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relates to a self-contained, preferably sensor controlled organ on a chip-
devi ce, which allows establishing or maintaining organs or organoi ds as well
as stemcell niches 5 in a mniaturized chip format, suitable for online
observation by live cell inmaging and for exanple two photon m croscopy and
their use for, e.g. testing the activity, pharmacodynam ¢ and phar nacoki netic
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2009/ 1469g1:&t:L r?lglésgplggnlg%%a?lg?s?gtg of pancreas, grey and white matter of brain cortex and cerebellum
and adult quiescence-promoting stem cell niches are a small selection of examples of such
human organoid structures, all with a prominent functionality and highly variable conglomerate
geometry. Due to distinguished functionality, a high degree of self-reliance and multiplicity of

25  such micro-organoids within the respective organ, their reactivity pattern to any substances
seems to be representative of the whole organ. Nature created very small but sophisticated
biological structures to realize most prominent functions of organs and systems. Multiplication
of these structures within a given organ is nature’s risk management tool to prevent total loss of
functionality during partial organ damages. On the other hand, evolutionarily this concept has

30 allowed the easy adjustment of organ size and shape to the needs of a given species — for
example liver in mice and man - still using nearly the same master plan to build up the single

functional micro-organoid unit. A unique and outstanding chance for substance testing predictive

to human exposure lies in the establishment of equivalents of human micro-organoids in vitro. A
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efficacy testing for substances, such as chemicals, drugs, nutraceuticals and cosmeceutlcals can

be envisioned prior to exposure in man.

20
Summary of the Invention

The present invention relates to a self-contained organ-on-a-chip device (1) comprising:

(a) at least one medium feed reservoir (2),

(b) at least one organ growth section (3) comprising at least one organ cavity (4, 4a, 4b), and
25  wherein the medium feed reservoir (2) is connected to the at least one organ growth section (3)

by a microfluidic feed channel (6).

In a further aspect the present invention relates to a self-contained organ-on-a-chip device (1)
comprising

30 (a) at least one organ growth section (3) comprising at least one organ cavity (4, 4a, 4b), and
(b) wherein the at least one organ cavity (4, 4a, 4b) comprises and/or is connected to at least

one sensor (8, 8a, 8b).



WD 2009/ 1469LbbAEER2009/ 004008 3 In a further aspect theqragemiooisgenti on
relates to a self-contained organ-on-aschip device (1) conprising: (a) at
| east one organ growh section (3) conprising at |east one organ cavity (4,
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suspension of cells and/or a tissue slice into one or nore organ cavities (4,
4a, 4b) and 20(b) fluid-tight sealing of the one or nore organ cavities (4,
4a, 46).Inn further abpect g prasenthimvpntaxe relatehv@eat supply ehigt@9) for heldingdthef self-
testing the effect of ong o(; m)erﬁ LeSt. compounds .on one or rrh)re tissues,
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tissues, (®r ejgcﬁgc egﬁgquy,torér(é%&ro@nggctmg to corresponding connectors on the self-contained

organ-on-a-chip device (1) to the supply unit (17).
15
A method of establishing an organ and/or organoid in a self-contained organ-on-a-chip device
(1) of the present invention, comprising the steps of:
(a) loading a suspension of cells and/or a tissue slice into one or more organ cavities (4, 4a,
4b) and
20 (b) fluid-tight sealing of the one or more organ cavities (4, 4a, 4b).

In a further aspect the present invention relates to method of testing the effect of one or more test
compounds on one or more tissues, organs and/or organoids established in a self-contained
organ-on-a-chip device (1) of the present invention, comprising:
25 (a) providing a self-contained organ-on-a-chip device (1) of the present invention comprising
one or more tissues, organs and/or organoids or
carrying out the method of establishing a organ and/or organoid in a self-contained organ-
on-a-chip device (1) of the present invention,
(b) adding one or more test compounds to the organ and/or organoid
30 (c) assessing the organ and/or organoid microscopically and/or

determining one or more parameter determinable by one or more sensors (8, 8a, 8b).

In a further aspect the present invention relates to the use of the self-contained organ-on-a-chip

device (1) of the present invention comprising one or more tissues, organs and/or organoids for
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sel f-cont ai ned organon-a-chip device (%) of the present invention, (b) adding
one or nore test conpounds to the organ and/or organoid 30(c) assessing the
organ andstihg Qhgafeétd ofi chieOSICOBLC sl YorapsUnds diether tiisiés) @r@ine drorfRioedsPar &ret er
det erm nabl e by one or nore sensors (8, 8a, 86). WO

2009/ 14691APOTEREeD 9y oEanwd funatiess.i ng the effects of one or nore test
conpounds on the tissues, organs or organoids or for exam ning organ or
organoi d functions. Brief Description of the Figures 5Fig. 1:Top-down view of
a preferred enbodi nent of a seBiiePDeafripgiomesfithy Faasesbl ed sel f- cont ai ned
organ-on-a-chip device (1) conprising the upper closing |layer (14) and the
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to the stemcell cavity (9), which is |located in the organ cavity | ayer

(15). Thus, st energeh kavifalayél QW) v partiallieof emsirplynteatislneentn The niedivnjfed om Began

cavities (4, 4a, 4b) tq.replenjshlr nerate the cel opulat i.ops ,constituti ng
Che Fhepect] ve oWtihmedurb P SF b2 RERE At Al hr BEBPHRIGERRERARE! o,
organ growt h secprefdfalip)o &eccapbrefldraabdryard gromtRiseddiony(3dlitd hRswver alstribution of
popul ations formng different tissues, organs and/or organoids, which allows,

e.g. the testi ngthefmedign e theggneero, diree AEMEELYEAM G BHE s Aat4ba RoBRESSS igameor

organoid sinulta . . Qr [1hd . : .

m crostructured %Q@gt&ggﬂggﬁ@ @?grbarg\%}z{da?h g% xéédl?ﬁgs gégf “gg‘guﬁﬁ %‘ﬁ%%&)cuto Re
respectivel y desfromcncnglen(18ngositiomedgepposick toSheretein &$lumsity ¢9)gavhschanddoated in
orgapoids will require a particular_m croenvjronnment, e hangi pressure,
secpﬂﬁary flow o eﬁé&ﬁnmvm%h&ﬁengaﬁm&gbf Ry fﬁadévyiltaﬁhf‘aﬁa?aﬁ%ﬁﬂﬁm infythe
medi um etc., tO fGrRhARM! chibe (FRUA! AbNad. repleaRN/ E@etae () def E&;slugttdhrsed
to provide several separate mcrocavities, which supports the establi shnent
and/ or mai nt enancmsofufing the respentiyrsorgr gadiocangangid( Fhg organstavities (f edla, t4b) of
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structured to prRymif #RRHPHIAIY, organs and/or organoids, which allows, e.g. the testing of
25 the effect of one compound on more than one organ or organoid simultaneously. The
organ cavities (4, 4a, 4b) are preferably microstructured to support the organization of
the cell population into the respectively desired organ and/or organoid. Some tissues,
organs and/or organoids will require a particular microenvironment, e.g. changing
pressure, secondary flow of medium within the organ cavity, special additional
30 medium etc., to form and/or to be maintained. Organ cavity (4) is structured to
provide several separate microcavities, which supports the establishment and/or
maintenance of, e.g. neurons. Organ cavity (4a) is structured to provide a pressurized
environment, which supports the establishment and/or maintenance of, e.g. bone

and/or cartilage structures. Organ cavity (4b) is structured to provide a secondary
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the establishnment and/or mai ntenance of, e.g. vascul arised skin. The organ
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t hus, providing éaxi maf] sdo ce for holdi Hg t he Qgste medi u Expl oded gj ew of
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conprg sing the ngdivem |Akeg OF2Wastt Mo Bfer&Ht OYohnsS 8 T 6:@8ndiaY €in &l Pleferred
conprising an upper closing layer (14), the organ cavity layer (15) and the
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access to the organ growth section 3 L. ogated in.the or.gan growth, sectjon
fayer (19) and sontsl PiesBEals Maa e Or 4GP ag it de ViR BT AL o
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cot A Toh the r i FEAR N B cBlin, BIRERRTP AR R B3l Bhbefa) B I,
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contam nation of the cell popul ations | Oﬁded. Preferably tSi s .seal is fluid
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from one or nor C g ; s At 1 i t
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and/ or through amestdhtdughathe agnties selp orontaimeade oxgay-oinre-chip hde videe 0h) cledtiveeravhe y
(9). Furthernore a nmedium feed reservoir (2) is located within the nedium

| ayer (12). This reservoir is preferably provided with an access port to allow
the supply of the required nmedia into the nedium feed reservoir (2) or the
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devi ces and/or actuators (pressurizingeneans, punps, tenperature sensors
etc.), which are preferably located within the organ cavities (4, 4a, 4b) or

whi ch may be posbdtioaneflthienoday clobingriapar(l 6 )Pind the Uppeénd bOiengediamelayerandy, or
(iii) to connect to sensors (8, 8a, 8hb). 10F|% 2BTop-down vi ew of the upper

si de of the | owethus|psevigigemaximal spaye fophpldingthe avastepedipmg means (11), whi ch
are preferably made of indiumtin oxide (ITO, a tenperature sensor (23),
which is preferably a neander structure made of platinum and electric

connect oFi. QA9) , Exploddd view of agirefeabd ymbadienent oo kel f-c&ithinkdoigantdmea-chipdideiceve
paths_are nmade of gold. -The |lower closing |layer (16) is preferably nade of

gl ass’and 15 tr@dnspmpEsing te medium layerd b, theqrgasergpvih sretigp daysr glr%\ﬁpwpgélegi ons
(3) to allow tr 1 SSI.QQ: I3 Vihe REES-€ hagi : 16)
is provided w tﬁd}fgﬂ Zrcgjtgh el%gée}flgg?’sth% SF%Jgn{a?ngti%egqtl %?Orr%g tal.]t% d?ghl\?\nglto h‘%q%%&é
organ growt h sectlbprighe(18¢diufi lgyerJER ptadpriksey icetwowt t@ aldowfaecasedo drebardamerdwthf an

organ grow h section ( conpy.isjn 20 three organ cayvities (4, 4a, 4b). In
Che orerer red EOUTRhISPIRY iheread grrbSepipn tater (H) andobein e ppang: oy
least partially |glesedsiAR 1428 TIRRECuSHIHE aRYprtRRLIPBGEhmehQFAB In 5BY SFith hé kize

whi ch conprises mcrostructures, the organ cavity layer (15) that provides the

maj ol@ty of the ofi the out-puistafrtbe respgetiveeergamgrawid deotien () losatad bensadh t¢ aByw

whi ch provides, e.g. .i dance neasyrin ans. (22) to_assess.the.i dance in
an organ 25cavi t%fcgs&a{ﬁte ?rgalﬁg?‘(}g' @I’ 8%%%‘@&"%%" E?gﬁn g O%PM)VF%%rgﬂya
section of a pr ethercén?)g?mb@&i,rﬁe@fera@iyélaal QhensiR¥hd/¥r tigyerslitd Used GTRdtAgisAg an

organ growt h section conprising three differently structured, organ
cavities (4, 4a,thapgspeqtive ergan emorganpidaistdirestly headsd gale the ongan eavityi Bn4a33b)int o
the organ caviti , . ar. t. tlet ¢ . i flyidic
feed channel (notf1§0 s'ﬂ%g\/\tnqﬁa%}t;&g)é ‘?%l%llrlsl%s%%gﬁ%?%r@ F’ht]g %Vﬁédégz’%t%é‘iaﬁgn Ireaf;té? cleﬁ

t hi s1®£nbodi nent )poputitiohs lcadedPrefeeabidthioseahis fhti¢ aghteht gagpermyal]&)Altérnativetshe

organ cavities (4, 4a, 4 and out, through fhree separate mcroflujdic ste
channel s (7, 7a,th9syt.lrerwil) mnugéft%ﬁ_gfipé&a%é ff‘?‘ﬂi‘d‘ef‘l’rowofes?ta‘@p‘fe@tsewﬁ&g 8R¥ &F ght
white arrows. Priaf&iaili%nfo e idro Wowhih %e‘ﬁg’ﬁ‘eﬁ%‘?@“ tﬁ@%i&ﬁidi%&&ﬂ&%& 6)

outwards fromthe nediumoutliet 1nthe the gro
2009/ 146911 PCT/ BPR&h&oWDdh 400 hedmt andiot dwaughsan héditinhatascesh poltediwady enohthanel s

7, 7a, 7b t th i ph t wt h t] o .h ity.(4b),
\(Nhi Chapr ovi) das B ?%xﬁ%i?)%rtﬂ&qgoﬁ%ai R #e%‘gi’?&egvﬁg{m@ﬁﬁ'ﬁﬁga}a@?c%‘é‘r“i %‘Sd
ski @ secondar ymédidinafdrQ2) 3his deSerebit @CHretbrably Ef&@&wwh A6 aBR3H oo AUGRHS
| ocated in the side chanbers of organ cavity 5(4b). Fi g 4BThree di nensi onal

view of part of thp Seprjaef ghewmanired madimint@hecopginmsfead reservair 61 qurthe avdiunes
(2 i 30). "0kl 2, RGO B0 Ty BRaBY i) Loy oL

provided with an opening to allow air to enter the medium feed reservoir. For

flexibility the medium layer (12) comprising a prefilled medium feed reservoir (2)

25 may be connected to the organ growth section layer (13) t at the point of use to form

the self-contained organ-on-a-chip device (1) or the completely assembled self-

contained organ-on-a-chip device may be provided either with a prefilled medium

feed reservoir (2) or with an empty medium feed reservoir (2) that is filled at the

point of use. Furthermore the medium layer (12) comprises one or more medium

30 waste reservoirs (5). These are in fluidic connection to the organ growth section (3)

and in particular to the organ cavities (4, 4a, 4b) comprised therein. It is preferred that

a sensor (8, 8a, 8b) is located in the flow path (7, 7a, 7b) connecting the individual

organ cavities with the medium waste reservoir(s) (5), preferably located within the

self-contained organ-on-a-chip device (1). In the preferred embodiment depicted in

35 this figure a cut-out of similar shape and size is provided in the upper closing layer,



