M CROFLUI DI C CONTI NUOUS FLOW DEVI CE FI ELD OF THE | NVENTI ON [ 0001] A

m crof |l uidic continuous flow device conprising a channel which conprises a
first andyg 5fGAEsHar ea wherein the first area of the chapRehods®odkos
conpartment which is defined by partitioning elenents and the second area
of the channel is a space outside the donpartnent; wherein through passages

whi ch are forned bet g it 1oni tmensi oned such as
to retain a biologi c&ﬁﬁ%@gﬁﬂﬁiéﬁgﬁlﬂ@@sﬁ‘?@u@?gﬁﬂgd rel ease
conposition which can be conprised in the conmpartnent within the
conpartment; wherein the channel has a first inlet to the conpartnent

t hr ough whi ch bi ol ogi cal matIBEL %W%INWN@HG&\M into the conmpartment; a
second inlet for introducing a cultivation nediuminto a space of the
channel arranged outside of the conpartnent, and an outlet. The present

i nvent i @oofur t hera réreflgididcomihiostslad dedtagohprisisiey tiedaelofhich eomps st

i nvention and kits conpri si n% the mcrofluidic continuous flow devices of

the preldshand zhmmi area aren 9ihe kgl W@?}ef‘t‘ﬁﬂh}‘%‘ 18 defiged
wthin i.ran S i f l;

growt h lﬁ’aﬁ)t or s cé/nt n?ér?\lgés{ dnd gl%c%ecgﬂﬁl %rgé)&gg% |C§1$oépb %c%;?ﬁsﬁ}eg the
mat ri x Wmnpalﬂtnmm\ahamnrthﬂm@ passhges which aselfoemied betaedn ¢led lbarmmmmg elements

interactions, and nei ghboring cells that allo ext ive cell-cell

i nt er actfP SHECRIPAY) %ucgms . 1SR BRI loBGH rhgiera W@pgapﬂon%os supfgined release

Bi gipechplpositibd! whish c'aﬂ ﬂe,coﬂlp‘h%):d i Ehecedrbpawﬁénw RRthid BR SOrpRene ARaemt
experi encepcf by the cells can'reflect the physiol ogical relevance to in vivo
envi r onthee rehasned hak facGitst calkt tol the dvafpavineant ¢Blagh Mﬂlaqml;)ml()g;cat}mem{t cag.be

power BB VB s0BRbagR a56tr i it ot R e Sl T gl Bt o

control dabd &fNther QRANG] " APdHRBE Soutdiad dﬂﬂﬂeccdng)a\fﬂrr\éﬁt sariduad i sufiet.f Phe present
experinmental and therapeutic applications rogenitor and stemcells for

r egeneriavénsionofurthes refery toj msthednef usingstha deyigesipf the presens|ippingion gaddits
present in the extr. ro i ltiple

di ffere Otmpqﬁncgnt%pg%l r\;\)gl sdJ%ch tﬁhgﬁu@@gggr@g{&ggéﬁrﬁ Q&’Yhﬁghﬁyrggs (Langer, R,
Vacanti, J . P., 1993, Science, vol.260, no.5 110, p.920). Thus, the

m croenvironment experienced b or _known as stem cel | niche, is

|
considered to be neani ngBéﬂKﬁmlgﬁgeféﬁWEé&Mn?@OOS] Bhadriraju, K
and Chefygg dC§ s £490%ithH cho%;ﬁ&pYrﬁE%eﬂ_@ﬁﬂﬂnenYan; stu&oof‘ sdlublR- ﬁg:t%}s bé’i§

denonstr at at engineering In Wo-I1ke cultures creating cellular
m cr oengtowdn _ﬁ{emrs aytokinesparal ehepeikinds sednshuige Betsaqeﬁgla{ 0007 whithgrodtanst o
or ez%t © pr;gtre(lansI E)r dkeslign g]n fe %/altrru? ?&grre]l%gogsorang %leilgh ourgntguée‘:f 'S tB a;]lo Aot al

extensive cell-cell interactions (Lutolf, M. P., Hubbell, J. A., et al., 2005, Nat. Biotechnol.,
vol.23, no.1, p.47). In cell culture, the microenvironment experienced by the cells can reflect
the physiological relevance to in vivo environment and affect cellular behavior (Bhadriraju,
K., Chen, C. S., 2002, Drug Discovery Today, vol.7, no.11, p.612). Currently, plenty of
25 powerful tools have been developed at our convenience to create controllable
microenvironments that mimic in vivo situations for experimental and therapeutic
applications. Progenitor and stem cells for regeneration of desired tissue act in synergy with
the soluble factors present in the extracellular microenvironment to navigate multiple
differentiation pathways and produce corresponding cell types (Langer, R., Vacanti, J. P,
30 1993, Science, vol.260, no.5110, p.920). Thus, the microenvironment experienced by stem
cells, or known as stem cell niche, is considered to be meaningful in tissue engineering.
[0003] Bhadriraju, K. and Chen, C. S. (2002, Drug Discovery Today, vol.7, no.11, p.612) has
demonstrated that engineering in vivo-like cultures by creating cellular microenvironments

can improve cell-based drug testing.



and synthetic biomaterials have been chosen for fabricating platforns.
Natural ECM such as I\/atrigel(trr) (Klei nman, H K., Martin, G R, 2005,
Sem n. CapeshidRiidee: VoI - no.5, p.378) and snall int cosa
(SI'S) (Badyl ak, %l 2004 Transpl at | mmunol ., vol. ?gﬁr?gﬁg%%&g%

whi ch contain a vari ety of encapsul ated growth factors, have been |sol at ed.

They c svalubl t ool s t tudy th

mcr oeﬁ&oﬁgl%e?@gr I’fnge 2§ rfg%rﬁﬁg vl%v qs{?fcagex}vérg)mg f%r F%{ll ﬁgli“rﬁgg%h&aglé%lver ed
that vagfdudyatheB0Bihathial hewd ll)e%nQ:Hbieﬁrfﬁﬂfabﬂcﬂﬁigrplgﬂéﬁﬂsmaﬁfrﬂ BV siih 4sor m
capillaries with a central lumen (Gant, D S, Tashiro ., 1989, Cell,

vol . 58, Mamgl d@%manmmKVéMMm 1 Ral 20905 s Serpin. E@ﬁfﬁr@aievqlﬂé M-S 3 B)of

dentif 09
e 008 oL SR 8,k AP PR
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first aspect the present invention refers to a mcrofluidic continuous flow
devi ce ¥6YfpRs ¥aligble JoRlsdAridndyc Bieppiesrlay bIveep SPICKIRRVHORBERR AN OBSSAMER e N
the T Sl CRshohsls. CRMRAL WEBA! aiiER ! fhafl ldsORt: BafEid! LAR! BainfLe RNt S
and the secon rea’is a space outsi e conpartnent; wherein rough
passagedlantpet’ N @e ablean rfenn bailleds wlltlea pexttal furner (Graet, eDrfSa,t Bashire, Kli, 1882 oned

such as to retain a bjological materjal and a ust aj ned rel sition
B ol A SRS e AR B A R A S

SUSlthI netk 6LERRRALLIRPSinttisOhk fomagiPt ed to rel ease at |east one substance
which supports cultivation of the biological material; wherein the channel
has a f[0085] Thereford, @ nebd existyp@ provetet fustiver syﬁem@d\dmm@ilotw aieatayircefl in vavodikieal
into thelconEartmsnt a second inlet for introducing a cultivation nmedium
into t hEIIPSEENEFORAE S hannel arranged outside of the compartnent, and an
outlet; wherein the second inlet and the outlet are arranged such as to
allow a flow of cultivation nmediumt hrou%h t he channel. [0007] In another

gspect the present inventiSiﬁMMABrYsofdfﬂ MNKIBNTION ¢ conti nuous flow
|
evlSC € [f(])g%a)]r secon%} asP tlé%%r%g%lg q?)ﬁnﬁl@'g ?rg %; 9%%%8 co&ﬁt(ﬁlaug p%rde%h:@g a

first a area I's a co
def i nededmypri3aigti ti oning el enents and the second area

« a channel comprising a first and a second area wherein the first area is a compartment
which is defined by partitioning elements and the second area is a space outside the
compartment;

20 - wherein through passages which are formed between the partitioning elements are
dimensioned such as to retain a biological material and a sustained release
composition which are comprised in the compartment within the compartment;

« wherein the sustained release composition is adapted to release at least one
substance which supports cultivation of the biological material;

25 »  wherein the channel has a first inlet to the compartment for introducing biological
material into the compartment; a second inlet for introducing a cultivation medium
into the space of the channel arranged outside of the compartment, and an outlet;
wherein the second inlet and the outlet are arranged such as to allow a flow of
cultivation medium through the channel.

