3(5 eipelot col | agen IV:laminin (ww. In
particul ar enmbodi ments, from about 10.7 jig/nl collagen I'V: 100
jig/m I|anni P68l apBeudimegogsiofhatolidstifaagiefudn tha 66 oRgjiendsulliegi ni n may

be used. [007#budhand: %Rgrak ﬂﬁﬁm feﬁgtmeq%m@%gtrm vl ik 'dh‘fﬁ:ﬂé}&l the

time for tubule fonnation and | uence the rate and quality of
t he nonol ayer %t syEeee aloag Whick ‘hé?ngfﬁ’é‘mé%@ﬁf mb?leﬁgﬁé‘f Mk B1stubyle
formati on thatypR&aBlehg swﬂﬁhﬁﬂan&ml@@i?ani &m&@loﬁbﬁﬁlﬁ surfdcd MBud @6 0BRGN Of

the tubul es, as descrihed,in 7 coat .t he
surface with PRESECRIHSF ﬁ@iﬁ%‘g‘)ﬁﬁg’ﬁ%ﬁ‘ﬁ? "HQ?‘I[I:* ?L OE@*”Z’:‘ ARGt may
be diluted or thdId&ﬁledeivﬁehelcﬂvegﬂ‘hp,\ll@hrafhiﬁdhdjfﬁxnﬁﬂ(lfkﬁgthlth& tithe nsatidaciceilland

then dried. Fpr,exa nor e ECM conponents nmay be
solubilised in i rofifvt ﬁleglam fel fthec((:)"éerrf"(l%:‘gnt ration for each of from

about 5 ! tglm to about m]:j prior to
[0070] The renaltu & cells are seeded onto the solid surface. In the present

method, since the cells are seeded onto a solid surface, it is possible to culture the
cells to form a confluent monolayer, which appears to be the first step in formation of

the mbules 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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deposition on the surface and drying. If an extracellular matrix is
used that is capable of form ng 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 though the solid surface is
such that the renal tubule cells do not penetrate the solid surface,
the renal tubule cells may penetrate the ECM or ECM conponent, coated
on the solid ¥harere! lpprngless an spithelil Leerab e Whidhds sENEetReTHY shoul d

be applied i nced tfphi. Nn hditRh tSte dfdRdrink OF J¥RS, OECHS had Bhyttidicibalies by the

cells within the coa occur. and the [1's always rowasa
two di mensi on3PCUNES W@Fteg ?ﬂlb‘gw’ﬁ’g ?Ub‘fjlﬂ“k?eft@f:ﬂg‘f B’Ht“ﬁif‘r’f‘%f)“%? % he

surface to oceuiplek asx epOsethld maeﬂs{tp&dﬂedmmdlﬂy lmmam&IBolga@bns fRtuding ) .

[ 0077] Once see the r

cultured in a g“ef' b a“qtlt‘]’ee‘gﬁ{‘ er\?ﬁc%“ r°t§°%?¥na“sﬁf“’ Fa}&"i" ““cf’\%ftﬁ medi um
may be any grmmewmmﬂowatan‘s yplipeadinsy Isvppbe dompbdi@ngl thwEﬁl\«'bi t he
renal tubule %g[[ ﬁc?fo} s&ggﬁd%eefsugs@gﬁ&rgpt ains required nutrients for
growth, inclu , sugars and am no acids. For exanple, the
growt h medi u be a basal epithelial cell growth nedium The

l'i quid growt h[oﬁgﬁl urhtf E"tﬁ‘betllu@e‘}‘?"é’ﬂusegﬁf‘ﬂfaBFXtE’é?H“laEE‘FtPH sects{fd by & used
in liquid forpafcorr deh@ypeUhdudingHPTOE, ok hey seadethefcemabvatlabpiharicel | s.

[0078] The |iquid i um may, C serumas.,a co onent
Lsed her o n. St P BHERL PR g BB AT oS i e 1B

remai ni ng af t ériveidaguhabdsd tendmcbrodaomibala nofing theowe MATRAGEL® ot t ed
protein. Seru f i i bovi ne
Barim (PES), Ber e Mok UAR, B B R B vor um
I'n various entogpreetesd bouprbergiyth itckrathad pig meyontp piogets tedsstablishnapior
greater serumu;R00:Qfs.9r €ater serum about 1% or greater serum or
about 2% or greater serum about 0.5% serum about 1% serum or about

2% serum The ce or serum concentrati.o as %v/v.
Gonoral Ty, 't HOOT e P BHER by e C BHESHPRAE o TGRS HoM ERe gr owt h
medi um t he npirteulailoinlbysat laeinaenal betusddud epacide dusfategnidr tb depgriong of HBS was
found to be i & I Rd in particul ar
enbodi nent s, %&Iexgl%l?%%?%)%é@r%&%%glcg I%XD ﬂpg‘?@%ﬁ bovi ne serum
and the grow mdqse*elwﬁﬁﬂe@##P@Isb@snaa@o@@ﬂm@%mmtgﬁﬂm@ﬁls PB@en @d5% or
greater FBS, abgdlecdoPel@he 3hRH isBRred Bom2BR! &n il T)é?lrlcugl{' EAdRImEBS,
about 0.5% FBS, about 1% PBS, or about 2% PB %v/v). [0079] The
i quid growt hhfresti sifaesn ested avity aynigpm af collpea Y fru’émlemoﬁ@f FrBE i 2

suppl ement s reﬁ&wfedlau;@utsummbbmtlhe oﬁbﬂllﬂgeﬂwmﬁﬁﬂngﬁﬁy\ﬁlhpﬂflmﬂdﬂe renal
tubul e cells. For exanp ich contains_ in

addi ti on about™Redigegs (froﬁ’(f@&”ct 1%7 E%T’é é‘?“ﬂ%ﬁn(IYo{HO é‘%%fﬂfﬂ‘%“‘?@@}’om el

contai n the f@shominen SUAM fIRNMaSIniARS Heuaasf errin (about 5-20
pg/mL), insulin (about 1-10 ttg/ml), hydrocortisone (about 0.1-2

jig/m), epin bou na/ m r obl as 0 fact or
2 (FGF2) (abo@tﬂj‘q@ 3%%%&??515%&“{&%“ °§e%6”¥1‘“ﬁ‘rﬁnf“ﬁe%m%{/i WB dut

0. 1-100 nM, formatiodotdhmaydndiupee (ht+4O0drMlity df-thal rammplayer fogihed, asrwqﬂeiS( 1-10
m) . For exa dli Wyl (ife 9- FBS)
Ty b Supp! ene ot i e Re i GRAPRLAER MR dbock b BT e

suppl ement , wieiresioe piibainbises sas descriled &7 were devail tebbout 10 gg/ ml), insulin
(about 5 pg/ ml), hydrocortisone (about 1 tig/nml), epinephrine (about
&(308 ng/ m), ;[r%bmbl asd cogt tawdultadeatih Gite ECM H@eR) Xflwh tI?eHCQ/IBi}E)CM EGF
about 10 ng 80 t ransf onni ng
r o h 1 act or i et b RSy SRy e B e PR e e 4

suppl ement at i ten dMeti hFdﬁlIegimptﬁ'oﬁtce@ﬂ mbﬂtﬁcmﬂa)i@fmeﬁ@lﬁ&ab( Bésoatbﬂtshhn g:oweh of

seedi ng the cel 0 tlon or
result in i rrpropl)ltlal? Ftacf)%cﬁ%treagorfg T thabmywt”ﬁ m Z“lj\/\}lt{%tl 1%18{ e may be
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including addition at the tinme of seeding or after the nonol ayer has
formed. For exanple, if TGF-131 is added to the growmh nedium it may
be added to a concentration of fromabout 0.1 ng/m to about 100

ng/ M. [0082] The renal tubule cells may be cultured under suitable
conditions to allow for nonol ayer formation and subsequent tubul e
formation. The cells are grown to a nonol ayer, which may be a

conf | uent or clrpgssl ?eren?l}e sug'z}éﬁorll q%(?pnl et;({r;[t ulacil matrlxl'{sp 1(135% t%g% it caBe%?e

be substantia rrom nol ayer
di fferentiat edf fomem Hyed,vadh aﬁNBﬂtTF@GEEWethcedtdasellalmenmi s‘hemléhet i at ed to

epithelial ce S Ir‘g g%

i ncl udi ng forll%égd]n?g aé@%%e Og%ﬁ]%é%gﬂott 3 ell—’%%r{iaéia ?ﬂmuﬁﬁégcel | s are
cul tured in tRangiopar tornbli sakid arrfaggand Figbeseiingt e t enperature (e.g. 37C
for human cells), under an atnosphere of 5% CO2, for between about 1

day to 4 weekpno7pP084hbohl tesoR@suffadtad ayiethatitey raal inBile cdigo ﬂiﬂ| turing of
o or oant st aFROPRTHE b b s LS BB R !

Tubul es nay f commoadnt ented oty sdlid sdifane ck@vever, ©ubtedis@ve, [ GBE] éﬁbﬁlgti m ng
a.”d rate of t Hlld%e Iip%'fl?gaiha%n a#:rs ?tf(l)rlz’ga 1011 &)?gggmpc&resv\ﬁnh%g[& w1tfhm

different factors, 'S use m and
suppl enent s uéﬂedoatlagidﬁimpmcusfanmcqﬂsalwaisrwvaas@hw éetnﬂlce;alomonblhﬁer,sol id

surface and aﬂ)ﬁuﬁ%lﬁ[ﬁ: £hCli &%We SGPRE %%09.{? gﬁpééﬁl tb gml?euéé(dac e.

[0086] This method may be used to assess the ef vari ous
conmpounds on ¥in a 3D 'gel matrix).

[0077]  Once seeded onto the surface, the renal tubule cells are cultured in a
suitable liquid growth medium. The liquid growth medium may be any growth
medium that typically supports the growth of the renal tubule cells in culture, and
contains required nutrients for growth, including salts, sugars and amino acids. For
example, the growth medium may be a basal epithelial cell growth medium. The

liquid growth medium is not gelled, solid or semi-solid, buf is used in liquid form for

the culturing of the seeded renal tubule cells.

[0078] The liquid growth medium may comprise serum as a component. As used
herein, serum refers to the clear liquid portion of blood remaining after coagulation
and removal of the cells and clotted protein. Serum includes any type of serum,
including fetal bovine serum (FBS), newborn calf serum, donor bovine serum or
human serum. In varions 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% serun, about 1% serum, or about 2% serum. The
percentages for sermim 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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pronotion or inhibition of tubule formation. A conpound that is to be
tested for effect on tubule fonnation nmay be added to the growth

medi um i ncludi ng before seeding of the cells, before nonol ayer
formati on, follow ng nonol ayer fornmation but before tubule formation,
or during reorganisation of the cells for tubule formation. [0087] The
conpound may be any conpound of interest, for which it is desi rabl e
to determne' he an eff.ect on tubul e formati
i ncl udi ng pr ofr?oﬁlon Tg’ [? %%ngfngrdﬁ%tcf“gﬁnsoarﬂyo ansﬁuglhts B uI e
formati on. Thepgenpouamiredty s‘mﬁoxathphawnai@migromabf thie mad! impelecdlspbarnd or
a nmetabolite gf,, il Gallih ALY QU0 5595 AT, © @
drug such as a ls@a% ecufhe1 corlrpoun 'ﬁ@g@ﬁi I'n anot/he?1 aspect,
there is provicgedfamxdmplaiRs), @lagémlmtheﬁﬂpmabupmmmt@ apq-anigin
follow ng ref @BJu?giZ(SB /B, 111&]111}{ tagj&glrlgﬂgrlml)t Ertine ?a@o&tgtfl'ﬁl fg)mi The in

i
vitro renal tubules describ herein are %IQ cerent I n nor phol ogy t han
t ubul es f onnetpiephrige Giboyy&p0- ?ﬁ&tnﬁml) fitmablast eowe e 3SHEE2) (rboytti 3o

tubul es, such,@s) tHeRSELOL B RNR l@pdabawwfb@m) trﬁ(fd%th?ilo§ﬁe Eeﬂ‘o@r red
to as 2Dtubu| es, to distinguish fromtubules fornmed in a

matrix, ref erl%l\éhtt%analngbtﬂe%i @ mMppfips exapogle, WWW@FIBW@%W% ubuI e

may be made Oirboﬁ 23@efudl (84S HE3G Gay beWabpléehhderd Weth a@)utneofa&pﬁy@mctelscrl bed
nmet hods. [0089] T V|trQ renal tubul e may. be Qa]l buIe t hat
%Il bgl/’ﬁ

may be nmade f¥" f"iPP f“é'i‘fa‘f’h‘?}tﬂ?&ff“és g yaasterpiyy %H‘i r enal
tubul e, i ncl ugi/mg, @drhwmaner(@m{ 1 ﬁghlﬁl)'démeﬁ&né’\@béu{t 500n@/mh11) ﬁwoblra@ renal

tubul e may be a proxim ubu r-at

structure f or%ﬁtﬁlg%?t‘)&aﬁcg@? fbH%]‘t %a@tngc%@f és'ﬂbc’“lt o %jb]g?”tdi%tjg ut |

enbodi nent, tdm).in vitro renal tubule is a human proxinmal renal
tubul e, and may be conposed of primary human renal proxi mal tubul e

cel |'s. [ 0090] Ffgo a]ghgu TBnRRYE %rth%ct&%?ﬁ?ﬁ pIEnl MG

properties: a st ai ranc m ni e ranc
branches per ﬁoutnuble)supmmpmmomgyth h&hlcemgtn}ah@fs ox‘T@E*ﬁh«bdwtmr@ of mMmmto

about 1.9 oM cfind RLER! Alod TR RHLEQURGRA. MR o LU B ent i &t o

epi thel i al ceie expressin
nyof i br obl ast@lpmﬁﬁemﬁﬁéé’élﬁ% Tf@hélergﬁ]“éf? in‘é@ml@fﬂabbﬁl qoglppaeﬁmgdophe | umen

will be diffefenhtalpg sﬁ‘e@i‘ﬁEJ‘lg'ahcﬁh T@?'dlsitwl‘i H@ap%ﬂéﬁ?[@d HAUAG, a di anet er

of fromabout 1 pmto abou majority of the cells of the
t ubul e bei ng wedidm g ¢oeiﬁ@mewé@\eartrapm¢qwdtﬁ nGTE@HPL, el may bedffieyt ot he

epi theli al %uh?%m bede G ShnlTRY 6 &n&ﬁ%ﬁﬁ@ﬁﬁy@?%é&jﬁﬁ enal

upt ake and trans unction; assocl ate h
aggr egat es thmlta@xpaoesmowﬁeaf’a”ﬁsm Akl kidnepeoplidreodvordnid nesotssTGl-Bh  an
epi thelial nopglayer at one or both ends of the tubule.

{0081]  Alternatively, some TGF-$31 may be included in the growth mediun,
including addition at the time of seeding or after the monolayer has formed. For
example, if TGF-P1 is added to the growth medium, it may be added to a

concentration of from about 0.1 ng/ml to about 100 ng/ml.

[0082] Therenal tubule cells may be cultured under suitable conditions to allow
for monolayer formation and subsequent tubule formation. The cells are grown to a
monolayer, which may be a confluent or closed monolayer, may exhibit tight

junctions, and may be substantially free from holes or gaps. The monolayer may be

well differentiated, meaning that most of the cells are differentiated to epithelial cells
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[0091] The in vitro renal tubule tends to remain attached to
nyofi br obl ast aggregates, which may be associated with one or both
ends of a tubule but may al so be found at m d-tubul ar regi ons. Tubul e
ends that are not attached to a nyofi brobl ast aggregate tend to be
continuous with the remai nder of the nonolayer. [0092] The in vitro
renal tubul es obtained by the above nethod display |unmen formation,
i ncl udi ng Iune ving a . e t pmto
about 200 pm éﬁmﬁgyfﬁgmhﬂfdmpﬁmm'mi@ﬁugﬁfﬁ5fgh %ﬁ?ﬁgﬁ%'g&Fo about
200 pm The tubule walls conprise differentiated eplthella expressi ng
tight junctiolf¥83hd @@niplng heleatls pra pErod in Bp e wiyneridjuly b bl epptopriaie e
typically attaghedufeQel h@@fo?ﬂiﬂaﬁ%&lls}’ium& arpa(ﬁn&ﬁﬁerct &R ¢, fopr M
condensed cel| masses surrounding the tubules. Thus, the |ining
epithelia of PHwenabay b4avdp & %P submerged within other cell masses
and are directly exposed to the environnment. [0093] The in vitro renal
t ubul e exhi bi {@8&LincHdlowisg siomildyar fotnmtibm theicviouring b theecetlein adntihwedid es,
including tra i ]It
nas. beon obsers gt Rarf AR AR S e Blist 16l lies i 4o
gener ati on of midgtai belpw Femles mpyuforrh eiter i et to 4pyselesiin qubfueonn as folloms.
Upon seeding, the renal tubule cells fonn a flat and well
di fferenti at ephoepj t hﬂieitiahngrmmmea)y&ibule POMEIAfwill Ben@RhdI8Y b admueebd S
nsition,

t hen appear to. undergo epjthelial.- senc | tr

resulting in ?ﬁ%’ﬁeﬁ%‘}?% eha s ook “aedgﬁmgra‘mf%?%l WB‘FWSOLBF%st s.
The nyof i br obh&isios of DGR BYGgAdcRSs ofaiRdolidwriRRiahd@ly IBAM gwanoundi ng

t he aggregates reorganlaes to fonﬁ%tubules. Thus, the tubul es appear

to result frofiPoPEOFYERCPERG LSSt HEFi al monol ayer forned from renal

tubul e cells when seeded onto a solid surface. [0095] Reorgani sation
appears to ock986l/i allfsragihod may be vhc ttaswdssa ke ittt arigrrecomsoudily adhe d

movement s of aohaﬁ&%r nmnr%aéft%ux&@hmon r £88hhlobindt B 16 6L £Q&ithon of the
nonol ayer on one sid ny of | ast aggregate and then the other

side of the a@f&Fb‘@a&‘@le fﬁ{iﬁ@g@ lﬁwdﬂmag}deé&bthﬂgrﬁaﬂléwd@@b melydvebritit s | ead
to the fornat iadin®df t5d deilf Beor nos@ileStoritibh) féllde in@@hbibfcoldkhadion but

aggregates ingcluded wi.thin th str st fornatlon
g Cart % wi R PRSP r e R GRS R GUR FUNEE MPHB R nan
reorgani zations, resulting in tubule fonnati on. Tubulogene5|s on
solid surf ace@oﬁﬁbea“f@ cerppayed npchecay canmpoend df ingesest, fanfhisk i deddsitaple

TGF- 61, whi chy Biehibik&l e E@Lﬁ)@l?ﬁgs hrpefFebl%n'ufbu}élftgr{ngtuﬁl}’ﬁz}ﬁm omotion
nyof i br obl ast aq{regates wel | docunented that nyotibroblasts

rel ease TGF- 64 mwtkﬂmoéigléwémat@ﬁ Wereeposyt P8 in the
above- descri bgghrm®RERQES 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 vifro 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 i1z vifro renal tubule may be made on a solid

surface, including using the above described methods.

[0088]  The in vitro renal tubule may be any renal tubule that may be made from

17



appears to involve | arge-scal e reorgani zati ons of epithelial sheets
around myofi brobl ast aggregates. Buddi ng and branchi ng nor phogenesi s,
typically occuring in 3D gel nmatrices, does not appear to play a role
and these processes are also not involved in renal tubule formation
invivo. In contrast, initial fonnation of differentiated nonol ayers
does not occur in tubulogenesis that occurs in 3D gels and is thus
not involved in u tion fr | ndi vi dual ceIIs
typical ly firSth E“t%‘@r f§‘€ S el re‘éﬁ?m’%‘% g“ Utg¢ : S

cords occurs tubdn Asrveth tbmwhftfmremthbdc me)r hesn mxllsﬂmbhlegarctmwgbslb@lﬁ OIC%l | s.
The out grow g, QY mmbﬁéa tRANGREE. 68l bicAls bftBhifeld By  hen
devel op into tubules tent outgromﬁh of addi tiona ranches
from t he tubut&arepdfiigleiss ITU@%PIPXIPW piagbyje. srpehedonpised derimByanched

celI's are notpmphsanhyethxdit hBGietdisvi tro renal tubule formation on the
solid surface and the in vitro renal tubul es fornmed on solid surfaces

are not highl an exhi bi .0 ei ther no bran i ng or
1-2 branches %Opﬁ]t UEII% tq_lbuie%ngb orm\(})re of%hnc 18w1n§(§3rogerges asssnl'm pof
TG-- 131 and amaawmmmenloﬁnaﬁymmcfocdibhmm branchesiper tmigdle) mesppdngeat o

ki dney i nj ury}enoltﬁ oflfﬁn a%%%htmlﬁ n)aatoom %fcln %n 19116 tﬁ‘thﬁn&@gm;[l%dq‘rgt};t

i mportant rol es In'tissue regeneration atter injury apart thelr
prom nent rol &feremiafed bribgiabcellptthatty, dltgough fdnecuPM Ateaprstsindy i n vi vo.