10 Fig. 5Tap {ofyr14nd Bottom (B) view of a section of a preefrearmesh/ou@en cavity
| ayer (15) conprising the mddle segnent of an organ growh section (3)
conprising three organ cavities (4, 4a, 4b). The tipper and | ower sealing of

the organ caviti®s ofghn ity 4B)er afd Heombdiash layertid dorp B madidml Wiké rskOBIrNg).
| ayer, respectively, which are not 15 shown. Panel A depicts the mcrofluidic

f eed channel (6) %(O@wr@Ingi lyemd 6pin Pr@wdedo‘jlth HgetEr csnwmrét(é9)tq9d3r§wém(t)e| |
ty (9 t | S
cavity (9), é%%%?j. %ﬁlﬁg @g@gsglgt {avﬁlchg% f%te Rtared % - thg'bgttogl Sﬁﬁgeogfgan;“_ ew

of a preferred I'ne gan-on- a- chi

Depi cted is the swiliesifd) 4aydb), (tE.e’Zmeamdl fiee d a¢se oo 2 oswhidmnay hypbsmdﬁe)d inwidalych
are held in place by h0|ﬂl ng nmeans i whi ch al so provide at ast one
conta¢t surface UBHRATsPhipedPwet Ho(s,mg AvREcRYr (1 dy compget F%F%‘égh FYCEAMEL to

correspondi ng ¢ @@d%,g (J?,lg&ntzh% %Eogﬂxﬁésd?en%erétﬁl% s% Ldrs RN %P‘ﬁ%e 8referably

or gan- on- a- chlp evi ce rovi des power
heati ng, punpi ngoeated enthel thetargan sdvitmsl (41 4&3#b25anah1thmﬁ;ebabbgat10M| ang&tlaaerdat a

processing unit to e ate nd/ or indi nal s from on re sensors.
B o Thr ce- di i) GhAF IOt eyt remul i ChEo b bt Brorats ¥t B at od suppi v
unit (17) conprising holding neans (18) on both sides of the self-contained
organ-on-a-chip 30 device (1). Electric connectors (19) connecting the

sel f 1¢on¥ig. BBd oFgradownvieveof the @ewr@ede(qt)thct towenelosingdhyer (Ho) D@mm)edm@ihwr@gheat

i ndi cator neans (2 exc, e | eSPes
sections (3). \A%)af%lgg? E'th 63&@%%57 %%%d’g 159%1{nem c8 15 X| %g{a%v \{%rga);
Panel B shows ansegxenRBRMWhiph & pesdrably al medreier e@bdrurei riie: 6Bplatifurhdnd eledic
Panel C shows an exenp Iarg adult qui escence-pronoting stemcell niche cavity
(9c). connectors (19), which are preferably made of gold.”Similarly the conductive paths
are made of gold. The lower closing layer (16) is preferably made of glass and
15 translucent at least in the regions of the organ growth sections (3) to allow
transmission microscopy. Preferably the lower closing layer (16) is provided with

temperature sensors to control the temperature within the organ growth sections (3).

Fig. 3 Exploded view of a preferred embodiment of an organ growth section (3) comprising

20 three organ cavities (4, 4a, 4b). In this preferred embodiment the organ cavities (4, 4a,
4b) are each closed or at least partially closed on the upper side by the upper closing

layer (14), which comprises microstructures, the organ cavity layer (15) that provides

the majority of the microstructures required and the lower closing layer (16), which

provides, e.g. impedance measuring means (22) to assess the impedance in an organ

25 cavity adapted to nerve growth.

Fig. 4A  Top-down view on a section of a preferred embodiment of the organ cavity layer (15)
comprising an organ growth section (3) comprising three differently structured organ
cavities (4, 4a, 4b). The medium flow within the organ growth section (3) into the

30 organ cavities (4, 4a, 4b) starts from the outlet (10) of the microfluidic feed channel
(not shown, since it is located on the upper closing layer in this embodiment), which
is juxtaposed to the stem cell cavity (9), into the organ cavities (4, 4a, 4b) and out
through three separate microfluidic waste channels (7, 7a, 7b). The direction of the
fluid flow is depicted by straight white arrows. Preferably the flow within the organ

35 cavities is radially outwards from the medium outlet in the middle of the growth



5Det ai | ed Weswnd/pisdyan of the Invention Before the presentparmrenioosos s
described in nore detail below, it is 80 be understood that this invention is
not limted to the particul ar methodol ogy, protocols and reagents descri bed

herein as these sgatyorv &owardd thei inlead 80 tlicowhste whalaielst 9T af MY att the peeibhnyod fody
used herein is for the purpose of describing particular, enbodi nents only, and
is not intended S8WH ieetiqhe I cRjgwthyf caviy @‘?@se‘ﬁthhopm’{\'ﬁi@ﬁt AR NERATORMERE | forpe
[inited only by &hsiaRRansetnEhicSor VAARRiAET AP h QOIS Tuid! ok SR g2
and scientific terns use erel n have the sanme neani ngs as “‘commonly u rstood
by one of ordi naffecediblyl pressutiniag atdans or pliengd lecatbd yn thieelet chambersf drgear @ivity ar e
defined as desc(r)e'éged in "A mltilingual glossary of 15bi otechnol ogical terns:
(1UPAC Recommen }'ons)", Leuenberger, 1-1.GW Nagel, B. and Ktilbl, Il. eds.
(1995), Helvetica Chimca Acta, CH 4010 Basel, Switzerland). Throughout this
specification and the clainms which follow, unless the context requires

ot her wi s€jg 4be vbmrde dipmmpionslericw ah gan af ambigan grovdiseetson' Gy npmpsssg thaeelorgan

"conprising”, wll.be erstood to 2Q inply the inglusi,on of a.stated.,.
integer or step ¢ 'tﬁféﬁ%o%brwggﬁg}gpbe?er&etde b%ﬂwe%toquapﬁgugigph%qlgﬁvw (2901}1’37
other integer OrpcsitRBe®in GEReOdf thideRPLAScRtieS (£ PR, 4b)1 the fol | owi ng passages
different aspects of the invention are defined in nore detail. Each aspect so

defi Héd may be conbi ned with any other aspect or aspects unless clearly

i ndi cat ed. th 0 ; past | f Lndi e LN

pr ef erreglgg(rg ad\elléo Q’%L%ﬁ% Br?ggmbgé)clcl){rérwi ﬁ% S\?\n&¥(f1n gﬁ%%?ﬁ?g@ gfog%%n u?ae rB§ éera u5 es
25i ndi cat ed as heinijgishigefher médllosegasanéfage @gan peweh adectilsic (Beodipigieg chieed

t hroughout the text of .this specifi ﬁati on. IE:i ch of the (}ocumants cited herein
(including all pag¥heaVitigsdeft Hppllhe aprgiand lower sealing of ghe Prazatasiiss (4. 4a,
manuf acturer's L f i th 'g;;,&,r : : r jnfra,
are hereby i ncof%zﬁgrdégﬂgf/d)rg zfﬂéér gﬁé‘éﬂjﬁd Ot hecﬁsq% %ﬁ%ﬁ%@ﬁg?ﬂ?’ngh%r%@n&?s to
be cbhstrued as showadRussdiAdrepiatst the meicrafladit i feed clammek (@nwhith edds o shet eatldt e

such discl osure irt of. prjor invention. I.n the foll ow ng, some
Gor 1 it one_of (@FhbansdS dehiePyhe St Yo (o @perhfh Eloruit APEORIF o tR these
terms will, in gqagh instance of its use, in the remainder of the specification
have the 35respectively defined nmeani ng and preferred neani ngs:

Fig. 6 Sectional view of a preferred embodiment of self-contained organ-on-a-chip device

20 (1). Depicted is the medium layer (12) and organ growth section layer (13), which are
held in place by holding means (18), which also provide at least one contact surface

comprising electric connectors (19) that releasably connect to corresponding

connectors on the bottom side of the self-contained organ-on-a-chip device (1). A

supply unit (17) provides power for, e.g. heating, pumping and/or electric stimulation

25 and preferably comprises a data processing unit to evaluate and/or indicate signals

from one or more sensors.

Fig. 7 Three-dimensional view of a preferred embodiment of an integrated supply unit (17)
comprising holding means (18) on both sides of the self-contained organ-on-a-chip

30 device (1). Electric connectors (19) connecting the self-contained organ-on-a-chip
device (1) to the supply unit (17) and overheat indicator means (20) indicating excess

heat in the respective organ growth sections (3).

Fig. 8 The three Panels A, B and C of Fig. 8 each show a three-dimensional view and a

35 cross-section of different stem cell cavities (9). Panel A shows an exemplary neonatal



WO 2009/ 148910Pi¥6cER2009/ 004008 10 "Autocrine factors": a@@/ERDONUISHE

subst ances secreted by cells, which sugport and nedi ate nai ntenance, growth or
differentiation of the sane cell that secreted the factor. 5"Paracrine
factors": are aldtemitel@icuhatian(©ay; Paael Bishawbyn axaneplhcy prbvipostnstappeantceAmithe
medi at e mai nt enance, gr owt h _and qgist erentiation of anot her but adjacent cell.
"Sel f - condi ti oni %"y dé®k APBdanel ¢ snaws R exrRRRPMAdYlb AhispeatearRinepsemEBur .
10"Differenti atigpp mg Hhe devel opnent of tissue specific functions of
cultured cells. "M ntenancde" describes the ability to keep all functions of a
gi ven tissue constant within a given cell cuI ture process. 15"Living cell
materjal" describes cells, cgll agqgregates, ues, .organoi ds and organs.
"Cel 3" means cell lines or ﬁ?ﬁaﬂﬁﬁ?& 'li"éo'b? Péfﬂ I%s or invertebrates.

" Ti ssue” piGRGRe EF&"serﬁ'nR@e’iﬁﬁoHﬁ& %Eéc@ﬂbe@'in Sk ABtad Bedds@Nit fis RMHORhHGN0Sd Wat this
animals. 20 "Organoi ds" means artificial, de novo generated, functional cell

aggr egat weothImerfomllantedttq fespagticudas] methodplegy, peotoals arthrsagertts Hessybedhareinragan

or tissu functlon refera orlt of or,qan.ot

Punet + ondhes8 B iy 1P BRIt B ARG inolod] uRHHRRD bor Bt orpeserof
aggr egat a§sc%u@ ;R/E aGL ems&ﬁsneﬁfs &fty] snd B ndttih@niétto SRR dcopdiBE thOpresat the
nat ural organ. dium' (plural form "nedia") neans gjowt h supporting Ii C1UI d

wi t hl@ut rm\@ntlgn aﬁuclwbﬂtl%@nh@ted only: byt the sppepsedf claiast dJnless defined otherwise, al

technical and scientific terms used herein have the same meanings as commonly understood by

one of ordinary skill in the art.

Preferably, the terms used herein are defined as described in "A multilingual glossary of
15  biotechnological terms: (IUPAC Recommendations)", Leuenberger, H.G.W, Nagel, B. and K&lbl,
H. eds. (1995), Helvetica Chimica Acta, CH-4010 Basel, Switzerland).

Throughout this specification and the claims which follow, unless the context requires otherwise,
the word "comprise", and variations such as "comprises” and "comprising”, will be understood to
20  imply the inclusion of a stated integer or step or group of integers or steps but not the exclusion
of any other integer or step or group of integers or steps. In the following passages different
aspects of the invention are defined in more detail. Each aspect so defined may be combined
with any other aspect or aspects unless clearly indicated to the contrary. In particular, any feature
indicated as being preferred or advantageous may be combined with any other feature or features

25  indicated as being preferred or advantageous.

Several documents are cited throughout the text of this specification. Each of the documents
cited herein (including all patents, patent applications, scientific publications, manufacturer's
specifications, instructions, etc.), whether supra or infra, are hereby incorporated by reference in
30 their entirety. Nothing herein is to be construed as an admission that the invention is not entitled

to antedate such disclosure by virtue of prior invention.

In the following, some definitions of terms frequently used in this specification are provided.
These terms will, in each instance of its use, in the remainder of the specification have the

35  respectively defined meaning and preferred meanings:



30 " Suppl ewentosd/14dedcr i be substances to be added to cul t nGI/ER0Q048Or der t O
i nduce or nodify cell function, which may have a defined conposition |ike,
e.g. purified or reconbinant cytokines or growh factors, or which are
undefined like, e.g. serum WD 2009/ 146911PCUEP2009/ 004008 Il "Matrix" neans
substances or m xtures of substances, which enhance proliferation, _

di ff er ent PHICBRE fRGIAGT 8 8l tBegapiIstngss eRcEried foyr ?ﬁﬂ%i Ohight suepars andppediste

mat er i al n{mer%c&,%?&m SU FUCHERER Hind B PRIRRAKeERdl e 1R2ldf nous
applications to optimze cell attachnent or allow three-di nensional cultures.
Matrix usable in the context of the present invention can take a 5 variety of
shapes c rising, e.g. hydrqgels, foans, fabrics or non-woven fabrics.,.The
Tatfi % et GPHIC HPFE orA 12le TSR GHATHRFSR SESIFIH Y Aekrh wHIkcibSEERRSE ng Regiate
extracel Lk aLnuBe ordwill i fFeren AR IraRbihe O aBPEAR celiami ni ns, elastin,
vitronectin, fibronectin, small matricellular proteins, small integrin-binding
gl ycoproteins, gromh factors or proteoglycans or may include artificial

matri X sy ances l.i ke, non, degradabl.e pol yners such,as, polyam d fi bres,

ot hy1 col PR a6 e AA RFad G B gl BB e¥0 0l yrer o o g
polylactid. "Mcrofluidics" relates to the behavi our, precise control and

mani pul ation of fluids that are geonetrically constrained to a small,

t ypi @&l | yDeffgsentiationrgepes ths davedopmwnd obtissve spedfigfunssonnel eMtumdidsllsf (i) snal |
volunes (p.1, nl, pl, or fl), i.e. the organ cavities preferably have a vol unme
of 1 15 ranB or less and the mcrofluidic channels are capable of allow ng

t he fl ow plaiti@ianeE€ndébcdibésothe abilBynodkdepn Ik furddynAadf a giveas sisdue @hs@nO0Sthir0a 2
Bar, i.e. 0.05 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5 0or 2.0 Bar and (ii) small

si ze, i . givepkglhAWIUTEPEIFESSer of around 100 nanonmeters to several hundred

m cronmeters. In the context of the present invention a mcrofluidic channel
preferably has a dianeter of between 100 nmto 1 nm preferably between 0.5 pm
to 209D pfiliving @llpnatealdidescrib2Ocdiist osdkbaggiegatast wssi€) opganoids end brgals. 3, 4, 5, 6,
7, 8 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95 or 100 pm |If the opening of the channel does not have a circul ar

Cross- seethiy hdi@s céiD Bn&RsPrintarP el Lofalhy¥bas od ifrbRagsarea that is within
the ranges and preferred ranges” of surface areas for channels with circul ar
cross sections as indicated above. 25To overcone the problens associated with

_ ns as indic . 2 e the 3
Cel - cont Montsc AR roithsy B B dfaith FRER bl Wtohls ¥ RSO0 Foast one

medi 2on f eed reservoir (2), (b) at |east one organ grow h section (3)
conprisigg at | east one organ cavity (4, 4a, 4b), and wherein_ the nedium feed
reser voi rO{gnoids” psapedtifigial,glet tavo gengraied: fupgdonal gekh agersgates ebdiffermt tes 96by a
m crof | ubdisCinf 96 FRARBR) arliBlst SRODLAT 8P (36 bk ABhApRATaLI ShEKS tenbiific) 3¢
that medira and supplenents require or

organ or tissue functions.