30 [0007] In another aspect the present invention refers to a microfluidic continuous flow

device comprising:

a first channel and a second channel each comprising a first and a second area wherein the
first area is a compartment which is defined by partitioning elements and the second area

is a space outside the compartment;



IS a space outside the conpartnent; wherein each of the channels has a first
inlet to the conpartnent, a second inlet for introducing a cultivation

medi um i Ny 2hiisdace of the channel arranged outside opctrRe268Mpe0s Ment ,
and an outlet; wherein each of the second inlets and each of the outlets

are arranged such as to allow a flow of cultivation medi um through the

channel : ar_ldnwgﬁf??li k4 %eoéhawas B&$ ? zig% iiHlle):?{o @k CBFI?aIftlinlé&lI a%@god{%ﬁﬁ]%? For

channel is i comruni catron w conmon cultrvation ne eedi ng

line. [0008] introdustid ercuiidptod niddtunphists ehd space @fttho chanaélearsariged autside of
m crofluidic continuous flow device conprising: a first channel and a
second channethe sa@patyey and apoutleti rst and a second area wherein the first

area is a conpaliaenty, tflg' sgé)nQﬁBle&e thP¥adndst ﬂﬁ::;ﬁlgbﬁgargl PLE sdad fo€

second area i s a space outside the conpartnent; rein each of the
chanel s has dlow a fvwiaflceltivhtiort inedimonthanigheind chaanegeawhd i nl et for

introducing a cultivatio diuminto the space of the channel .arra d
Ut 1 e of “1 HENEBSFtEh e SOk T oL direh ah K SRR is daoREe
inlets and eagmMfinitRRonWiA £ESmAR AltivaR8eedia fedding Pndl | ow a flow of
cul tivation nmediumthrough the channel; and wherein the first and the

second [ORE8hk ansther afpectithy presantdoventionaeferscth aoniveefluidhe centinuoue flow deviceof
the first channel is fluidly connected with the second inlet of the second
channel ““PBYY In still another aspect the present invention refers to a

netiipod Of gulrbd AR GinBia0deGME lanfi8lt Eh @bmbfisiag Al firkOindud Sécong @bdal Whisteim f | ow
devi ce, wherein the nethod conprises: providing the mcrofluidic continuous

f1 ow devi cEhenrst arga & & pempasimeniiydrdl iy defiaed hy ppditiopingslgnaenss and thesecadd a
second ar egfe%?eé?éaﬁf§n§},égit{l§%°ﬂ2%a?9n%ﬁ‘ a conpartment which is defined by

partitioning e cond ‘area i s a space outside the
conmpar t ment ; wissréhratihoOthg khparbage s fivki et & thefcomparmeeat, waecoridhialet for
partitioning el enents are dimensigned such as to retain a biolqgica
material and antgef@{cmgrﬁeaullﬁz@t@&s@e@awp&q {he sRaverl tﬁ%dﬂ%@ekwﬁ r%lm(!e of

whgrsei n t he Cr{ﬂé‘@&h}ge{}ﬁﬁexﬁ‘, dndradloutipl €t for introducing biological materi al

into the conpartnen a second inlet for introducing cultivation nmedium

into the spacevlodrein each of the second inlets and each of the outlets are arranged such as to
allow a flow of cultivation medium through the channel; and
wherein the first and the second channel are fluidly connected to each other wherein
the outlet of the first channel is fluidly connected with the second inlet of the

20 second channel.

[0009] In still another aspect the present invention refers to a method of cultivating biological
material in a microfluidic continuous flow device, wherein the method comprises:
»  providing the microfluidic continuous flow device having a channel;

= wherein the channel comprises a first and a second area wherein the first area is a

25 compartment which is defined by partitioning elements and the second area is a

space outside the compartment;

= wherein through passages which are formed between the partitioning elements are
dimensioned such as to retain a biological material and a sustained release
composition inside the compartment;

30 = wherein the channel has a first inlet for introducing biological material into the
compartment, a second inlet for introducing cultivation medium into the space of
the channel arranged outside of the compartment, and an outlet;

= wherein the second inlet and the outlet are arranged such as to allow a flow of

cultivation medium through the channel,;



t he channel arranged outside of the conmpartnent, and an outlet; wherein the
second inlet and the outlet are arranged such as to allow a fl ow of

cul tivatiweg 0816860t hr ough the channel ;i ntroduci ng a bi eegicealscimberi al
and a sustained rel ease conposition into the conpartnent via the first

inlet; wherein the sustained rel ease clnposition rel eases at | east one

subst ance icﬂ? supports cultivation of the biologhcal naterial ag i ch
e not 1 i o RO bllofehn mi e b CFefind Rt R 3P I &

cultivati Olaoﬁﬁﬁﬁitﬂﬂeﬁtf\@i thetirkt iRt;i on of the biological material through the
channel via the second inlet. [0010] In another aspect, the %resent i
i nvention ref evkereip the fustaingd geleass ¢ampasitiog 151eesesghtciepst Rncetubstange, which

m crofluidic ¢ ' ' - i nqt R S

bt ovi i ng- ¢ he aPpyrSy RfHoRNIRY biSom AT E o8 AL RS HREN 7 Eompriced
secand channelin thdhangvatioaacddiwhpandel conprises a first and a second area
wherein the first area is.a conpartnent which _is defined by partitioning

el ements aM@NIAREINER GHIF VAT megium %%afeitw&apg o dhe hl@‘%wga}a&wi#amwlbﬁ& n

t hrough pagﬁﬁg@ vt R cBELiniQr Med between the partitioning elements are

di nensi oned such as to retain a biological material inside the conpartnent;

wher ei n[08a0hInc fvantine| ashers, thefpressnt inviestiorf tafers rio raoshethiod gpflxiudtivagjng diolngicdr i al

into the caonpartnent, .a second inlet, for introducin | tivati di
it hBaEPARE e aeidn SAReoR AR eyt BEE E miheS s tont | and an

outet ; . WhetRiiding tfemRbolligic 265 @MMus NbRivRB%hatiRgh Mt mBQ seedrdahanml e
arranged such as to allow a flow of cultivation nmediumthrough the channel

wher ei n each ofhar¢in eadt olrpainelndomprises a fikst and asecendoarerwherginctha dimet|ar¢asis jan

fluid comunication with.,a.co n | tivation diumfeeding line: .

i ntroduci ng bi°8m5)§llq?§f1{ ngc F 1P %cléyepaaglih%}m% %};er%eg{r?paanr(fgrr‘gn orb({]%re%é?:ﬁ of
the respecti vephiédditsiddteicompanshieqt: ansporting a cultivation nediumyvia the
comon cul tivation nediumfeeding |ine through each of the twy channels.
[001 1] In anotheVherspeldroughdapiagesyrhich geformed beresn dhe partitipring slgments

Ch4rat, 9 b0 g ahoBiRiLaly Lo L ALIAL SR QIONS LA MARY o
devi ce havik ngwherbinr sich arhdnizel dee anfirse iden fr; introducing biological material into the
compartment, a second inlet for introducing cultivation medium into the space of the
channel arranged outside of the compartment, and an outlet;
= wherein each of the second inlets and each of the outlets are arranged such as to
20 allow a flow of cultivation medium through the channel
» wherein each of the second inlets of the first and second channel is in fluid
communication with a common cultivation medium feeding line;
»  introducing biological material into each of the compartments via each of the respective
first inlets; and
25 .« transporting a cultivation medium via the common cultivation medium feeding line
through each of the two channels.
[0011] In another aspect the present invention refers to a method of cultivating biological
material in a microfluidic continuous flow device, wherein the method comprises:
providing the microfluidic continuous flow device having a first and a second channel;
30 = wherein each channel comprises a first and a second area wherein the first area is a
compartment which is defined by partitioning elements and the second area is a
space outside the compartment;
wherein through passages which are formed between the partitioning elements are

dimensioned such as to retain a biological material inside the compartment;



wherein each channel conprises a first and a second area wherein the first
area is a conpartnent which is defined by partitioning elenents and the