Not ably, f unclyf affhiakid SRy bt B hyGIYEATIS QaQLoaARbzed in this
invitro systlesr/n afﬂlbeart t gr Seartan]cﬂ or? %E)r%o%e asts and i ncreased
TGF- 131 expr edffromiated Pléthﬂlah@;ﬁ“ﬁgﬂlt hvanen ngtaldGWEGfof‘f@labmllunﬁaced t he
initial steps,gf hapu! Q9SRESL SRR i i Sk &iordance
with the resubt(ast gwgla tprle\g} tka’ @tc ghﬁe?t?gfngn%&%va\fetlﬁl ¥ Bgaqt cells.
However, the addditg eprhabifl Cﬁ@:thimthélbégedimdﬁhﬁnﬁyguma@e searat g fremtli ng

amounts in th r i bl asts
t hensel ves) n%y‘qa[?%%n%t%q nSHort ?bésg‘%%?eﬁc tll:ll |yﬁgﬁt Iéegy%a%t) %%ance of
condensed nasdasxméss ti‘@@te?i‘éhywdder @@Y pescontirtuguswriibah epithelidl mbudlayetsécones

subner ged. w&%%lﬂﬂﬁ’r‘&ds&fﬁﬁetﬂwn renal tubules generated on solid
surfaces provided a useful 1n vitro nodel system In contrast to

t ubul es gener 3D gel s ul es generated o I|d surfaces
are easily ac@bgﬂ blnré‘ef”dr‘”orfﬁ'i‘i’llfﬁlgﬁ%‘tefl AgTemy ‘%‘&tt é?ﬁtﬂl"%'?’ﬂﬁ‘?‘ﬂ Bh of drugs,
particl es andagichess, @mﬂpﬁmasseélatemmaﬁbr bolfthedi sfauttak: bﬁoﬁayei@boon
solid surf ace’t?efa n% Bq'usbu ar renions hllljlgu € ust al;eel% atlaXhed to of lB%b]a

hi gh-resol uti on lf it om Cr oS d Fibor STent e cros‘c’ Fhese
properties mamre'gm endmbwctnnmmnmlnﬁ th¢ rememds bf thegmborayappl i cat| ons in
tubul ar transport studies and in vitro nephrotoxicol ogy. The

descri bed renmlgtjubulhes; - 0fal Qeulas BRRE 6 BRI h¥hSDTPlal aﬁ&yant test
system t han m)nol ayers of ani nmal human renal tubule cells, which

are current | yfopgenyclidiog hmsps li‘af‘iln%?tj’ta@e‘fﬁléb Hiecgs PIBPY §ym © BRI90] The

accessi bi | it yr0funt, Bul 10 M fofaBout €A, lbkshSD b ARA: 20 T}&P'Tlh@'tu%bléf aces
for high resolution imging allows detailed studies o he cel |l ul ar

and tubul ar t VEliSpBIie priseREsd sPBylTRTETSISATCTI 818t PofiEr oscopy.

Hi ?h r esgl uti m\_—kérmgma@ybfs;rcmmtﬁts 51@$§)ﬁ0@1139atﬁ%1{ehltotth@ikﬂzﬁtﬁelﬁhlﬁbﬁﬁ(ﬁl&deddnt oI |
gel s without secti n ic estr es... Thus ive ce
ranspor t st ulites AP pg T FEGHERg RIS TR SRREa RS D gel
matri x. | nagi thgublledaramns pomerepd itk 6Bs cahdassdsaoddré diteatly exposed to the
structures/processes would be inportant towards addressing renal

t ubul e bi ol ogy, function and pathol ogy, and performng in vitro
toxicity assays wth drugs and nanopartl cles. [00100] Particles such
as nanopart i cl%83of {1ba rpéetisenl $bvlp AgIts Enpticantrilant wao RidpEpalaf t er
exposure in Vigyees, ANAdiRAEntolRE oARAY idhs GRS helubesi Zze cannot be
cleared by glonerular filtration. Wether and how such | arger
nanoparticles can be cleared fromthe kidney is not known. Thus, the
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tubul e function, such as transport of a conpound or particle. There
is also provided a nethod of assessing toxicity of a conmpound or
particle on a tubule. [00102] The conpound or particle is contacted
with the exterior surface of an in vitro 2D renal tubule, such as a
tubul e fornmed by the nethods described herein. The conpound or
particle of interest may be incubated with the tubule to allow for

uptake and tr t he. tub r .to all M/fO he, conpound or
particle to eﬁﬂﬁg ant§¥Pg%Tm%ﬂ%HH%t$%%ﬁW@% ggpﬂ@thﬂFH“nngBQIC

ef fect. The tobubi@oirsakthedes dssepee d Hm ddtlomy Wpoit feedihgdatdnan of t he
conmpound or p fect. of or
particle the ?%@%F%ﬁgg&tgg %%%%E?F%ggfﬁg ﬁgmhg o&ﬁ%@? %%g%etubular
or cellul ar neribhs egy hemehbenr tarinddyizd m@eha{t@@m}:ml M@ﬁltmgrem&ml ar
function inclydes gﬁﬂﬁﬁ&h Qs conpound
or particle WIHIt ﬁl n the ce Is WA %Xé) O%gm lgﬁst lrﬁg'%s gfrib?(gbla?'
conpound or p&mmiagdreateh and theepithdimm sslamﬁmmthe bglgr‘tgem rsonghntses to ferme
tubule to thegphperHaf thg%uﬁey&gka@m rEJﬁFE ﬁ%&fa%&‘rrgaqised DithRblYnSlan UPt ake
and transport, and/or the effect including nephrotoxic effect and
cytotoxic eff é@fledoffmafee%ﬁsbb'ﬁﬁ%lls “ﬁarr%eFdfﬂem@;ﬁsqlﬁﬁwﬁqc@ ‘or on the tubul ar
cells and the tubule, including on the norphol ogy or survival of the
t ubul e or t ub[00&s6] ceReIo@amEa(ﬂG:lﬁp@]aaThtumcumhhhighlp b@rqjmtetdiaﬁcﬂ g@malfanemspound
may be monitope e eternl t ake an nsport, t he
nor phol ogy ofdt%&‘?g bu eégéﬁdg{ghgur?b 5?1 (:reeu g5 mtrﬁtracdon 0rfghe of cell
differentiati mnnf(lé'pll thJeb pigd of aarn’dﬁbrpidﬁsaggregiteare{nhqnahqOdwr side of the

(nyofi brobl asgs)..f e i éo@fdn%hténgm b B ngz Gk migeat h
and cel | V|ab|$4ty may éiltiJ"rso assesse Iﬂﬁe & tm %]&

det ecting theO%SWbHHh@ﬁBWU@%@ﬂﬁb%ﬁﬁﬁﬁﬁwmﬁﬁgjB@Ehmaéd@ﬂ F¢Wé“@onpound

or particle ugggk BmArbl)@l@fiRNAmRehs R MRA U Bhdf@dnhi &€ dihdlic i S to
be assessed for nephrot oxtmtgéwo& as. a candi date for treatnent of
T

ki dney di seas&CTSaHZAIg ERAgH Ba“f’ﬁd’{])ééowesaw@eﬂsu i%hi bit or

treat fibrosi Sppé%tolbﬁdidﬁcéﬂ 8kt Qﬁstﬂ{fﬁl&fc&%ynlt(ﬁb@lr svhih is likely released in the

al pha- SMA- expr essi n ofi bro ﬁ‘% asts or. to iInduce or Inhibit tubule
f or mat i on. [Oﬁ’l‘ﬁﬂﬁ‘%@“ ?f{ﬁ’ e ﬁgafef‘éf‘éwﬁléglocﬂ'@mﬁw Zonpound or
particle of i ﬁhl_i,f&[‘lﬁﬁ)ﬂa,stsf:eﬂﬁasmmﬂi it is desirable to detennine if the
conpound or particle is taken up by the cells of a tubule and

transported bkﬁt bE‘]e tl“h%' % g& 41?{51 5811& Jl]@faéep{n%lge a%gvel—cié Qedometﬁ Pe tubul e,

or for which I's deS|ra rmne nephro xwe?ects or
i ts potenti al appsargiiediyolve fargetpealg #eera@rrmmnsofepmh@mbeyeqﬁhas@aée [ 00106] The

conpound nmay RefrddNal &Qf@%' ﬁﬁhllné’ ar@ﬂoo}dn}{lﬁncplﬁg}?%%s@ rtyp?caf‘)‘%c@ggl%' te of

a pharmaceut i cal | y active conpound, for exalgf drug such as a
smal | nol ecul B RokbBuiFees PEIEBRES (riveYPage aatthse Broesss i@ alspy
exanpl e, the &OMUE&nMuE@orﬁlﬁmﬁﬂh Oy, Iﬁc&ﬁﬁétQﬂnal%r&Wﬁntoe” ‘on or my

be unchar ged. e £9 be any .coppound. that is ted to be
Voot od Por G R R Bon) XA R g ¥ QAT THAGFEHa I hseh nd
phar maceut i calsltiyus aommwsewpd fn@ﬁbu&)faiﬂahcﬁl fechie A3 gas. Traipdduvaddild tpiely

xenobi oti cs Oﬁrsp Hartgo branc 1?] 9]9‘ rréf::ls an% {m 0¥vth 0% ceipc%ec% oo:c:urs%(en(%ll:{nnI s[]l;[:her nal i sed

by a manmal , | el
branched cells or smali groups of cells. The outgrowing cords, which have branched

cells at their tips, then develop info tubules. Subsequent outgrowth of additional
branches from the tubules tends to result in highly branched tubules. Branched cells
are not observed during in vifro 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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[ 00107] The particle may be any particle that is expected to be

i nhal ed or ingested by, inplanted or injected into, or otherw se
internalised in or by a mammal, including a human. For exanple, the
particle nmay be a nanoparticle used in a nedical treatnent or that is
the netabolic or degradation by-product of a substance used in

medi cal treatnent The particle nay also be a nanoparticle used in

cosneti cs, ﬁ)hb* es or as foo gr CE)hat is rel eg?

ot her ways in Ihe 7&KV P6IRS FXpr ]q;%'?'ﬁ3 SROIRBETE YrmypaPe ??fse may
poss esls p(rj opekh lh@ﬁlatﬂe@bnsa kd k@&’ﬂefz ﬁﬁuﬁﬁi ett@ﬁbugamamnybﬁlﬁom@fg}awmp QL
particle direct For t he conpound or artlcema e

col oured, fl ula?rv%étvamﬂt s Fgfgf%’éaeil%“’“ %)Fél“ﬂﬁ%‘ fHaE My RRT PEEPIRt
sufficient simis In(ﬁbdﬁis,e\@ﬁchdk dlﬁﬁ:ﬁ]lty)stlﬂy nzg:nknmmnablyeeﬂmmquemes&eh as
dar k fl el d mS(%l'LlOSI%SO‘QXI’EI'C amz dm[t 1 " O 8 ema Bl‘ \% T r;[cebg Corrpound or
particle may Yncrude a aoe% i On Iétl‘)"’el Yo LT LF WEEFHaSt ect i on

fol |l ow ng pOtlﬁYdfbaiblastpﬁlﬁlklesr@M TEFSH| elpressiofi. alhs ﬁmchﬁg tbe;t afldigontolDGF-Gl The
det eCtI on l abelluce ¥ 111 1aﬁste¥)s ofatubbe 0 t egits OIFSaOl su ace ﬁy CC rgaet e\%hhet% USI ng
known det ect i OF*°Ret ho or eXanpl e a col oured 1'aber T F (ot eScent

| abel , a radisulthbela pevicas sthdytpetiormhdwitmapbitelld é{oei@tf@dhdnddlann @nt i body

or antl body f : r i

avai |l abl e. Foir:élggF %Yon%‘ﬁnﬁ%%%g%%hﬁ%fgaab ﬁé\@?lgﬂld%%&ﬁwﬁ%g okﬁ%dam ne,
TRITC, Texas Reussediathe mpofthyablastt thegseh@y)3nag nif@y Bpulomophdsey, iifludns.
[00110] The cogpgipfaRl oRBidehdeh RadsS SFARLAGHRE Mhd ﬂouﬂﬁh%%ueor of the
tubule. That Is, the conpound or particle’is typically adm ni stered
or delivered tescmeieutanstaed that form the outer |ayer of the tubul e,

and is not typically adm nistered directly to the lunen of the

tubul e. For efoasgil eThﬁs;)thteamﬁdmglanmyulésrgeﬂewﬂﬂdmaﬁidﬁsﬁ@acteshﬁox@@ﬁpound or

partlcletoth ) surroun N
[00111] Opt i on iiugmntnﬁ moqel ¥s'flc - o 8c;_n?rast go hr}t%lea genera?elra] & afeésdthe tutb};lles[ he

tubule for a gbets‘atpds@h slotamgrtfmce@ﬁreteelsrhea%ésgbleéotarmpip@laﬁm@m@@oﬂnist@tiﬁl hour s
for about 24 HBOUES .a@R0Mha dmat cﬁx‘i’;yéu%dsocffld@?és? Th@%bﬁQQBEn%%n hers or

| ess. [00112] The cont acting and optional 1ncubating nmay be perforned
in the surfaces are exposed and thus can be readily imaged by high-resolution light

microscopy and fluorescence microscopy. These properties make this in vifro model
interesting for applications in tubular transport studies and in vitro nephrotoxicology.
The described renal tubules might be a physiologically more relevant test system than
monelayers of animal or human renal tubule cells, which are currently widely used for

in vitro nephrotoxicology.

[0099]  The accessibility of the i vifro renal tubules formed on solid surfaces for
high resclution 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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presence of an inhibitor of uptake or transport, to assess which
particul ar pathway or pathways is or are involved in the uptake
and/or transport of a conpound or nanoparticle. The inhibitor or test
inhibitor is contacted with the exterior of the tubule prior to,
simul taneously with, or follow ng the contacting of the conpound or
particle. [00113] The inhibitor may be a known inhibitor or may be a
conmpound that is to be tested for inhibition (i.e. a test inhibitor).
I f the inhi bi glemepler @trptioat Whedher prdther Su%hﬁﬁg?s@mmﬁewn brepiqared fiem

referred to ape¥RNn&BYnd?RndnC ThEs! AL nEABNRYAG A ereGOMy 1R hsdBAKdr| Cl €,
meani ng a conpound or particle that is known to be taken up by the

cel I's of the PEBHPEREIRDERediclt spch ssaragpatieTers Frugportabint OﬁlfeéF‘iabr | umen

of the tubul etbylesbyfiasitiut bak amdléavw.m this @y ERATROR] syktBe maf Bé RefaDr or
t est inhibitogrrﬁr}%pe an i nhi |tor otential inhibit
R B

endocytotic p Y PR R i hes BB P PrRETP gy bt o
[ 00114] As V\,i tﬂnemﬁ)us:mtmwfdhmnqpammlm; keh hedier dhae, themahiau@positioe,

i nhi bitor u@ég o PIB%’EBW%%FQ‘%A%R‘{B,S&F Iy detectable or may be

| abel | ed vvltha det elta be appreciated, the
inhibitor or test inhibitor should be disti n%tél shabl e fromthe
conpound or pEPPHI e. Trootazpbel 1B Hgrecomeade i atsthan el Bt PoEal

i ncubati ng, tﬁeuia et oR, si@yas @Rtsh&NEH al ¥mPind bijsedic! OhdrERNRNEPENRERSS
conmpound or par l.e, or excess.inhibitor or test inhibitor. This may

be done by reMs : R HPORE FrefRaP LA FORRR P BpIHElRg 2K fresh  medi um
not cont ai ni ngt he conmpound, particle, inhibitor or test inhibitor.

The rinsing 168 donBhespupund prowriceiirmestactakviteld axedor fug@t v63rThe

conpound or par :tt}'ocﬂlﬁreﬁa?tubglg'guéiedgQ%ﬁgf%gmﬂhélﬂght}dyﬁé&rﬁndHe?élﬁlg an
appropriate detection met hod, such fl uorescence m croscop Iy
or

epi f1 uor escené® HPEHY 86&9‘1016@6%%%&%%?%%@&9& el tp aljey

m croscopy, ra# mgﬁ@t&mﬁoﬁbmmmf Blaﬂtgwfbrfth@'c&ﬁ&ﬁmpﬁﬁﬂ%l}éto exert an

[00117]Detect|fr§egthe co gg ragartl ﬂﬁéﬂlnthetubule refers to

detecting t heSEGHBSHTEPUSTOT SaFt e 48 195 ﬁ tulq If thenygssesird g ypy) e

fol | owi ng upt ékempk tﬂemeammmﬂmun@inmnncpﬁrphmdberto asesyvk kffasofdied ect i ng

trgngggfgug? t?cL gg dtolr garF c&e%t F'J'blrﬂe ?rn%tr ule ce snmgifudl'%lgh t%e%:tlf'ecy (l)netugu(l)alr |019 Y
cellular morphology and/or VIablhty

[00103] Monitoring tubular function includes detecting and/or assessing the
uptake of a compound or particle within the cells of the tubule, the transpost 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 uptake 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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[00118] Detecting may al so invol ve sectioning of the tubules before
and/ or after performng the detection nethod, in order to better
detect particles or immunodetection signal within the |unmen of the
tubule, or in order to assess the norphol ogy of the cells and/or
tubul e after exposure to the conpound, particle, inhibitor or test

i nhibitor. [00119]1f the conpound or particle is not taken up by the
tubule epithelial cells, the conpound should not be detectable within
the cells or #skesel farasphestoxicis o i fredidaeTipiramepiod dnerdissae(or &re may

be taken up b¥e gy eghduSe Mev&ﬁhnﬂt&?&%ﬂrﬂjﬁﬁs ta@tlﬁlcﬁtgdab)j 448RA, in which
case the compound or particle should be detectable within the

epithelial ce’llqng’eﬁf’ftﬂ@ SMyerrEessmgBY EIBEEH 0T & nReF £7 BRI HR¥E be t aken
up by the epifoheltib@al cells and then transported into the |Iunmen of the
tubul e, in which case the conpound or particle should be detectable
W t hin the | u ft

i nhi bitor G@ dﬁ a Eﬁﬁ%gg é@%m%§9é%9L%EG§QCb hgi&gégggg}%%%?orned
with and WI t huwhichis isisesiieble T0[4§@1112&€] if the corprtohestior weryicle isrtakheyr Wydkpr i si ng
assessi ng t he.enf éfect%buféfan& H%sﬁﬁw%@m%aﬂ%@ﬂs&& bk ShterOf luhBEorghi bi tor or
test inhibitor on the cells of t ubul e, by assessing the

nor phol ogy of MPHe of ehihigh it s@eﬁra*ae @é‘@@%@e PP P PEY "?f@CtéRTaEFﬁPH‘F?Rj‘I t he

cell's or tubuiseinfas: edheRgRst dfRidABIdRAL0gY and may incl ude sectioning
the tubule and exam ning the interior lunmen for changes in cellular

or tubul ar ogy, i f the
tubul e and th@eaﬁﬁangeﬂgﬁﬁgﬁﬁﬂ@g ﬁ#gﬁm&ﬂ?% y%ﬁ% #&g&hﬁgrg
[00122]Assessmﬁgmhmwfaﬂgoqunkdﬂedde@emwmmiﬁyGVWQRE%hehwdl$ﬁsmﬂy of
cell death w &B‘lt:&letégﬁp&dﬂ@uh%coﬁtﬁ un@?ﬁ@ymlrr? alclﬁzlréw Fgﬂﬂmlalg%el deat h ]
det ecti on assays, which include staihing Wth a conpound that is
taken up by deEBOwS|m baﬁnanﬁeta @ijon, p guitiergn|og may bromonysad sEEsi ng may

al so include gRipp@iding vt A daghae mafis iptdiarepd abtoRr aéar@@é Byhted i al
cells and deternlnnﬂg the extent of tr Sdlff rentlg E?g

myof i br obl ast 891K FHEM 5P SRS PATHRSHEARNCE 6t e BB, aba cle,

i nhi bitor or i(ﬁﬁitve |xata>biatuts©r othér@hen@eud tipl itsy be tNFRADY af Micnglidodby 4 he

a- SMA cel I ul ar Jrer is present on myofi brobl asts but not

epi thel i al cel'f'8 'fhie assessment of the number of

nyofi brobl asts resent in a tubul e under speC|f|c conditions. As
wel |, techni qif@309uch B prrite My beitnpiibsle Pridorestsdit baphgiedichg, or

hi st ochenm cal ingQte 6}, i:aRadi@dor Rfeckss 8th, bioitelieCihefNRB@RDr ba £ihmd],
expression patterns and/ or detect brush border nmarkers gnd otmﬁf

epithelial c elif Elcl"lnégr a W ]I:"Qar example, the particle may be a nanoparticle used in a med
treatment or that is the metabolic or degradation by-product of a substance used in

1 1Pcluarin a hu

medical treatment. The particle may also be a nanoparticle used in cosmetics, textiles

or as food supplement or that is released in other ways info 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
fo 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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[00124]In this way, any conpound or particle, or inhibitor or test

i nhibitor, may be assessed for nephrotoxic effects. The uptake and
transport of certain conpounds, particles, inhibitors or test
inhibitors may be toxic to the tubular cells, which toxicity may be
mani fested i n changes or destruction of the tubule, as has been
observed in vivo. [00125] The descri bed nethods and tubul es are
further exenplified by way of the follow ng non-limting exanples.