25  “Organ” means artificial, de novo generated, functional cell aggregates of different types of cells

in vitro that show all functions of the natural organ.

“Medium” (plural form: “media”) means growth supporting liquid with nutrients and substances
for cultivation of cells.

30
“Supplements” describe substances to be added to culture media in order to induce or modify
cell function, which may have a defined composition like, e.g. purified or recombinant cytokines

or growth factors, or which are undefined like, e.g. serum.
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conpri seqAaikNi hehRe QIHIRARCRN-- G Rirble Vo Ssubbthn@8d WhicBORNB&IEd prélifersdion, VO
2009/ 146911PCT/ EP2009/ 004008 12 microfluidic channels (6) within the
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the Aedi'@GREENf apecepapiiie.the dregselsifeamnn fabricsorgian-ypwen frbsiest Thenmalriy |
Additio Lol . t - ' . i jded to
the. or gaPeal bl Eamplie iy SdBlmHBIRAHE SRS e Gurp G midh B

medi um tpeforably @olimyens atemininspichsimpaitiohteing dityomgctihpismaflr mariceBulen\prétemsent .
This menbrane or, palyner foil is preferably fluid-tight. Again this is. .

pr ef er r e¥Paloiniagrigypindiae ¥RIPTig b ferp h o Brofeegly (ns £p Tey incride pirfigiphp) y
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t hus all ow ng to diffuse Into the nediumtl'owi ng through e organ

cavilDi esagatose ar ggrheer gedeh crnlogridae polyhersyergpalytactid. f or ned or attached after
cells have been | oaded into the organ cavities or it forns an integral part of
t he organ-on-a-chip device. Accordingly, in a preferred enbodi nent the

or gan- on\acfIfudiBEV felfes TR B8 Favivr C PRORE Lol Bn@ MmN B4EH of Hhidasapdre
medi um supply and/ or does not conprise a device for acti Velt{ aerating the
H

medi um gRepBklically gonstiainedddiasmaills typéaally sub-maillinagtesd seahe. ddigrofividice mgans greook h

or gan_ or5i AL Ukt eRi: AL e TR s S Rl R kOB b 4 Wipe ey,

" or gan- aAmA o€ sp afl® tec@icroffidicchhmnad arsapatie v albwizly the floedebaiton oade 2 rom
mul tiple ipdividually structured and mcrostructured |ayers, that are in

L ui -t TR MegTe e Gy 4 EBHETOTR AR (oA Bad e OFehdbDy. Bapath 8% & Gl dviide a
fluid-ti ' and. i ' T ice
s 'pret Grdes 8 RONGRAL 20 e S nel BREIRER doB 100 R SR B era MBARRY 0
havi ng trherenaersofn thestanearal thie predent érvyehadre aomicsofivigic diausel peffralnliay a he

width is. 25 between 2 10 c r ef er abl 1, 2, , 4 6, 7, 8, 9 10
o and/ GHnHEr peRvReh A0 aE oS B ars%eﬂa_tfy Yetesh 3 pmsto 00 gin, Gorg praferafly 10
L1, 28, BRiwded 1 A 18108 ingMeaNd) ar 4191¢ heg @t o bet veess 8023409, 49 50055 16Y; 85,
preferably between 1 and 4 nm ‘i.e. 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,

1.0, 1. 70, 75280, 85390,19%0r 1065 pm Iftheopening, of, tha canngl doesmot hage 2 cirpular coss,
2.5, 2.6, 2.7, 2. 2.9, 3. 1, 3.2, .3.3 3.4, .3.5,.3.6, 3.7, 3.8 .3.9,
4.0, & eelgthed e ofenjhe grefergblyibasch SHFACE RS HRb ALY HE whafrprereried
30mi ct r QhhdegloPb@fRelansal@ér dHagnots Mt ciroulaefi@bdseaiiendUsah@eabl wbéve. a ratio of
about 1:3. Particularly preferred is a size of 2.5 cmwidth, 7.5 cmlength and

3 mm hei ght . Preferred materials conprise Si02, glass, and synthetic
oIS L R PHOLIELE BRI SBEIF AT BAFRNOVER O Brpefchveaidir
pol yphenybadesdde f-ctmtdifdSipan-epaxihie dewied (1) ctprisiugsat ur at ed

(a) atleast one medium feed reservoir (2),

(b) at least one organ growth section (3) comprising at least one organ cavity (4, 4a, 4b), and

wherein the medium feed reservoir (2) is connected to the at least one organ growth section (3)

30 by a microfluidic feed channel (6).

The term “self-contained” refers to the fact that media and supplements required for
differentiation and maintenance of organs, tissues or organoids in the at least one organ growth
section (3) are provided from within the organ-on-a-chip device (1), i.e. at least one medium

35 reservoir (2) is comprised within the organ-on-a-chip device (1) and is connected through
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35  polyetheretherketone (PEEK), polyphenylenesulfide (PPSE), epoxide resin (EP), unsaturated
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35 to the outlet (10) of the microfluidic feed channel (6). In this preferred embodiment the organ
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white matter layer formed by nerves). The three grey matter sections of this organ cavity are

30 loaded with tissue sections of the respective parts of the brain or are filled with the respective
neurons and mixed with the necessary amount of glia cells. The walls between the sections allow
for dendrite and axon passages. Axon based nerves are located in the segment directly connected
to the stem cell cavity (9) (see below) and, therefore, can penetrate through the upper part of the

stem cell cavity (9) to other organ cavities (4). Impedance measurement means at the bottom of
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enbodi mrent the nmedium feed reservoir (2) conprised within the self-contained
or gan- onlaa phifaratsthbelimast ¢f analrgarecayityliédvdesignad fdr the caltirhtionGfzeky tril tonedt e

of fluid fl.rw, there is tg/pi cal I.% 0 necessity to r.gv(ajde a ven%i ng sgst mto
the nbdi GRHHHA8E@TERQH} FoRTFSoIn JoiRys o‘i’raafh%ij’éttyi‘%“tﬁﬂ%' &4 112 BENUA) baRe arep aed aany
required SRSHRPH Lk, i o1l 0 t; abl e
menbr anepcoveri ﬁ’é‘&?ﬁg%g‘?“gg% tliea%?? égferg'tggét ﬁiﬂgggrgﬁgaégginpilggrgﬁa ggrlggfﬁ{zg t he
medi um f dedbomes ereapis loadyd Wilhe coldagen ohatgixy ehondrgblasts tamdh ¢hondrquytes endedill be
enbodi nent_ si nc& it m w m zes h(i:l rgsk of cont am nathﬁn of t.h? madi] m f eed

r eser voi PFESPEREN EPRYY %Berf%fi:‘fea grbyc R Pressurizing means gitegratsd da the S‘B?E&%Fé‘et‘a be
est abl i shRApRPHESS oft &ié)@fgﬂ&hﬂtﬁﬁ@@@gmm WA B @B§edoAtawnt @Fﬁﬁ@fetdbgy by waner thepe

of mediumw || be 15 sufficient to support differentiation and/or maintenance
of al® cepps, closisgulaser ordgafteiddighorwith gadeil o flexibigy shset, r whighr sdpreferghlpviiate
differen { | ff n [ dan tions ( tfferen di a
to diff oPgirantghi Sl THED AR ERINGY BT EMEn G AL 08 RGBSR Bl ()"
It may afgerbelikegaelpr &dné ompiphviéeldc t pyotedi (BME). dThd ebonst sepatbng @by did fieddedt
points in time, e. g, during differentiation and maintenance, respectively.
Thus, t heressrgatallynWib benp neastavw: epgevla’ iy caloibied sepagesematiixcloaded with asisgriastst s

2, 3, 4, 204 o8eobfastOF More different mediumfeed reservoirs (2), which are in
fluidic cormmuni cation with an organ growth section through a mcrofluidic feed
chanh®el (6). As some cells, tissues, organoids or organs may require a second

medi um one nedi um feed .reservoir (2) in fluidic c nication with only
one. or gall & JEGE HTOOLMeRLST 41 ot bl B devenst TaF Bl HISBLEN 68 o geulaedn | 2
desi gnedgstif QUAMIER 2 niibR-RIY 1 IONFRIM gkt oRAhe@ionelvith t HRE pESishérdll REerHEd aftd
second nedium Preferably, at |east one mcrofluidic feed channel (6)

f 1 ui di cafdrpeddrme bicslegiadabledr synthesischolynenswlpw endpthalialivetlhito emdluentlnattashdogan
growth s ctii ons %ﬁg The di artnett r. of tdr?e §1 c(reo%ltui di ﬁhf%eq,vchannel S S
preferab BB e '1(1)6) ANt o 1" urr&;ré % uy' et e 0y p‘%H%%P‘i‘BB ngdea"30
mor e2@r efeprabided to Rirdalhe bIOEH oimblobd siibstipited s @th thBatesdeherhe &E@{ taligi @ay eed
channel Sg’? is provided with a further outlet, which allows the adm nistration

of suppl EHehwatharirpes lulas skinapairs and kerabinpeide sisparsion and/er Wi tisgigslipe)of skin.

separately..ht: IS r I I I 4] QF i i,Glyent
ai o ance! pddtioh el IRFeSiingy b SUkcH Al IHE Phmk, RERY BIoVEfe FelfeBiils sBUTT g
of the mederoenvdarvdntehe tes dpel @rentscealadialr skie sfuicalemoinntle begaasmeity aOptienady, a

di stribution the . WD 2009/ 1 94L1P,CT/ P2009/ 004008 59 Bugpl ement s %gg/ ch)r t he
respect i Je2TRdANe CBHES LAY %@ﬁéﬁéﬁe vBicschagped He griovidedi whid Wil neh sestedoPyan

ar ou ) SeRld el T1sCRTbAA d4BAIaF ARk TRAIHE B AYBPbERRIA Sub Or GgD opr gan

grow h section 1t is possibl 5 provide a fl'ow control neans in the

pat h f r oall ptganredities(4, dedity) oathiv an prgaf growthtseetiar@an growt h sections (3). Such
control of flowis inplenented preferably by external pressure sources,
external mechani cal punps, integrated nmechani cal m cropunps, or by

el ect r okiat pefdrehambsdienPHIRC @ﬁ%amn@wittyprsi agigrBaR hippbfStheNfoe@Atid PUsrek | ow
systens can be achieved with highly sensitive mcrofluidic flow sensors based
on, e. Q. SogEMBIY by Heyidig, a whiceH aMirenmeais whighi allew growth of liver segments with a

30 maximal length of 500 um, by providing a O, gradient across the entire liver segment and
providing to the polar hepatocytes a “blood side” and a “gall side”. Any gall that may be
produced can be drained to a separate waste reservoir through a microchannel provided for that
purpose. Thus, the liver segment will be supplied from the centre or the organ segment, while
the waste including optionally separate gall disposing micrchannels will be located at the

35  periphery. It is envisioned that pore containing collagen matrices or prestructured synthetic



10 down twddesngpnl iter range. Thus, such devices nay acauERepne®ent in the
flow path either to the organ growth section and/or fromthe organ growh
section. In a preferred enbodi nent the sel f-contai ned-organ-on-a-chip device
(1) of tbafpldsastustdveallowntththrh&frof GiTR6iIdSRHs ahd i@ sérmkien HF andise! dapC avist y
(9), preferably a neonatal, pre/postnatal and/or 15 adult stemcell cavity

wi t hi n t Bevisengdrihajthebepatecyta lakers ayill begabsddad indhe orgapicayity withimg ssmpistolidrur ed
regi on wWthj ecqr . i t ' 5 vi ronment that
o st apy el P RUARi e B, dburblificelE 214 RERIELART L
differentiation. Thus, stemcells may mgrate i ndependently into the stem cell

cavity (9) or may ,beé&i f‘ect |y introduced into the st e? cel | cavi_%fy (9%@ t her
t oget her DB¥ing ppefseinn ohtths orgaBranr frehipedevice;tyor Buek £8us Atvs arHBOG HHlfEReat Hisves, 20
organ cavyid. C i L4 b . g ectd LA 1 I nts
For 1 or megaas ot PR gt et IE iAo b oty mo ors M EAITE @ oce
properti db) wehi a feedeseationl(3) mapunteract with cher athte dntstactisn aray dcew bliteeqr diki | e.

Preferably the stemcell cavity i§ fluidically conpected to.the ane nor e
or gan caglaEndavis yguety e oy v taerss Romdel ogriracapillages fom B otte
organ cawe igtifer(favidds. $dh tifeRicloh €Q8)Co&kut Offr e RAtERADESVi8dd td&ﬁnecltilng

respective organoid, and/or organ. 25 It is preferred that the stemce
cavi 1§ i shdnngisifipgnings heiotesu two differeat otgansrvisias (bripardblavhich niay, baapentigyl asy an

cavi Uy BosERS ol P Bypin bRl R=cf P o FRRLTRAY e el IS8

pm To akbew, sit i€rprefeirtd tica@reapillades hlfowing rddimCRdw wighih il o3gdh Ealityaacess4t)o
two or nore organ cavities conprised in the organ growh section (3) it is
pr ef er r ednd/pavithHear cegancarpwile seationp (BHypre; @rorf@ég-tB@l%@qlﬁléi%ﬁd@hpmyssmb!qﬁ*enmso
or gan, CybihgRid frciBhaiflh b BV @eRIAGH AR o5 A d ABIAh R Tes,
growt h section conprising two, ree, four, five, siX or re organ

cavi 15 esedfromaviattigyl, masy be afrageldan thhapanigrowsh geedbets echitebatwd benstreorgasal |

[ 9) .1 ' d i h f th i 3).. It
Fur t hir  BPGS: TOWOTRGE! EAlls S0 IO AE e SRdaCe ol i S Esp ALRTBI Y. 2
out et (gl LIERE ErOhESEhGNCREHSRIBRLIAE) 1n MBI RS RLRLEE tatls

access of” stem ce in the stemcell "cavity 35to fresh medium Preferably the
st em cel brigiagiing from the weghnnidsiand/do asgdns lim Hierargas cawatiasi (4, 46u4bh theiescent stem

2009/ 14691 1PCT/ EP2009{ 004008.20 | ami na .may . be produced at the.interphase of
pi Uhel | STISIENPCSER o) EB1Gp A comananE e e B Semia eyt PRyt ol
synth@si gt ihe battbinrsitthe bem @l @sighb) st MG A fesirisicd M i@ Flows Build L fRYm BRYoHISst
derived fromdecellul arized tissue | cnown to conprise basal |amna_and may be

i nt r oduc&¢demeedlstand hemetppeeti¢ steandelly, pry egeresate sueh dgmegesHosexamplein the boggh a
basal | am I: rtiye of the 5 attachnent and nai ntenance of stemcells
inthe s edrr]r?acr{el ﬂéggé%ﬁtc%{,’l\{%r eferably a prenatal, postnatal and/or adult stem
cell cavity. A neonatal stemcell cavity is one that provides an environnment
suitable_for attracting/ maintaining neonatal stemcells. A pref erre& .
enbodi meAhe srediHe fepdoresgrypir §2ehelde e medipnpand{or supplsIicAl§ Neseisatar dEGEnt¥Rent
s ayhol bowDethiaiR AL RERPLY: vk ISLORRE - THGS Relth fodd @servoi
cyli n:ger, p?lte) era lﬁytﬁ as?stajl l%eh?gﬂ?éﬂogmbet v?/een %o%ﬂﬂ?n teg) 1%@65135%1 %e;aef gerrg Ifry
400 pm anamprigidanghesel béonddinedwigan-80a-chip deateofithk preseoti ianatton ioflet@OMinBirby | t

is preferred.that only. one.organ grow h cavit 4, 4a,.4b) is in fluidic
Connect | SFYCAlITHRGETSL G OUEH [ BTy Selt 8P bieinseyeuliigiisty Patod 3 (B riapired

m cr of | uhfbfunt eRshgehaRN el pichlly BRIMEMANT foddl déereMNERAPrRE ndlidhgn ekees®ofdhe
growt h section(s) are poSitioned in such that the nmediumflows through the
hol | ow cytdandgeyito(ferdat Hp wieme pet day ofremturg multipbiad &y theynembersefenonoedi¢d ergant y.