second ang@ lnfi/Acgpace outside the conpartment; wherei npihsedad opmssages
whi ch are forned between the partitioning elenents are di nensioned such as

to retain a biological material inside3he conpartnent;wherein each channel

has a first inlet for introducin i.0l ical terial i . ment ,
a second inlet"t1or % if'ochﬁ%nlenéascglt?rlstvh ]gotﬁr }rné I H%n?ﬁ)tl%logi FLigl %8%8@0@?0&% fe

channel arranggghpatthfentla scohid énlofop afittdtRibing il afion ahédigh ; intbhhe epacecath  of
the second inlets and each of the qutlets are arranged such as to allow a
flow of culti vhe Feanngkdranged putsidgRf thecormwarment, apghag eutiety he first and the

second channel flh : t i I of
the first channe rgilns aﬂi &?é?{/g%gﬁ%g@gt 3(?9 &%?ﬁﬁlto ﬁté&gselg%{l%nﬁa%@g? 9?tﬂleg\si‘teocond
chamnel ; i nt r cdiesd afjowiodlcolgivatdn mediam tatoughtite daahelpf t he conpartments vi a

each of the respective first inlets; and trapsporting cul tivatiopn nedium
through the fiVYisreigbe é@&@mfﬁtheﬁam@whweﬂ Afer @eﬁcegn%?t@dpt%%?- BWhEEitum

into the fi fStth&%ﬂ@@bﬂYﬂ@ﬁ}ﬁ%ﬁﬁfe@qg ﬂuﬁﬁ@tco%eétaﬁ“fiihrﬁike_ Shannelier bPRE2] 10

still another aspect the present inventioh refers to a kit conprising a

m crof | ui di ¢ cecdndehenself | ow devi ce of the present invention and a

bi ol ogi cal .material.. .In some exanples. t kit further .conprises a sustained
el ease colBLRETEBC PaRar: oh of fe SAnReBE e soch PO FPPHRG | 1)
anofgher aspegtinibfl€addy €sent invention refers to the use of a mcrofluidic
continuous flow device of the present invention or to the use of a nethod
of t he pr etsensportingentilomatiasy medinmythrapgh dhe Gest Andrepoad ichannet byliedygingane

expression _analysis, ..or cellular functi and differentiati on udi es, or
i bease. o S Moty G e shilEl LR BER RN ATl Pl M Glpi
DESCRI AO0EN aFstiTHmdaRAWYsPESD thd Preddnt Theenkion eefeisomd avkit lcobpribigitLemictofisiart ood

with reference to the detail ed description when considered in conjunction
wi th t heoniigRoys oW dgyice oh Hisl RIsseah venohadbrBiolgaisr) mpteral nssomecigmples:

PRI R R LR ST R e S
in the cenwatnenthe two tubes
[0013] In still another aspect the present invention refers to the use of a microfluidic
continuous flow device of the present invention or to the use of a method of the present
invention for carrying out cell migration studies or gene expression analysis, or cellular
20 function and differentiation studies, or disease diagnosis, or drug metabolism or toxicity

testing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will be better understood with reference to the detailed description
25 when considered in conjunction with the non-limiting examples and the accompanying

drawings, in which:

[0015] Figure 1 shows an assembled microfluidic continuous flow device with two channels.

The left hand picture shows three independent streams present in the device. The two tubes

comprising dark colored streams on the right side of the device next to the single tube
30 comprising the grey colored stream supply the biological material into the compartment via

the first inlet while the tube comprising the grey stream on the right side indicates the

cultivation medium which is fed via a common cultivation medium feeding line into the two

channels. On the left side of the left hand picture the tubes are shown which comprise the

cultivation medium streams leaving the channel via the outlets. The right picture in Figure 1



conprising dark colored streans on the right side of the device next to the
single tube conprising the grey colored stream supply the biol ogi cal

mat eri al Wwoteiddigsogonmpart ment via the first inlet whilepthgcheld®oe08pri sing
the grey streamon the right side indicates the cultivation medi umwhich is

fed via a common cultivation nediumfefding line into the two channels. On
the | ef |.d t he t chand pi e b a 0 I i se
the cul S0 Fonossal UL of G of it PhEwE TR ERKTE o RO S e e,

ri ght pbielogical niatdrialufittodusbd isto &h€ lcompartienti cfWhe fcharirl afhilehtie Geynbelbsed The
dark colored streamindjcates the biological material introduced into the

conpar t fsams on the @ghhanthen thereftsidenf the eympasinaent ghaw thesAaw o the gulfivajion and
on the t . S] f I i i di um
b ough et P e afRTRATA Rk SN |bLALY BliskBAnE ShinpfbAl AT
conpar t caantie fuither sgenbia thisr pibiare, ske imletn ahdiontlqs of the deviteall pemdtmtandooett | et s

of the device al enetrate a cover .| ayer arranged on top ,of the channel in
or der tlayg@g@gge4 t"cPo‘hf-Iﬁ ¢ chanmne! i ogderd agEECEC S {”QP’a’é‘e’E‘Wg‘dé{%ﬁﬁ%i’FF QBistde

respect jy Pcb)frpaﬁm@ﬂt‘,’ irEs%e@t?ve?ﬁ OAVRiefde fak 9H6Wn In @?g%r&qr%i OtnpHiE endrBaRad R tWo
channel s shown wherein those channels can be either connected to a conmpn
medi um tweechangelk ishewn svhsres éhtseychgimelin cannbe-tigher eotngstedctana bemumonmeedianl i n

series as,described further below. [0016],Fi gure, 2 .shows ge| ati.n

i G os piEHB8 TRk LRl Tl THRATE o o b6 PHHSRISOR PH ST fprepere
m cyoof | pigkyC conti nuous fl ow device. Figure 2A shows the distribution of
gel atin m crospheres during seeding of biological material into the
conpar t (98] Fignre 3r shows erlator migrosphcrss wiieh [apg ipspteddndhe somparmephel e,

Figure &%ﬁadqﬁh%hrﬁx\fc\érgﬂ?\?lhfcn&)n?;nugusgﬁ})@t(!l idd gﬁ@ﬁ@ fﬂ’ %ﬁé\f’? Itljlc: MsttintiSn! dF ¢ he
conpartient of a channel of @ mcrofluidic ¢contlndious ow devr ce. Fi gure
2B is agetaif méabspheieg duvifig seedmgolf Kiold@icabmbfetiaCiakd droftpafttheht. Ahe Mn®ison

i mge. Figure 2B and 2C show. the distribution of m crospheres in the cell
mi xt ur edeaptessomsepliihsdangst gelatin mugropphierste htgurert and & shgyh dredng pbageltined

ar gan (Iﬁﬁgé)sﬁ)ﬁln%ﬁ/caf ﬁﬂ?ﬁ:ﬁé i tht ggrﬁgax%‘ﬁent [6P9 Lhhndel BFE‘?ni oflIRHE c@ntﬁfuﬁﬁéjﬁgwm
gelatin mcrospheres fabricate y a water-in-oil emulsion technique. The
m cr os pdevices Fiduoev2 Bhesve canfdcanietaze vaiileaBigute 26 imth€ kefréspoadidg pransmissjonand

cval uat P o PIEI 0 TR 2l BT e FEP Rl PP RePERar oty G B s e n o

channel se@(ﬂing kb Qﬁ@éérﬂfgﬁrﬁexﬁpﬁﬁé ER65phEde® Wrelk@dh 6P gred® CerRECIRE afthas) i FildE Was

suppl emented into cultivation nedium () . hi another set of experinent,
TGF- | s pre-loaded into gelatin mcrospheres and was then controlled

r elZ%a S %Oﬁﬂ i’irg]greh§ 8@3\950 { %E:%ure of gelatin microspheres fabricated by a water-in-oil emulsion
technique. The microspheres shown have a diameter of about 25 um (left hand picture) and
about 17 pm (right hand picture).