[ 00126] EXAMPL 8¢l E@B@QW?@E%@%&# Ty ap apiJRdp@|aEiiory amicAg Suddptsisiaest ed and

the perfor manggwefan®brk BRI HUIBR. EGRAmMIN, O¥driBdn: i ihSuesitE Was
noni t ored during, extended periods of several weeks. Durin th| S

process, it wiaoBmEEr (RGCexts Repevirineiies (68 OF HEYY &F 2lta

nonol ayers by human primary renal proximal tubule cells (HPTCS) was
cl osely coupl §914¢] t ubUhcogepesil st pamledhcomacred wigttthoextegiot éfdhaiumﬂeac es.

It was found Pﬂﬁs aqy@&ﬁhpﬁhiaoqrgmagﬂ qﬁ%cal h ARkl Q0 EGMR GONRhSLe N Of

col lagen 1V + mnin a er 1s main alne
| ater tubul e fhatiemm fheputerdemr o thf:T'I!hub @xlaﬁnrp)t b’plp@]yaﬂleslwtecﬁdtdh@tly to the

experinents | gad}, Bend Qbﬁly%lr@xafngfer%waaﬂ @y %quhgl aﬁ&{ﬁé ﬁggoﬁnpound or
[ 00129] Materi al s _and net hods fg culture assay: Al'l cell

cul ture nedi aPlddgfowsraovgh %d‘%%&ﬁ”foé%?ﬁ%ﬂmwlﬁ h 1%
penicillin/streptonycin solution (ScienCell Research Laboratories,
Car | sbad, CA, [Q03A]], andpt@inkllyctht bstisMesreo@ptubd it&ﬁcelﬁﬁtﬁtwuB?l@ tuledors% CO2

at mosphere. E-I;%d 1%@%l{heof?91teaﬂfnn egtgm%l%ﬁ'fn %ﬁou?@ ot.lrl:rsta R lﬁo Ifsa o F(5e§) ries

and were cul tivate I um supp enent 6d with
2% f et al bOV|h@ﬂ%%NWﬁL@FBS%Zéh@HQQHQpltheI|aI cell growth suppl enent
(ScienCell Research Laboratories). Cells were propagated in

gol ]y th ysi nefopaszjed ceid coﬁtwtﬁigsr@ oﬁﬂlu?ﬁiﬁﬁc;#gafﬁ%l 1rlﬁ?8@iﬂ>egﬁm&6 Rsthéy at day
of the experine cells/c nts were
perfor red w ¢ RESAESL Y BRTe oF UG ETaghist 1 oK HEie: RN P O |

USA) and cel | psiddysiser aifedmlmd\na&eaml{’eamgadraespeﬁyfd svenpolayisr i N the
exper | rrent al %at%lr‘)faaﬁt%ie ['I%Q %Mtor%?%stnl% IPE') con ac eﬁ \Bpfitl ﬁlte%gttgno(r %P/tﬁg t_ulZuig S gma

Chem cal
prior to, sunultaneously with, or following the contacting of the compound or particle.

[00113] The inhibitor may be a known inhibitor or may be a compound that is
to be tested for inhibition (i.e. a test inhibitor). If the inhibitor is a test inhibitor, the
compound or particle referred to above may be a control compound or control
particle, meaning a compound or particle that is known to be taken up by the cells of
the tubule and possibly transported into the interior lumen of the tubule by a particular
pathway. For example, the inhibitor or test inhibitor may be an inhibitor or potential

inhibitor of an endocytotic pathway, or the p-aminchippurate 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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MO, USA) was added at a concentration of 100 ng/m . L-ascorbic acid
2- phosphate (AscP) (Sigma) was supplenmented at a concentration of
5011M In the correspondi ng experinental series, cells were
constantly kept in BMP-7 or AscP supplenmented nmedium In contrast,
cells were treated with Trichostatin A (TSA, 10 ng/m) (Merck,

Dar mst adt, Germany) overnight prior to seeding. [00132]Live/dead
assay: 2 1.11 of a 4' ,6' -di am di no-2' - phenyl i ndol e (DAPI, Merck)

sol ution (5 nigedm) neiseptgniag thesompoptdopsrec riipHRTiOB Est (Tibiton Fhp tihdgen,

Si ngapor e)  soh ki #eQiBnd che BB JimbEhLiealded to each well containing 1 m
of nmedium Cells were kept in the incubator for 1-2 h before inaging.

[00133] Fi xat | @'3116:' Xat"fhe 001?}?9%%;)&153]; Iiﬁqm\{l\ﬁdgtgcited WItﬁm etﬁgllldeh d‘a% In

phosphat e buf ere saline room er’a?1
fol | owed by eanpeapsaw'@tam@hnaalg)dwutﬂvs%ﬁscﬁcxwd:r@acmpl eeéluwem:encal vvays

kept vet . [OOé% cgrﬁgcta Qgroscoﬂ > dSRHRLGL @cb%éggﬁ%%gl e pre-coated

pl ates applie ome experi nent’s were o tal Bect on and
Di cki nson (BDmmneﬁfﬁ(dllﬁgrPrlhm@e@mlW-, USA; BioCoatlm 6-Well Miltiwell
Vari ety Packs). The ECM coating of 24-well plates was performed by

di : uting tg_e ﬁwlggrrplcnljm?ﬁr tﬁ@coﬁﬂiﬁ@unfdioﬂﬁdmd%lﬁﬂﬂ'\ﬂaé @bﬁl@g@g&g‘fh cel | )
culture nedl u | of the ¢ | S ed t C
G 1 ot ot e ing b G Bou T R o R A leRe G
Muri ne col | ag@acdmpouibi®r paficdd s wiVks ditectibathrsdaehiind Eeanielayithin del I agen
|V (150 pg/m IUglMF&QI!\Qm&?eq‘oﬁo%c%ag?pgt]tgp?r om ﬂnd%l 9 gle were used.

Col l agen 1V amnin were purl uman- placenta, and in
nost experinents they were enployed at the afore-nentioned

concentrat i ond0 mn agpiigeaRe My %WW&E@W‘“%@W@%’PIES tfree @fser i nent al
series was pesfeopdimanigt haddidn 1hd:tgfdnﬂl oftfer 16 @bt @Ra! lba\:ﬁow@ dr 100 jig/

of lamnin. The copplex E i sted f col] a (150 jig/m) and
o nin (100 FREHGFE s e i HS SO, OO o 8
jig/m) and nepphdsgot ihacdl a8l/dringhlhier eRbDrSysianmpodt paeiapol i s, M,

USA). | n addi sine (100 jig/m, BD), polyL-lysine (10
jig/mM, Sigm ngﬂdropt%t%,nh%t&y( Sanyo Chem cal Industries, Kyoto, Japan)

and gel atin (1r’q|:; por ci ne tyiﬁ; A Signma) were used. [00135] Coati ng
with MATRI GELEBH19D) g pariposs aala&lewaﬁtﬂ@n%bx Heupyesnitieie] ons of
the manuf act Ugeds, thelVBhputdEnb i Qbibt dQELtabRSyitin the @fs el i@héh otteh nedi um

[ 00136] The E epgsited by HK-2 cells re sol ubi |'i zed
accordi ng to%‘gesl i%g%‘f‘oéf’tpﬁ? oﬁ%afrtFFéﬁgay(tﬁé%aﬁgﬁ?yég ﬁsdb“ﬁfﬁ Liranspesie e cel |
Bi ol 2006; Sujapltententn, 83vi{dEhagptiercohfount dartit?.sBguld Be@e@ctdblcl@itéh 21) .
For cross-li nﬁl 0 helﬁr(f‘ells clé‘ thze dtuEbClVI %g cmncu%lat ﬁegmcgg %a\}fe tErlEell:il llilt Sth():M th

3. 7% formal de % he 610t ensi vely
washed with PB@hehal cells and then transported into the lumen of the tubule, in WhiCh case the

compound or particle should be detectable within the Iumen 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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[00137] Cell counting: Cells were trypsinized (0.05%trypsin/0.5 niM
EDTA in PBS), resuspended in PBS and counted with a Beckman Coul ter
Particle Counter (Model Z IS, Beckman Coulter Inc., Fullerton, CA
USA). For each ECM coating and tine point, triplicates obtained from
three different wells were counted. [00138] I munost ai ni ng,

hi stochem stry, and imagi ng: | mmunostaining was perforned as
described in Sadoni et al. J Cell Biol 1999; 146(6): 1211-1226. The
fol lowi ng pri ERMg2hnt | Begisiag mae pleo ingleds deleribing tha ettént, 00y, of pebishta

occl udens- 1, mthttHeQﬂﬁﬂ:; fo@cralnﬁﬁﬂg l%wnb%atﬁ@gecﬁ‘&p%%yQthch%ﬁmOt h
nmuscl e actin (Abcam Canbri dg Al exa Fl uor '488- conj ugat ed

anti-rabbit ( F“r‘i\}‘ﬁ? ?%’Q%‘}’“%%%P‘“PF@“?@%EFﬂkﬁ‘b‘é’c@die%ﬂﬂeﬂs #OOYEY {ireirllt r ogen)
secondary anti bodi es were applied. After immunostaining, cell nuclei
wer e st ai ned WXRB3IDAPI Assading ela slswiecledenompdried thaidédreewd diffashtiagibidof
(Vect or Labor at. r [ MLro m cal
detection of 5‘%@% agtzeglf %‘é{tdlefe&ggiﬂgglﬁ ; I’2n|t oﬂransdlf‘f enﬁ%taoRYnto m)éc%tb %ﬂas i bed
in Ryan et al inthgprepesy allldrﬁbsellm ;comButd, Paltaclé'inhlﬂlmrglmgmhmwrﬁ@rf or med
wth a Zeiss Al Qfoser \ggslg A1 CGer many)
using the Zeiss %X S mﬁa}nﬁég.&f\sgpﬁg% lgl\}\%iléke;%g?[g@f lnrr()?}unobl otting:
For i mmunobl otWPﬁf@Obl?@@IthslomrtbehPW]é&:ﬁllPWS fpObe fssessmenf ofiteeguederdfiPage LDS

sanpl e buffer m@&ﬁbmus@%g&n in 2SR aEIE 1iE ednhﬁaeﬁse%s “Jaﬁaéoﬁﬁq@e; s C and
centrifuged at 10,000g for 2 mnutes to pell ell debris. Protein

concent r at i on& BiupesEingy Bidieeahtianing Péhlﬁ@’&%lﬁﬂ det\?ﬁ“@hmay AREDROPTM

S Eect r ophot oneétes cl{aEgleanDn 5}@5‘%&351&1 RO defRPI-RR 'bbl@lErQI(}a@IfE%Lhﬁa s of

t he supernatants r e nto a NuPage precast ge 4-12%

| nvi t rogen) \Mo'ﬁ‘?{e\fl’\ﬁ@ﬁ?f’%@? ‘%Erf PAGE Rul er Plus (Fernentas, Hanover,
MD, USA). Proteins were transferred to iBl ot nmenbranes after

el ect r ophor esi®124ihe nlartis arie snywempont ociesitlel oy ifiBSoberftéseinhibiomt ai ni ng
0. 05% Tween 20,2t A% BB lRI R M. FAPIALISTRPLALUE S [Qfinl hour, and

were then incubated overnight at 4C with oth nouse
anti - a- SMA anf9HSBRAS(PARiE STy RPERErs PRISY inhibiprs may be taxip 9 the (intks sefs.

anti body. [ OOH#ia} dkicky mivasehhdFestcdd RECHIREDE ARG MR LEHE RGWBaL 84 pwint h 0. 2
ft1/nml of bot htﬁgrg doxl dase- conj ugat ed sheep anti-nouse anti body and
donkey anti - r 3BBVt 4K7'body. The bl ots were devel oped using the ECL
detection kit (CGE healthcare, Chalfont St. G les, Buckinghanshire,

UK) to producE9i28heni Th;r#bwéé@emd@dsdngm@zhlem[pflmhedxwliiedl&y&va&%f m The

films were scg,@mgwg@%@ngin;{zggmyég ng Adobe Phot oshop C53.
[ 00141] Sectioning of tubules: In order to obtain sections of tubules,

HPTCs were gr n pol yester nmenbranes (Corning Inc.
Coi ni ng, NY, @giféi Aft}g}?ip@lbéﬁe formation, cells were enbedded into
TI SSUETEKTm nounti ng nedi um and sectioned with a cryostat.

[ 00142] Cal cul B0iléfls, sEsmmipda} cs, and arrangenent of inmges:
Cal cul ati ons

[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 [V + laminin. The longer the monolayer is
maintained, the later tubule formation occurs, This example relates to the experiments

leading to tubule formation on solid surfaces.
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and statistics (unpaired t-test) were performed using Excel 2003
software. Figures were arranged usi ng AdobePhot oshop C53 and | nage

[ 00143] Fi gure Legends [00144] Figure 1. yGIP expression. HPTCs were
grown on collagen IV, lamnin, and collagen IV + lam nin ECMs as

i ndi cated, and yGIP activity was detected histochemcally. yGIP
activity results in red staining during incubation in reaction

m xture. Control cells were grown on simlar ECM coatings (shown for
col | agen V), [C8hP1i ncu¥iatedds pid Methedsct i on ni xture | acking L-gl utamc
acid 7-(4- methoxy-13-napht hyl am de). Scal e bar 500 p. m[00145] Fi gure
2. ZO'1 and ciooBd) i rrrmun&attﬂiemi;sag Apladenemlmsemélaﬁnelsmwalmnel s show t he

nmer ges of the dliffere nt. L, tpt er. Om Cn e on( Researdh DAPI :

bl ue) while tWEPPBRAST R &PEHE 516 cﬂ 1th Eff I REGHSSt ai ni ng

patterns. HPTGHomeries, G, O, BSA)EGNMaL onlis wsiteicmigvapdd a( ReC@aPolDagen |V
d (B, D i O

and ( ) Chihg%ﬁfg H\IgT?%\ng'r&@thgﬁh&l frog'? 13%C%%é§eagt% Lapc%ratgxrleggﬁ(?\ger!e n

addition wt recel've no a tional treatnment. Scal e
bar 100 pm [@0Na6d Fibgwk witBelialQgl medifuh genpleonnted with Bfikiabkqyinesgion by

i munobl ot ti n@’BSfﬁ%)i 1%PEﬁﬁh%El?wM\eﬁbp%e&rﬁQ@kg@Rg— g?cl‘(&@&raﬂ&gés) or on

the different coatings iIndi cated V: | 1agen LV, Lam |amnin).
Cel I's grown ofells Ffiemraraseted i LP%%WSWC%@@@G%HW@ agks- d4¢ wadivg epsiBvp- 7

or : eft untr Sa’ﬂiﬁﬁb ofia{et&panﬁ&%mses ’SP@]E éeﬂg&ﬁ‘dAg ex&aﬁ&tm@@péﬁoméedg
replicas, and the e ct obt ai rom eac oa onto a
separate | aneVdF4%H I"Q@F“lmﬁ’ p&ﬁ&?ﬁ iR RiRd S, SWP‘M\%&W F¥bul i n

(1 oadi ng cont walexchaee evebamd days Zih& Bpetdnel sheieect ed by

i mrunobl otting. The positions of size nmarker bands and the

correspondi ngy oﬁ%ﬁcm affonﬁﬁl'o&u%éne(tn]:g%ote@f (‘BMP‘S“?L(&@%Q@M&HCJ 88 st. %ﬁls ( B)

The intensities det er m ned he val ues

obt ai ned for VMReUsSesafrisd pfq congsarrgons! 188 84mi- drascoffus widd- Rhoa@ereby t he

corr espondi ng ¢ UG 0HtAL RSHleh&iedlaD8eRednbtRtidh bPsE e ah fHe CoRaRdind he
bars indicate the averages standard devi ations) of these ratios for

each coati ng SREHRE! B 7Y werasnsptyksptdpBMEY % itgi sppriamppnted

di ff erences caamak edcdn@ask, f&@ls@&&ttfe@tkd withGdhoadi@ A0MEX, mhsesly@tal t er
BMP-7 treat ne%nfgtgq{— 0. 00 0147 re 4. Formation of cell

aggr egat es. RGP éprél’é%oesé "by hnnunost ai ni ng, and the
i ndi vi dual i mmunofl| uorescence patterns as well as the DAPI staining
pattern (cel I[Oﬁmlei) Iar@dedﬂspma?ediof P&’ -drenigaoi2splshdwdolo (PAMe ri ght

(bottom DAPI; r.ed Th f. i on of
the i maged arI\e/I%?lrc Somnon SCP c?g E)an%ri %%XAPT p(r?uelslsaldlr?a M%%ﬁeheﬁn{féc’g whi ch
remai ned spr e@ﬁltlolutl lnmimt) h@regdctﬁéttqratlewell qentadohistl mdnf medn@Mieosdre i ve
cells fonned & HH%I&g{)JtMQ&qrzqﬁ&F lﬁé‘hge right half of the imged

area. The ZO 1-expressing epit eet was folded up in areas

wher e a- SMA- ve cells wer rese her ef or e, e ZO-1 stainin
patterns werg[%§ %é’}of fRyEasen; ]ﬁxat“ﬂ‘g‘é’%gpé %‘H@‘TW@E 1 f?ﬂi‘ﬁ‘ld%ée Bm ’

phosphate buffered saline (PBS) for 10 min at room temperature, followed by

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

[00134] ECM coating: The commercially available pre-coated plates applied
in some experiments 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 pl of the coating sofution 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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[ 00148] Resul ts [00149] Cel | behavi or was nonitored over. a period of
four weeks in each experinment. During this period, assays for

nmoni toring cell perfonnance were perforned weekly, starting one week
after cell seeding. The initial seeding density was slightly bel ow
nonol ayer density. All experinents were conducted with nulti-well

pl ates wherein cells grew on ECM coated tissue culture plastic (TCP).
[ 00150] The performance of HPTCs in the presence of different ECMs and
addi ti ves [ 00¥MBrkmgyasadidrermanyhealsed (¥l Wonolayerkandlaminghtl0§ unct i on

fonnation. A f)é/ﬁ}ftﬁ n%f&/ert?@sreﬂ Q;%Hgﬁ-g@b\l/ Qnd]iamﬁéﬁ%vefb%ﬁﬁéﬁ% Wb

non- coat ed COI‘lt r ol ySI ne coated wel
(pol y- L- |y3| nélaqe@araéé@rm@hﬂf@ﬁwe@fs té%ﬂ e/ erenleyisd eifthqﬂﬁﬂr@:sl)mowﬁ s test

series al so |Etﬁlbéh@@tdmgﬁhéﬁtabﬁhedﬁiscolﬂe-ﬁg%n%%err &ﬁ@kﬁeﬂm@mﬁ@émls &% ECM
nore simlar to the native proxi mal tubule, and as such

ECMs are di ffP"(Y{?Flfledt“BthalQé’éﬁﬁ‘l‘léf %’n”ﬁgef't[‘éP% 100 ne/py of lspiniae The cgmplehe ECM

deposi ted by Etﬁ@n&%loﬁcM&nQV%QO%}@&{l)eﬂdlam 808 pe/AB 4 wRBLS Or mance
on di fferent ECM coati ngs Cbatlna r eat ment Monol ayer O 1 Non-coat ed-0

Pol y- L- Lysi neftumagagcgimbipant nidogen (7 D) ppd pphreyertin (74§ pe/mis@AD  unt i |
week 21-2 Systems, Minneapolis, MN, USA). In addition, poly-D-lysine (100 pg/ml, BD), poly-

L-lysine (10 pg/mi, Sigma), pronectin F (Sanyo Chemical Industries, Kyoto, Japan)

and gelatin (1mg/ml, porcine type A; Sigma) were used.

[00135] Coating with MATRIGEL™ (BD) was performed according to the

LTM

instructions of the manufacturer. MATRIGE solution was diluted 70-fold with

medium.