If t cavi.l ithin a circular aqrgan. qgr h . sectign it is.preferred that
0 cober NSt sl oLl GHE By BT R SR AT R trB Bl R et
organ gr ¢hstdelfsentdimsd dudlivatidngiegiodhl vt lehg 10l diyd) £5 d@neotdaps) Asaddyee3®magan3s
cavity (4, 4a, ,4b) is at _a side of the stemcell cavity (9) opposite to the
out| et oflayst days, 45 days, 50 days, 60 days, 70 days, 80 days, or 90 days or more. Accordingly, the
size of the medium feed reservoir (2) contained within the self-contained organ-on-a-chip device
of the present invention can be calculated on the basis of the following formula: (n, - vo - Xi * tc),

35  wherein n, indicates the number of organ cavities,* v, indicates the volume of the organ cavities



20 m crof | Wighogo/iRed channel (6). Preferably, the cylindaictise20e@emsed wth

t he conical organ cavity only in the | gver part of the cylinder - with respect
to the outlet (10) of the mcrofluidic feed channel (6). This opening

pref er ablon HRSassumpii@ thadfthe1bolunelS0all @rgpoesvitits Qs Withild] e& e by, ahewlise3he um
fromthe bottomof the stemcell cavity, which equates to the approxi mate

di anet er insividpd eetamgs wif cﬂlga@g%|caVUﬁaé\ag@|tﬂgbeag«}4ﬁéetlm Xniipdisaten themesdinmp) y
t he neon

and or o r2ns FTLHE ey P it A8l SR B PR LB b

wi || occuy ami tbdnwaexse&eas ab, fbay\e H@yweaynn@tﬁtté i2cmat’e forcel, larelbatinge®n.5 to 2 and for t.
Preferentially, the stem cel i cavit may be fi]Jled wth on k sac nedi gmfor
this pur pedeen it 9&Ermﬁl%¢eaee$rewe&reﬁrwmrthﬁé afeastihYqluwg crESHREINE t02)

or a sec frat r

o5t abi | Sy he O e T Rttt picE e AR R et Q)

cel I 30caompriited, withierths eelﬂrcmgamecbrmagaml-orsaempodrlvirs hastaovdlimae @ﬁ\bretweenIZnﬂ ItreSon k
sac nedi u rovi ded.f.roma nedium feed reservair ( usion in ti

o oy MR G 1€ 06 AU Beghire: bPille st S oigEs e ke
(4, 4a, 4RMiunRrederabhwirt 8, ﬁi REIE RplATe pAXEIY bulldCuRr Gt &RY kdguikd f8EaR! Y
has a | ength of about 3 nm an érowth sections (3) conprising neonatal stem
cel | 1@¢avinedasn dngapabls E@Silffuﬂeggl!‘@l the ogageaisi Meb,lelmgebranheqoeemmgnﬂm ergan

f bl d / / /
P ot or anFivilieS s, dpe, SRR Ve bk, g TR AR Yo e BROf (5 FRE ik of

organis m\‘rexﬁﬂ@ $yRtent (P4 Yedferred epodi@sent @ﬁlc@flt ﬁmhﬁﬁz:ﬁa aRé rikk Wf&on&ﬂﬂnmﬁﬁ sRthal
stemcell cavity is one that provides an environment suitable for 5

attract i Agdiem feed Aisag o 2epradipssimsicalypst @nrells) (tigsuernprganpids mit ergaps { &¢i on
and fast i

o et orr od bl Gha/BF PEEmAMahEERIES bl w8 SRABRTYH GLBCLE ERERM o be
body |5 pr efiffic@ht yo suppyitidifferentidtion ad/@rmanwnadcea frabidietiedtifshes, drdanoias oThEgafriSUI d
flowin that area - which may alddtc% be referreﬁg to as stemcell nich

reduced fI {thmp¥EpEQUIEY torRroYidgiidatereBimesiade ffersat PreapRrO W SHCHARTED| ity
(9). Thugifdrbif nrf@%’lé){d di¥ferehPoriRhn %@ﬂhrz'snm\,mé,'wzmmm BiLorRAA gRi%th%EctFth%?tI?ma?e' !
cavity (9) i1nto the organ cavities ., 4a, w t hout” entering this

parti cul alsodeegaquifddetohmpyide teb orhmeoredlifferenbmddia mﬂﬁmabqubyhrtMre g.idsiring

bet ween ef er abl 0 he di aneter r.ef er.abl
botwoon 0tesetiatiSn st guiieafisn e ettt Mt o e erlrsenning BHEE oS3 omym
e. g.2@0, c&fpridlin &PrairbémbddimeB@.2,304, 306 7 1P .mdké Qiffdrdht mddilm 408 restbirs¥Z).
180, 190, or 200 pm It is preferred that several, i.e. 15 two, three, four,

five, or Whishearegn éh@lamoymwe@ﬂtroeawntlmagmg@rwrﬁh sestion theough a macrodwidicafesdi n
f1ui di t

e )5 SERREEINEA S SO BSies” bRl 8l ) bl el FSIGL ALY
posi ti onettdium fded moscatddie (Df mhée hiwlfluddic bodyhunjuaede mathl ynly ne lbegan deite (¢f4at he

cylinder. This/these opening(s) preferably has/have a distance fromthe bottom
of the sf*@mtbrm a gLy¢N foygan gioph ﬁ%élﬁec,@) e s dastansd to r_’rraw@% a {IHErORNEFJIMENt di ¢

feed2 %I 1140d yé 190 dgfumgbout 300 pm preferably about 200 pm
her e rrﬁenQQ%n%lrl]elggat t eclgottom n? the stemcell cavity with a reduced
row of medi um which is preferable for maintenance of pre- and postnatal stem

"0 o proPitTaReAbatisent TP AP o) RGBT tHBctn Permedep Bed{ no
m cr of| Ukl Q08 yIIARB he 0P B ool P sy STRBSBhdicCin YA o

into the organ 5 cavities in the mddle section of the stemcell cavity (9).
The ar eafestl chenngdeds prctonatily bletwmmeld)Or mmtthel mowepreigeably bétwee Ohdkhote PG um,

n onds i merf sl 1 iR e Tl R BRI REThe hicsBlfiE AR TG

speci fi cwithedfirtheebhtldtawhich aaldlwe reeel aamuﬁé”tensu foff 3Ggplxheiitb @nd/Ovedst pahpowidstibe
cavity or to mcroporous mcrocarrier material of biological or synthetic

origin. Weeorgan rg&\wbrﬁfph@l%@rﬁp%rrekv aF & prferiedathay er"«rheeal pHes i wesngperﬁ Hep|
cavity, BIBERRARLS Qéth%ﬁat h¥ &u?leI BERIhicPIR Rlic D& SHaHL) (gb#]t&gl‘fé\;/%& FE‘” ed
under constant con I ons .g. using prenatal or new b serum rre

In the | owdunpantl die mlp@lemmme aatl/otr htestbodrhponndf td laeceniatrh @yemtiista buniaohi umth the ow
is mnimal and nutrient supply is mainly provided by diffusion, symetric stem
cell divisions ensures stemcell self-renewal. As cells gromh up to |arger
tissue clusters, nutrient gradients and nedia flow 35turbul ences appear in



22 progeni tar2o00eides11i nto i dentical organ cavities (4, 4a,PcAp069/mieefi ned

si ze, shape, mcroenvironnent and archttecture. Organ grow h sections (3)
conprising pre- and postnatal stemcell cavities and tissues, organs and

or ganoi dsugigsatap acd/bhge eédpeshiar estRbaipeuad bytwese tvé br Rdsd 6rghr 8@dtiéwithin one
preferably in research on organ maturation and functionality of stem cell

ni ches SigErowthseetiomnd postnatal life. Furthernore they are preferably used
for toxicol ogy, pharrnacodynam c or pharmacoki neti c of substances with regard
to their biosafety or node of action preferably during childhood. An adult

st em cel Tocauirdlthe sloonef mbditimpanavoérc@pplamerts o easinegan gtovthlskaidnal is possible to

attracti ng/ i nt ai n 0 adult st m cel | preferr enbodi t of an adult
ot em &el PIGYAds # JIoBt eﬂI@rle MFAPSIhHEi aethﬁaﬁtﬂl%meeg’eé%@é rs%w?‘fﬁgtogﬁ%ﬁ{% |

ni ches o

area wit f%”‘?&%ﬁ%@a P80 el RN AR ppen B B AL AR P [ARLHE L8,
be ref er epmad meshatiahpumps, mtegta@d—me(shan@dmmnolwmm pekypelectrolondtivemédhanigmis| ow

in other parts of .the st CVIt Thus, the 'ori y o di.um w ||
1 ow 1t BRGHERE GRRTISH g EAPaPUTies oy Copeby-Pay Siemncan b aspibaf oles (i EuY( o
4a, 4b) %ﬁsn%tmmémluﬁgﬂé\bls%nmg bhsed! G, eageraEwsweechﬁblggy @Blchftﬁféa%mmldmdy,
preferably cylinder, is between 200 pmto 1,000 pm erab 400 The

di amé@ er downjte dfearaabliter w@tgvveﬂws,lwcprﬂgmsls 30D abmbprp@fsentalbltbe ﬂhw mtlawﬁteeto the
between 10 pmto.2 everal i.e. two, three, four,
five, ﬁ%aggow?lesgg (?ﬁn;g/%riflf(fe % g%(t)rwg?% WCR cavi t| es (4, 4a, 4b) are in
fluidi c connection with the adult stem cell cavity. Preferably the fluidic 20

connection to the one or nore organ cavities (4, 4a, 4b) is positioned in the
m ddl e ofin & pectersed gubeshiopgnt the é@lérpalypyleiiwrgweorrﬁﬁmpéieafcet(my% FiPFR§ERt igyNtion

%;eggz nfﬁ%t% ?)Pifs&f att QQstSJn%”é’t&ﬁ d!ellcc%VIt%I(?)l,gar?n tﬁieaﬂg% %ﬁtebﬁbtél elhéosltﬂalfzﬁ dndfH on.

er ab y have a stanc om of stem ce
cavily - admlt Istesmscxﬂbtcavlw twaghiauthHeebrgahOgrosfth t seetiom c@Bof The dstemf eeldl clvapnsl a( 6)

- of about, 100 to about 4Q0, referably abou 0 m t hereby form

ara at  PHEODGH TR GrErom el e B, Biome Soep Wt R BPALRICBETPITBBR e um
whi ch i s spEdfefR B BnbRnc BRIl BlefNENG St Qfffeddlilstagsd 6MERtdmTialith. [THs ShEHERY Ina%'
cavity (9). Thus in a preferred enmbodi nent the mediumw I flow through the

out | et ( hOpratef independenthointaitt et by (@ or(BYy batdiretthe intwducdd inkethsttemcel |
cavity (9),and o to t organ cauvitie wi t hout entering. the bottom section
o thy SEUNERENTED siRttop R e b et ad R ot bl e, F ol e te RGP et o
a fobdi calgn cavitigs cshpiReashithinitedergdh gfddith sedioh (¥ RIGuidRgRisRetOfod To@iatDheN
cell niche of smal| intestine, a bronchoal veolar stemcell niche of Iun a

hemat opoF&n esllsaauifics £9) inrvi verase spensiasio shapscomiBes prapesies (agsisadsrastls) Buirienzone
stem cel I S I 0

i nt enasidagfyic? and FRENELANETL RG] e LBl i EHERAERY ol (DHhe )
Dependi ngn@wr tore pagdn calidgs ¢ioral #bj) toalled soergashs ds naigrhtoigarnhs watiewsorgahe

managi ng of central | zed organ nutrition and regulation will lead to,the
35f or mat FRYtiET (4atikib) & JidJFeanctationand m%wen%lﬁagﬁgﬂedﬁﬁpesv&%mg HQT IR

nerves apds Iéf&%d’@xﬁ§ﬁ%§ten¥@l?&@%%§‘ﬁ8 é,P&Ix{BE&Q@% %Q%Q@é%s?&xet&één @&ifYtXG{ZIt&A“d

fromone organ cavit into dnother organ cavity (4,
pr ef er abKy) by ac ppasnggf teks thag $0t e bet kngeré¢hdn dhpmt i?re(f@pblycxlg:aauem peld lcavm_/ @dul t

t t | | I I t st |1
davi Ty (D5 BrBHBHEDRY SByvae 1S lLeT g T dEtiErRboNS ikt ] Bt TRV eH TS i n-
the st e”b&ﬂbhse‘a(ﬂ'i'thé/ stef) ceHP@FALY isfmfl @ act &8 16 1 R0E Bhdre Bké‘dﬂ%aﬁ@w@%o%h@&i instagd,
preferably into the |ower part of the cavity (9). An overview of onents

corrp05| ngrgahegr@dthll sectiyS) & is grefenredsthahthe steim e bmﬁwﬁ?) mlwaéerdemuldwtg@t toj the

R o

11- 21, Jaowiprisin2 008, thitk] four, fvel 8ixi dronoRrgdrechvitiesi (4 544 Mb) hed ycbyulmeitapeme, in
partlcul ar with respect tq i aching on the requirenents coatin