[0018] Figure 4 shows the results of the evaluation of albumin secretion from primary rat
hepatocytes cultured in a channel of a microfluidic continuous flow device. 200 pg/ml of
25  TGF-B1 was supplemented into cultivation medium (m). In another set of experiment, TGF-31
was pre-loaded into gelatin microspheres and was then controlled released to the hepatocytes
at a concentration of 217.5 pg/ml (&). In the control experiment, there is no TGF-S1
supplemented in cultivation medium (o). In the presence of TGF-G1, the level of albumin
secretion is enhanced. From day 5 onwards, when TGF-81 is controlled released to the
30 hepatocytes, the level of albumin secretion can be well-sustained while the albumin secretion
decreases in the other two groups.
[0019] Figure 5 shows the results of the evaluation of 4-MUG production of primary rat
hepatocytes cultured in a channel of a microfluidic continuous flow device. 200 pg/ml of

TGF- 31 was supplemented into cultivation medium (m). In another set of experiment, TGF-



at a concentration of 217.5 pg/m (m. In the control experinent, there is
no TG~/31 supplenented in cultivation nedium () . In the presence of

TG/ 31, wbeoloaMedooof al bumin secretion is enhanced. Fr¢gmrgagods/oospear ds,
when TG--/31 is controlled rel eased to_the hepatocytes, the |evel of

al bunin secretion can be well-sustainel while the al bumin secretion

decreasss | e 0 9 I . gur h L.t s,of the
eval ua?ﬁ o] r‘{J a(g)f B%qﬁ)fﬁlapgng}j\(g@etl zlg%ln Hg?mf’)éh%?r%sr %ndr:avtg grbeglt g{).:k;&/ elsehc%ﬁag‘?dejés [ trll1 8a
channelhepitoayted atr DEdrigksmtration@ il MiSpgsnlf(klh devionerol exferipghtyithat isTaFTGRB1 was

suppl enented into cultivation nedi uml‘(é) . .I'n another set_of experi
P

TelF/ 31 Alesypplementsd da quitinptiprg@ediomy (O krpwsinyet eawards whea TR SoRenriegg
] h
re easeegxeas%dttb%h@ﬁaﬁh% ek Sfe %ve‘i"%%%{mg\@ éﬁhhcﬁ{&ﬁgg [gg%aﬁ?,geagﬁéted Q:@l)hpaxleﬂ hhe

control experinent, re 1s no upp I vatron medi um
(D5 Frhenothaytvd growps: ds, when TGF-/31 is controlled released to the

hepat o es, the [eyel of 4- oduction i eat|ly enhanced. conpared to
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illustrates the flow of the cultivation nmedium (black arrows) within the
channelangiddgionpexsf changelctleidin ¢annectingf the wutetywitk therphanselngdsa shovn gethe ned

byZE) he ﬂ%tI ilnﬁert %46 %hrough which the biological material 160 is introduced into the compartment
180 of the channel 195. The compartment 180 is defined by partitioning elements 150. Also
shown are the medium flow separator 145 and 170.
[0023] Figure 9 illustrates the flow of the cultivation medium (black arrows) within the
channel of a microfluidic continuous flow device. The compartment defined by the pillars is
25  connected to the space outside the compartment by the through passages formed between the
partitioning elements. Molecules can pass those through passages by liquid flow or diffusion
(indicated by white bend arrow) depending on the width of the through passages or in other
words on the distance between the partitioning elements.
[0024] Figure 10 A and B show different examples of possible configurations of a
30  microfluidic continuous flow device. In both Figures, 10A and 10B, the cultivation medium
enters the channel 195 through the second inlet channel 110 and exits it via the exit channel
130 and the outlet 120. The first inlet for the biological material 140 is comprised two times
in the configuration shown in Figure 10A and once in the configuration shown in Figure 10B.

In Figure 10A the channel comprises two compartments 180 which can hold the same or



connected to the space outside the conpartnment by the through passages
formed between the partitioning elenents. Ml ecul es can pass those through

passages Wy oikghof | ow or di ffusion (indicated by whitechaadom@ionel
depending on the width of the through passages or in other words on the

di stance between the partitioning el emnts. [0024] Fi gure 10 A and B show
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um to 200 pm and 400 pm to 600 pm symbolizes the space outside the compartment. The

dashed line is plotted after 10 minutes, dashed/dotted line is after one hour, and the solid line
is after 2 hours. Figure 13A and 13C are the control. The y-axis in Figure 13C and 13D refers
to the fluorescence intensity which was scanned over the entire width of the channel (0 to 600
25  um; x-axis). The relation of the fluorescence intensity obtained is illustrated in Figure 14
which shows that the fluorescence intensity decreases with the cross-linking density of the
gelatin microspheres used while the fluorescence intensity increases with increasing
cell/gelatin microsphere ratio.
[0028] Figure 15 is a schematic overview of the microfluidic continuous flow device shown
30 in Figure 1. 210 is the common second inlet channel through which the cultivation medium is
fed into the channels 260. 240 show the first inlet for the biological material, 220 show the
outlet while 270 show the medium flow separator located between the end of the

compartments and the outlet channel.



is after 2 hours. Figure 13A and 13C are the control. The y-axis in Figure
13C and 13D refers to the fluorescence intensity which was scanned over the
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m crofluidic device 530. As can be seen from Figure 17B, cultivation nmedium
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cultivation medium storage tank 560 before being infused into the channels again.
[0031] Figure 18 shows a microfluidic flow device of the present invention which has one
second inlet 720 and four outlets 730 which are fluidly connected to external valves. During
perfusion culture, the outlet at the lung channel 730 is closed, so that cultivation medium will
25  perfuse the lung cells comprised in the compartment of the first channel (designated “lung”)
first and flow via the feeding line 740 in parallel into the rest three channels. This flow profile
is the same as physiological circulatory that blood comes from the lung and get distributed in
the other organs. Each channel has an individual first inlet which is fluidly connected to a cell
reservoir (indicated by black arrows) which is meant for cell seeding into the compartment of
30 the respective channels.
[0032] Figure 19 shows in a diagram the synthesis route of the transient intercellular linkers,
PEI-hy. The lower part of Figure 19 shows a schematic representation of a cell aggregation

process using intercellular linkers. For example, cell surfaces modified by sodium periodate



[0031] Figure 18 shows a mcrofluidic flow device of the present invention
whi ch has one second inlet 720 and four outlets 730 which are fluidly
connect edwbeomxtiesonal val ves. During perfusion culture, pCiscaetsioed2oat t he
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[0036] Figure 23 shows two different geometrical designs of partitioning elements. Figure

23A and B show hepatocytes contained in a compartment at a cell density of 1.5x10° cells/ml.
The cells were dynamically seeded into a microfluidic channel at 0.5 ml/h. Figure 23A: 50 um
x 30 um semi-circular design; Figure 23B: 30 um x 50 um elliptical design.
25 [0037] Figure 24 shows the viability of cells in the compartment of a channel of a
microfluidic flow device at different flow rates.
[0038] Figure 25 shows that bone marrow mesenchymal stem cells (BMSC) in a
compartment of a channel of a microfluidic continuous flow device are viable. It can further
be seen that those cells are maintained in a 3D morphology after 3 days of perfusion culture.
30 Figure 25a shows a confocal image of BMSC stained with Calcein AM and propidium iodide
indicated good cell viability. Scale bar: 50 um. Figure 25b shows a confocal image of F-actin
staining which shows cells with cortical distribution of actin, reminiscent of the 3D cell

morphology. In contrast, cells in 2D show extensive stress fiber formation (insets). Scale bar:



[ 0036] Figure 23 shows two different geonetrical designs of partitioning
el ements. Figure 23A and B show hepatocytes contained in a conpartnent at a
cel | densybyoftfioidsoaxl 06 cells/m. The cells were dynampgglsiggocspeses i nto a
m crofluidic channel at 0.5 m/h. Figure 23A: 50 mm x 30 nm sem -ci rcul ar
design; Figure 23B: 30 mmx 50 nmellildtical design. [0037] Figure 24 shows
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10 mm [0039] Figure 26 shows prinmary bone marrow nesenchymal stemcells
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DETAI LED DESCRI PTI ON OF THE. | | ON [[0040],.1n. a.first aspect the present
Cnvent ion FENEHE] EGPRTRE PG & SR oL e did: 8 BohsrPBriBema
channel co@RichSisNdefed ibySparfichife SRERNG AEthe Mo Breale of §gast oatsed ihe a
conpartnment which is detyl ned by partitioning elenents and the second area

i s a spacecq@upafrdent; he conpartnent; wherein through passages which are

for,ped betweep t rtitioni | e} : tain
Dol ogi cal. e S poEREBEy Bl RRE S n At BB Bl PR RSHER ondrt b
conpri sed i n dilensiowgdasictenk , towiréthinn at bdl@gicgd amiateeial ;andWhesistainddh eelease

sust ai ned rel ease conposition is adapted to rel ease _at | east one substance
whi ch suppor tS€THgFtiPYaY g agsrcompgised B) Bg cempartmendy Within h, eQBPHIEEE: channel

has a first Lnhgl diQMhé NGstaRERAeledB® LofPbsitittt 1©deHBd B R1Add GRlleast one

substance which supports cultivation of the biological material;

20 » wherein the channel has a first inlet for the compartment for introducing biological
material into the compartment; a second inlet for introducing a cultivation medium
into the space of the channel arranged outside of the compartment, and an outlet

« wherein the second inlet and the outlet are arranged such as to allow a flow of
cultivation medium through the channel.