[00136] The ECM deposited by HK-2 cells was prepared or solubilized
according to the literature methods {Beacham et al, Curr Protoc Cell Bial 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 obtamed 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-ci-smooth muscle actin (SMA)
(Abcam, Cambridge, UK). Alexa Fluor 483-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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Gelatin + BWP7 + AscP+1-2 HK-2 ECM deposited+3 HK-2 ECM
solubilized+, until week 33 HK-2 ECM solubilized + AscP+, until week
30-1 HK-2 ECM sol ubilized + BMP7 + AscP+1-2 [00152]1n Table 1,
formation (+) or no formation (-) of confluent nonol ayers is
indicated. "until week x" means that confluent nonol ayers were forned
after seeding, and remmined intact at week x, but disintegrated

afterwards. The rating of the ZO 1 staining patterns was perforned
i ndependent | yKW%’ﬁilttlﬂ%“; 4SS Teasie werrsripmiee Wil a £eiss PO TR él ent
types of ZO ]inicfwabgé)@ia@z@i!sd]%n@,_@e}r@iﬂ?ﬁlsfn 1R)ZMEARIONBRN B gkirds

expl ai ned bel ow. [00153] Tight junction fonnation reduces the

| eaki ness of TH&*%Epithelium which affects reabsorption, secretion
and transport functions. The tight junctional protein ZO-1 is a well
characteri zedoatiHer dxprumsbledingrFodinfiheoentingcald vepiltddnilad ntefl | s.

ZO- 1 i nmunost.ai ni patterns.i.ndi cate the extent of .tight junction
Formati on. prisget NESBRLO PR Sl dF SEMEN b a0
si des of the %€ ksl degtrifugeti a¢ 49,6z iy 2anivhariapdlerceld ddbos. Ehiteken wire-1i ke

ZO- 1 i mrunost ai ni ng: r i : Rl oEssays
per f or med, th%hgsytng%g&gotfﬂﬁ% ?ﬁ?%ﬁ?%?’%@%?%gﬁt‘%gﬁ on anoft he extent of
ri ght juncti offeti@phviametsn(RirfraatierotingaptreldApiseitialy apgunitrd tefprsHeERai ni ng

of ZO-1. Diffe&enhddivies NebagdGredasSicfiatizRImRAbLESS Rih We kit QRS ved.
D ffuse cytoplasm. c stainin atterns not displaying any obvi ous

|
lateral enri %%‘%%‘%1&&?1“82@@9%% RRangyes P4y Brgteins, e gransirpd 0 gplok o

the type | pa;héiﬁa;:rﬂley\ﬁ}feeeiamﬁﬁodﬁ&.-ﬂhb kembatie mate bﬁﬁkidﬁﬂﬂ’ﬂBSlbﬁfer whi :fa mor e
extensi ve stretches of, 1 enri ts. at. sone of the cell-ce

Tt er faces werbepE R amed: flinn SP TR st S Bhertabin BF b

cat egori es, adnd wef)thealincomsdd ofdmighdt £ vath 0t2he/md ef boilcebse annt-akias di d
not display any, ZO.1 enrichnents, indicating the, absence of tight
junction fonn%?%/li’%zflﬁ (%?fﬂmiﬁﬁé%gﬁ?W"?"gbﬁ?ﬁ@%baggf@&ﬁ?' [ 00155] Chi cken

wire-like patterns were characteristic for types 3-5. Wen
[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 Image].
[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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chicken wire-like patterns remained restricted to sone |imted 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. Sone irregularity and m nor disruptions
were typical for a type 4 pattern. Very regular patterns were
classified as types. Only types 4 and 5 i mmunostai ni ng patterns
indicated tight junction formation in extended areas, whereas types
0-3 patterns FeYORMEHIERnTehsfllserrmers wfsimiteEaHiconiaky @ivndrre not
seal ed by ti 99&1@&1@6} b QNSeubA@OlatkbRe HERW IE§<1n%fL éhﬂ%mggl -(4-
i mrunost ai ni ng experinments on HPTCs are sunmmarized In bre 1. Cells
wer e noni t or edheByerP-aaphlylpmidelo$cafedar S0dpaks, and | mmnostal ni ng was
performed weekly. | munostam ng was perforned in parallel on two

di fferent sanpoassy or gigeR 2t 0B aROL b1 LRGESMIGRALESE. TR QReach
sampl e, several different randomy selected areas were imaged at a
gi ven tine poPHEs shomdhe perewspéihy ditfereat natirif(Zarid sempp-SMHe rdpBAPL

frequently oCEMEMINGHRBIWeLFRcI MBS IS IBN mql lmlﬁﬁ&@&ﬁdag Rtk SAPECTOSt
frequently observed at a_particular_tine Tabl e” 1 di SQ{I ays the

best results JBE&NEG" FhEMFLREHRETAR DY ﬁgﬁglvﬁéﬁB’tméOIHﬁ?ﬁl Vot i ng
period of foulamieeksls wdrO@]BYrdared Oakitionh waXBPRIPLTR (4.S0) rddB¥&dsnoner e
seeded di rect[t%. n%o t he - 2- q osited ECM after renoval of the
HK-2 cells. TeEEBAIEE G2 BE 1k ECM after sol ubilization was

al so tested. [00158] The ECMs and the conbi nati ons of ECMs and

addi tives tesi08d4sln t h&glﬁlier?’s@uaebiﬂheticbmmmlﬁx sardsgen i inmudPI@mear e
listed in Tab in ated fro h ot her, and
conf | uent rmn%iﬂﬁayergsJ Wﬁgﬁu@%eigﬁﬁg %ﬁéjg\% o?lglgtglrgi(l)té’?an&“%@ and on
a pol y- L-1ysi mdicEeMCo] [§01818dan AV diam: triiraw). Cls exyn oo hfrinkehtollapmdVayer

formation msw&@%ﬁ{e}/@éitedwlﬁq WOH&§£M§’[&(9 ﬁrof@:fns KJ&% eQEPa'E@h ﬂlyeggh Qgeeurr ed
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[00160] The r e®if% $0kP) yeze detrsted pyisgmusghlotaag. Ahepositignsefsizermarkgbawds . The
effects of thedsid daespbrag nidicedatdhisien eard BStLG AR 16 MB)THEN the new

test series, this s fi xed th formal dehyde after coating. This

was done becal S“&%%A @WEI g PR o 6hwecaeet%f@meéﬁéavﬁvsﬁ@aﬁdﬁeﬁbew th
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after coating, Crqgs th forpmal dehyde performed in order

to prevent el &du ?’F@’E’F gﬁg%ﬂ%ﬁ?ar\?\ﬁ’gﬁf‘tﬁg‘e AHREH af“gﬁ‘i‘%%??“é)so fal so

i ncl uded pr ongedeirftiof-foreudh patiye dud kheSbiie]. AgRHIks otk sipBfiddnt MerenBs I O .
compared to the control, which are only observed after BMP-7 treatment (p = 0.002).

[00147] Figure 4. Formation of cell aggregates. Z0-1 and a-SMA were
detected by immunostaining, and the individual immunofluorescence pattemns 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 lefi 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 a-SMA-positive cells were present. Therefore, the ZO-1

staining patterns were cut of focus in these areas. Scale bar 200 pm.
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Tabl e 2: HPTC performance and presence of cc-SMA-positive cells
Coating/ Treatment HK-2 ECM solubilized, fixed Poly- [-Lys Inc
Monol ayer +, until week 1 -, but sone nonol ayer patches. 204a-SMA 4
until week 2 5 at nonol ayer patches and 2 at Ot her areas

[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 HIPTCs 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
assemble 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 7Z0-1
Non-coated - 0
Poly-L-Lysine — 1
QGelatin +, until week 2 23
Gelatin + AscP +, until week 2 1-2
Gelatin + BMP7 + AscP + 1-2
HK-2 ECM deposited + 3
HX.-2 ECM solubilized +, unitil week 3 3
HK-2 ECM solubilized + AscP +, until week 3 01
HK-2 ECM solubilized + 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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PronectinCells dead at week Cells dead at week |Cells dead lat week 1
Larninin + BWP7+, until week 2 Collagen IV + Lam nin+, but disrupted
(10.7 ng/ m+ 100 pg/ m)before week I Collagen IV -F Larnininl

until week |

affects reabsorption, secretion and transport functions. The tight junctional protein
Z0-1 is 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 patiern.

[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 Z0-1
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 Z0O-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
sumimarized 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 particular time point, Table 1
displays the best results obtained on a particular coating over the monitoring period of

four weeks.
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Col I agen IV + Lannon' 1+ AscP +, until week 3 Collagen IV + Lami nin
8WP7 +, until week 4 Collagen IV + Lamnin + AscP +, until week 2 +
BWP7 3 until week 2 3 until week 4

[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] In all 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.

[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 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 inchuded

pronectin F and poly-L-lysine again as a negative control.
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4-5 until

week 1 2 until

week 1

3 until

week |

3 until

Table 2: HPTC performance and presence of o-SMA-positive cells

week |

Coating/Treatment Monolayer Z0-1 a-SMA
HK-2 ECM, solubilized, fixed +, until week 1 4 until week 2 +
Poly-L-Lysing —, but some 5 at monolayer +
monolayer patches  patches and 2 at other

areas

Pronectin Cells dead o week  Cellsdead atweek 1 Cells dead
1 at week 1

Collagen IV +, until week 2 4-5 until week 3 4
Laminin +, until weck 3 4-5 until week 3 +
Laminin, 1% FBS and 0.25% —, but some 2 until week 3, 5 at +
growih factor mix monolayer palches  monolayer patches at

week 4
Laminin + BMP7 +, until week 2 3 until week 2 +
Cotllagen I'V -+ Laminin +, but disrupted 3 uatil week 4 +
{10.7 pg/ml + 100 pg/ml) before week 1
Collagen TV + Laminin -+, until week 1 4-5 until week 1 +
Collagen IV + Laminin + AscP +, until weck 3 2 until weck 1 1
Collagen IV + Laminin -+ BMP7  +, until week 4 3 until week 1 +
Collagen IV + Laminin + AscP -+, until week 2 3 until week 1 +
+BMP7
Collagen IV + Laminin, 1% FBS  —, but some 2 until week 3, 4 at +
and 0.25% growth factor mix monolayer patches  monolayer patches at

week 4
Collagen IV + Laminin + -+, until week 2 4-5 until week 3 +

Nidogen + Nephuronectin

[00161]

For example, “4 until week 2” means that a type 4 Z0-1 immunostaining pattern was

Disintegration of tight junctions after a certain time point is indicated.

present at week 1 and week 2, but the tight junctions disintegrated afterwards.
Immunostaining with an antibody against a-SMA was perforined in all cases. “+”
indicates the presence of a-SMA-positive cells. For further explanations, refer to

Table 1.

[00162]
combinations of these components, since relatively good results were obtained with

the corresponding ECMs with HK-2 cells (data not shown here, Zhang et al., 2009).

The new test series were mainly focused on collagen IV, laminin, and

The combinations of collagen IV and laminin were also tested in the presence of
BMP-7 and AscP. In this test series, a laminin-rich combination of collagen IV +
laminin {10.7 pg/m! and 100 pg/ml, respectively) was applied. Native basal laminae

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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the second half of the monitoring period, the laminin ECM and the combination of
collagen IV and laminin was tested also in the presence of reduced amounts of growth
factors. For this purpose, the concentrations of either FBS, or the epithelial cell
growth supplement, or both components were gradually decreased. Various
combinations were tested with HPTCs, and cell growth and morphology were
assessed regularly by phase contrast microscopy. The best results were obtained with
1% FBS and 0.25% epithelial cell growth supplement (growth factor mix), and this
combination was applied where indicated in Table 2. Furthermore, we included the
complex ECM consisting of collagen IV, laminin, nidogen/entactin and nephronectin

into the new test series,

[00164] The worst results were obtained with pronectin F, on which cells did
not survive the first week. Some isolated patches of monolayers were obtained this
time within poly-D-lysine coated wells at the end of the observation period, and
extensive formation of tight junctions (type 5 pattern) occurred within these patches.
However, on the majority of the poly-L-lysine coated surface area within a given
well, cells remained isolated, did not form monolayers, and displayed type 2 ZO-1

staining patterns, in agreement with our previous results obtained with poly-L- lysine.

[00165] A confluent monolayer covering the entire bottom of the well was
formed already during the first week on the HK-2 ECM fixed with formaldehyde after
solubilization and coating. Extensive tight junction formation (type 4) was observed
here. The best results in terms of tight junction formation 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 I'V, laminin and the complex
ECM. Also the monolayers already disintegrated after week 1 on the combination of
collagen + laminin, but were stably maintained until week 2 on collagen I'V and the
complex ECM, and until week 3 on laminin. 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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Col l agen IV + Leaman, 1% FBS -, but some2 until week 3, 4 at and
0.25% growt h factor m xnonol ayer patches nonol ayer patches at week 4
Collagen IV + Laminin ++, until -week 24-5 until week 3 Ni dogen +
Nepl uonectin [00161] Di sintegration of tight junctions after a certain
time point is indicated. For exanple, "4 until week 2" neans that a
type 4 ZO- 1 i mmunostaining pattern was present at week 1 and week 2,
but the tight junctions disintegrated afterwards. |nmmunostaining wth
an anti body abdﬁ"ﬁ@]t a- Sffticnalexpaiienin oded tadiiTCs growg on reldgeadVerd t he

presence of a.2Min BOSk hd W&l 26 6h botlagdn@V +TAMihiN @S atiBIRkARAL S ushl €f er to
Table 1. [00162] The new test series were mainly focused on collagen

IV, laminin, BSeeereenprimdly dhared) vhidseovdiddgHentvidensitedP e vrs vel y

good results yep&elyQktainnash iMthdle EORs.cor respondi ng ECVe with HK-2
cells (data not shown here, Zhang et al., 2009). The conbi nati ons of

collagen 1V a mnin re.also tested in the presence of . -7 and
roch T thi o oS o AR e 3B e ot bl FERAG e PG 1 v
+ | am ni n ( 10mpnoyigenduidivd ach@Bedaipgiptd 3 weeks pe cdllagms|TY pndilas inayphtingd .

Nati ve basal Fﬁ;ﬂsgﬁlﬁf %fugzﬁh . x@!aﬂi’ Jehiﬁ@%g%%%hﬁﬂ?dlﬁ‘jngjg{eggcoﬁﬂa %V

e
amounts of co am nin. 03 Furt her mo in order to
avoi d possi bl tespaitgingatried pestybwmsd.diie magelayer detached at least from some

areas, leading to the formation of areas devoid of cells.

[00168] Monolayer disruption is associated with the presence of high

numbers of a-SMA-positive cells

[00169] Based on these observations, the question arose why the monolayer
always disintegrated and could not be maintained for longer periods. It was also
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
myofibroblasts was of interest, which could arise by an epithelial-to-mesenchymal
transition {EMT) process. Therefore, the presence of a-SMA-positive cells was
menitored in the final experimental series. a-SMA is expressed in myofibroblasts but
not in epithelial cells, and was detected in these experiments together with ZO-1 by

co-immunostaining {Figure 2).

[00170] Generally, a-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 a-
SMA-expressing myofibroblasts, the epithelial monolayer was often 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 simultanecusly 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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the second half of the nonitoring period, the lam nin ECM and t he
conbi nation of collagen IV and lamnin was tested also in the
presence of reduced amounts of growh factors. For this purpose, the
concentrations of either FBS, or the epithelial cell growth

suppl ement, or both conmponents were gradually decreased. Various
conbi nati ons were tested with HPTCs, and cell growth and norphol ogy
were assessed regularly by phase contrast m croscopy. The best
results were BB1&IIned AveashwithdighBEnbmtiole-s0cupessingbdllabs sedt ingr owt h
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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, a-SMA-expressing myofibroblasts were mobile, and able to
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[ 00169] Based on these observations, the question arose why the
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cell aggregates containing high nunbers of a-SMA-positive cells were
exam ned nore closely. In the exanple shown in Figure 4, the
epithelial layer was still intact but fol ded up above the

a- SMA-expressing cells. The epithelial cells were i mobile and
tightly connected to their neighbours as |ong as the typical
epithelial junctions were present. In contrast, a-SMA-expressing
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contractil e clOOEMA- corfiii histivipefdoied apanttih defs Qg rsandtiorebrance} e

properties of,dihe, Rk 19&19.@ @§A15’I cmftgrganlﬂﬁu Jf%gpﬁl{cﬁ:g bfu@)r 26 ErsoRger ved

rearrangenents of the epithelial |ayers, Which was in agreenent with
the obser vat i BRSReHBENSSYsTS It s th 2B huessreexpaiapd by {lJewscaMa f ol ded up

in areas Wherﬁmﬁ)'so%wm@gﬁa}gés\éﬁoﬁﬁihﬂtﬁe @@d’\ﬁ;&@ﬁ;@ﬁ@xﬂ&y Hfﬂﬁéllﬂli’lﬁ}a%ats h@ggh it
was an intrigu ossi bi i at cc -positive cells ed a
crucial role ‘?"F‘ipg‘iﬁ %ﬁfﬁgsp%oﬁa‘ﬁ%é‘a? ?Pd?ﬁt%l’ff’[) nﬁ?ﬁn‘&eﬁg}@r’nm%ﬁ ¢8ul d
not excl ude thelupessttd 1D fapuld)hat this was just an uncontroll ed and
uncoor di nated process due to the growth and accumnul ati on of

myofi brobl ast o ‘P@i ow tﬂfbﬁt B{SEJ'IGfaP‘Jranﬁgvﬁ%%% e OB Sms &Qlﬁzngdifsﬁl%' on arose

whet her this |rec ed to a particu result.
Figure 8 H sh N%\HEhﬁa ealwmeﬁﬁ@n@wet HTNTES 2ivtve heyerer fasofseen

di srupt ed andpJ;aqur%ﬁleﬁbseﬁaeaagmmmbmaen{s%waresﬂeg kGedd it € seal ed
by tight junctions. Sectioning of such structures was perfornmed to

determine if P9@Y} cOmPAETERY- QDS Sercadtid iabe dRreHeomPrraRAzh "I_'HFFQ‘Fet‘ﬁdl nal
sections (Fi g@nemlzﬂa Btorf edrparoned ofthaTRAIhWELs"‘tMrsyﬁém(ceﬁesp@lﬂﬁlgai ed, at

| east parti al a lunmen, lin b |the um expressin

Toget her  nety il Bool S RS rep i R MolFiet GpmaRt Bk 1

di fferenti at ed teadaheipartwer eoufdulsrbe de@rio fehlam63i ofithectelmmnsilayeradr  ( 2D)
solid surfaces,. i n ol ayer

di sruption an biggﬁhggﬁ%ﬁ?ae&%%gg%s f1 gﬁ]ﬁﬂﬁgﬁgﬁ& Ju’? eé-WQ

[ 00176] Di scussPamdne0Tirrptemestaias vpggomentiseromphfated-bgs Lo Spttha @D el | s

wer e observedyaf §1Fgﬁtlmﬁcﬁo@még QicREndflich I BERRE bt SRbnIRRG! ayers whi ch
probably arose by an EMI process. This vvas assom ated with

disintegratio n, of t rs an .
formmt | onor MoBts' TB Btk RS ke P Shhetebatridfyy < |
usual Iy studi mtexbyortanresgmgab bnsesntydddiech cnemmrt fubgercebarensitomabrtdd3 D)

Is it f ti 2D sol i d
O aces Ty THLRE] GG Lo b Dl BGEPR IYE ol & LOT BT 00 00 1507 The

four panels |n ure 5 show dlfferent parts of a 2D tubule
consi sting Of ﬁ&s (S'laaaa%o\rﬁayfpgnmir@es dgwbed for the 2D tubules generated by

HPTCs was repeated with 2D tubules generated from LILC-PK1 cells (porcine
proximal tubule cell line frequently used for in vitro toxicology), using identical

histidine-coated QDs.