Its t
growt h f BEfgred thé‘x@’? atear ?‘?EI %?I“%?I Isﬁl%p@ﬁ%lﬁéh% gsnwrcﬁf tb%@rgéthé%‘I’I%sﬁ%‘éQﬁ (3o tt he
respecti YNt &bired Wit Like -stem cell cavity (9) is arranged opposite the outlet (10) of the

microfluidic feed channel (6), which allows preferred access of stem cells in the stem cell cavity

35 to fresh medium. Preferably the stem cell cavity is lined with a basal lamina as matrix. Such



Adhesi on nwioenw/egomhi ch may hel p nmi nt ai ni ng t he st em celdrapsiddvioros he stem
cell cavity (9) 15 can be selected fromintegrins, catenins, cadherins, other
cel |l adhesion proteins, or conbinations thereof Adhesion nol ecul es suitable

f or mai ntawiina mgaytmpﬁidamcbed ihs 1mei1b‘hase bhiepstiedial celld arebfibiopldsd hndediugrmaeibabl y
be selected. froma6 integrin, 131 in rin eni n, E-cadherijn,

N- cadher PrOVidsd thiongh Hayipihsynshesisig FR OBFS%IAISEmgrtB% étpwswg&avaweornra@y be
limted y HegeIRiB A% sbucRYd to(9 QP Gag B ifrddieta b as
support cells l?orp steem cgﬁ SuSuli@q/a e s%r?) t%%agl Ingl may beagg 1 ect edﬂﬁ)om
t he fol | thei stgmlceHtcawity qaabt td yepdmgbwithasten rcelis | Such taelchshlolathies & m@lpbrttvppxefsthe
ost eopl asts, vascuj ar. cel t flbr bl asts,. Paneth cells

T br obl agtehmyALEH Brinfarnd of R sl Bhe ol Sl adily melerahiE h ereref pastieial
and conbihpbi A ffm E¥WPcRhiynor e of sai d cells. The skilled person will be
aware that the selection of the suitable support cell(s) depends on the stem
cell to be maintained in the stemcell cavity (9). In partl cuI ar, osteobl asts

are sui tgbl e as. sup ort r 25 haemat OpOtIhe{]I C st mcells g/zﬁ ga?%c ar
cells ar& sUf¥aBf &3 g‘sﬁﬂgof?w?yor'sﬂ%ﬁs g bf}é’ﬁﬂ Fcdfar®™ ﬂ%mf: ut &l s,
subgr anuhac#iaintadihg SicdRatBRbtef, cARd AS pRifdttal agBeiflens bE MR fédnatal SRES kel
crypt fibroblasts as well as Paneth cells are suitable as support for cr%pt

basel®ol el preaiotiag (repuaiyt denetapmnent jipadhsiliost Body, @rgﬂqrqb@bpehcd W gplpsier

foll I I

o0 b oul AN 5 £ R e ASTUS ST o B ABh RS RS [ p Nt
are suit ab0 pmesndsaihipmeter b6B0 HHO®. 300 ppréferabhed dmt@mﬁ“ﬂ()@.dl tlhatpréifeﬁed that
mechani cal  properties of t he séem c%l cav ty (9) influences stemce

f uncti onn D’nO‘}fa?rtgP’&lﬂr%‘I’" tRaYr @ 40i 4B B s P'@Ict W%’F%‘f‘l prthetdiat sem fel §%IéH>I cel |
cavity ( Y, I ones
and &) PEGERY S BB TR I relRMARL feid SAERATS) Bh B AERLiAald o ne S
may bfe useni grovtle sedtom(Yedrt mraitiongd (19)sut:b thatothet mediemnr dlovdi fhireughntlieaholbow of

he. ot orfREdEr BV B 195 i1 8 Ayt S0 oD 681 £AL ERZBDSAODABOM B

ost eobl agircar ér@h@BEdvathi RBtieH 1tN§$‘iefeEhd‘@IhdtMt cSvetd RS iddne1 ®, Ffé'fféi‘ﬁlﬂ?%@t an
stiffness will pronpt differentiation into the skeletal nuscle lineage. It is

further 2okt ehiyeaudaretaseaalfithoweganrgrapitesaction 61)s Pratierablyithd ﬂu@meorwetmm@l the

mai nt enap diffepe t| ndj or en St C C y

For exarrpﬁcg(?m 1S tyeg%’oﬂ nt) %ﬂf\l)% Qée 0rf glgés gégls emc‘%‘:‘P pﬁ ﬁg}teo?]o Ihr? ?‘Hie& I9|§ég che
5 (Ve Bﬁdr@ﬂuﬂlc fakd chzﬁm&r(@q@rbﬁkaﬂy,nﬁé &lendéy B&iaihﬁéctd:d”lwdﬁ\tl@é e organcavity
regenerati ve nmedi ci ne. Sci ence, (2008) v. 121, (p& 255-264) and ma%
added t oo Ménéb%m“@élﬂaﬂd%fv‘?‘? yyl(l@qermwnb Hiespsainte the patlet (1 REfheemigipilaidie feaet or s
t hat may I )
bone rmrc glng IT?ISS(E%’P ﬁgﬁﬁ%@kﬁ& Hésoe(n%%teoé\g%h Iy?éﬁﬁs)mﬂqg p‘? I%fe&b%y Sl
cell-1i néOQIﬂm frenk the bosomagitthe steactal ca(v@l\lﬁl)mh]f{quhttes its tlmrijpemmmatetdiametehef

corrponents ar.e enbedde info a semsolid nediu erabl y agarose, neth
el | Ul o the HtEy i Grarciam e Eseng gy Buno b e ady dicheba ALt R H ek

Mat 15 es dodsak B Pris€ & lcbatfigs B%'a?thQ nﬁu%r &£ ebleChyat B']a%uﬁér'ﬁﬁd 38sthul S BHhafibh GES
which are respectively required for the formation of the desired organoid,
and/ or othgatem Felbtayitsiyiill cacwomishineveralolayoby spdinatric sterg cell nitylsmmi’rrcfgremgaléﬂul t

t het | et di i id Th Jhe fl
such t hal i TersaE Cip AL R el ROV T e RIein Fir i PRy TPis e e Bt - om
of the speWidet!flont thel xhadl(n&) feedPtBetvBirgDRPEa 6Udng BRIARIN Yeddt rebdiveir,af afi§ fiédiunat
the adult stemcell niche is provided with nutrients exclusively by di ffu3| on.
Once vastSuindy pyadt fop gstablishing,ibe grgam And/aKergapgid s may miatgduegdonipethe ére@aﬁe
caviy, Q%tgﬁﬁlngggegew %%%8'5‘851' d&h € ﬁf&‘thﬁ%ﬁhp’ PRI kasta‘é n]ié?lﬁ.trﬁtlpﬁrov{%{e

cavities he upper part o em ceI nich mnervatl ng
or vascuh anedaumgfeed hregeraoig e@pl pzkeﬁxeifont imetim@nwithrgamngtrasMdivision t widn guidactésstihie

whol e sy has reached natural honeostasis st sybst ances can plied.
The cel | Sevefonaat é@terfgemmh%%@ dap Aulianetimhb {heqiipgls Qspan smAty ng@eb@gan

acti vat eéiavtl BIMEY RhLa Q6 $agomM ﬁm@”ﬂ)y aI‘I"g?r He from
t he organ ctgvpfrtgflles m!(?gm %?lg\?vt h sections gs %r%‘ﬁfg‘;@@g&o egébghtla%

st em cel $temaneiltdagiien Ilﬁ%@&e@ganszcsldoqrgmdsdﬂj/empgdirﬂmrdsomeweprq@dblwhsc@ﬁn om
are preferably used in basic research, preferably in research on adult stem

cell niches, organ physiol ogy and horreostasi s. Furthernore they are preferably
used for testing of substances relevant to consunmer health. It is further



30shape, iwothe/stam cell cavity (9) is located in the centr@r2@b/obives or gan
grom h section (3). In a second aspect2ithe present invention relates to an
organ-on-a-chip device (1), preferably a self-contained organ-on-a-chip

devi ce, bBiPrésshity, padfatablyeastdeoclopmean bislogd csset AlDkifgdonzo8P mhdtingllalar

| east one organ cavity (4, 4a, 4b%,, and WD 2009/ 146911PCT/ EP21109/ 004008 25
( b) wher ePigapig@s apd far£abryotaxishy astipaof supsfacessa, 4b) conprises ancUor is
connected to at | east one sensor (8, 8a, 8b). Preferably the self-contained
organ-on-a-chip device (1) according to the second aspect, further conprises
at | east Aope-nadi posthated stems arellotavi(y2)s wher than prdndderedn uenvireashene seitabde rfof 2)

iIs connected.tg the at | east, one organ grow h, section (3) hy a m.crofl uj di.c
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cavity. In a third aspect the present invention relates to an organ-on-a-chi

devi ke (af megiuat wilhfloy imteand ovloeft thie stetn eely aanvivn(Oa-iethithe gegancavitiey (¢oferidsi ng:
t | 1 . h i . | Sj t, | it
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cel | cavbétyweé®200 um tdr&,000nimeXprefekailni4s0 tymh r Thaagiafeterti erdfeabl bid®een €0 um
"organ growth section”, "organ cavi t%/" and "stemcell cayity" have the neaning
and pref 814 39 wepieierdly theidiameter is Setwasa 10jm o 2AQumy, egr 204130, 40, 50, 60, 70, 80,

90, 100 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 um. It is preferred that several, i.e.
15 two, three, four, five, or more, preferably identical organ growth cavities (4, 4a, 4b) are in fluidic
connection with the pre- and postnatal stem cell cavity. Preferably the fluidic connection to the
one or more organ cavities (4, 4a, 4b) is positioned in the middle of the hollow body, preferably
in the middle of the cylinder. This/these opening(s) preferably has/have a distance from the
bottom of the stem cell cavity — with respect to the outlet (10) of the microfluidic feed channel
20  (6) - of about 100 to about 300 um, preferably about 200 pum, thereby forming an area at the
bottom of the stem cell cavity with a reduced flow of medium, which is preferable for
maintenance of pre- and postnatal stem cells in the stem cell cavity (9). The openings are
preferably slit-like. Thus in a preferred embodiment the medium will flow through the outlet (10)
of the microfluidic feed channel (6) into the top of the stem cell cavity (9) and out into the organ
25  cavities in the middle section of the stem cell cavity (9). The area of reduced flow is located in
the lower part of the hollow part, preferably cylinder. To establish organ specific pre- and
postnatal stem cell niches in this area, they are preferably composed of a stem cell niche specific
feeder cell layer, adhered to the surface of the lower part of the cavity or to microporous
microcarrier material of biological or synthetic origin. The corresponding stem cells are
30 transferred into the stem cell cavity, preferably directly to the bottom of the stem cell cavity and
cultured under constant conditions, e.g. using prenatal or new born serum media flow. In the
lower part of the niche at the bottom of the niche, where medium flow is minimal and nutrient
supply is mainly provided by diffusion, symmetric stem cell divisions ensures stem cell self-
renewal. As cells growth up to larger tissue clusters, nutrient gradients and media flow

35  turbulences appear in higher niche regions, supporting asymmetric division and outflow of organ
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and out into the organ cavities without entering the bottom section of the stem cell cavity (9). In
preferred embodiments but not limited thereto a follicular bulge stem cell niche of skin, a crypt

30 base columnar stem cell niche of small intestine, a bronchoalveolar stem cell niche of lung, a
hematopoietic stem cell niche for blood reconstitution, a sub-ventricular zone stem cell niche for
regeneration of nerve tissue or a stem cell niche for maintenance of hormone glands will be
formed within the stem cell cavity (9). Depending on the particular combination of organoids
and organ systems, the managing of centralized organ nutrition and regulation will lead to the

35 formation of auxiliary structures to the organs and organoids, including nerves and blood vessels
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35  cells (MSCs). In contrast, choosing a rigid substrate in the stem cell cavity (9) will favour
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25  organs and organoids developed therefrom are preferably used in basic research, preferably in
research on adult stem cell niches, organ physiology and homeostasis. Furthermore they are

preferably used for testing of substances relevant to consumer health.

It is further preferred that the stem cell cavity (9) is cylindrical. This is a particularly preferred
30  shape, if the stem cell cavity (9) is located in the center of the organ growth section (3).

In a second aspect the present invention relates to an organ-on-a-chip device (1), preferably a
self-contained organ-on-a-chip device, comprising

(a) at least one organ growth section (3) comprising at least one organ cavity (4, 4a, 4b), and
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sensors
proliferation competent within or in the vicinity of the organ and/or tissue.

25  The organ-on-a-chip device (1) according to the third aspect of the present invention preferably
comprises at least one medium feed reservoir (2), wherein the medium feed reservoir (2) is
connected to the at least one organ growth section (3) by a microfluidic feed channel (6). Again
in this context the terms “medium feed reservoir (2)” and “microfluidic feed channel (6)” have
the same meaning and preferred meanings outlined above with respect to the first aspect of the

30 invention.

It is possible that a separate medium waste reservoir is provided that is attached through a
connector to the organ-on-a-chip device (1) according to any aspect of the present invention, i.e.
is a separate entity. In this case any waste medium will be removed from the device and can be

35 disposed of, while the device is operated. It is, however, preferred that the organ-on-a-chip
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t he respective parts of tﬁg brain or are filled with the respective neurons
and ni xe8enaPL; hplaseds sesopaneRDIPAEOTD flemperatugk sersor; ThE:2 vighsos; DED wersery hkersetaxison

X e T R e N
2009/ 1469ntRICVR2A0 (RdddaBice3sensor; conductivity sensor; tension sensors, electromagnetic field
sensor; and metabolic sensor. The property of the cells, tissues, organoids and/or organs that may
25  be assessed will depend on the respective cells, tissues, organoids and/or organs. Thus, it is
envisioned that different sensors are provided for different cells, tissues, organoids and/or organs
comprised in separate organ cavities within one organ growth section (3). For electrically active
cells, organoids and organs multi-microelectrode arrays represent a powerful technique. A.
Robitzki et al: Cells on a chip — the use of electric properties for highly sensitive monitoring of
30  blood-derived factors involved in angiotensin II type 1 receptor signaling. Cell Physiol. Biochem.
16 (1-3), 51-58 2005. For electrophysiologically inactive cells and organoids impedance
spectroscopy, as described in J. Aguilo et al: Impedance dispersion width as a parameter to
monitoring living tissues. Physiol. Meas. 26 (2), 165-173, 2005, should be applied. Alternatively

or additionally two or more, e.g. two, three, four, or five different sensors are provided within the

35  flow path either to provide a system with an increased flexibility or to monitor two or more
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added through the opening on top of the growth segment, which may be resealed thereafter or

30  may provide such resealing through the flexible sheet covering the opening.