25  [0041] Such microfluidic continuous flow devices are employed, e.g., for high-throughput
experimentations or to study cellular behavior in controlled conditions. In such a microfluidic
continuous flow device a laminar flow environment can be created, thus, these devices can,
e.g., be used to spatially control the positioning of soluble factors relative to cells. It has been
demonstrated by Lama, M. T., Sima, S., et al. (2006, Biomaterials, vol.27, p.4340) that

30 laminar flowing fluid can be used to pattern cells as well as their microenvironments. Laminar
flow conditions are in general automatically created in microfluidic flow devices due to the
microsize of the components used for such devices. This cell patterning technique is
meaningful, for example, for stem cell research, where people can draw the relationship

between microenvironments and cell fate. However, pattern cells by adjusting fluid flow may



material into the conpartnent; a second inlet for introducing a cultivation
mediuminto the space of the channel arranged outside of the conpartnent,

and an oukbebhioMiggegi N the second inlet and the outl et aperRGheR@eshosuch as
to allow a flow of cultivation nediumthrough the channel. [0041] Such
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generators or other external sources for these substances, such as sol uble
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e 0042l SO 5L PO e TR P e i gy
1998, Afnetaih” midads that the, biviobicall:ifaterigl ahd/d@ akGSthined release composition cannot pass
between the partitioning elements. However, the through passages allow flow of cultivation
medium introduced into the space outside of the compartment into the compartment and at the
same time outflow of cultivation medium out of the compartment (indicated in Figure 9 by
25  bend arrow). By changing the distance between the partitioning elements the inflow and thus
the shear forces on the material inside the compartment can be adjusted to meet the
requirements of the biological material inside the compartment.
[0043] However, other cells are more sensitive to shear forces and do not grow as in their
natural in vivo environment when exposed to shear stress. Therefore, to avoid shear forces on
30 the biological material confined in the compartment, in another aspect the through passages in
the wall (see e.g. Figure 9, space between the partitioning elements) are dimensioned such as
to allow through passage of molecules into and out of the compartment only by diffusion
(indicated in Figure 9 by bend arrow). “Diffusion” generally refers to the passive transport of

molecules from a place of higher concentration to a place of lower concentration along a



Therefore, the through passages in the wall (see e.g. Figure 9, space
between the partitioning elenents) are di nensioned such as to retain
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1066 Medium, Fischer's Medium, Glascow Minimum Essential Medium (GMEM), Iscove's
Modified Dulbecco's Medium (IMDM), L-15 Medium (Leibovitz), McCoy's 5A Modified
Medium, NCTC Medium, Swim's S-77 Medium, Waymouth Medium and William's Medium
25 E.
[0046] It is also possible to include additional substances in the cultivation medium which are
not necessary for the survival or growth of the biological material but for its development or
differentiation into a specific direction, e.g. a specific cell type. It is for example a desire to
control the development of stem cells in order to obtain a specifically differentiated cell type.
30 To name only two examples, to differentiate bone marrow mesenchymal stem cells (BMSC)
toward an osteogenic lineage, dexamethasone, ascorbic acid, and B-glycerophosphate are
added to the cultivation medium. For neurogenic induction of bone marrow mesenchymal

stem cells (-mercaptoethanol and a brain-derived neurotrophic factor is added to the

cultivation medium.
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20  irregular shapes are also possible. Such other shapes include a rectangular or a trapezoid. In

another example, the partitioning elements may have a semi-circular (see Figure 23A),
circular, or triangular cross sections or an elongated cross section. Partitioning elements of
other polygonal cross-sections, such as a square, hexagonal, pentagonal, octagonal etc. and
other shapes are also possible. It is also possible that neighboring partitioning elements are
25  connected at their bases with each other and would then be more similar to a wall having
wholes instead of stand-alone partitioning elements.
[0050] It is also contemplated that the vertical profile of a partitioning element does not
necessarily need to be uniform along its entire height, but can vary from the base to the top of
the partitioning element. Examples of such a shape include a semi-circle, triangle, trapezium
30  or square pyramid, or a cone.
[0051] In one example, an array of partitioning elements such as 30 elliptical micropillars can
be used to define a compartment wherein each micropillar is about 30x50 pm in size. In this
array of micropillars the distance between the micropillars is about 20 pm. The size of the

partitioning elements and the distance between the partitioning elements depends largely on



threshol d/ m ni mumw dth size. It should be noted that through passages of
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and bottom of the compartment arranged inside the channel as can be seen in the top view in
Figure 1.
[0055] As already mentioned, the first inlet through which biological material is introduced
into the compartment is also an element of the channel which can define a part of the
25  compartments circumferential perimeter (see e.g. FIG. 23A). However, it is also possible that
the first inlet 140 is arranged in the top or bottom cover layer of the channel as illustrated in
Figure 10A for the second compartment located in the right part of the channel. In this case
the entire compartment is defined by the partitioning elements.
[0056] In general the first inlet for the compartment can be arranged anywhere along the
30 compartment as long as it ensures proper introduction of the biological material in the
compartment of the channel. In one example, the first inlet is arranged at the side of the
compartment being located nearest to the second inlet of the channel through which the
cultivation medium is introduced into the channel as for example shown in Figure 10A. In

still another example the first inlet is arranged at a position along the longitudinal side of a



on either side of the conpartnment. Due to the fact that the cultivation
medi um can access the inside of the conpartnment fromtwo sides, supply of
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for every biological material located inside the compartment. In case uptake and discharge in
and out of the compartment is driven by diffusion the size of the compartment is limited by
the metabolic demand of the biological material located inside the compartment. That means
for example that it needs to be ensured that biological material, such as a cell located in the
25  center of the compartment, which requires a certain amount of oxygen per time is supplied via
diffusion with enough oxygen to ensure sufficient function of the cell. Thus, depending on the
biological material used the maximal dimensions of the compartment can vary. In one
example, a compartment has at least in one dimension a width of maximal 200 pm. In one
example the compartment has a rectangular or u-shape with a width between about 10 pm to
30 about 200 um. Such a compartment can extend through the channel over a length between
about 400 um to about 1 to 10 cm. In case the size of the through passages between the
partitioning elements allows transport of molecules in and out of the compartment only by

diffusion, the compartment can have a maximal width of 200 pm and a minimum width which



conpartment has a round, elliptical or u-shape. Wth a u-shaped conpart nent
It is nmeant that one side of the conpartnent is defined by a first inlet
(see e.g.wliguveae®) or a wall of the channel while the rersicricsgoeosies are
defined or delimted by partitioning elenments. [0058] In the exanples

described herein the conpartnent has dfd el ongated shape, i.e. the shape of
the conpartne IS, a long.stretched r.ectangul ar. or | i.ps.al al ch. ext ends
al'ong TRet SFel Feb T e o tage b B B O iefiah il s R oo 0o