[00185] The two panels of Figure 6 (Scale bars: 100 pm) 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: DAPT 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-PK1 cells and primary human

proximal tubule cells interact differently with the same kind of QDs. This underlines
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[ 00181] First, histidine-coated quantumdots (QDs, green fluorescence)
were added to culture medium (DAPlI counterstaining of cell nuclei:
blue). 20 hours | ater the specinens were fixed and the 2D tubul es
wer e exam ned by fluorescence mcroscopy. The images show that the
@s were uptaken by HPTCs. There was no evidence for transport of the
@s into the tubular lumen (i.e. no enrichnment of QDs in the |unmen of
the 2D tubule). [00182] Next, transcellular transport of the QDs was
exani ned usi néeTIRANSWER] ingpHaew Supingels sd 2Brdley BrmesbyHFFES fagrew on

the |ower sidegherddMicRiosy MRTRMARRREPAr ati ng two conpartnents
(api cal sides of cells fac ng the bottom conpartment). QDs were added

to the upper | t currence of QDs in the bottom conpartnent
of the TRANSV\E]C_MR sys a]mr’f’llgzcorrespondl ng to the tubular |unen) could

i ndicate transcel lular transport. However, occurrence of Qs in the
basal corrpartE@ﬂ?slcodﬂdwapbéﬂfbﬂeﬂiﬂ¥to | eaki ness of the cell

nonol ayer or accidental contam nations of the basal conpartnment with
QDs during thmoemer [ mmmureTbﬂ‘feiaﬁtmcﬂéseﬁ"aptwmm&tﬁmmaclencw

conpl i cat ed b ct th c for, HPTCs,
Wi eh | nduced eI HEEobr PREDRLR0: duB S ot b Pl ttiow
that 2D tubul edl qxdowi supplancned oah R¥ritialdxpes :cermmFBB eﬁ:;lﬂt/oemt}febar} cell
addr essing t h%l;[o%‘?ﬁ[e ﬁ}ggl?&g\ggcwﬁ%ﬁ R3sefich, La 01[] foTieg) 1 t a(f@lg:eeexpentme%lts SFGFt [?]le

transported i umen i 'n-order ear f’om

body. [00184] Il&fé)ah:@m Mmp@pvlm’dﬂN @SAnas@ddebetda chorentrdtien FDO0mplodll es
gener ated by la—flz:’ epggated with 2D tubul es generated from
LLC-PK1 cells porC| ne prOXI mal tubule cell line frequently used for

invitro tox:,\f?% gﬂ EEISI ng identical histidine-coated % )

[00185] The t wiPOEHel sCaf weiPGtiete op gesortad Baligvell pisges ByncNresvlles f er ent
pﬁrtz of ha 2Drtt, ubub ﬁp@weéaaéde:fithmnmm %ﬁﬁxﬂﬁﬁmelaidh&s as Heerik@id zag e 1 s

t he bri ght strl

counterstain)® g\%mﬁa e,,%%ﬁgggezfgg%g% %P%S@ecg‘fggcﬁ?{‘s%iwaf E@lﬁglﬁeqs(?ﬁhl e. The
substrat e surfdceobarwishndicabd. of the tubule is depleted of cells. The
Qs (green fluorescence, sane as used with HPTC 2D tubul e)

accumul at ed ofgoyadyn an@%nuamaeﬁo%gc Snted€lides havk QQABEL RS nheSdlat S show

t hat porcine L K1 cells and prinmary human
glass bottom. No ECM coating was applied in experiments using the printed slides.

[00192] Cells were seeded at a density of 2.65% 10° cells/em® into glass capillaries
(inner 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 um). The
membranes with the tubules were embedded in TISSUETEK™ O.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 2000 30: 2899-2011.
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proxi mal tubule cells interact differently with the sanme kind of QDs.
This underlines the inportance of using primary human cells and 2D
tubul es forned by HPTCs for vitro nephrotoxicol ogy and

nanot oxi col ogy. [00187] Exanpl e 3 [00188] Materials and Met hods

[00189] Cel | culture: Different batches of HPTCs were obtained from
Sci enCel | Research Laboratories (Carlsbad, CA USA). Cells were
cultivated in basal epithelial cell nmedium supplenented with 2% fetal
bovi ne serum [0PBY) arkanspodt gpserfelitales &amed b2 womkhation potingruere

(Sci enCel | Re&x‘ﬁ%t%@m'pﬁ%fé& %é }ﬁéﬁum §ulﬂpl§19%d%éﬁ%b 'pm’ftllﬁlfer-ggl:o“l?’l (R&D
Systens, M nneapolis, M\, USA) was added at a concentration of 10

ng/ M after n@maa’y@rrchﬁbwmaﬂ Cotp, Sipgpare ] Qe losrhewamanecl3p {lpyiaessnl on
uncoat ed nul t A) or plates
coated with h% r%ﬁéljf)é_ﬁ‘l'lQLtO?% 6(.:%5 tllcm%%ﬁé&ésgn?diaée!‘ate (y

nin or ot as described in zZhang et al.
Bi omateri al s Q008yBOresc28PPnv28ikdn) ol heMaé BODIY Hevsiptyl (Wagrogenk 104

cel | s/ cn2, ”h%al%s 8&9%& B z'o'ﬂ%ﬁfﬁg%%'on h%gﬂ*%%%ggg%@%% nr?i 5d' agnosti ¢

printed slid ave ane er ' an ECM
coating was a@pﬂlﬁ@@f?—l pheasdindele ¥k using the printed sli des.
[00192] Cel I s were seeded at a density of 2.65x 105 cells/cnR2 into
gl ass capil | apooesr]( | e IsdlaBoRiRIR verlde DHnfoMptiSVPfoRéduk STl BN |,

Novat o, CA, USA). g e,thl static cultur Only.the ends of.the
capi | l ari es V\E?Séso Hg Z?)L reagent (ﬁmtrogen Three rei\;hcas were analyzed for
each time point. The RNA was purified using the RNEASY™ Mini Kit (Qiagen,
Hilden, Germany). The RNA SUPERSCRIPT™ III RTPCR kit (Invitrogen) was

employed for reverse transcription.

[00198] qRT-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 qRT-PCR experiments

Probe Seguence SEQ ID NO.
GAPDH forward ATCACCATCTTCCAGGAGCGA 1
GAPDH reverse CCAAAGTTGTCATGGATGACC 2
u-SMA forward TCATCACCAACTGGGACGAC 3
o-SMA reverse ATGCTCTTCAGGGGCAACAC 4
TGF-B1 forward ACCTGAACCCGTGTTGCTCT 5
TGF-[1 reverse GCTGAGGTATCGCCAGGAAT 6
LIF forward TACGCCACCCATGTCACAAC 7
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[ 00193] Appl i cations of MATRI GELTm (BD, Franklin Lakes, NJ, USA) were
performed according to the manufacturer's instructions.

[ 00194] Secti oni ng of tubules: HPTCs were grown on pol yester
TRANSVELLTNI nenbranes (Com ng. Lowell. MA, USA) (pore size = 0.4
ftm. The nenbranes with the tubul es were enbedded in Tl SSUETEKTmM

O C. T. (Sakura Finetek, Tokyo, Japan) and secti oned.

[ 00195] | mungostaining and histochemistry: Histochem cal detection of

y- glutanyl 1fgnspeptidase (7(%@@WTGb@m@ehyde figation and

i Mmmunost ai ni hpg—were perfornmedlas outlined in Zhang et

Bi onaterial s EQﬁQfoﬁﬂard 2899- ZQJrGTdcﬁ%%@bﬁrm@@mth ascays ofubul ¢

fonned 1-2 weeks—after seeding were cultivated in nhnrnl red-freé

CTRD o T T Ty

medi um suppl erertedrwi th 80 ji MGITCAGE][CTCHTGN‘E‘B‘GGM( Si gma Alidri ch
Chem cal Cor p;—Stngapoere)—1oMot—rhoedan-nre-123—{t+navitrogen;
Si ngapore), bSKGFNerehrd5, 6- car bcwmm’ﬂfﬂmm dilacetate (5] 6-

D\L

car boxyf | uor gscernm—(itnvitrogen Stivtof—BEBHPY—FLverapmid
(I nvitrogen) | KGlibtvkes were fi xé@CﬁTQ@AT?GTﬁTGTCGJHEubatl on, !and

subsequent | y[stained Wit 4§ - _diam dino B% dotre(DAPH) .
[00197] RNA | $8fEfe¥Adand Rever §@Tﬁpﬁ*§§@ﬁﬁﬁ4(€ﬁf{ edyres: ot al | RNA

was i sol at ed u§| ngl I[RIFZOCTmreagent_ (I nvit rogenl% Tnree replicas|were
anal yzed for | BHERSEPfe poi nt . 1%@%@%’3‘%’? $ACHE usi ng tHé RNEASYTM
Mni Kit (Qagen, Hlden, Germany). The RNA SUPERSCRI PTTm I'TT RTPCR

kit (lInvitrogen) was enployed for reverse transcription.
[ 00198] qRT- PCR0RRH per hmgivgdstisisticssind goftvinee: LGB by edewitteen d

sof tware (Bi oRad, A)d@b%§hﬁ§ER%l nlrfg‘ﬁa‘gco gg(spf efid e %ﬁl\éﬁ theVET €

calculated relative to t expr essi on' 1 eve the ho eepi ng
gene gl ycer al §&yddO¥. 1%985 pﬁhﬂglég BRETACHr %@ﬂﬁé}g@ a{'@iﬁ@ﬂﬂs (Wnphireg tidae
Bi oRad sof t wagge performed using Excel 2003, Figures were arranged with AdobePhotoshop CS3

S

U\

and Timagel.
[00201] Figure Legends

j00202] 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 comprises convoluted fubules (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 um.

[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 ((3) 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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[ 00199] Primers used to determ ne expression |evels of the indicated
genes are set out in Table 3. Table 3: Forward and Reverse Priners
used in gRT-PCR experinents Probe Sequence SEC) | D NO GAPDH
forward ATCACCATCTTCCAGGAGCGA 1 GAPDH reverse

(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 pm (B-F, H), and | 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
period 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 the 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.

[a0205] 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-1 (white) is detected by
immunofluorescence. The tubular epithelium shows extensive formation of tight
junctions, as indicated by the chicken wire-like ZO-] 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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CCAAAGTTGTCATGGATGACC 2 a- SMA forward TCATCACCAACTGGGACGAC 3 a- SMA
reverse ATGCTCTTCAGGGGCAACAC 4 TGF-131 forward ACCTGAACCCGTGITGCTCT 5
TGF431 reverse GCTGAGGTATCGCCAGGAAT

[00206] Figure 11: Organic anion transport. Human proximal tubules formed
on 2D solid surfaces were incubated for 20 h with the organic anions lucifer yellow
(A, B; green), rhodamine 123 (C; red), 5,6-carboxyfluorescein (D; green)} and
BODIPY FL verapamil (F; green). Tubules are fixed before imaging, and the cell
nuclei are counterstained with DAPI (blue). Panel B shows an enlarged sector of the
tubule displayed in A. The arrowhead points to the outer layer of cells lining the
tubular lumen, which displays only faint lucifer yellow fluorescence. In contrast, the
humen is strongly labeled. (C) Rhodamine 123 is enriched in the tubular lumen, as
compared to the outer layer of cells. 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-
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 pum.

[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) First, 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 tubules displaying multiple branches are
formed. The size of tubules formed in matrigel is typically less than I mm, and the

tubules are not attached to myofibroblast aggregates (note the different morphology of
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6 LIF forward TACGCCACCCATGICACAAC 7 LIF reverse
TGTCCAGGTTGTTGEGEEAAC 8 FG-2 forward TGIGCTAACCGITACCTGEC 9 FGR2
rever se

the structures shown in panels D and H). Seale bars: 1 mm (A-D), 100 pm (F-G) and
500 pm (H).

[00208] Figure 13: Sensing of a 3D edge triggers tubulogenesis. A and B show
two wells of 24-well plates with HPTCs. Multiple tubules with attached myofibroblast
aggregates (two of these structures are marked by arrows) are present within these
wells (well diameter = 15 mm). The tubules always display a simlar distance from
the edge, which leads to the generation of ring-like structures consisting of tubules. C
and D show initial retraction of the monolayer starting at the edge the wells. Uneven
illumination is due to optical effects at the edge. The direction where the edge is
located is indicated by large arrowheads, and part of the edge is visible in the upper
right corner in C, A part of the monolayer is visible in the lower left corner in C. All
cells of the monolayer moved simultaneocusly from the edge towards the center,
leaving an almost void surface behind. Panel D shows a cell layer that retracted from
the edge. Here, coordinated retraction from the opposite side has started, which breaks
up the cell layer (marked by small arrowheads) at defined distances from the outer

rim. Scale bars in C and D: 500 pun.

[00209] Figure 14; Triggering of tubulogenesis depends on the presence of a
3D substrate architecture. HPTCs were grown to confluency on glass coverslips (A, D
and 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, F and I). Coverslips with a side length
of 18 mun 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 coniluent 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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10 GCCCAGGTCCTGL1 11GGAT KGF forward AGIGGCAGITCGGATTGIGG 11 KGF
reverse CCCCTCCATTGIGIGICCAT 12 HOP forward TGTCCACGGAAGAGGAGATG 13

diagnostic printed slides provide different surface chemistries and surface areas.
However, in both cases, the edge (marked by large arrowheads in E,F, Hand I} is a

3D structure, in contrast to the edge of coverslips. Scale bar: 500 pm.

[00210] Figure 15: Tubulogenesis in capillaries. HPTCs are seeded into glass
capillaries with an inner diameter of 580 pum. A and B show 2 different capillaries
containing HPTCs imaged 2 weeks after seeding. Several images were stitched
together in order to cover a larger area. Initially after seeding, monolayers covering
the inner walls of the capillaries are formed. The monolayer is still intact in the left
half of the lower capillary (B). Myofibroblast aggregates appear after monolayer
formation. The monolayer is then rearranged and detached from the capillary walls,
and tubules are formed within the capillaries (marked by arrows), which are attached

to myofibroblast aggegates (marked by arrowheads). Scale bar: 1 mm.

[00211] Figure 16: a-SMA expression in initial and 4 week-old cultures of
HPTCs. (A} The expression levels of a-SMA. (relative to GAPDH, average +/- s.d.)
were determined by qRT-PCR in initial cultures of HPTCs. These initial cultures
contained cells freshly seeded from the vial obtained by the vendor and the cells had
not been passaged before analysis. The analysis was performed as soon as an
epithelial sheet had been formed. For comparison, similar gRT-PCR analyses were
also performed with confluent monolayer cultures of HEK293 and HelLa cells and the
results are shown. {B) a-SMA expression (relative to GAPDH, average +/- s.d.) was
determined by gRT-PCR in initial cultures of HPTCs (day 0) and 28 days later in
cultures which were seeded in parallel. The cultures were not passaged during this
time period but the medium was regularly exchanged. {C) The image shows an initial
culture of HPTCs (day 0} after co-immunostaining {ZO- 1: green, o-SMA.: red, DAPI:
blue). o-SMA was not detectable. (D) The same co-immunostaining procedure was
performed after 28 days with cultures seeded in parallel. Many o-SMA-expressing

cells are present.

[060212] Figure 17: Growth factor expression and effects of TGF-B1. (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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HOP rever se AGCCCCAGCCATAAACACTG 14 [00200] I magi ng, statistics and
software: Imaging was performed with a Zei ss AXI OOBSERVERTM Z1

m croscope (Carl Zeiss, Jena, Germany) using the Zeiss AXI OVI SI ONTM

i mgi ng software. Cal cul ations and statistics (unpaired t-test) were
perfornmed using Excel 2003. Figures were arranged w th AdobePhot oshop
CS3 and I mageJ. [00201] Fi gure Legends [00202] Fi gure 7. Morphol ogy of
3D tubules fornmed by HPTCs in 3D gel matrix of MATRI GELTm The panel s
show di f f er entor ‘F%’é%ﬁ"‘pﬁha‘ﬁé@rﬂ?t‘vae’ﬁfeéﬂﬁ‘ﬁé‘@lst(ﬁ‘ﬁ[?ﬁ%# %ti”}dﬁfétdﬁ‘iwé‘on)f’ﬁe
branched str u@dyur(@esmmdlaseeek@ DAINr wdeitlg tReBUMs €@t LomBgni@entyifferent

whead d t .. Th b th
o der T acuhadsoh Buit e o S e Pk e o PRk AR PG o
t ubul es and | Sgnifivad]yal ierewmapkeoimitin tlarduawsiainSoa ey bad at 1 sim
[ 00203] Fi gur em?rked %t&g %96&%1? %];ne s"goﬂlsﬁov.t %E@E lr% d%} B%Q S%Ql!hl lg

surfaces. Panels A oW I nages obf ai ne F1'lUorescence
m croscopy af tgnl TGﬁfﬁlmﬁdemcegItayemfprmthGGP R & trestmngnt mﬂ@beateﬁmae(nreetd)

Nucl ei were cg%ﬂ&_g&g %IE M%&R}[@%%&d&@éﬁ &@ks%%uslﬁhear% Q&rmd% F%LaS Eﬁ

i mages obt ai ne i nterference contrast
and bri ght - f i Rdnel § Bpwnd ectl gsmenyip. Panel Falisplagnibewireatérecopipr Gﬁls\nié?e@by

cultivated Onhéﬁ?acﬁ%nkﬂ @Sfmgl Snéﬁeééaﬁbﬁ’xf 5% Il plates. (A First, a

wel | -differentiated epi e Ial nmonolayer 1s torned. (B) Subsequently,

nyof i br obl ast egates that are strongly positive for a-SMA appear.
(C, E) The rmwgggi]er tHEWS et racts on the one side of the
myof i br obl ast aggregates, |eaving a surface devoid of cells (left

half in C. [00214}) ThHéumonehdyenlsihbadgpnentDyolidstirfacss on t he ot her
side of the nyofibroblast aggregates. This |leads to the formation of

cel I stripes, jpoisih i ngipidemayef dronabhasti a&&eﬁﬁﬁae@thém%ﬁomyabl ast

aggregates are | abel ed w arrowheads, in nd 9. (G, H
Finally, |arg&%®° ?Fé‘legf”ﬁﬁlf%%%cse‘i‘fe? PR G 't‘ﬁ‘@l Ss(g'ﬁ}"if(ss"t)rface.

Several i magesubiRuaslihdakiftakREE bheSMARex@fetialy ﬂ;@ﬁB@M@&s dppregNtire
Enl::,lbl('”G)e ' shown these myo%% Llastsp t%rmed }argeo agtgretgart?asQé)gm e%qg In the sSrrounc’lmglg)of and 1
such aggregates, the epithelium became reorganized. Firstly, highly coordinated and
simnultaneous directed movements of large numbers of cells led to retraction of the
monolayer on one side of myofibroblast aggregates, leaving behind the largely empty
surface of the well (Figure 8 C, E). Subsequently, the monolayer retracted on the
other side of the myofibroblast aggregates (Figure 8 D, F). These highly coordinated
cell movements led to the formation of stripes of cells, with a length of up to several

millimeters or even centimeters (Figure 8 ¥). The stripes included the myofibroblast

aggregates.