To provide an appropriate environment for the organoid or organ to be established and
maintained the organ cavity (4) comprises one or more structures selected from four types,

namely, microstructures, chemical modifications structures, actuating means, and sensory means
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mai nt enance of tissues, organoids and or gans. 1t, conprise the

m cr ost r membranes othat esvgng bleark end ctorth; Idgeéwdéo%apﬁﬁmes fsegdede vatho paesmakst

vascul ar| in or ne Du he s size of the st

oaut r oa B P AohiCo i e o dich hebPt TR Al Vit SPaiRbI AW BT,
pr ef 2y r eghaphic difiendhbedct ah serit@arsds Wittah tHergdrosRitm®t eri al s commnl y used | n
the field of 20sem -conductor technol ogy including Si02, GaAs, glass or

conbi nati ons ther eof In a preferred embodi ment the organ growth section |ayer
(1) COTRSARRNES, SO BhoPlg APy LSRR | Ml AR G0
an organ cavity by using beads with magnetic or magnetizisable core and ligands attached to the
surface that preferentially bind to certain cell types or groups of cells and by applying magnetic
25  orelectric fields. Suitable beads are well known to the skilled person and come either as micro or
nanobeads. The choice of the bead type will be determined by the number of cells that are to be
moved when applying the electric or magnetic field and, thus, both micro and nanobeads may be
used. The self-contained organ-on-a-chip device may already be assembled with a certain

amount of such beads preloaded or may be loaded, preferably through the opening of the organ

30 cavities, with the beads as required.

To assess the state of differentiation and health or a number of other properties comprising
metabolic activity, number of apoptotic cells, number of proliferating cell etc. of the developing
or developed organoids or organ sensory means are provided in the organ cavity (4, 4a, 4b)

35  thereby allowing a more direct access of the sensors to the cells, if compared to sensors that are



t oget her dwld Wwod/146bA or gan grow h section (3), wherein trTRRes9/doaoper
delimts the upper end of 25 the orgasn growh section (3) and the organ
cavities (4, 4a, 4b), respectively, the organ cavity |ayer provides the sides

of the olgaredsayi iniths flawtpatth® thewktroauidsd wastt aypardtatit (8L &, BbE Prefered ssidoBf

the organ growth section (3) and the organ cavities (4, 4a, 4b), respectively.

The uppefFORPEES ISGPEEEE SENSTS, SERsPE pultsiapCeraavhich #E orafesblycrtiashed koche sorfgmalo 2

mm  pref - . i gl . - | i di

channel s ootk Savin2b SR Ghechc bbb XohHIeITRANARR: MFolEE: ! fom

conpr i segoklpposingsdah tiesouttyt flastie dhamraiand obderaiblebyt meany ofdd peoimsh regoraipesiangs i n

t he nedium.l ayer to, .e.g, allow the flow of di um out of and back 35| nto the
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the organ cavitie n loading t Into the organ cavities
(4, 4a, 4ubstamed are ssbaanceslttat clanigey ri@suraht piysivalyorhahematad pragedsan résponse to

appropriate neans as outlined above. The upper clgsi | ayer 4) may further
or T se dofyn e A routindy Rl Sich artivet Ty oo Y BB SR O g unatsad o

section qdnobedliHalisRREHtHoYie® witBiH the 8kdanGavRy (4,8, fHr gan growth section (3) or
organ cavity (4, 4a, 4b). Preferably the nmaterial "of the upper closing | ayer

(14)19s Si02 or glass, nost preferably glass. The organ cavity |ayer (15)

conprise ng.or re.org ities (4,.4 4% angé.r cell cawviti. (9)
and”opt 1 SRENTS SarRRBRioRE Y s TAERER, Wigyine Sian SRl MG GRS Shifs
| ayer 10 ngodhifiakisgs s@uigafes Gadi 4dt@Rinigt mesnsTp@nidet frdtentifshnidit oot teytablishnidt \@dume
of the or&an cavity (4, 4a, 4b) is provided in the organ cavity |layer (15),
whi ch pr difderiatins of pyraisular tisHes-or gan cavity. The organ cavity |ayer (15)
preferably has a thickness of between 100 pmto 10 nm preferably of
15  Organ cavities (4, 4a, 4b) within an organ growth section (3) provide space for self-assembly,
maintenance and/or re-assembly of the smallest functionally self-reliant structural unit of a
specific organ (e.g. Alveoli of Lung, Epidermis and Dermis of Skin, Gut Mucosa, Liver Lobulus,
Nephron of Kidney,) or a specific organ system (e.g. microvasculature of Blood System, gray
matter of Nerve System). Nature’s principle building blocks for directed organ assembly in vivo
20 are dimension, shape, nutrition characteristics, micro-architecture (e.g. extracellular matrix &
membranes, surfaces properties) and local microenvironment (e.g. morphogen and chemokine
gradients). A preferred embodiment of organ cavities is provided exemplarily for three types of
organs (4) — brain tissue, 4a - bone-cartilage and 4b — vascularized skin), setting proper
dimension, shape and nutrition for each specific organ and providing access to introduce

25  additionally necessary elements of micro-architecture and micro-environment as well as to load

the organ on a chip device with the cell suspension or tissues.

In a preferred embodiment, organ cavity (4), for example, is designed for the cultivation of
central nerve tissue, providing four separate spaces for the maintenance for example of the
30 different layers of gray matter of the cortex or cerebellum (from periphery to the center —
granular cell layer, molecular cell layer and purkinje cell layer and the white matter layer formed
by nerves). The three gray matter sections of this organ cavity are loaded with tissue sections of
the respective parts of the brain or are filled with the respective neurons and mixed with
necessary amount of glia cells. The walls between the section allow for dendrite and axon

35  passages. Axon based nerves are located in the segment directly connected to the stem cell niche



100, 110, wWwoodkdle11140, 150, 160, 170, 180, 190 200, 25@cTAB009R0M0s400, 550,
600, 650, 700, 750, 800, 850, 900, 10061 pm 1.5, 1.6, 1.7, 1.8, 1,9 or 2.0 mMm
Particul ar preferred thicknesses 15are between 250 to 750 pmto all ow

const ant an®nhéreford ¢aff pdnbeatee! thfough theeupsedaparc av ithe/ nadhd/ @ otHee drb@Mcaditiks.
cavity r’%ﬁtransm ssion mcroscopy. The thickness of the organ cavity |ayer
(15) is &émpedsnce measisemenianeans abthgabotiony of yelevant gegmenky sesye aheenselyio preal veol une

IS provi . . i gan grow h layer (15) is Si02 or
gl ass, %%?blgﬁé%&f%tﬁif&bé’t%ﬁ_gﬁgm{e&’a \%lfe?&@?%g{nhg | ayer (16) preferably has a

t hi ckness of between 20 p.mto 2 mm preferably 30, 40, 50, 60, 70, 80, 90,
100, 110, 120, 130, 140, 150, 160, 17Q, 180, 190 200, 250, .300, 350,400, 550,
or 600 plif Preferfed frapacimest Cg"émﬁ?‘}ﬁ)é’é"‘t‘% mepaen sheReAnd IAHHEIS BB IsiEH R ngs

[ docs Ra PRanEY caliRle crlaoid B e R B SR s AR R Y
| ayer i spSifiizrarpagl mpssentpshie grelage alday ThE assilage area is loaded with collagen matrix,
chondroblasts and chondrocytes and will be pressurized constantly or periodically by a
pressurizing mean integrated in the small niche in the periphery of this segment. This segment
10 will be closed at top fluid-tight with a foil, not permeable for oxygen. The interface to the central
bone segment will be coated with bone morphogenic protein (BMP). The bone segment will be
loaded preferentially with bone marrow specula’s or calcified collagen matrix loaded with

osteoclasts and osteoblast.

15 In a preferred embodiment organ cavity (4b) contains a micro-vessel, fluid-tight connected with
two peripheral reservoirs and formed from biodegradable or synthetic polymers allowing
endothelial cells to confluently attach to the inner wall and to be able to growth out into
surrounding tissue. Between the reservoirs a pumping mean is provided to circulate blood or
blood substitutes through the vessel. The organ cavity is filled with extracellular skin matrix and

20  keratinocyte suspension or with tissue slices of the skin. In addition hair follicles can be seeded
into the segment, thus providing architecture and microenvironment to develop vascularized skin

equivalent in the organ cavity.

Finally, operating such a growth segment, interaction may occur between the organ cavities
25  through outgrowth of nerves from 4 or microcapillaries from 4b into the other cavities. In case of
significant damage signals the quiescent stem cells in the for example hematopoietic stem cell
niche, build up from osteoblast feeder cells and hematopoietic stem cells, may regenerate such

damages for example in the bone and cartilage organ cavity.

30  While itis possible to assess several properties of the cells comprised in the organ cavities (4, 4a,
4b) indirectly by sensors as described above, it is also preferred that the self-contained organ-on-
a-chip device (1) of the present invention is microscopable. To the end every part of the organ-
on-a-chip device may be manufactured from an optically transparent material. Preferably one or
more organ section (3), one or more organ cavities (4, 4a, 4b) and/or at least one sensor (8, 8a,

35  8b) are microscopable. Live cell imaging applying two photon microscopy through the whole
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engaging the s cont al ned organ-on-a-c devi ce ,
15  heating elements are placed within the light path they may also be manufactured from optical

translucent materials as, e.g. heating means manufactured from indium tin oxide (ITN). It is
particularly preferred that the stem cell cavity (9) is microscopable to ascertain the occupancy

and status of the cells in this cavity.

20  The flow of fluids through the microfluidic system of the self-contained organ-on-a-chip device
(1) of the present invention may be achieved by, e.g. gravity or by capillary forces. To ascertain
the flow of medium through the system it is, however, preferred that the medium waste reservoir
(5) comprises a hydrophilic material, which once wetted will absorb the medium and, thus,
provide a suction that is suitable to provide a fluid flow. Alternatively a micro pump may be

25  arranged in the flow path between the medium feed reservoir (2) and the medium waste reservoir
(5). The latter embodiment is advantageous in that the speed of the fluid flow can be adapted
more easily to the growth conditions, cell numbers etc. observed in the organ growth section.
Thus, if the apoptosis rate increases and/or the proliferation rate decreases the flow of medium
may be increased to provide a better nutritional supply to the cells.

30
As has been set out above, it is preferred that all devices required for establishment and
maintenance of tissues, organoids or organs are integrated within the self-contained organ-on-a-
chip device (1) of the present invention. The advantage provided is the independence of the self-
contained organ-on-a-chip device from secondary support units and medium supply and

35  preferably disposable means. Thus, in a preferred embodiment the self-contained organ-on-a-
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and will adjust these paranmeter according to, e.g. preset paraneters, WO
21) 09/ 146911PCT/ EP2009/ 0041108 37 In a further aspect the present invention
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sel f-cont ai ned organ-on-a-chi p_device ﬁﬁ{(z This nethod conprises the steps of:
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whi ch mayahelefghl #d wil@seakedtat thabhcesfBh 9 arSconf€cted to each other to form a chip
device that appears as a monolithic block. Thus, in a preferred embodiment the device of the
present invention comprises or consists of a medium layer (12) and an organ growth section
20  layer (13). In a preferred embodiment both layers are preassembled and delivered to the point of
use as one monolithic chip, which may or may not already comprise medium in the medi‘um feed
reservoir (2) and/or supplements. It is, however, envisioned that in some embodiments the
medium layer (12) is provided separately from the organ growth layer (13) and may only be
attached to the organ growth layer once the cells and/or tissue fragments have been loaded into
25  the organ cavities (4, 4a, 4b). Preferably the organ-on-a-chip device or its parts are packaged
separately in a sterile environment. In a preferred embodiment the assembled organ on a chip

device is sterilize-able by autoclaving and/or irradiation.

The medium layer (12) typically has a thickness of between 0.5 mm to 20 mm, preferably 0.5,
30 1.0,15,20,3.0,4.0,5.0,6.0, 7.0, 8.0, 9.0, 10.0, 11.0, 12.0, 13.0, 14.0, 15.0, 16.0, 17.0, 18.0,
19.0, 20.0 mm and comprises relatively simple structures including the medium feed reservoir
(2) and/or the medium waste reservoir (5), which are sized to provide and/or receive a suitable
amount of medium during operation. Thus, it is preferred that the medium layer is manufactured
by casting from, e.g. a synthetic polymer, preferably PS, PC, PA, PI, PEEK, PPSE, EP, UP, PF,
35 PDMS, MF, CA, PTFE and mixtures thereof, in particular PS, PC, and polysiloxane, preferably
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one or re o ans an r organol ds est a ed In a se tai ned or gan-
15 environment including structural, chemical and physical cues, for differentiation and

maintenance of tissues, organoids and organs. It, thus, will comprise the microstructure for, e.g.
bone or cartilage development, for development of vascularised skin or nerve growth. Due to the
small size of the structures required photolithographic techniques are often used and, accordingly,
it is preferred that the materials are similar to those materials commonly used in the field of

20  semi-conductor technology including SiO,, GaAs, glass or combinations thereof.

In a preferred embodiment the organ growth section layer (13) comprises or consists of an upper
closing layer (14), an organ cavity layer (15) and a lower closing layer (16). The three layers
together delimit the organ growth section (3), wherein the upper layer delimits the upper end of
25  the organ growth section (3) and the organ cavities (4, 4a, 4b), respectively, the organ cavity
layer provides the sides of the organ cavities and the lower closing layer delimits the lower end

of the organ growth section (3) and the organ cavities (4, 4a, 4b), respectively.

The upper closing layer (14) preferably has a thickness of between 20 um to 2 mm, preferably 30,
30 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 350, 400,
450, 500, 550, 600, 700, 800, 900, 1000, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900 or
2000 pm. It fluidically separates the microfluidic channels in the organ growth layer from the
medium layer. However, it comprises openings allowing fluid communication with
corresponding openings in the medium layer to, e.g. allow the flow of medium out of and back

35 into the medium layer (12). Further openings may be provided to allow access to the organ
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(4, 4a, #Riti&y EANarkPYplid RSy HRIGERMHN NRSIcEs. "'WhER \LRiting that the organ cavity layer
10 comprises organ cavities it is meant that the majority of the volume of the organ cavity (4, 4a,

4b) is provided in the organ cavity layer (15), which provides the sides of the organ cavity. The

organ cavity layer (15) preferably has a thickness of between 100 um to 10 mm, preferably of

100, 110, 120, 130, 140, 150, 160, 170, 180, 190 200, 250, 300, 350, 400, 550, 600, 650, 700,

750, 800, 850, 900, 1000 um, 1.5, 1.6, 1.7, 1.8, 1,9 or 2.0 mm. Particular preferred thicknesses

15  are between 250 to 750 um to allow constant monitoring of the cells in the organ cavity and/or

the stem cell cavity my transmission microscopy. The thickness of the organ cavity layer (15) is

chosen in such that an organ cavity (4, 4a, 4b) of the required volume is provided. Preferably the

material of the organ growth layer (15) is SiO; or glass, most preferably SiO,.