As to tdeempditiRasi ons of the compartnent, in general each conpartnent is
di mensi oned such that uptake and di scharge of nolecules from each

conpar tIRB6R] The gobwer @it a gompaement tis Waripbls arcHicam b aderted pethsy desifede

entire . of IS | ' f
ol ecul EBIESioR; PEBEE EATMATAS Filbme B e LomPRRRGR baff RECRURE MRS Aso |
bi oogil®8lnl Natagbihet exangse e viohshels Hehecenaibpat I nietotabodtr20adse upt ake and

di scharge i.n and out of the conpartpent is ?riven.by di ffusion the size of
t he cor{ﬁaﬂmrﬁmf@r Framplecetdsast fee plethgishpanelsaeampised at lepst typ sPBPAmEnts

mat er i LS OfRREE [RAL for i %dﬁ@%ﬁg:%'éle ic&XAARkE! GR8t et
needs ?%)he{géﬁg%aggr%d;ﬁ}%%g?érﬁ%a%ogi cgtl Hﬁrrgt g)rrilgl , Suc éts éalccel | lTocated 1 n the
cent er cofnpattmendapsdovment exantyle in Figopei 10ds Imcase atchammeh noruptises imayg flgeronger

time is supplied via diffusjion w th enou 0X n to.ensure sufficjent
funct | GATBRRTISt BEIPPHITER AOREAT MO OH TG B G15gh Haehaeest it AGUEH  ne
me{pal it JiiRsABR Rt thdSohPFRAH I Mprisdihd/ @ik orl diffRAt KSRBERhEmatrial.
conpartnent has at |east in one dinension a width of maximal 200 mm |n one

exanpl 4006 Inoapan tchamtel herwpases auerariban eme enmparisienb shost chmaasiingnty chebgeen

about 10 mm o about 200 mm Such o) rfnent _can exten o

channel ar’@f}ﬁ?& P ARG 7 %?ﬁw\ﬁegh %%‘6% ? Oéoﬁp% {31 2§ o(t’ﬂeniedt ﬁar%& g i e%?ﬁ Og%ge t he
si ze ofwhdéintiifsQegh cRasogestvdpirnid rcohtpartiRhisi word ibe girahgstent Isavd 4 epie
transport of nolecules in and out of the conpartnent only by diffusion, the

conpar thebreencdhem i ouden ihallavhenltivgtionimesium do i betiMeen both FRPATIRERh whi chi s
at .l.ea i di e jhi. 0l.0qi er ¢ " I'ls,
retlgi nzgoéérqolt‘%eeg%%n%ﬂ&eﬁ%gﬁgﬁgg%]ﬁﬁbhg%odlgj)?%{:gllfle gﬁtgo%ﬁﬁ r?gérﬁnlg} g’?vglrgi abl e
and camieofhddiptceatinuout flewdisideethagdphneataylmvelarengtk betesep hbout$6 mmltame of
t he conpartnent can, vary between _about nl _to 100 nl..]ln another e l e
the voldbie |EoBet REight BAhugen st 20 it s0fum dgetidt hSee AL dinp! e,
at | east,ong @oot g, edpPekampRMe $Rih dF the@RdnnbMR ARUPBN0 BNt A WMARR&T N
each conpartnent 'has a first nl et for introduci ng biological material into

t he cortpaingnemidthsofsitonh 60® e xeypteenpirise Hoy examplen. campartasant docatraninethe
gg (ral ?ﬁ%rsltﬁg\géﬁbe{ %&é%d?ﬁiﬁ%&% vrgf"(ﬁfl gh 2|89 ﬁlgrhnpﬁ{et srlggcr:]et le%tabnet\l?/eeenotfhe _tvxba?l SATE

channel and the compartment has a width of 200 pm on both sides of the compartment. In

another example a channel is about 1.5 cm long and has a height of about 100 um.
[0064] The space outside the compartment takes up the whole space of the channel which is
not occupied by the compartment. The absolute size of the second area which is the space
25  outside the compartment is not essential for the cultivation of the biological material inside
the compartment and can thus vary over a wide range.
[0065] Depending on the shape, size and location of the compartment the space can be an
interconnected space as shown in Figure 10A or can be separated or almost be separated by a
compartment into two areas as shown for example in Figure 8. Thus, the dimension of the
30 space outside the compartment is determined by the size of the channel and the size of the
compartment(s) located inside the channel. The size of the space can be evenly or unevenly
distributed on both sides of the compartment. For example, the space on the right and the left
side in Figure 9 is evenly distributed. The width of the space on each side of the compartment

can be between about 10 um to about 500 um or 400 pm. In one case it has a width of about



It is also possible that the conpartnents conprise the sane or different

bi ol ogical material. [0062] In case a channel conprises nore than one
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compartment.
[0068] In case a channel comprises more than one compartment it is also possible to locate a
medium flow separator between the compartments comprised in the channel. When referring

25  for example to Figure 10A that would mean that a second medium flow separator in addition
to the medium flow separator 145 located at the inlet of the channel is located between the
first and the second compartment shown in Figure 10A which would result in keeping the
flow of cultivation medium separate in the space 190 formed on both sides of the
compartments 180 shown in Figure 10A.

30 [0069] For example, in Figure 8 a medium flow separator 145 and the first inlet 140 for
introduction of biological material are lying in the same plane. The first inlet 140 1is
incorporated as part of the medium flow separator 145. The medium flow separator 145 splits
the incoming stream of cultivation medium into two streams and guides them into the space

190 outside the compartment 180. Figure 8 also shows a medium flow separator arranged



section. A channel having anot her polygonal cross-section, such as a
squar e, hexagonal, pentagonal, octagonal etc. or any other shape is also
possi bl e.wé @i ofngdobui di ¢ conti nuous fl ow device havi ng perg&chiiRM60S
channel can conprise channels having different cross-sections. [0067] In
anot her aspect, the channel further cd®prises a nediumfl ow separator,
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channel[001}tFher medoinasflawateparators wenrhavg 4 [rowndishene tany ellipealmedi aval, a
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exanpl Figure 8 a nedium fl ow separator 145 an ' '
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conpartment 180. Figure 8 also shows a nedium fl ow separat or

ar r angdtiveevendn ather examplss theevidibraiar medinm flowaeparaion lying infidethej danedl t he

outlet of,.the chanpel. an outlet 170. A nedium fl ow separator
| ocat e&a?r}?es%ﬁ%eegagggtisﬁ%Rgg%&glqg@ﬁ%‘é descri bed as medium fl ow fuser as

t he nmeqooTn]fA avédign iflow Sepasip@decaed &itHe idléteofeochaandl@ith ao thdmund shedidanof it
fuses into one cultivation nmedium stream after passing the nediumf] %w
Seyggr atfipw separator 145 shown in Figure 8, can have a width which is”equal the width of the
compartment or exceeds the width of the compartment. For example, the round medium flow
separator 145 can have a width or diameter which equals the width of the whole channel, i.e. a
width between about 100 pm and 1000 pm. In another example the width or diameter of the
round flow separator is between about 50 to 400 pm and in still another example the width or
25  diameter of the round medium flow separator is about 200 pm.
[0073] The second inlet and the outlet of the channel are in general arranged to allow a flow
of the cultivation medium over the entire length of the channel irrespective of the shape of the
channel. Other than for example the microfluidic flow device referred to in Toh, Y.-C,,
Zhang, C., et al. (2007, Lab on a Chip, vol.7, p.302) the microfluidic flow device of the
30 present invention (see for example Figure 8) comprises only one outlet and one second inlet.
[0074] In case a channel comprises more than one medium flow separator the shape of them
can be the same or different. An example is illustrated in Figure 8. The medium flow

separator located near the second inlet of the channel has a round shape while the medium

flow separator located before the outlet has a wedge-shape.



[0070] The nedium fl ow separators can have a round shape, an elliptical, an
oval, a rectangul ar shape or a wedge-shape. Figure 8 shows an exanple of a

channel oQBRbicFI18@oa Medi um fl ow separator 170 havi ng ap¢e@dgseiseses Thi s
wedge- shaped nedi um fl ow separator 170 separates the two cultivation nmedium

streans flowing in the space 190 on th¥right and left side of the
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[0076] Furthermore, the microfluidic continuous flow device comprises a cover layer forming
the top of the channel. The cover layer can have any suitable optical transparency. A fully
opaque cover or one which is transparent, or one which is translucent material (thereby
permitting the transmission of a certain amount of light), may all be used. In a further
25  embodiment, the cover may comprise a biocompatible material that is transparent or at least
substantially translucent in order that the device is compatible for use with optical
microscopes which can provide a backlight that can be directed through the device in order to
provide a bright view of the processes occurring in the device during its use.
[0077] Instead or in addition to an optical observation of the biological material in the
30 compartment of a channel it is also possible to carry out a chemical analysis of the cultivation
medium which passed through the channel and exits it via the outlet.
[0078] Another aspect of the invention concemns the fabrication of the above described

microfluidic continuous flow devices. The template for creating the device of the invention

can be fabricated according to any technique known in the art, such as photolithography,



exanple only a part of the channel is nmade of a transparent material which
all ows observation of the biological material inside the conpartnent. Such

mat er i al swonelguAesopo! ymers, gl ass, silicone or certain pypge26isoiebal . 1n
one enbodi nent, the material for formng the substrate is a bioconpatible
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device during its use. [0077] Instead or in addition to an opti cal
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i t hography, 1 aser abl ation, hot enbossing, etcC. depending on the
include micromachined pumps, syringe pumps, diaphragm pumps, reciprocating pumps and
other pumping means known to those skilled in the art. It is also possible to induce the flow
of cultivation medium through a channel via capillary action. In one example shown in
25  Figure 17A the flow of cultivation medium through the channel is driven by syringe pumps
510 which are used to withdraw the cultivation medium out of the channels 530, which
means that those pumps create a negative pressure which drives the cultivation medium flow.
[0080] As the phrase “microfluidic continuous flow device” indicates, the flow of the
medium through the channel is continuous. A continuous flow of cultivation medium through
30 the channel is provided to ensure proper supply of the biological material inside the

compartment with all necessary substances for cultivation and development of the biological

material.