[00216] The cells that have organized into a stripe then performed additional
dynamic reorganizations, which gave rise to tubule formation (Figure 8 G, H). The
human renal tubules formed in this way on 2D solid surfaces were straight and not
branched, and typically have a length of several millimeters (Figure 8 G). The
tubules always remained attached to myofibroblast aggregates, which could be
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

ageregate the tubular epithelium was continuous with the remainder of the monolayer
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[ 00204] Figure 9: Tubule formation is associated with rapid cel
novenents. The panels show the sane area i maged by DI C m croscopy at
consecutive tine points (mnutes and seconds are indicated in the

| ower | eft corner). The imges show living HPTCs in cell culture
medi um on the bottomof a well of a 24-well plate. The inmaged area
contains part of a nyofibroblast aggregate (right edge). The

nonol ayer has already retracted on one side of the nyofi brobl ast
aggregat e ( nofFég‘HEBé‘I)ﬂ/ Hy.iTym finally Samebipbyla epitheliap F@)aﬁac{fﬁq qpighelip welen t he

process of retemngtitogiafed i bes Ataheno ejple and fol ding up the cell
stripe into a tubule. The cell stripe1s substantially narrowed over
the period of jndi.cated for.one re N he smal |
ar r owheads. {O%ZE}JI e- emsvterrnfin Stlﬁ“rfoéve\ﬁl\nirf rﬁorfo\ll;\ﬁgr r?oé%??”z %)P eérjt}é?b :ki ar ge

ar r owheads) |§mwt@nbrm nattontyH@hén@mdfnatm@uwgeapm&oom Sbabowsotblqt but not
at the previo i o | ower
border (mar keg&g%/d‘cﬁﬁrel of\[/}\}}aiﬁl “‘g?ggeﬁlro W“H{aé in o]r§1]I y about 3
mn. Cells atforpgiopmeensied wilin piyatest r i pe (mar ked by arrow) are quickly
integrated into the tubule that is being forned. The dark |line on the
left side of [doemanelmmmdsam@& Hifemligdibg a diffdrahiattd spinRBidmdh@wn on

t he outer surIla e to ?f l] bottomto facilitate spati al
orientation dur?%l't"ﬁgor n‘ﬁ‘gcl?lné of cell novenents. Scale bar: 200 pm
[00205] Fi gure_ 10: Tubules have a lunen lined by a differentiated

epi thel i um dU83%%sect $astrninget dadbrlenigmeaddi felrroseseqsidemrijeBpbeye

tubul e. Tubul esiesienasiha e dbibitd PARlen (B8 A ﬁ)CiheTbﬁeMsfhﬁ@oe of a
tubul e i s i maged by‘%@plfl uQrescence n croscopy he upper ri ght areas

are out of fof(&Yyel-gterentielsappibslinmdispliying exensys “E‘}HﬁHFF&S’F’I YBr¥cence.
The tubul ar egilgdaeio ORI belas&ﬁﬁhskey¢g1ﬁ1arnmdngjap@faset(+@m whdInct i ons,

as indicated by t g ﬂ‘lcke re-like ZO 1 patterns. (D) yGIP
activity is dBPEEY g ﬁde%irFVDHF@#BFm? ERASYRESBRIFGTP activity

result in thediffaekarionsindiapitalgasalipolétyl of the Thigielidregle. shows hi gh | evel s
of yGIP activity in a tubule, while the rmnol ayer cells bel ow

di spl ays | owefggbsie!l s @, RN & ;thg {s]els JBRzyme. Scal e
bars: 100 tunr(A 130500 t. euﬁ% H‘Z];]lurgﬁ%)’e 8%rganl C anion
transport. Hu%iﬁpoﬁtrféwlﬁ*ﬁl m@%t}{e@s}ﬂ@bﬁ ﬂ’dhe §esh| wigasigrpigesdaciifer e

i ncubat ed f or yei@whh¥dakhetibe s@rca@my@m@feacaa%nd BEDIPTFLR b, CAbifeB:
green), rhodam ne 1 5, 6-car boxyf] uorescein (D; green) and

3 ,
BODI PY FL ver ¥pamardy ?gar@"é’%‘f?}e“%m%?aé?ﬁéf the BraEnpERgFal SRR ng, and
the cell nucl gistear etr@@wﬂuefesztememadom&éu NmTthé hbttlﬁ')lumdﬁaﬂe:bmﬁr@h@\l\ls an

enl arged sector of t bu e e ar ead points to
the outer | ayglf’ o) il engI1 d FhA g’“ léhegﬁﬁﬁ i?lng Hpen T < %’I‘“ﬁys
only faint | ugiidngbecgipt broighddlinde ebdericecn (Figuooil), ma:s'td;ngteivnéedcuﬂsen is

s conpar ed e ke AR OGPt oSG SIE 23, bR S By, VDE
region that ite éﬁl*ldﬂlgéﬂlsiaﬂcet1h@¢¢dﬁé8‘tgi}’0qr1ﬁ(ée®mp) wﬁpﬁwstﬁu,dﬂle@m‘«of t he

outer cell | ayﬁeheaa@the&baala&qulﬁenqbfgum%fkﬁoaamtlzs Ifaaw@%%h
di splays only very faint_ rhodam ne | uorescence, which IS’

enriched in tWBereRBOPHEY Tluvrsnaipibh tepsgotted oy the-goestonh g glyctrodiffpsiven e

smal | arr owheags tRaipbi. ngnph@L%hﬁmla&%Mﬁmwhmtr@éaismgﬁleneﬂ
nucl ei of the outer cell e

cyto dis s only faint
56 car boxy | HPESIRAERPR A itaice B vl ik GO B
enriched in t&eotahupbrast thetapkaloites(| ar ge arr owheads). (F) BODI PY FL
verapanm | is enriched in the cytoplasmof tubular and nonol ayer

cells. Scale mflﬁ‘f] 100wlida; t}Lsorggegye]i li:ﬁlg%@nt %?the F‘é{} WHeGafpnnation by

HPTCs on 2D solid surfaces and in | s. Panel’s A-D show tubul e
formation by FPRedityywanieyg traﬁpwwr%e@fa%é@?eﬂfhwﬂlﬁ wregobfleapas fhel | pl at e

wells. (A) Fikisidiics MdeRit o@D HODIPY &Y Qkrapatnill tRhFEE in thBatitRaggAuUent Iy,
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[ 00209] Fi gure 14: Triggering of tubul ogenesis depends on the presence
of a 3D substrate architecture. HPTCs were grown to confl uency on

gl ass coverslips (A, Dand G, in the wells of 24-well plates
consisting of tissue culture plastic (B, F and H and in the wells of
di agnostic printed slides (C, F and 1). Coverslips with a side |ength
of 18 mmare used. The wells of 24-well plates and di agnostic printed
slides are 15 nmand 2 nmin dianmeter, respectively. Cells on the

di fferent devPeewaliptuleins robehapclsiat- a time period of 8 days. Panels
A- C show the confluent nonol ayers at day 2 in the centers of the
coverslips or[(mézz]s (Eogethyr, thbrolltayeved ditrvaddus orgast aidiswat day 3 at

t he edges of by l.ar arro a vveII pl at es
and di agnost |% rl n‘%accpsgﬁa@%ﬁ Q?%hehmpgmd S oy\gr%egaz § gvtwoci cgff ‘cell's
(marked by a el trangport pytiveard wens filEctionhlo r ear r angenent s are observed at
(D) day 3 and (G day 8 at the edges of coverslips (nmarked by | arge

arrowheads), k23] do TWHuldtaMeation BPHPICYER D Solid ERQaddOMA iRYB gtk S Sti | |
i ntact on coversli PS. In cont r ast, maj or rearrangenent s have taken

place at day t he we ghostic
printed sli de@Ob%ﬂr rnattlné’rndlerot %dr‘%l_?ubéf fmm[?o%lg%ﬁ%és ' ?ﬂ %l??cl} Iﬁ in H
and nyof i br obivers tultagtsd egdAEBIGHRY - Kabulpfprsatgh in MAIBW%&%(FFWW )2 Fras
occurred. NOtﬁ ﬂlb@'&edtbﬂﬁch\{ﬁl olf gellgtat R m\f\@l {agglo@[’u%ﬁe MQatmqlaM%M

printed sli des provid ferent surface chem stries and surface
areas. Howeve?!, bfﬁiﬂ?PeBG‘flﬁ Qf-ﬁ%’@‘ém brechesdbra formgd REvleh god baddiee ot BoReads

in E F, H ang@ulids cbd BecdDoiting ngttblbﬁnchwmﬁaﬂtsfrmes%( Pighikaz edaewal
coverslips. Scal e bar 6 00210 ure 15: qu enesis in

capi | laries. ‘HpE ‘&ﬁl@teéllﬁl‘é%’éme?n?f(fpt?}eli%‘éno&}%lbﬁﬁ 2 F‘@édlwegﬁméi‘ﬂmi“ﬁner

di amet er of mrmumeranﬁbeﬁfs SHOM &vd]w&flemmb f@apidnliesi g8s. Thnt ai ni ng
HPTCs i naged s after. dj ma re he
Loget her . RtPErgna B e e S50 o VRarRy e . Ll
nonol ayer s comelfiplagratdhes (Figner 12 ¢oslddk cdzdveluteapﬁlgdrafl] asl werenefonned.
The monol ayer 1a&e§to 141 oﬁbﬁ%l@&ggglr at%ep% Joﬁttatst tgﬁ’!e tubgfes M&ﬁ ed%}{\@f) s&%pl | lary
(B). M/Oflbl’O% ast aggregat es appear after nonol ayer Yormation. The
monol ayer is $9§&¥ssrearranged and det ached fromt he capillary walls,
and tubules are fonned within the capillaries (marked by arrows),

whi ch are attmobzsj to Iméﬂlfeﬂtbfe@lbﬂﬁﬁlbrlaggwhe(dmﬁ[dﬂe&c@@h ag prosteads) .
Scale bar: 1 00211 ure 16: a:S Mnltla| and 4
week-ol d cul t(ﬁres Oé?neﬁ? 1% TRIIOPHES B Nf%az;é dﬁiﬁ‘é@g{f}"gﬂgf cogied

(relative to @élﬁmﬂwamnﬂge HP/TCs greet.op tqpenf the YA TRIGEN Edoddiyg. q_R'HerPCR in

initial cultu Al
freshly seede%g_s? rC %Irﬁtﬁﬁég\?fﬂg?%gﬁggfﬁcggéﬂgag élg}\}{éﬁ/go(rggglﬁ%i &ﬁoge 34 s had
not been passjesirises OfigurgAahyld)i Generrp diffeedniexiraceiitley nperf(BEN@d as soon

as an epithel i @fings %@i&ﬁ@%@llagﬁﬁncélﬁgé’ﬁqq Rl C AR doﬁlﬁghenébmtl&e?r
gRT- PCR anal yses were al sgo perfonned W|th confl uent nonol ayer

cul tures of HERPYEnKerld@flurneths dmins af menalay s seprgeaizaion ahBamctent )

a- SMA expr esshgdtibidbRbabivaieenfedDH, average +/- s.d.) was determ ned
by qRT-PCR in initial cultures of HPTCs (day 0) and 28 days later in

| t whi
cu (s uh et 05, 19-aLb) o ESULAMLSECES: Ml
exchanged. (O thhame megess stitissatedinFraurés§land 14 A-4), @g@ﬂi\?ﬁl@T@s E(Jblhy 0)

after co- 'mmgbqt%jf AlsEH ':Igblﬁgggieséoceq{r%o oﬂu%ed fﬁgohd%ﬂ:es Qbééﬁa)er a- SMA
was not detectabl’e. (D) The same co-i mmunost ai ni ngx procedure was
ap

performed af t Bf repgts ghpyed Wiaftfﬂ’?ﬁa ferpsenall Sbweran 3P gelp Ay aprpess of Reddipe

cc- SMA- expr esgidngn&id SorfHoBenfi € $BBkas 1{rR0 ek FieGsHn@d 41D QligWirhcdsact or
expression and effects of TGF | 31. &@ The E pression | evel s of

TGE- 131, a- SMY @ HP9ess ipeping lgreg-scalf sropgegizatipes ihelgy manefyeErF 2 peri od of
4 weeks. The rxprassbanedneyidl:Bal adlie atteh@mbionads. by quantitative RT-PCR
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[ 00214] Human renal tubule formation on 2D solid surfaces
[00215]Initial formation of a flat and well differentiated epithelial
nonol ayer was observed when HPTCs were cultivated in multi-well

pl ates (Figure 8 A). Subsequently, increasing amounts of

cc- SMA- expressi ng nmyofi brobl asts appeared. These nyofi brobl asts
formed | arge aggregates (Figure 8 B). In the surroundings of such
aggregates, the epithelium becane reorgani zed. Firstly, highly

coor di nat ed a2 §Jforrul t Bvfedafermition on 8B sphislsaniaprs s cohariced bjea ewvder s of
cells led to ggidcatichiaRu@t the nonol ayer on one side of nyofi brobl ast
aggregates, |eaving behind the largely enpty surface of the well
(Figure 8 C, ubseguent. nol a r t he ot her
side of the nyof f@robl‘gfsd Ouahgr\éfrlaéga “("i‘f Oﬁ\é?céen@je z OF‘QSFﬁtg%e% RiGh! vy
coor di nat ed celfskrvapuesrersisd thacfommtutmé BDWWikmﬂaﬁreswlﬁm waf cel | s,
with a length, Al |l i e t

(Figure 8 5. rEpl @ UGk A0l LIRLELE b SR R IR
[00216] The ceflpwsd ik foeeddy @?Vgtaﬁiﬂztéﬁ wiith pidachedgpyofipreblpdh agrqgetmf wnided

addi ti onal dym&m&mw&%etgn@edgwlmu%x{@s a;gpﬁ@mtgq s&gﬂ%ﬁa ce
formation (Figure q H) . human renal tubul es forne i s

on 2D solid sifrtkefce F\‘/E@F%lf‘s‘i‘srf& Frrentenido hecenyy ahbpeell hesdeeof e cal I y
have a | engt hwelf has @I\/&%Eorﬁl drdniBRIE6 8. df i’p@ﬁﬂi(@slagw@) Addaer buabvigs al ways

remai ned attached . to rnyofi brohl ast a e whi ch coul] d be
associ at ed wi PI§ESHE PED ‘étrge%fa'b?”hﬂgc?’ﬁl f’%%ﬂ%““ﬁ? ingnhanping @YUt coul d
al so be foundfoahatizh dad thiiididat reregion bsthe fftedliabRom@RgerQfarta@l ih tbstk@esvas not

attached to a st re he tubul ar epithelium was
cont i nuous V\n?ﬂ%ﬁhce rrgl%n 3@9‘% urfgg:}gh@nol ayer (Figure 8 G H. The
finally formed tubul ar epitheliumand attached epithelia were well

di fferenti at e02B]gur 8 oglerio dpfgrmigy vhethp)the presgmes pT Cesrendipnjas adsst s

i nvol ved i n npagkayRficed 8R4 GRlbL et faﬁ}ﬁu&mbémls%elfetaéeaailhgﬂawwsmnot
only highly coordi nﬁ but al so rapid shows t hat

condensat i on ARFTOTET @pﬂBeDH’F‘“I?‘iﬂngeée%we@th]?ﬁ%mreWeé i ti mately |ed
to tubul e forpmjendinlareégyraiedaghbdidprinted Nodsewith ﬁdﬁﬁaa;&]lél:uhgé EFpubave a

| unmen lined b di ferentlated n i ort
functions [00%4153 tE B RgRgen ﬁtp‘e ?pngehlug‘g}r% ?%EE“SEBJE efl%g‘ gﬂ%egesses
descri bed abowélsc)ﬁthfs i24= Weldpltaﬂaa(bveﬂ Hemttad)ltjlrms) i digeed painted stigdes ((Fll gur e
10 A, B). TheglHogn 1Hi@ﬁs+]ﬂs£%%gat19%n&o lreo aﬁxgzﬁ{o?%%&lta‘égefa%%&?ér' um

di spl ayi ng extensive ti unction fornation

brush border #driyale fwﬂgvmwbset‘fﬁéﬁﬁp@ﬁlﬁ wglissd theseGEBYesvin sorawpirtes sed

within the tulyhas héo@yéravad ot Borgaki@dif dnlchiedlp %l‘lhg Y REaiRRE %befrlbﬁ;

differentiati otn and api cal - basal poI arity of the epithelia
days, and no retraction of the monolayer occurred at the edges of the coverslips

way

(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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[00220]In order to test whether the tubular epitheliumdisplayed
typical transport functions, tubules were incubated with the
fluorescent organic anions lucifer yellow, rhodam ne 123,

5, 6- car boxyfl uorescei n and BODI PY FL verapanm |. Lucifer yellow and
5, 6-car boxyfl uorescein are substrates of the p-am nohi ppurate
transport system Stronger fluorescence was observed within the
tubul ar lumen, as conpared to the surroundi ng nedium and the

epi thel i al ceh¢isbapgl pidesdo thpagid gihstinte, Prmst withieadaterpkyatlss. Fudisiene itbecane

enriched in tHg ihpdidhas ntdoverndilzt ﬁlla'Fﬁcéé‘-éﬁtuh@!’eqyﬂrﬁii&ﬂp@vtibgﬁiﬂﬁ)ﬁecf or
transport acrgQss the tubul ar epithelium Al so rhodam ne 123, which is

a substrate of theRdls wgrenirepdy granaed e a fbrlar aichiiptBtied P- gl ycoprotein
(P-gp) transport system becane enriched in the tubular |unen (Figure
11). Rhodar ni[6623223 i Figot ivsbys hatdiPSPe farmel tuliie mébis cBORIHEY Thdse
verapam| is [ - tem v rodi 1ve
anion trans po%{uﬁp%fl{ﬁ%gﬁﬁ%ﬁ/%&zepg% Oﬁﬁ%gﬁe%%hi?ﬁd?kg&d# \%nﬁg ﬁifpfrr]e%ht\eé cells
(Figure 11), smgfeoed nglar pehispore Tutledrngtiopghitincapidargs weshe _
basol at er al Schd%g;li!sH?:EQ 1B SanfeShd cSss aDpILOWEID Qlid WRrbdsapwpasd at their
apical sites. [O 221]V%ether this reflected inpairnment of the P-gp
nedi at ed el ectewslyeiRrERie hibicIrhIeesInee trveRlols dgresdsst B of t he

cells vvals Not refli€ato re@Bled ther IibaRkthdhmed s EX@GbstFalUl =8 SotQhpdBERIEY FL
ver apam tra

sport in_the native human pr.oxi mal tubule re not
characteri zed e%@%@ﬁ%@ﬁ@f”ﬁ’&?’?m’t‘ﬂ’é" r%mogge‘éﬁ'gg%ﬁg?ﬁg CV&ri®us
or gani ¢ ani ongelwe bg glhgsansipoied ed across the tubul ar epithelium and
suggested that at least two different nmmjor transport pathways were

functional . E)@%gﬁl Tubea] RHIRL QRN b (thupilln fRaPAbLI rtibhgceS and

in 3D gels | In or to ad rmati on by HPTCs in 3D
gel s the cel | on 2heyolid surfacgsyat ed in MATRIGELTm Tubule formation in
MATRI GELTm (Figure 12 EH) involved branching of cells at the initial

stages of tubobzs4jor neesian: saidate tigeomtein@fictnanohed egdbiascells and
Qut grow ng bran

anche Iagthen f Ort"Fdi t u‘ga%@s ﬁn%nb%ddi %2115 r Ig?silh“gsse
tubul es coul d™¥ECEPRRYIRFRY' P P PP L RRARETRNOM KFUSHP St U es
(Fi gure 12 H)thatltSMASxpregpiag tdintvete aotdoteaatidiat imhanssainirgrin of ingtl t hel i al
nonol ayers and. coor g%lﬁét efd _novenent s off I ﬁrég%sr%uerrber(ﬁ ofu cgl .Ivs wer e
not i nvol ved THUFLBIE F ol IREEHOD 1§39 getd™ *THEPRELM PAY Hilfran
proxi mal t ubuksgsinehblinaed chiin 3B:tEGe (RTVWBTRS weed vatyl e Insudnailibl culdirepl ayed
mul tiple br an%g%sere( E{lggqarére thlnztBe egs(i)lfllllgveg?n ﬁtﬁt@t\égds%; Elgna(llélnguroe}c 7). and
wer e never atE{ ache 0] I’TyO?I robl ast aggregates, 1 n con I‘la'Sl% to the
t ubul es obt ai kiédy GHERDR93 cdlls (Figure @88 Fela cells are negative for a-SMA and HeLa

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 iz 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 vifro

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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[00225]In order to test whether MATRI GELTNI had an influence on the
process of tubul ogenesis, tubule formation was investigated with
MATRI GELTm coated nulti-well plates, where HPTCs grew on top of the
MATRI GELTN1 coating. Under these conditions, tubule formation
occurred in a simlar way as observed before on 2D solid eurfaces
(Figure 12 A-D). Generally, different extracellular matrix (ECM
coatings consisting of lam nin, collagen |V, a mxture of these
conponent's or [W92R3  cofpiheereassisgias titiaied infbhidenitmes myphirehiash f

monol ayer reoa hiéa e Bbes ARG ofiSoIRXESRE of diRuebLBRLs2RAfSHat ©
formati on. %ﬁﬁ V\hen@}?’t‘jS uH}g{g were forne Elmé2D sol |0}I@susF3 faces, they

al ways occur r é’ﬂ"ﬁ‘f}qu%é’e?ﬁﬁ?é‘“bf‘rddﬁ’gg'ée 174); The grgssipnlgvelypf pyglifrellassang 12

A-D, regardl eggived grbh@ rictoM wRalddgindS BOGR TTRININQ@RNG it RGLMEssiesl al SO
on uncoated 2 $siol id surfaces. Together, the results showed t hat