20  The lower closing layer (16) preferably has a thickness of between 20 pm to 2 mm, preferably 30,
40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190 200, 250, 300, 350, 400,
550, or 600 pm. It fluidically separates the microfluidic channels and/or openings in the organ
cavity layer (15) from the outside environment, i.e. preferably it does not have an opening.
Preferably the material of the lower closing layer is SiO, or glass, most preferably glass.
25  Preferably the lower closing layer (16) comprises one or more of the following: heating means
(11), sensor means, preferably temperature sensing means, or electric connectors for connecting

the device to corresponding electric connectors (19) of a holding means (18).

As outlined above the organ-on-a-chip device of the present invention may be delivered
30 completely assembled to the point of use and may also comprise all media and/or supplements
required for the growth and differentiation of the respective tissues, organoids and/or organs.

Thus, in a preferred embodiment the medium reservoir (2) comprises a cell growth medium.

In a further aspect the present invention relates to a method of manufacturing a self-contained

35  organ-on-a-chip device (1), comprising the steps of bonding a medium layer (12) fluid-tight to a



30( 6) m cr owoudodd/cieded channel, (7, 7a, 7b) mcrofl ui di c PEASEROO@#8| S, (8,
8a, 8b) sensors, (9)stemcell cavity, $Ba)neonatal stemcell niche cavity
35(9b) pre/ postnatal stemcell niche cavity W) 2009/ 146911PC. 17EP2009/ 004008
39 (9c) agtavith Gedtiondeyes €1 nrcﬁrpatrtis fgraifefucheddndinigahsy bawffégted BYhrt kmbwatadidsivele
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5( 13) or gahdgpeading oadhs jesped ‘é(?é?a ertyy Welddte cl osi ng | ayer, (15) organ cavity
| ayer, (16) |ower closing |ayer,

The organ-on-a-chip device may also comprise a source of energy, e.g. a battery to provide
5 certain functions, e.g. micropumping, sensor functions, independent from any power source that
may by attached to the organ-on-a-chip device through, e.g. a holding means (18) as outlined
below. Additionally, the organ-on-a-chip device may comprise signalling means, e.g. LEDs,
radiation transmitters to communicate the status of the organ-on-a-chip device to the outside. For
example it is envisioned that a LED on the organ-on-a-chip device flashes, if the temperature

10  leaves a pre-set temperature range.

The self contained organ-on-a-chip device may be moved around due to the fact that it preferably

comprises all features for maintaining the cell, tissues, organoids, and/or organs independently.

However, in a preferred embodiment the organ-on a chip device is placed into a specially
15  adapted supply unit (17) for holding the self-contained organ-on-a-chip device (1) during

operation. This supply unit (17) comprises:

(a) holding means (18) for releasably engaging the self-contained organ-on-a-chip device (1),

and

(b) electric connectors (19) for connecting to corresponding connectors on the self-contained

20  organ-on-a-chip device (1) with the supply unit (17).

The supply unit (17) typically comprises indicator means like, e.g. light indicators or sound
indicators to alert an operator of the device to a change in the condition of the device like,
temperature, oxygenation, pH etc. While it is envisioned to integrate the circuitry required to
25 regulate and evaluate actuating means and sensors comprised in the organ-on-a-chip device (1),
it is also possible to integrate these functions on the supply unit. This is advantageous in those
embodiments, wherein the organ-on-a-chip device is a single use device, that will be thrown
away after one incubation period. Accordingly, it is preferred that the supply unit (17) comprises
regulating means. Typically, these will determine, e.g. the temperature within the organ-on-a-
30  chip device, the flow of the fluids within the organ-on-a-chip device, or the electric stimulation,
which may be required by certain tissues and will adjust these parameter according to, e.g. preset

parameters,

In a preferred embodiment the supply unit (17) comprises a holding means (18), which allows

35  holding at least two organ-on-a-chip devices (1) on top of each other.



(17) suppl wouebd/i464Q( 18) hol di ng neans, (19) el ectric conrrEarEms)y/ia0y over heat
i ndi cat or neans, (21) secondary fluid $1 ow, (22) inpedance neasuring neans,
15(23)tenperature sensor. WO 2009/ 146911PCT/ EP2009/ 004008 40 Clains 1. A

sel f-cont ai ned organ-on-a-chip device (1) conprising: (a) at |east one nmedium
f eed reserv0| r (2), and (b) at | east one organ growth section (3) conprisi ng
at | east rbﬁefuahgaﬁﬁpe%vih@ypre&ﬁm anpyventipy relaigy torremethed: ofeestatishingf e argan

(2) isc ‘1@1)1-1
m cr of | u?gbi&ﬁ&?j dﬁ eoﬁ?anngrat‘ ‘Z‘J'éf‘?‘ga“ BH% &ﬁ eas@%ﬁe‘%‘r%gﬂéﬁr%ga Spytgl % SteRS of4b) A
sel f-con{a®i netbadmgwsmpemmmm&neﬂewr aensede) slize imn i die vy nfag oaganl aaiies ¢hetaprban
dr OWtSh Secetférg&y m20 a se -ct)gtlapngeda(grglme ggta -C npe dce)\ru%fei rzl)cgc\zlclotr ing L%o the ﬁrstb%econd Cimd
third embodiment described above, and

(b)  fluid-tight sealing of the one or more organ cavities (4, 4a, 4b).

It is possible to directly load the cells or tissue slice(s) into the organ cavity through an opening,
10 e.g. in the upper closing layer (14) with an appropriate means like, e.g. a microsyringe or to flow
cells with the medium through the organ cavity, which will then adhere to the structures and
surfaces provided therein. Such loading may be manually or fully automatic. In the later case it is
preferred that a stepper device, that loads any required medium, cell or substance through the
opening of the organ growth section (3), which may be sealed, resealed or self-sealing as the
15 case may be. The type of cells introduced into the organ cavities (4, 4a, 4b) will depend on the
organoid or organ to establish. Preferably, the suspension of cells comprises totipotent or
pluripotent stem cells, lineage committed cells, differentiated cells, extracellular matrix
components or mixtures thereof. It is particularly preferred to load tissue slices into the organ
cavities (4, 4a, 4b), since they merely have to re-assemble within the organ cavity without a
20  requirement for correct differentiation, which may be the case, if a organoid or organ is

established from stem cells or other more differentiated progenitor cells.

To seal the organ cavity (4, 4a, 4b)from the environment after the cells have been loaded into the
organ cavity sealants like fibrin glue, biocompatible polymer foil spray-on bandage, or products
25  of coagulation may be used. Preferably the sealant will provide a fluid-tight but gaspermeable

layer or membrane across the openings of the organ cavities (4, 4a, 4b).

In a subsequent step the self-contained organ-on-a-chip device (1) is incubated until a organ or
organoid is formed. Typically, an incubation for at least 1, 2, 3,4, 5,6, 7,8,9, 10, 11, 12, 13 or

30 14 days is required until such organ or organoid formation is completed.

A hallmark of the organ-on-a-chip device is its independence from external supply, in particular
of medium and/or disposal of waste, since appropriated fluidic connections and reservoir are

already provided within the self-contained organ-on-a-chip device. the incubation is preferably



(b) wherei watvey/atsoileast one organ cavity (4, 4a, 4b) comuT/ERS0%0IBr | S
connected to at | east one sensor (8, 838 8b). The self-contained
organ-on-a-chip device (1) according to claim?2, further conprising at |east
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organ-on-a-chip device (1) of clains 1 to 3, wherein the organ growm h section
(3) conprises a stemcell cavity (9). A self-contained organ-on-a-chip device
(1) conpdnsifogher(apecatthd pms¢nt omeentogaciaigs owme meglemt ofbtast{r@) the efifoci of oy @tmomast

one organ cavit 4, 4a, 4b), and (b erein the organ,growh sectian (3
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(1) accorighib@efib@i 1) Phis URRPIOnHMES iKdiBloRingl@st and one medium feed

reservoir (2), wherern the nediumfeed reservoir gl)) is connected to the at
cC

| east ondajor garovidiogta seleeentained dygamyoraaehipr devics onegErtbinghamhef Ni@Y . orZars

sel f - cont ai ned g/gan-on-da-chi p device (1) according to clainms 1 to 6, further
conpri sing at PEEEPEERYPNRYI um wast e reservoir (5), wherein the at |east one
organ cavity ciyidgQas 1hé MR oERADINHMIA RN orddn add/otdrgafibid inSa Gelfeataatdt 0

the at | east one nediumwaste reservoir (5) by a mcrofluidic waste channel
(7). 18. The seérsancume-shinelvisedbhasonulinedabgvelevi ce (1) according to clains 1 to

7, whereiq at j het ween the at | east
one orga 6‘)cavia%j @aéi?éﬁgﬁl"i‘ﬁ@g{?&( pg)%m &%gstﬁ g))c))rrgélﬁ r?g%og?n %ltla e reservoir (5)
and/ or wi(&hi n atdessing thee@agin andorargmoidmvirdscopitallyhed/sel f - cont ai ned

organ-on-a-chip device (1) of clains 4 to 8, Y\/nerei n the stemcell cavity (9)
has a di amet edeEIMnRgon nar§Pagmeter determinable by one or more sensors.

15  The sensors used in this method may be sensors (8, 8a, 8b), which monitor the medium flowing

out of the organ-on-a-chip device or may be sensors located within the organ cavity.

In a further aspect the present invention relates to the use of the self-contained organ-on-a-chip
device (1) comprising one or more organs and/or organoids for testing the effects of one or more
20  test compounds on the organs or organoids or for examining organ or organoid functions.
Preferably the efficacy, side-effects, biosafety or mode of action of the one or more test

compounds is determined.

List of reference numbers

25 (D) self-contained organ-on-a-chip device
) medium feed reservoir,
3) organ growth section,

(4, 4a, 4b) organ cavities,
3) medium waste reservoir,
30 (6) microfluidic feed channel,
(7, 7a, 7b) microfluidic waste channels,
(8, 8a, 8b) sensors,
) stem cell cavity,
(9a) neonatal stem cell niche cavity

35  (9b) pre/postnatal stem cell niche cavity



10 10. Thewsedobs/oemtiai ned or gan-on-a-chip device (1) of @caiEmoed/weod, wherein
the stemcell cavity is cylindrical. 9. The self-contai ned organ-on-a-chip
device (1) of clainms 4 to 10, wherein the stemcell 15cavity is fluidly
connect e®d)o t headilt fiiagencgromotiap seavediyniCke cabaty 4b) by an opening of |ess
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consi st i Qg)of: 2?%571}] t;,lg&gggr adabl e micro-carriers; (b) pressurizing neans; (c)
a col | agen’web; EAIEI T cati on zones; (e) capillaries connected to a
further &ji um f eedivhekgenoir; 25(f)at | east two reservoirs each provided with
a pul sati v%' pressuri zi ng neans for providing a secondary flow through the

or gan® ca_('pt y; (g?rgéﬁérwhr?ﬁ?@'blpé?ft rodes; (h) fibrin gels; (i) synthetic
Dol yimer i S br ea PRy ERIRNE et ¢ 110l d forces: oo On neven

(15) organ cavity layer,

(16) lower closing layer,

a7n supply unit,

10 (18) holding means,

(19) electric connectors,

20) overheat indicator means,

2D secondary fluid flow,

(22) impedance measuring means,

15 (23) temperature sensor.
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2009/ 146911PCT/ EP2009/ 0041108 42 (p)op#i cal fibres. 13. The sel f-contained
organ-on-a-chip device (1) of clains 1 to 12, wherein the growmh section
conprises two or nore organ cavities (4 laflas 4b), that are radially arranged
Wi th 5S5respect to an outlet (10) of the mcrofluidic feed channel (6). 14. The
sel f-cont ai ned organ-on-a-chip device (1) of claim 13, wherein the organ
cavi ti es 1( 4, Aglf-onplaingdeorgan-pha-ahily devdee dospmarisisggnent s of a disc. 1015. The

sel f-cont ai n?ag) o 920+ 9Rs g’;? nlicr}gge%}{%sceég{ﬁlje()%gainpcl ainms 13 or 14, wherein the stem

cell cavity I's arran 0Si et (I 0) of the mcrofluidic

f eed ghannel ({)6) at 1&8st ohbergalgrowihideatisre) @bRisidg -attcaki ghed@yrceavity )4 0fa, abRi s
1 to 15, wherein the one or nore organ cavities (4, 4a, 4b) and/or the at

| east one sensor a’Q‘B, 8a, 8b) are mcroscopable. 15 U The sel f-contained

or gan- on- a- CWlﬁggeﬂ?meql’?ediﬁ% 'fQéfjh%L&l/{ﬁ? (% il 90&1@:&3%@ ORI léa@leoﬁ%t(ﬁg%rggl]okmﬁ é‘é’ciigo}{mg 9)

is mcroscopab se ont al ned or gan-on- a- chi vice (
clains 1 to (3 bydvaiceofiniticdfeakeimanel((8) ar@bthe 201853t ons osgneat eyl (4, dajdt)he gr oup
consisting of: (a) pl-1 sensor;
10 2. A self-contained organ-on-a-chip device (1) comprising
(a) at least one organ growth section (3) comprising at least one organ cavity (4, 4a, 4b),
and
(b) wherein the at least one organ cavity (4, 4a, 4b) comprises and/or is connected to at
least one sensor (8, 8a, 8b).
15
3. The self-contained organ-on-a-chip device (1) according to claim 2, further comprising at
least one medium feed reservoir (2) wherein the medium feed reservoir (2) is connected to
the at least one organ growth section (3) by a microfluidic feed channel (6) and the at least
one organ cavity (4, 4a, 4b).
20
4.  The self-contained organ-on-a-chip device (1) of claims 1 to 3, wherein the organ growth

section (3) comprises a stem cell cavity (9).

5. A self-contained organ-on-a-chip device (1) comprising:
25 (a) at least one organ growth section (3) comprising at least one organ cavity (4, 4a, 4b),
and

(b) wherein the organ growth section (3) comprises a stem cell cavity (9).

6.  The self-contained organ-on-a-chip device (1) according to claim 5, further comprising at
30 least and one medium feed reservoir (2), wherein the medium feed reservoir (2) is

connected to the at least one organ growth section (3) by a microfluidic feed channel (6).

7 The self-contained organ-on-a-chip device (1) according to claims 1 to 6, further

comprising at least one medium waste reservoir (5), wherein the at least one organ cavity
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waste channel (7).