material used. For exanple, when fabricating devices using Si tenplates in
m croscal e and nanoscale, it is possible to use | aser ablation, etching or
hot enbosg gumﬂ&goelectron beam | i t hogr aphy respectlveggTSEQ

technlques are known in the area of microelectronics and mcro abrlcatlon
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[0084] Cell aggregates refer to a cluster of cells which is isolated from a biological tissue or
to cell aggregates which are obtained artificially. A “tissue” is in general considered as a
group of related cells which are joined together. The cells in a tissue are not identical, but they
25  work together to accomplish specific functions. In cell-dense and matrix-poor tissues of the
internal organs, cells support one another via cell—cell interactions, supplemented by small
amount of the extracellular matrices (ECM) secreted by the cells. It is a further object of the
present invention to post form such structures in the channel of the microfluidic continuous
flow device. It is known that cells cultured in a three dimensional environment which mimic
30 the in vivo display gene expression profiles and biological activities that resemble the in vivo
situation more closely than the cells cultured in a two dimensional monolayer (Abbott A.,
2003, Nature, vol.424, n0.6951, p.870).
[0085] One way to mimic this in vivo environment also in the channel of the microfluidic

continuous flow device is to form artificial cell aggregates. One way to form cell aggregates 1s



m crofluidic continuous flow device includes, but is not limted to
prokaryotic cells, eukaryotic cells, cell aggregates fromthe

af or ementy,gngf, (Fgéwp of cells and m xtures thereof. [Oogg]r/sgla&)s%(gzggt g:i .
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[0086] In another example dendrimer hydrazides are used as multivalent transient inter-
cellular linkers (Zhao, D., Ong, S.-M., Dendrimer hydrazides as multivalent transient inter-
cellular linkers, Biomaterials, epub 12 June 2008). Thus, in one aspect the present invention is
25  directed to a microfluidic continuous flow device comprising cells located in the compartment
of the channel, wherein the cells comprise an inter-cellular linker. The intercellular linker can
include, but is not limited to PEI-hy, ketone groups, cell-adhesion molecule (N-CAM),
dendrimer hydrzides, GPI-anchored proteins or mixtures thereof.
[0087] Another option to mimic the in vivo extracellular matrices (ECM) of the biological
30 material to be cultivated in the channel of the microfluidic flow device more closely is to
embed the biological material in polyelectrolytes. Polyelectrolytes react by complex
coacervation to form a polymer complex which polymer complex forms a three dimensional
polymer matrix that can be perfused by liquids and is permeable to substances necessary to

sustain the normal metabolic functions of the cells embedded therein and to products released



[0085] One way to mmc this in vivo environnent also in the channel of the
m crofluidic continuous flow device is to formartificial cell aggregates.
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consists of 25% hydroxyethyl methacrylate, about 50% methacrylic acid and about 25%
methyl methacrylate (HEMA-MAA-MMA). Other terpolymers that can be used are described
by Shao Wen et al who used terpolymers of different compositions for embedding living cells
25 (Wen, S., Xiaonan, Y. and Stevenson, W.T.K., 1991, Biomaterials, vol.12, p.374; Shao Wen,
Alexander, H., et al., 1995, Biomaterials, vol.16, p.325). These terpolymers consist of
HEMA-MMA-MAA or HEMA-MMA-DMAEMA (cationic 2-(dimethylamino)ethyl
methacrylate) whereas the latter terpolymer is positively charged.
[0091] Combinations of polymers from the aforementioned group can be used to form a
30  polymer matrix for embedding living cells in a polymer matrix. Exemplary combinations of
polymers in which a first charged polymer is reacted with a second charged polymer include,

but are not limited to the following: chitosan — negatively charged terpolymer, polyanionic

alginate - Ca®, positively charged collagen - negatively charged terpolymer, negatively



enbed the biological material in polyelectrolytes. Polyelectrolytes react
by conpl ex coacervation to forma pol yner conplex which pol yner conpl ex
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used are described by Shao Wn et al who used terpolyners of different
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the reaction time of the oppositely charged polymers in the channel. The permeability and
transport properties of the polymer membrane can be modulated depending on the
requirement of the biological material embedded therein (see e.g. US-2006-0019361-Al).
[0095] When embedding the biological material in the compartment of a channel in a

25  polymer it is also possible to extend the distance between the partitioning elements. When
embedded in a polymer the biological material will not pass through the through passages
between the partitioning elements even though the diameter of the biological material might
in some cases be smaller than the distance between the partitioning elements defining the
compartment.

30 [0096] Another possibility to localize the cells within the compartment of the channel is to
coat the surface of the compartment with a capture molecule. Therefore, in one aspect of the
present invention at least a part of a surface of the partitioning elements, and/or the bottom
and top of each of the channels lying within the compartment and/or the circumferential wall

defining a part of the compartment are coated with at least one capture molecule. The use of



[ 0091] Conbi nations of polyners fromthe aforenentioned group can be used
to forma polyner matrix for enbedding living cells in a polyner matrix.
Exenpl ar yweoitydigdopons of polynmers in which a first chapgegcBlsi®osi s
reacted with a second charged polynmer include, but are not limted to the
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Ca2+, positively charged collagen - negatively charged terpolyner,
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t hrough the through passages between the partitioning elenents even though
t hé0di aplippprotein ﬁkob g}yp@&l@apowﬁq aptuegl hlgflg:hbmdmg siteS that can be modified so

that they bind to selected small protein regions known as haptens. Examples of other

proteinaceous binding molecules are the so-called glubodies (see €.g. international patent
application WO 96/23879 or Napolitano, E.-W., et al., 1996, Chemistry & Biology, vol.3,
no.5, p.359), proteins based on the ankyrin scaffold (Mosavi, LK., et al., 2004, Protein
25  Science, vol.13, no.6, p.1435) or crystalline scaffold (e.g. internation patent application WO
01/04144) the proteins described in Skerra, J. 2000, Mol. Recognit., vol.13, p.167),
AdNectins, tetranectins and avimers. Avimers contain so called A-domains that occur as
strings of multiple domains in several cell surface receptors (Silverman, J., et al., 2005,
Nature Biotechnology, vol.23, p.1556). Adnectins, derived from a domain of human
30 fibronectin, contain three loops that can be engineered for immunoglobulin-like binding to
targets (Gill, D.S. & Damle, N.K., 2006, Current Opinion in Biotechnology, vol.17, p.653).
Tetranectins, derived from the respective human homotrimeric protein, likewise contain loop
regions in a C-type lectin domain that can be engineered for desired binding (ibid.). Peptoids,

which can act as protein ligands, are oligo(N-alkyl) glycines that differ from peptides in that
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biological material in different sections of the compartment of a channel of the microfluidic
continuous flow device. For example, in case different kinds of biological material, such as
different cell types, are introduced into the compartment of a channel those cell types can be
25  localized in different order within the channel in order to rebuild the natural in vivo pattern.
[00100] The use of capture molecules for binding of the biological material also allows
introducing biological material into the compartment which would otherwise due to its size
pass through the through passages between the partitioning elements.
[00101] It is also possible to combine the aforementioned methods, such as the use of
30 capture molecules, linkers and polymer matrix to support formation of an in vivo like
microenvironment within the compartment of a channel. However, it should be noted that the
microfluidic continuous flow device of the present invention can also be used without using
capture molecules, inter-cellular linkers or polymer matrices. The aforementioned means can

be used for specific applications but as shown in the experimental section biological matenal
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ki nds of biological material, such as
properties include, but are not limited to solid lipid nanoparticles (SLN), gamma-

polyglutamic acid, poly(ethylene glycol) (PEG), poly(glycolic acid), hyaluronic acid, poly(L-
lactic acid) (PLLA) and its copolymers with glycolic acid (PLGA), natural materials, such as
25  collagen, alginate and fibrin. Also the biodegradable polymers referred to above for the
formation of a polymer matrix via complex coacervation can be used as material for the
manufacture of sustained release compositions.
[00105] In one example gelatin is used as sustained release composition. Gelatin is a
commonly used natural polymer which is derived from collagen. The isoelectric point of
30 gelatin can be modified during the fabrication process to yield either a negatively charged
acidic gelatin, or a positively charged basic gelatin at physiological pH. This theoretically
allows electrostatic interactions to take place between a charged biomolecule and gelatin of
the opposite charge, forming polyion complexes (Young, S., Wong, M., et al., 2005, J. of
Controlled Release, vol.109, p.256).