HPTCs form smitfs tfuisumedbioplas magher & SHy & iroekes ¥re BRERIE 9ad
branchi ng nor pﬂsg@mesmwe&m@maﬁly,llﬁyogeroblu@aége@atag@péae&dm&& 1011\”2@% solid
surfaces by a @roces o éols 8 S&t?al er ani ztatl ons

epi thel | al - mofil 4y&FRNER ol IisaPUd Preara trdpies GREDRERT BREN'S and
nyof i br obl ast getachin@0 22hkd cHiinkgefaes afaidpmlmhamhez&) sol id surfaces is
enhanced by a curved surface architecture [00228] Al t hough renal

tubul e format Ecmss]ccurmdesqras R0 h'a&e%ﬂﬁcfc?{%?%mﬁﬁé‘r@xf(ﬁbﬂ)ﬁﬁer vations
suggested that formation of 3D tissue-| uctures PTCs was
enhanced by aRerPaPesrogekfachn e aee I’QF?B‘HWES@‘&?W‘@@SSMF%W IRyekg was

the finding tt}paomeastcmasrﬁlapdxpﬁis@nfopf@ﬁgl DGk SRY Bih Bk tordy WLk BSSF M0l h
attached myofi brobl ast a ééJGat es could be formed within a well close

to its edge, WPPblashEewt |7 ¥pi ‘ﬁ’ﬁf}‘\f‘& gongivyith therexgpsion AtESMA- t he

edge (Figure i3nAs e cadepa%gswe@&}eaéeqn Eﬁeesﬁﬁme\%rs v@t.; oﬁs@ﬁeméeh t he
edge of the wel as _an hogonal architecture a perpendi cul ar

wal |). Anot he?”e?kt?g @r‘%ﬁ‘i‘l s"ili‘&g)’é@éﬂ I5EPTIARCS e ‘%’ﬁ"fr"ai“a‘il B2 or an
orthogonal ar aRéfitesladk epeite®ifRANE WagksbiiRUre chinteRkd @acRSsidnnatels
initial retrac of ithelia ol aye ted i n npst cases
(iret ot the SoVE HETOT SR i AR ER) wE0O b o raton ks 1o
det er mi ne whebfidF aﬁdm}mrm@m}aaemeea 1mgg&armgld6\m aguladgerhb neeeef

enhanced t he f tubule for e seed d in
oaraltel on: 180k VAR s Rite SisRisaRit Rl a5 TSt Roel
culture plat eSzee(kvm) tahd merupjgnehﬂemldm &gga)on agdiet cell lagnDistekmrespion ftveel

sl i des (vvith dlcllﬁt " 1%es) Lé{e 1d4f hovvsthat 1 |t|e?l
retraction of e eplffRst um® resf‘ga%?c P PEPTAE RECTIE JELI VRS wel | s
of the 24-well plates (well dianmeter 15 mm) and di agnostic printed
slides (well HO033H: er Rhanbpen dSeebbalhgtore that TGRdh ofigeyre theriginl gapsiof at i on
as well as ce in
Fhe el 16 of - F R o e D RS EEED s
not reor gani z&HPOM cer8vEyeds frps 2 Bunqlavgr tAvdhesomP o crgrimens wiie of 8 days,
and no ret racgérfaﬂnéafmm@obmagl@e/tegtedqfef%%@ﬁ& ity 1BmeHgns re@tedin§
coverslips (Figure 14 ig 0230] The surface material was glass in the
case of cover §;1}ni‘1ﬁ§”a§ dqg é@ﬁ@g&t"\v&th TGF-B1 led to rearrangement of the monolayer

into a condensed stripe of cells and to the formation of cell aggregates (Figures 17 B~

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

formation on 2D sohid 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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printed slides, whereas 24-well|l plates consisted of tissue culture
plastic. Furthernore, their sizes were different, and thus the
nunbers of cells that could be involved in reorgani zati on processes
on the different surfaces were also different. The results showed
that tubule formati on was not dependent on the material, surface area
and cell nunbers involved, but was only dependent on the presence of
a perpendi cul ar edge. I00231%Eg order to find out whether cells m ght
sense the ri gpethadepnthe BresERbybltit o gl ass capillaries. In

gl ass capillaries, HPTCs could only attach with their basal sides to
the rigid subgorsnie, bk Humks atklt Methdiised ﬂrﬁﬁaq,rlalbbns;aircﬁkeﬁal tubtle tdlier nor e,

it was inport er the pr.ocess ormation
m ght be i nhi |etreef1%]mcf3 s IF l(éa?%té V\%cmmgralée & essagrdy%a rogﬁlg%e ulmn{orozél t ubul ar
architecture. mﬁ@@z&a]s Ri)gumséonﬁﬁnogimwbsfattbtaﬁ“GﬂFﬁlcsl) Egdamad gtasbiufaetst Wi t hi n
capillaries. sults denD t a 0n_was not
i nhi bited by gng.nt”ﬁﬁ?ﬁ?ca” Zhé?ﬁﬁb gh%%ﬁ&FﬁBﬁngogﬂ; I'tect ure.
Tubul e for mat nabifmt revial fronmelayiulel celtsi ie the Wdlo wag owpihni Bilbgcdymodiedsame
process as e v.e JRRel ayer
formation angﬁgﬁgsggﬁggfﬁgg%ggﬁéncg aﬁﬁﬁn%%@&%%HFﬁgi aggregates. The
resul ts al so stenteraycrd 59 i thydrogoeisere, &pg/abtrfmnlun #rol Sang/ gl dansfebty r at e

was not Irmorlref%ﬂgdtt)%mala@zmﬁémgagn&tma 3D environnent, which was
provi ded by the edges of th s as well as by glass capillaries.

e wel
[ 00233] TG 3 uces, t iitial steps of human re ul e
formation on éﬂ)&‘ggl id ?Cﬁt‘gié n th FPssonr e@F’c’fBg @%@?ﬁ&i’ll@ Cﬁlr Tfct ur e,
i nteractions deflweeiecpis digd hale Haleh S‘oas’arhdedwlﬂfﬁldbetIQi)d:ﬂﬁF%Slé(p@ear ed to
be i nportant Eﬁé t ubul e formatijaon. ure 16 C shows t hat

a- SMA- expr es stEp-EETI (& 1iand Rint0-1df e& 'B‘ﬂ)etob‘iFhF?ﬂﬂﬂ%é‘tl%Heﬁf‘}‘iﬁt le3st t he

ijni tial cgl L Ul’?ﬂfém@ﬁedﬂpﬂfgﬁmnélffaﬁloﬂkfcﬂlfe?ﬁ&hllesrbd2@/3611c£suﬁﬁcea AMAicasf all
eterm ne y ntitative real -t 0 ras ction
CaRT. PO wor B BRts b B e R it R ean. AR PNt BrGos hi gher
E EEQ) t 2(933exp:'ii€ﬁlﬁltl&noﬂsel‘i(ﬂ40§regd'tbs Hﬁkﬁe@ﬁ |c'é1}% (Mlulhbimh@ﬂb]mf l’hh@Ed’Sl; ﬁlﬂr&ey g
ce a ce are_negative for a- an
HeLa as wel | ?@?&ggggﬁFﬁéﬁéﬁéqﬁﬁFng Sgﬁghmﬁg? Ml cell lines
free of cont aglinGiRintd@Rsxpobukdro CI'GHQH aﬁ(BRA ]etdycpﬁs forh#tiof OfdckrREdtes Wil ge
amounts of a- SNA— I essi I e detecte ost ai ni ng
STter i nt ai MGG DO AR SF TR B BB i ped SR r o f of
four weeks urttleexpam:o\x bf lmm}g(mmwhﬁucdnsﬂ(uatIgsLdiféerémﬁfaB)ars afeaap tivagley, t he
expr ession | e%ﬁowm%(g’? ct(sjgr:[u% 1? ell b)fGP%qgﬁt na%ono r%grggdft?sié%%%eased

(Figure 16 B) & ean rentiate into
myof i br obl ast itatokel gtolwth); RA; (el dnffdlenuaams(eﬂn;he]mm and initiation of lumen

epi thelial -t og e ﬁgchynal-tran5|t|on (EMI) process, the nost |ikely
expl anati on for t appear ance of nyofibroblasts in the |n|t|aIIy
nmyofibroblast-free HPTC cultures is transdifferentiation o

epi thelial cel0P24aint o IhapararpPael wdhetipnes il E‘F\?H“Spfhété%es@maﬂ?n el the

data show t haatggsege&eshx{uu&dd%b TCHLE W RSniefl HRTEDIRER I hs IO MdETMat ed
with a- SNA—ex %sln ofggroblasts [ 00235] As t ubul ogenesi s was

initiated in %‘f‘}f’iq’ﬁ“f%lc GCWBf]}eE}}OBBIFﬁgtEGF oes not appear {6 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

mediwm: basal epithelial cell medium (ScienCell Research Laboratories, Carlsbad,
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aggregates, the types of nyofibrobl ast-derived signaling nol ecul es
expressed in the in vitro cultures were examned (Figure 17 A). The
expression | evels of nyofibrobl astderived gromh factors were
determ ned by gRT-PCR in parallel with the expression | evels of the
nyofi brobl ast marker a-SMA. In vitro cultures were nonitored over a
time period of 4 weeks. Typically, nyofibroblast aggregates appeared
after 1-2 weeks of in vitro culture. Cell loss could occur in the
course of reofdaHpPLawnteining yantsseaemingaidsteted §wmplemened Wity &l |
aggregat es an i | 4 € : The i : hat
kerati nocyt e g?%shﬂﬁé’é%?&? %g':#errg[nggﬁg@f %g%l ?%lérh%\?\itlﬁgr}égﬁsg% (? HGF)
wer e not expr eg/s@dengreplaiog (98 sg/dDafibrotdasygrbwily ficeoy 8IE) (3 mp/rald MGFA$Q |
substantial e ! : i.a _k nhi bi (LIP
and 11 br obl astZ50 o N aaM b TRy FRERRRe! Sl flke AhER, |
expression of _cc-SMA. In all of these cases, a nassive increase in

expressi on | et¥R44as Bposldpsgotad hiaino TCRehd Rvap pddedas i SpRemen ¥ #P®.  Thi s

was in accor danredh thl glofleh :QQBEH MalcbRPorkhal isH¥RfblhH Rinadsise Appgar ed
after 1-2 weeks of in vitro culture, and the expression |evels of

a- SMA and TGFoResntamBagneJCH-Hi i Pisstof o @ Ss et bn bishisaenceridionsdbr essi on

level s of LI Piangohikliotihepmnedinafiare MRekd tb be MUBASEION D thaMNit
regul ati on. Thewa,gvel s of TGF-13 nd a- SMA expressi on wer

1 a \ : . €
significantly% ?e"&f’“‘?ﬁé@kmﬁ?@'ﬁ?lé%ﬁ‘ﬁ%%‘ ‘f‘ﬂw\}@éﬁm?f?d R HPREs i ght
reflect down eggtihéid @R naRrEHaDY 0.8 @f/dn] b:0&S. ThEREM@X PGS BhOe| evel s of
TGF-f31 significantly ingcrease in at the end of the nonitoring
period (week &Snf’er’[[’-’é%%ﬁﬁgf%ﬁé@ ' graﬁhed%‘%bérci"lgékp Plodhe ges fiE- 01
triggers the imihbd.al steps of tubule formation occurring on 2D solid
surfaces, nanely the formation of a condensed stripe or cord of cells

from a monol ayfesys. L HRSERlGY) QRREPRNIRDLE: WEY 8, PRI AETRH, 1 L1

rabbit cells, "we tested here wh uman c acted in a
simlar way. Fowiedh npledemmarenwihi thenHHGs. Adier thelgmagor efarceafigeiment  of

the nonol ayer wisiifcPorcRiNdRN S8, B HbRGyQTbe &tk kdrAfitedlifo b &bLRL ML i ON
of cell aggregates (Figures 17 BE). This result showed that TFG 131

i nduced t he i kPtderyed eqllaggregstes WeinsrniiebiR f1ese e A B BPFRSES SrOBIPED sol i d
surfaces. [ 00#38rmxunpl desd cblD2E0 EXRE hotISFh&n\&Y tRe J3TibOsAPRAIIIO0

conpare the of Hune t al. (Hunes a”l% G esl i nski Cel |
Res. 1992 202%?33’?5%3 S‘t?ée%e,di’ég’,eé%ﬁgl)ts R&?ﬁﬂggtﬂﬁ%e S B mept WEEP#’P}F t he
formation Bg_rmensmm'g ﬂﬁb;obégb?ﬂtﬂﬁﬂel flbmaécoe]ca'da&?wmr@madg;_hom?ﬁdg?g used
primary rabbi OXi ubul e cell s references indic ree
factors are ngggé%ﬁ?ggl FECRUSGPEREA Oﬂ%%{l‘g"rﬁ‘?rfﬁm%ﬁy‘f ‘ﬂ’rﬁ]aétﬁ’e‘ﬁ]é is: (i)
transform ng gkaydrbsebaatmidif(cloR)tol 3lthe {hithdliabqildiRtoret cafrpat dpithaialt or
(EGF); and all-trans reti noi cid (RA..T t hod invql ves _.

a1 vatt on ol BRERarY PaBReD- PR G RaR Tistve: tBF oo B he

fol | owi ng nedpwass dlpheees trenshibitkrdntisthn bAeiteeél ] cellHaming offbradaspedi a
(1:1, v/v) containing.l-gl utamne, peni.cillin .streptonyci 50 nM
hydr ocorti son r?es%nc% rllfdlg?{p 65'@3 ’iuﬁf Ipoésﬁlae Elaﬁnl‘aﬁ? b ergl?qg{lorn%g?ne?nrti n,
referred to hérpitionaccHivagszatya sdichppging m be[cOORUMT A ublds Brhdsied. wam t he

references, thg.[ap Qﬂdter e %HIH@AS ugédl%y ll-ﬁmg&%t Iaﬁ bybtﬁg &8ion of high

concentrations of TGF-f31. However, contrary to the disclosure by Tlumes et al.,
addition of TGF-f1 may not be required, given that kidney cells are able to secrete
TGF-B1 themselves, thus directing the trans-differentiation processes and tissue

reorganization.

[00246] The following experiments were conducted to determine if addition of
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confluent after 9-12 days in the Hunes' basal nedium Addition of
TG~ 131 (10 ng/mM ), EGF (1 nM and RA (0.1 pM= 100 nM to such
confluent cultures for at least 72 hours led to the formation of

ki dney tubul es on 2D solid surfaces. Addition of all three factors
was required for tubul ogenesis. Addition of only TG--131 led to the
formati on of solid aggregates of adherent cells (no |unen). Wen
TGF- 131 and EGF were added these solid aggregates were | arger (also
no |umen for fE&EH-BhECTSndRi arenedn g reapipoeor eloaddraredgs waetterR& | ed to
the formationy, g&naﬂq&s@%mgms@tm u@}ap b o TR auae\ﬁvy%bﬂﬁﬂdxe fully
devel oped in t resence o due to t ansi on
lining epit heqeilaFaﬂé@IalséaPﬂTPﬂ}g HP{PﬁM‘@H@P%Wé\W“W&bWW@ 9ERE to have
the foll ow ngexgcﬁxﬁﬁg%eseﬁbea@amtvefe%laﬂf&mecmﬁﬁﬁﬂc.e,(forrratI on of solid
aggr egat es) (mtotic cell gromh); RA (cell differentiation
(epithelial) niti Aalion n formation). [00242]1t appears,
based on the ﬂﬂrfg et dﬁperl?‘%%ﬂli{egqut hat the formation of solid
aggregates induced by TG-131 is an initial event in tubul ogenesis,
as RA and EGHO824Rie hddafet o dirapariments fe edlls wers celieatedomBrassdnsal EGF

does not appelﬁ@d;mﬂsma%xve@@xtsﬁ eilmtmkzeﬁf BGFUR®WA09eRESIS, but
mai nly affects cell proliferation as an indirect effect on

tubul e nor photeginenistreregerismed Kidole diffamnt Eahewd FETEs darive fogén on

rabbit proxi r@fferéﬂﬂpwe@ts)cﬁllakl%xpeh@%él%&rlﬁ|eﬂtgnsw%$mmwi'1qg§th Qhs Juh@vdar esent
i nventi on and _HPTCs,  tubul e fonpati on by HPTCs on solid surfaces has

been obser ved HipPHebe HierestivAG b« a&%“w@araﬁtﬁ prepggation b B a1 cel |
medi um ( Sci enkiglely cﬂemawo@mnua&}omU@WMftMﬂeﬁﬁadal ser@AwerUSA,

containing salts ar a wi.th 2%

o ovdne bt A e e s S BRI T50 b e itede
jig/m), hydrootrtd sdieonebf fhesgherie} all efis wep Head ager (15 04 s.ifpweber, some
fibroblast gr / d RA (10
g e e St SRR b i) e St bna Kbt B hﬂgzgq It
shoul d be notsefed with colly IWGESGWQSWCMEIH p@t@eaOfSEMGW@ angly2

included in theudnaMRd FRtudn18Sefs. cOMponent . It is possible that
sonme trace anount of contam nating TG--Pl was present in the FBS. As

t he hi ghest ¢ trat ons BS are
oport od to SR0ERT: ho T ERGe e RhRhgr el b A P TELE Bt e ha
the TG-- 131 ass;d:epttmaafotr 8ATCyant] fremeveofi thenaases éI@TCsndxe e quP‘Iéﬁ‘diawpé riments

concent rati onr Oy PreErag R Efed Rrng FafRif i B ig ey 1

t he Hunes et @hditignetubeddor r{@@ﬁm@}nﬁh@btﬂmeﬁmremn cmfdu@mfdethsédnaueﬂl bf
aggregat es al §9,.8li (; Bl mportant role in 2D tubule formation with
t he HPTCs. After t ormati on of a confluent nonol ayer of epithelial
cells, the B&ﬁer becane reorganl zed into 2D tubul es., Condensed
cel | aggregat re cBASTHE PPl PrREEmCY Sy HeE st B e Bumes

Qovi ousl y, t hiesdl eieomaihi Iﬁlﬁccﬁfdaﬁch@&ﬁ t%&@l‘dvmaggfu&gataeﬁve\h@lﬁddamtocﬂﬁﬁ@ndent
gg ¢ ;Pﬁegd?:qt ! '%t[[]no th sgme ce[ls survwe dEf'tS aﬂed scfsnﬁesu ttpag;h 5 afterI} rl?sﬁﬂlf E ﬁe
process of tutbuttlexefcdrgm\tfﬂims mscmvdmrdgwer@ll ¢dn§uqac3e®eldmotrimabiwa¢m ng
HPTCs, the c iste G i

nyof i br obl as?ﬂgéwe\?\}g‘g {hggcf% E/a?%gso%eere gea etd re gﬁ@%‘%@?@?gﬁf ra {foadr?n%f t he
epi thel i al cewhfit}stpe Htuoestehal smaiedd| THeyijoRF- E{Eeh[ad hdevioad éffremsiwnmdnylwdr _
Lranst o) bbb SpMEld oM ek TR A AL, SR RLyfC e, 10
into myofi br qbiga@:tesha( ﬁélset%ﬁlyrﬁéfeﬁm@eﬂ pbgnqlﬁe)m Wﬂ'srmsche@ @mqngstptl@sm bl e
that trans- di {Lenanihah o HEREAJRof ALY 8 Bkl lePROLATAL o,

whi ch appears to crucl a or orma I on, was enhanced
under the congiPtimgrigbulpsallp Wﬂ-ﬁﬁf—?éﬁm@thoﬁldescbbedthﬁ@mé@rdhﬁtfpwtl@? ofhj gh
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TG--f31, EG-F and RA are really a requirenent. Al so addressed was

whet her the conditions described by Hunes et al., which lead to

tubul e formati on by rabbit kidney cells, can be also applied to HPTCs
and result in functional tubules. Al of the experinments described
bel ow were perfornmed with HPTCs. [00247] Experinmental Results
[00248]In a first set of experinents the cells were cultivated in
Hunes basal nedi um (see above), not supplenent with TG-- 131, EGF, or
RA. 4 series BPulesqed whhtufawer e performed with two di fferent batches
of HPTCs (derived from2 different patients). In all experinental
series, extenpiozsl) ni tinalthiekdl ofdgrtiicmeInpHS RS &/&gerimidntabsesébohs t hat

t he nmedi um suj le.for cultivation and pro ion of .the rahbit
i dney cel | o PETSaBER At ol R SRe AN BR SRR MR AhR Rt Mioer f s
wer e term nat datiprambeneeioyp vduble dogeh 8D viis Brivedtionaws never gedrieddeat h.
Two of the serl inued and in one of these series all cells
wer e dead aftgééﬁit%xxgg%g@ owever, sone cells survived and divided in
t he ot her serL@%agnd this series conprised 10 wells seeded with
cells. In the |1's Sesereudniiceshiat patiianel FBs iseevired fgefpirdped and
2D tubul es appepdgetbniand for O tubalk fokRatitalbl $IPTCE0249] These results
denonstrated that the nediumapplied to the rabbit cells is

suboptimal fo Cs a j i |,
Saoi i on of | TIOPFETS 2Rl oiRRheRh shiF s EARAET VR ot B rNeal

formation by FFR@yne diseeplenene instyfinE FPHAT TGS earefmrmratileenpyt adihval
tubul e cells gr&qah mfﬁ(}l{% ¥Bmf, Hinel Bk RRBRs O 1O th AR RI), BFieLY

HPTCs. [00250]1n a second set of experinents cells were again
cul tivated i nthFisifes npadw corde aidaseresalrs aEely didhwelaaizaied. mhiefibgblagticous

resul ts, nMassiN@r&Iedy had &AhE R GHUFIE AiBbieh QLA IR 1getd Sedbidl Wived and
formed sone confluent patches after 2 weeks. By this tinme cell growh

was very sl owFBR@oEyEdgel asgsatir e dymentiry teddipen A eHrael ol fshever

the confl uent sRAtED EImUEHEe LoBRERE aktdikth Jrq%c;gt:m.T@Fﬁoftet, ek IN
accordance with the Hunes et al. nethod. The TG-- 131 had no obvi ous

ef fect on t he™RBHYPEYEDeshds Wes CEFe rmpatet BUPecorbitpricHbh sTiaEes
observed. One@¥RbaRRobOIGH OF anki BRS SppeBsdio téprddtid RbrelGisditalgBoates of
functionally different cell population was enriched anongst the
survi vi ng cel P¥Obablasiceells-t hese results show again that the
conditions used for rabbit proximal tubule cells are different than
t hose descri bEd2hdk ei nThorsutieinfagreeredni with hé restlts bethiesl byl etsbl i d
surfaces. [002 hird fﬁﬁﬂ. riments i sing.

experi nment al ‘s@r}llalg@t %%l%%ndﬁgg%%te%%ﬁhel I g’lmnﬁeéitmﬁ r%g%g?(ﬁl ogfnlaglsvgﬁ%ll enment s
except PBS wasgargetes, coilisioigheindy clabot-pdearhmwaschpbgerlise husoadditivard abl e
degree. 21) tubul 8§ REFRE LBV BRe RS i PRIR s HNE8lpde5 Gea

condi ti ons.