8.  The self-contained organ-on-a-chip device (1) according to claims 1 to 7, wherein at least
S one sensor (8, 8a, 8b) is arranged between the at least one organ cavity (4, 4a, 4b) and at

least one medium waste reservoir (5) and/or within the at least one organ cavity.

9.  The self-contained organ-on-a-chip device (1) of claims 4 to 8, wherein the stem cell

cavity (9) has a diameter of less than 100 um.

10
10. The self-contained organ-on-a-chip device (1) of claims 4 to 9, wherein the stem cell
cavity is cylindrical.
11. The self-contained organ-on-a-chip device (1) of claims 4 to 10, wherein the stem cell
15 cavity is fluidly connected to the at least one organ cavity (4, 4a, 4b) by an opening of less
than 80 pm.
12.  The self-contained organ-on-a-chip device (1) of claims 1 to 11, wherein the organ cavity
(4) comprises structures selected from the group consisting of:
20 (a) biodegradable micro-carriers;
(b) pressurizing means;
(¢) acollagen web;
(d) calcification zones;
(e) capillaries connected to a further medium feed reservoir;
25 (f) at least two reservoirs each provided with a pulsative pressurizing means for
providing a secondary flow through the organ cavity;
(g) one or more electrodes;
(h) fibrin gels;
(1) synthetic polypeptide gels;
30 (j)  cross linked proteins;

(k) woven and/or non woven polymeric fibres;
()  electromagnetic field forces;

(m) micropumps;

(n) sensor substances;

35 (o) sensors; and



i npedance w@®oy/146eanducti vity sensor; el ectromagnetic firElTEReYZOG08SUr f ace
acoustic wave (SAW sensor; and netabo¥ic sensor 19. The sel f-contained
organ-on-a-chip device (1) of clains 1 to 18, wherein two or nore sensors (8,
8a, 86) are gj)rapgel fibréshe flow path fromone organ cavity (4) to the nedium
waste reservoir (5). 20. The self-contained organ-on-a-chip device (1) of
clains 1 to 19, wherein the nediumwaste reservoir (5) conprises a hydrophilic

mat eri al ;@nd ] u ' r . h,be eérggq um
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sel f - cont ai nssttion gampeisesatvadh b modey bepan (chyitief (4, 4d, Ab),l that &6, radially heangednpithsi ng
heati ng neans, arranged.t eat, the at | east, qne ium feed reservoir (2)
and/ ot the afeSPE&A&R a‘bﬂ‘é“%?b‘ﬁr&é‘éﬁﬂi“!?o W?‘c%ﬁ?d ‘%@}‘Pge(gk. The sel f - cont ai ned
organ-on-a-chip device (1) of claim?21, further conprising heating 20neans

(11), arranged to heat the at |east one nmediumfeed reservoir (2) and/or the
at | east 14neTbe gelfrcomtainey ofghn-draa-chipdjevi@3(1) dhelagel If3; edwetean tedorgay aavites é4,chi p

device (1) of claim.22, erein the heating neans (11) consist of indiumtin
oxi de, plati ﬁ%rﬁbgﬁff ‘B(S}I‘%Iw“%&fﬂmc%g@@ﬁspgar‘?ﬂsﬁi ned organ-on-a-chip device (1)
of claims 1 to 23, further conprising a tenperature sensor arranged to

determ ne the tenperature in the at |east one nedium feed reservoir (2) and/or
the H | éast Thaeelbrgataingd\argan-¢ata-chip, desdge (130dclaimisel et 14cwherginmig stem cell

O e AN R

16. The self-contained organ-on-a-chip device (1) of claims 1 to 15, wherein the one or more

organ cavities (4, 4a, 4b) and/or the at least one sensor (8, 8a, 8b) are microscopable.

15
17. The self-contained organ-on-a-chip device (1) of claims 2 to 16, wherein the stem cell
cavity (9) is microscopable.
18. The self-contained organ-on-a-chip device (1) of claims 1 to 17, wherein the sensor (8, 8a,
20 8b) is selected from the group consisting of:
(a) pH sensor;
(b) pO; sensor;
(c) analyte capture sensor;
(d) conductivity sensor;
25 (e) plasmon resonance sensor;
(f) temperature sensor;
(g) CO; sensor;
(h) NO sensor;
(i) chemotaxis sensor;
30 (j) cytokine sensor;

(k) ion sensor;

(1) potentiometric sensor;

(m) amperometric sensor;

(n) flow-through-sensor;
35 (o) fill sensor;



26. The sewlowoni@dnied organ-on-a-chip device (1) of claiporZeomvetmesn the
medi um feed reservoirs (2) and/or the sediumwaste reservoirs (5) are arranged
in the mediumlayer 35(12). WD 2009/ 146911PCT/ EP2009/ 004008 44 27. The
self-contain%§ Offpdiafde @nsdtt p device (1) of clains 25 or 26, wherein the
medi um | ayer (12) conprises one or nore openings each allow ng access to an
organ gr owt h(®ectic{igyy sepse@t er abl y an organ cavity (4) and/or stem cell

cavity (9). BP]ZSEIJQ&H%HE%&E%@ organ-on-a-chip device (1) of clains 25
t org g

to 27, where e ro section | ayer conprises an upper closing |ayer
(14), an org@) caufdcy ab@yet walb)SAM) sandopvid cl osing | ayer (16). 1029. The

sel f-cont ai ned organ-gn-a-chip device (1) of claim 28, wherein the upper
closi%g Iayeﬁ) (EWFwEBﬁﬁFﬁgés one or nore openings each allow ng access to an
organ grow h section (3), preferably an organ cavity (4) and/or stem cel
cavity (9) and optionally organ specific surface structures in the area of an
organ gr o hThectlf-eontaBled drga0on-hhdis defice ght af nkimorigeni &nwherem pvaley inome (1)

of claim 29, wherein_t organ cayity layer (15) conprises.o or  nore.organ
Cavit res, (4. SH0TSd8) Bkt Sie STt it thecTRUY PRSIl 0E AN IMAR) (p the Mhediu

m cro-flui di Ga6haeRR)o%: (5). 31. The sel f-contained organ-on-a-chip device (1)
of claim30, wherein the | ower closing |ayer 20 (16) conprises one or nore of
the f®l | owi ng: heating nmeans (11), tenperature sensing nmeans (23), or electric

connectogs f conpnecting the devige to correspondi ng elegtric connectors (19)
of & hol 8 ng NeaRE cprajred orgdn-a5-a-chip, iy ALRE siuins "brgdR: sttty medbine
(1) of clai myadielresedioir {¥)eopiphist hyRHpHIMICARBEREEN M/6r 4 AliceOFihp $Larrahgeelih
growth nmedium 33. A nethod of manufacturing a self-contained organ-on-a-chip
devi ce (1) othedlosy path betweenzhe medivpi e ieseroirdR by e megim Npslg ressavainiNayer
(12) fluid-tight to a growh section |ayer (13) or parts thereof. 30 34. A
supply unit (17) for holding the self-contained organ-on-a-chip device (1) of
clai i | 2b 3Bhewif-agntaiped aiganroncpalipidsviog(1) of claims 1 to 20, further comprising heating

means, arranged to heat the at least one medium feed reservoir (2) and/or the at least one

organ cavity (4, 4a, 4b).

22. The self-contained organ-on-a-chip device (1) of claim 21, further comprising heating
20 means (11), arranged to heat the at least one medium feed reservoir (2) and/or the at least

one organ cavity (4, 4a, 4b).

23. The self-contained organ-on-a-chip device (1) of claim 22, wherein the heating means (11)
consist of indium tin oxide, platinum and gold.
25
24. The self-contained organ-on-a-chip device (1) of claims 1 to 23, further comprising a
temperature sensor arranged to determine the temperature in the at least one medium feed

reservoir (2) and/or the at least one organ cavity (4, 4a, 4b).

30 25. The self-contained organ-on-a-chip device (1) of claims 1 to 24, wherein the device

comprises at least a medium layer (12) and an organ growth section layer (13).

26. The self-contained organ-on-a-chip device (1) of claim 25, wherein the medium feed
reservoirs (2) and/or the medium waste reservoirs (5) are arranged in the medium layer

35 (12).



(a) hol di nyomansichi8) for rel easably engagi ng t he sel f - cantEr20@d04008
organ-on-a-chip device (1), and WO 2009/ 146911PCT/ EP2009/ 004008 45 (19)

el ectric connectors (19) for connecting to correspondi ng connectors on the
sel f-cont ai ned organ-on-a-chip device (1) to the supply unit (17). 35. The
supply uniit (17) of claim 34, further conprising. indicator neans, 36. The
suppl y urfi’t %Fil?)selffcoelfaam agaprongschip deyice (13 OfSHIES g Pledl WheTRln thednediumy

The supply upifer (37 c%p%%@i O B rifle Wen A0 A LR Rtk B ohakn i

or gan-on-a-chip I ces on top o

est abl i shi ng sectionr(3 3 prefachbhyr aroosrgam cavdtyi (A) andiexl ftero cell aavigd9@r gan- on- a- chi p
device (1) of clains Ito 32, conprising the steps of: (a) |oading a suspension
of cePls or a tissue slice into one or nore organ cavities (4, 4a, 4b), and

(b) fluiaggtiogh &paldian oF%’bﬁ-cQﬂ@—cﬁ’i'b J& P08 Mt ise 04, whireiftle off
met hod of claim 38, wherein the suspension of cells conprises totipotent™ or
pl uri pot ent grewthcetticn layémeanmises amupperdlessid kyer(If, enengimatcavitydaydr<] 5) and
extracel | ul ar lmat rilx .co[’g)ongggs or m xtures thereof The method of claim 38 or
39, wherein fiBFFRCETE® 261 bCdnpati bl e pol yner foil spray-on bandage, or
products of coagulation is used in step (b). The nethod of clainms 38 to 40,
conprising the further step of incubating the self-contained organ-on-a-chip

devi d8 (2P urlthelselirsonialngd osgaropryarebirddgvicef(d) abelainTR8, weerpigdhe fppdrailasinglayer
wherein the i i i e it h . 0 I the.
temper at ur o, (CAREIrRRy bl SAbIsCbsRitls Shail b ¥ hERElg SPTER oy un Pfiion
provi di ng extpe¢faablysirebidant gavith (Bpahddr efent edl cagtyt (99 #idf @nionally @Rganospebidice
test conmpounds on one or nore or ggns and/ or Br ganoi ds established in a
sel f - cont ai nédrfageimcEresdn dhs ey el arerean grayrthsPIRE3Y to 32, conprising: (a)
provi ding a sel f-contained organ-on-a-chip device (1) of clains 1 to 32
conprising one or nore organs and/or organoids or

15 30. The self-contained organ-on-a-chip device (1) of claim 29, wherein the organ cavity layer

(15) comprises one or more organ cavities (4, 4a, 4b) and/or stem cell cavities (9) and

optionally micro-fluidic channels.

31. The self-contained organ-on-a-chip device (1) of claim 30, wherein the lower closing layer
20 (16) comprises one or more of the following: heating means (11), temperature sensing
means (23), or electric connectors for connecting the device to corresponding electric

connectors (19) of a holding means (18).

32. The self-contained organ-on-a-chip device (1) of claims 1 to 31, wherein the medium

25 reservoir (2) comprises a cell growth medium.

33. A method of manufacturing a self-contained organ-on-a-chip device (1) of claims 1 to 32,
comprising the steps of bonding a medium layer (12) fluid-tight to a growth section layer
(13) or parts thereof.
30
34. A supply unit (17) for holding the self-contained organ-on-a-chip device (1) of claims 1 to
33 during operation comprising:
(a) holding means (18) for releasably engaging the self-contained organ-on-a-chip

device (1), and



WD 2009/ 14891bRieti2009/ 004008 46 carrying out the nethadTaP2e®i@iploBshi ng an
organ and/or organoid in a self-contai#ed organ-on-a-chip device (1) of clains
38 to 42, (b) adding one or nore test conpounds to the organ and/or organoid
(c) assessi ngb)t heleotrgacoramcbooy (1) gfanaiodnenting ocoptespdnding anonastorSdet drensaif-ng

one or nore paraneter determ nabl.e by. o or, nore, sensqQrs (8, 8a, 8b), 44. Use
of the sel f-cont &?'H@’&egf”iféﬂi Ot -Bﬁeﬁlcag&teéh“(%ﬁpplyf“‘m @iﬁm 1 to 32 conprising
one or nore organs ancUor organoids for testing the effects of one or nore
test conpounds on the org7ans or organoids or for exam ning organ or organoid
functi onss. 10hesupplseniv(l /¢ barleim 44, fnnber¢omprisengeinflicatae yeass.de- ef f ect s,

bi osagety or node of action of the one or nore test conpounds is determ ned.

36. The supply unit (17) of claim 34 or 35, further comprising regulating means.

37. The supply unit (17) of claims 34 to 36, configured to hold at least two organ-on-a-chip
devices (1) on top of each other.
10
38. A method of establishing an organ and/or organoid in a self-contained organ-on-a-chip
device (1) of claims 1 to 32, comprising the steps of:
(a) loading a suspension of cells or a tissue slice into one or more organ cavities (4, 4a,
4b), and
15 (b) fluid-tight sealing of the one or more organ cavities (4, 4a, 4b).

39. The method of claim 38, wherein the suspension of cells comprises totipotent or
pluripotent stem cells, lineage committed cells, differentiated cells, extracellular matrix
components or mixtures thereof.

20
40. The method of claim 38 or 39, wherein fibrin glue, biocompatible polymer foil spray-on

bandage, or products of coagulation is used in step (b).

41. The method of claims 38 to 40, comprising the further step of incubating the self-contained

25 organ-on-a-chip device (1) until an organ or organoid is formed.

42. The method of claim 41, wherein the incubation is carried out without external control of
the temperature, and/or without providing a defined atmosphere and/or without providing
external sterility.

30

43. A method of testing the effect of one or more test compounds on one or more organs
and/or organoids established in a self-contained organ-on-a-chip device (1) of claims 1 to
32, comprising:

(a) providing a self-contained organ-on-a-chip device (1) of claims 1 to 32 comprising

35 one or more organs and/or organoids or
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44,

45.
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carrying out the method of establishing an organ and/or organoid in a self-contained
organ-on-a-chip device (1) of claims 38 to 42,

(b) adding one or more test compounds to the organ and/or organoid

(c) assessing the organ and/or organoid microscopically; and/or

determining one or more parameter determinable by one or more sensors (8, 8a, 8b).

Use of the self-contained organ-on-a-chip device (1) of claims 1 to 32 comprising one or
more organs and/or organoids for testing the effects of one or more test compounds on the

organs or organoids or for examining organ or organoid functions.

Use of claim 44, wherein the efficacy, side-effects, biosafety or mode of action of the one

or more test compounds is determined.