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 displayed mesenchymal 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-B1 is not only not

required, but even gives rise to the formation of suboptimal tubular structures.
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[ 00252] These results suggest that addition of PBS is required for
opti mal propagation and for 2D tubule formation by HPTCs. [00253] A
fourth experinental series was perfornmed with our HPTC nedi um
containing all supplenents including PBS. HPTCs were grown to
continency and then treated with TG-—-[31 (10 ng/m; sane
concentration as used for the rabbit cells). After three days nassive
cords and aggregates of cells with an el ongated, nyofibroblastic

nor phol ogy hal@%8#ned Pisrugi@ wel |s. Al though in the conplete HPTC
mediumwi th FBS, cords and cell aggregates also formw thout the

addi ti on of epo02&7]TGF-ThiBilles fornedd bg the Eminds @ al. nethodedle foanel feandickst ent | y
after additiop of, JGF 13l ChRoLe athe, morehol o0k, ofy g, gords was
di fferent com%rrgd 0"t he 66 01-17Zt GBUT SR TRE S PUEY Ures observed

wi t hout TGF- | Rim ankin thescelhmpwees dishlivozreydte sEpds thap pee oethdiginster. Only
aggregat es of J i I 4 ISy 4 1.1.8-4Nn
agreenent w t%@?&ﬁi&e?&é@ﬁeﬁ?tgﬁ% g?élr%lel " réglgé?rye‘lspﬁgéthﬁlaqﬁé%h{nﬁh% bit cells
and suggests Ematmmglherﬁ?@mi@étw’hé of epifeelidl eshls isubrpesgsil withigel |

aggregat es, CQRSdsSt mBAndBhRlcMsof non-pol ari zed nesenchynal cells.
Thus, addition of exogenous TGF- 131 appears unnecessary and in fact

results in i rly fornme ener at.ed by HPTCs. . [ 00255] O
not e, Humes re@ Bgﬁ repI(%rc g %’at{’euﬁiélglﬁn%sj ST tesa/d bg?h e(%it Ogs |eﬁ°r’tbke Ftbul ar
struct ures f odispiey eltgnsiatibnan fdrmdivmyand @k bvallsdif dpl28\aailesessisoliy mal

charact er. TheRLasR0Ly hOBULS.BUABE Tholfind s il L el SSlie to the

presence of high concentrations _ I ned above, this
gi ves rise tomesgivhyag! cdis (mpafibrablpstehabaiam ey agockeditntheps spidhsliagut they

mesenchymal  c& o fortiiniaths &1 hasss QROERL thAbuitdThAlBe AR LGaRkL ONS
than the mainly epithelial tubules obtained using the nethods

descri bed her®F et sutpsezed within gibersFll mpsyesiand arg dirgeBhexppser fofhe
concentrati onsvRénmadr i fied TG--131 is not only not required, but even
gives rise to the formation of suboptinmal tubular structures.

[ 00256] Di scusg, [ 002571, : . S al . t hod
are forned f r@ﬁ?ﬁi ck Igglé;g%ﬁa?g‘)%? mﬁggrﬁle%\%%ggﬁ%rep gl%aea{,%ln’aw 1er ent
mesenchymal clleb g cohlenttlunhénkvathlagimerstsr diahlsaspitiohi 63 Hnhesmt Eedllldiameges,

di splaying a w : i Q. t cells
bordering t he)é%qjgr]r‘gﬁl tL{bgl?riarrlésgl igﬂ%%?p%yi T ﬁgﬁiﬁ%{nﬁaiﬁf gglraéé?\'#gsf %@\rél\f and
pol ari zat i on. nopkgonditives proxiupldutes prepetempeddedintgfcorqshichapssesofgat-| s i s
submer ged Wi t fiihi SBRI8&t @Jus.ni%géﬁ&,hwmidmg@guggest 28R BePRteast . the

2D tubul es generated by the nmethods described herejn
tubules generated by the presently described methods 1s 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 disclosure 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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di spl ay extensive lunen formation and the walls of the 2D tubul es
consist of differentiated epithelia expressing tight junctions and
brush border markers. Sone nesenchymal cells (nyofibroblasts) are
typically attached to these epithelia but they do not form condensed
cell masses surrounding the tubules. Thus, the lining epithelia are
not subnerged within other cell masses and are directly exposed to

t he environnent. £00259]In vivo, the walls of proximl tubules

consi st of ani3bglhel i Gny suliingh sili-¥reor sub-ewbtdragen intluded nvitintahy @nge,

di ameter of afjsleasiiRRoUk: o@ﬁle;enlms €rﬁ’éﬂ@é§to be ﬁ:lgll(!ed % @Eﬁ%tslﬁ)r r)angeTs}ﬁg

proxi mal tubules are surrounded by only sone interstit

fibrobl asts. ¥HEssubEPARRAAD VAR PEBHOPETEAs proxi mal tubules are not
enbedded i nto condensed rmasses of non-pol ari zed adherent cells.

Toget her, t he[G0263)i ngsAsugdstiis iphaﬁcahbteanﬁﬁfepb@hdngylaﬁaﬁs ﬂlbﬁn@.ﬂlrt ubul es
generated by the nresently, descr t hods.i s, nor t he
nor phol ogy of tfng? i veoglﬁ)ra(gg( t}r%nl dlﬁgﬁlml © T%ﬁ%ﬁsﬂh? Congeﬁfﬁle@gf ?igﬁtses and
pat ent appl i cathérers. Asivsaldn i spévifsattpeacd fhi emendon claime, thetemisn

i ncorporated b erg ke I I .pat ent
application mé*3$§&ec.$ﬁ%h@?y &)EQ%EJEHQEée Ofa g%&gﬁéﬂmmghlP

i ncor por at ed 5§n@eI@ﬁ@h@éumWﬁ@EQﬁﬁﬁﬁl@ﬁmbﬁeﬁﬁvmbﬂwmﬁéabm@ﬁSWs for its
di scl osure prigpoh&istiofiickdiihedal Snanflnshortshidmdn: REi&oasheded as an
adm ssion that the present invention is not entitled to antedate such
publ i cati on b§heEE a‘éteﬁifmcsquneﬁmﬁnﬁ@%ﬁﬁsoﬁed bPGUL61 P e SRl and
scientific tetdsndibeadGabeith oktaf erdinde sEARBhIRARIWIEHhalSs BoHIRN| Y

under st ood by qne of ordinary skill in the art of this invention,
unl ess defi nef* 8herwi se. [00262] Any sub-range, sub-list or
sub-conbi nation included within any range, list or conbination set

out herein i slQ0368nded Althoush the frpaginadnvastion hasttien desrsibecin grame dstabl by i st

or sub- conbi nghy SRS 08X e@aﬁ?jﬂly fop B@ﬁés@é 8t glan@%@@tﬁ@;lsﬁ?ddésﬁg rba@ﬂ)r/ h' S
speC|f|cat|on and the appended cl ains, the singular forns ,

and "the" i nclRPEE"Y ﬂi‘PS&IOf paay s én thmréeélcletwétheeﬁ%hegf ofélnéewwon

di ctat es ot hefi @eain AGngés &l rhddifichtichs MRS thdde BlefervidBet dtelmmgmeelnded
clainms, the ter nB | se gﬁﬂ$r|5|ng , "conprises ot her
forns of thesglf%?%§$§ %Ot#ﬁﬁﬁﬁ? W' he non-limting inclusive
sense, that is, to include particular recited el ements or conponents
w t hout excludi ng any other el enent or conmponent. Unless defined
otherwi se all technical and scientific terns used herein have the
sanme neani ng as commonly understood to one of ordinary skill in the
art to which this invention bel ongs.
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[ 00264] Al t hough the foregoing invention has been described in sone
detail by way of illustration and exanple 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 nodi fications nmay be nmade thereto wi thout departing from
the spirit or scope of the appended clainms. References US Patent No.
5,429,938 Ryan MJ, Johnson O, Kirk I, Fuerstenberg SM Zager RA,
Torok-Storb B. HK-2: an immortalized proximal tubule epithelial cell
line from norRelfren®di t human ki dney. Kidney Int 1994; 45(1): 48-57.
Beacham DA, Avetaag®be 44Do3guki ennan E. Preparation of extracel |l ul ar
matrices produced by cultured and primary fibroblasts. Curr Protoc
Cel | Bi ol 200&ybupplodiventd, BidK Chadpdtadberd OMUDdger HA, 19}ak-Stéb 8. AK-20ar9. 21.
Sadoni N, Langetort8;zedFprutitbaiGpbuBemiadtialicel0line@roanmemal adulihnmer kiBMy. et al .
Nucl ear or ganKizladyilario9f4508#Ral i an genones: pol ar chronosone
territories build up functionally distinct higher order conpartnents.
J Cell Biol 18@6hatsf.6Ymatah@dd MIR Oakierian EHadpoatig of RktpkdhlaOnattepst | ey
LG Signal s wrpdiseddyichithred and brhary fiNeplpato AuERgtoNéph Bl 2020:58pplement

100( 1) : e40- 4533(Geehgnf e d0.RMI0PHIG28C, Schumacher A, Ying JY.
Controlled formation of biological tubule systens in extracellular
matrix gel s i PRAQHDYs bangg %ﬁw rReuped 8, Frpen), T“TPBI?M&?EQQNuqlﬁﬁ HJ,

Si gur dson W , OTRITEREGNOE Fapmalan gelomcE: PRIk (Hromop REe By protein

ki nase and t h¥nGHaPAYYKistast pighen erderspmpasimenty JiGsl &?9&1«36({5}1&21&&\%‘? opnent

17(P9) °2§£§§%§?Ofi§%§§$ b B TR B S S0 % vanagi da

H, |keda Ivi ?nsrrbr ane bound heparl n- bi nd| ng epi der nal

growth factorg hn‘%é% Al |1al cel |
br anchi ng. K'le t0 1 % %ﬁ‘ %}t I =§[ Eﬂlp(‘)e CE §I7
I nt eraction b wa i oarcg an ret F](])I c acidl n the 5(‘1‘(@%“ on
of ki dney tubu ogene3| s in tissue culture. Exp Cell Res 1992;
201(1):8-15. Han HIJ, Sigurdson WI, Nickerson PA, Taub M. Both mitogen activated protein

kinase and the mammalian target of rapamycin modulate the development of
functional renal proximal tubules in matrigel. J Cell Sci 2004;117(Pt 9):1821-1833,

Takemura T, Hino 5, Okada M, Murata Y, Yanagida I, Tkeda Ivi, et al. Role of
membrane-bound heparin-binding epidermal growth factor-Like growth factor (HB-
EGF) in renal epithelial cell branching. Kidney Int 2002;61(6): 1968-1979.

Humes HD, Cieslinski DA, Interaction between growth factors and retinoic acid in the
induction of kidney tubulogenesis in tissue culture. Exp Cell Res 1992:201(1):8-15.

Lubarsky B, Krasnow MA. Tube morphogenesis: making and shaping biclogical
tubes. Cell 2003; 112: 19-28.

Montesano R, Matsumoto K, Nakamura T, ef ¢/. Identification of a fibroblast derived
epithelial morphogen as hepatocyte growth factor. Cell 1991; 67: 901-908.

Montesano R, Schaller G, Orci L. Induction of epithelial tubular morphogenesis in
vitro by fibroblast-derived soluble factors. Cell 1991; 66: 697-711.

Nickel C, Benzing T, Sellin L, et /. The polycystin-1 C-terminal fragment triggers
branching morphogenesis and migration of tubular kidney epithelial cells. J Cfin
Invest 2002; 109; 481-489.

Sakurai H, Barros EJ, Tsukamoto T, ef al. An in vitro tubulfogenesis system using cell
lines derived from the embryonic kidney shows dependence on multiple soluble
growth factors, Proc Natl Acad Sci U S A 1997; 94: 62793-6284.
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Lubarslcy B, Krasnow MA. Tube norphogenesis: maki ng and shapi ng

bi ol ogi cal tubes. Cell 2003; 112: 19-28. Mntesano R Matsunoto K,
Nakamura T, et at ldentification of a fibroblast derived epithelial
nor phogen as hepatocyte growth factor. Cell 1991; 67: 901-908.
Montesano R, Schaller G Orci L. Induction of epithelial tubular

nor phogenesis in vitro by fibrobl ast-derived soluble factors. Cell
1991; 66: 697-711. Nickel C, Benzing T, Sellin L, et at The
polycystin-1 C-terminal fragnment triggers branchi ng norphogenesis and
m grati on of Tewdid] WangkY,daeysng @M, bel.imideael bewthifadtdrionrimfsasihg 2002;

109: 481- 489 groSeikiattan alfta isBaquared fndkidnks tikboalapdnesislin netrigalt cured ifl serdrdi+ O

t ubul ogenesi sresyadiem Rred Mgl el il e $990e87: ¥@d-4066m t he enbryoni c

ki dney shows dependence on nmultiple soluble growmh factors. PIOC Natl
Acad Sci USAZedegOVM, OBriesRF,96R 82 al. Efithglinl vplatith mgyl tyhulBewszie g1wjtrof M

etal . Epi der Aedndgfaditiel 20@c1Brlopd7¢ ransf orming growt h factor al pha is
required for kidney tubul ogenesis in matrigel cultures in serumfree
medi um  Pr oc ZReiis|H. Aesan ScYing QA er af. e imigdt: of ggpoel Mpopatriy esengs o

O Brien LE, yerfappanse ofjumagpsngl gelisiagpliep 81 tagartifipiabkidoey s Singeeine 3998: i n
vitro. Trends®G&P{-2Hilol 2003; 13: 169-176. Zhang H, TasnimF, Ying
TV, et at The inpact of extracellular nmatrix coatings on the

per f onnance of human renal cells applied in bioartificial kidneys.

Bi omat eri al s 2009; 30: 2899-2911. WHAT IS CLAIMED IS: 1. A nethod of
maki ng a renal tubule, the nethod conprising: seeding renal tubule
cells onto a solid surface; culturing the renal tubule cells in
a liquid growh nediumto form a nonol ayer on the solid surface; and
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continuing culturing the renal tubule cells to forma tubule, the
resul ting tubul e having an unbranched or mnimally branched

nor phol ogy, a length of fromabout 0.1 nun and an interior |unen
surrounded nostly by differentiated epithelial cells. 2. The method
of claim1l wherein the renal tubule cells are primary renal tubule

cells, celmpaTnesmrapMiEpIed cell |ine, enbryonic primary kidney
cells, kidney precursor cells, cells differentiated from enbryonic

stem cel | 4 cells or cells
differ ent?at edA r(glirﬂndd:gn ﬁ%{e} g}%{gll Iﬁ%ﬁ@h{ﬁ%ﬁﬁgﬁ%geﬁ%%%g The net hod of
claim1l1 or tubul e s are proximal tubule

| |
cell's, dist aI Stee‘g}f}géen@gﬁ’lbgﬁeocrﬁhﬁ811tf)é1cst°}1ﬁeuré%?@t cells. 4. The nethod

of claim2 wherein t bulecellsare uman primry
renal proxi mal® %ﬁgﬂi caErl & ‘X‘fscgif]’ﬁ’éa Piloowih mAdiupHe BT & PAREYY ¢ o
4 wher ei Ny fie sSIY dfirsbrdace is concave. 6. The nmethod of any one of
claims 1 to 4 wherein the solid surface has an intersecting wall. 7.

The met hod Of &)lnﬁ%l?iﬁlhgl utturs tﬂe }Jﬁ[@ll ﬁl%llfedcleﬁy{ofi%grg 'tﬁl?] eQﬁ‘% ie%él?%g tubule

surface having nu erse

one of cllaiving gh Unbrahchdtbesraninihiey bnaﬁd:hed rgorphs 1o gyredenigth 00 P £28t @ 15%
(v/v) or greater serum 9. The nethod of any one of clains Ito 8

wher ei n t'R& &9|andnigties lymen;surrpigided anqtly Wyﬂfﬁilﬂfﬁf’é@%‘?ﬂlwlﬁl cBs-rix or

an extracellular matri x conponent. 10. The nmet hod of any one of
claims 1 to 9 further conprising addition of a test conpound prior to
t ubul e f or.mat i onThe fethodoficiaimi It whergiartbe ednetitubeleakll ab phimadpremed on a

lid f d i hed i.ni mal |
ot phot ogyEuIE oF Bngtl b » DI ol S0 iy R RS G idesy
sur r oundeged®sor ey D ¥elth dlf’f@feﬁﬂﬁtb@ﬁ%ﬁl ﬁﬂlbr%ﬁﬁi 'sﬁelm 6&ls! &lls differedtiifed N

vitro generated renal tubule of claimal further havi ng one or nore
of the fdrirowasepdhympksteinastls 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 tubule 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.
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a length of fromabout 0.1 nmto about 1.5 cm the interior |unen
havi ng a dianeter of from about 1 kun to about 200 inn; and renal
upt ake and transport functions. 13. The in vitro generated renal
tubule of claim1l or claim12 that is a human in vitro renal tubule.
14. The in vitro generated renal tubule of any one of clains 11 to 13

when prepared acqgk dichhdld? ahPendBE HQEhsOf toBMWhaRH tE 1iGhidi PEwth th&idE-
15. A nethod of nonitoring tubular function, the nethod conprising:
cont act i rymprisemPHdUra/voor gegatar g¢remni t h t he exterior surface of an in
vitro renal tubule prepared according to the nethod of any one of
claims 1 to 10; and (i) detecting the conpound or

particle omthin Thentettdd & anPbné bf JaidsSeeS WHerkimehebdirRCIurate Ish@ated
conmpound or particle on the tubule or tubule cells; or both. 16. The

met hod ofWigh &t ertrascliaraptpixionan eswprslingr ortipaeanrdnent. s | abel ed with a
detectable | abel. 17. The nethod of claim 15 or 16 further
conprising incubating the conpound or particle with the tubule prior
to said detectinhe method of any one of claims 1 to 9 further comprising addition of a

test compound prior to tubule formation.

11. An in vitro generated renal tubule formed on a solid surface and having an
unbranched or minimally branched morphology, a length of from about 0.1 mm and

an interior lumen surrounded mostly by differentiated epithelial cells.

12. The in vitro generated renal tubule of claim 11 further having one or more

of the following properties:

@ a length of from about 0.1 mm to about 1.5 cm;
(i)  the interior lumen having a diameter of from about 1 pm to about
200 um; and

(i1i)  renal uptake and transport functions.

13. The in vitro generated renal tubule of claim 11 or claim 12 that is a human

in vitro renal tubule.

14. The in vitro generated renal tubule of any one of claims 11 to 13 when

prepared according to the method of any one of claims 1 to 10.

15. 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
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18. The met hod of any one of clains 15 to 17 further conprising
contacting an inhibitor with the exterior of the in vitro renal
tubule. 19. The nethod of claim 18 wherein the conpound or particle
is a control conpound or control particle, and the inhibitor is a
test inhibitor. 20. A nethod of assessing toxicity of a compound or
a particle on a T(l‘)'@b'ﬂe@tm%]tﬁg cORpHaH cﬁ"}ﬁﬁfdléiwﬂﬁm the tubule; or 69@5&%&1@9 a
compound or particle with the exterior surface of an in vitro renal

t ubul e prtbparfect cdteorodipeynd or particlren teitubfileam yutoriecalls; edtaitve 1 to 10;
and assessing the effect of the conpound or particle on the tubule or
tubul e cells.

16. The method of claim 15 wherein the compound or particle is labeled with
a detectable label.
17. The method of claim 15 or 16 further comprising incubating the compound

or particle with the tubule prior to said detecting.

18. The method of any one of claims 15 to 17 further comprising contacting an

inhibitor with the exterior of the in vitro renal tubule.

19. The method of claim 18 wherein the compound or particle is a control

compound or control particle, and the inhibitor is a test inhibitor.

20. 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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