different cell types, are introduced into the conpartnment of a channel
those cell types can be localized in different order within the channel in
order to webvidHedohe natural in vivo pattern. [00100] Therksgorkiooespt ure
nol ecul es for binding of the biological material also allows introducing
bi ol ogi cal material into the conpartnm@d which would otherwi se due to its
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materials with sustained rel ease
are 1mmersed in an aqueous solution of hydrochloric acid (pH 3.0) for 1 h and then washed
with water to deactivate and remove any unreacted crosslinker.
[00110] A variety of shapes can be fabricated from these block hydrogels, ranging from
25  disks, to cubes, or strips by punching out or cutting them using a knife. More complex shapes
such as tubes can be formed by running the crosslinking reaction within a mold of the correct
configuration. After thorough rinsing, the fabricated hydrogels are freeze-dried and sterilized
in ethylene oxide gas.
[00111] High porosity controlled-release scaffolds can be manufactured by using the
30 fundamental techniques of crosslinking, swelling, and lyophilization. Briefly, glutaraldehyde
is added to an aqueous solution of gelatin and the mixture is poured into a polypropylene
mold for 12 h at room temperature to allow for crosslinking. The hydrogel is then treated with

an aqueous glycine solution to quench the crosslinking reaction and washed with double-

distilled water. The swollen hydrogel is then frozen, allowing ice formation to act as a



properties include, but are not limted to solid |Iipid nanoparticles (SLN),
gammapol ygl utam c¢ acid, poly( ethylene glycol) (PEG, poly(glycolic acid),
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ad ligousfo;s g|11l1Jit11i a?q °C, and the crosslinking reaction is quenched by agitating the microspheres in
10 mM aqueous glycine solution at 37 °C for 1 h. Lastly, the microspheres are washed three
times with double-distilled water and freeze dried in preparation for sterilization by ethylene
oxide.
[00113] The advantage to using gelatin as a carrier for controlled release is that polyion
25  complexation can be used to load the substance to be released into the matrix under mild
conditions. If, for example, the protein to be released is present in the aqueous solution of
gelatin during crosslinking, its effect will most likely be lost because of chemical
deactivation. By simply preparing an aqueous solution of the protein and dropping it onto the
freeze-dried gelatin carrier, allowing for sorption of the protein to the matrix and its
30 subsequent sustained release in vivo through degradation of the carrier avoids this problem. In
addition, this method provides a highly reproducible way of quantitatively loading charged
biomolecules such as basic fibroblast growth factor into gelatin hydrogels regardless of their
crosslinking extent, as long as the hydrogel mesh size is large enough to allow for inward

diffusion of the biomolecules. Freeze-dried gelatin hydrogels are rehydrated with a solution of



of glycine at 37 Cfor 1 h to block residual aldehyde groups of

gl ut aral dehyde, and then rinsed with water. |f water-sol uble carbodiimde
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[00117] Examples of growth factors are those which belong to the following family of
growth factors can include, but are not limited to the fibroblast growth factor family (FGF),
the hedgehog family, the Wnt family, the TGF-8 superfamily including the BMP family
25  (classification derived from Developmental Biology, 6" edition, Scott F. Gilbert, Sinauer
Associates, Inc., Publisher, p.149-153).
[00118] Individual examples of growth factors include, but are not limited to such as
human growth hormone, bovine somatotropin, porcine somatotropin, insulin-like growth
factor, epidermal growth factor, erythropoietin (EPO), bone morphogenetic protein,
30 Epidermal growth factor (EGF), Hepatocyte growth factor (HGF), basic fibroblast growth
factor (bFGF or FGF-2), Acidic fibroblast growth factor (aFGF or FGF-1), Myostatin (GDF-
8), Granulocyte-colony stimulating factor (G-CSF), Transforming growth factor beta (TGF-
B), Thrombopoietin (TPO), Platelet-derived growth factor (PDGF), Granulocyte-macrophage



crosslinked by placing theminto an aqueous sol ution of glutaral dehyde and
stirred at 4 Cfor 15 h. Collection of the crosslinked m crospheres is
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substances can include, but are not limted to cytokines, chenokines,
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sust ai nggh 71§ ease,GRITRASHE! NPSctCHR present invention refers to a microfluidic continuous

flow device comprising:

= a first channel and a second channel each comprising a first and a second area,

wherein the first area is a compartment which is defined by partitioning

25 elements and the second area is a space arranged or located outside the
compartment;

* wherein each of the channels has a first inlet for the compartment, a second
inlet for introducing a cultivation medium into the space of the channel
arranged outside of the compartment, and an outlet;

30 = wherein each of the second inlets and each of the outlets are arranged such
as to allow a flow of cultivation medium through the channel; and

= wherein each of the second inlet of the first and second channel is in fluid

communication with a common cultivation medium feeding line.
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sustained release compositions and several channels w1th dlfferent kmds of biological

material allows cultivating multiple biological materials at the same time without the need of
providing specific cultivation media for every biological material.
[00125] This can be illustrated by the following example. A microfluidic continuous
25  flow device is used which comprises two channels, wherein the cultivation medium inlets of
these two channels are connected to a common cultivation medium feeding line through
which a 1:1 mixture of DMEM:F12K is fed as cultivation medium into both channels (see for
example the two channel configuration in Figure 15 or Figure 20B). In this example, the
compartment of the first channel comprises A549 cells and a sustained release composition
30 releasing transforming growth factor  The compartment of the second channel comprises
HK-2 cells and a sustained release composition releasing epidermal growth factor (EGF).
Transforming growth factor o can promote A549 growth but would inhibit HK-2 growth. On
the other hand, the epidermal growth factor (EGF) can promote HK-2 growth but would
inhibit A549 growth. In the exemplary configuration mentioned above only one type of



or even nore. Wien conbining several mcrofluidic continuous flow devices
much hi gher nunbers of channels can be obtained. Due to the fact that
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first channel and a“second channel each conprising a first and a second
area, \betheirrgréwdh. first area is a conpartnent which is defined by

partitignj el enpnts and the second area,is a s e,.arranged gr | ocated
bt 51 odOPIBTcOrmal pisfoLs gBrTH B Feobr e SnERARUC RARISH Ry RREET o
t hescoraiyea it ﬁrs@-aﬁ@‘éﬁl’)‘@tb Higémb&dimeht r oduci ng a cul tivation nmediuminto

t he space of the channe arrant%gd out si de of the conpartnent, and an

out | et :[OMMHei n dacinogfer taspect.etbernresent évention refarshtood migeotlyidic coatingaus
arrang sych as to.allow a flow of cultivation nmediumthrough the channel;
and wh Oé’fﬁevé%ec%"“aﬁmf’}%e second inlet of the first and second channel is in

fluid communi cat i Dfirsttlidinel £draeeBotditHaniélteactn coraptising & €iediand al secend] €4 22]

I n anot her aspect the through passages which are forned between the .
partitioning el enffreingthe HiSheRe tnadcompartmeat vehick igidsfiged ity Bytigning
material inside t ETBQ{ r REWTT .are

di rrgns! oned to al l%vglgupp t?/]gg&or?gIa(raégBF%gﬁal{cﬁtogisgur?c}ﬂgﬁ(?hﬁmﬁﬁg’ conpartnment by
di ffusion only. I|n siietdin @adt bénhasheanilst e & dirpamiereinto denpormpatnent, a

bi ol ogi cal material. [00123] _An. I f thi dfi t
illustrated in Fi guF‘é’[oﬁg.m]BLéort B‘%réa%%f‘g@? C‘llﬂ‘éf’lttlsogs E&IB’P‘I {C”rtl‘g%gegg%‘r‘:ﬁs(?fnﬁhgt 240

of the first and secondochanpel oisideBr HelothRRAMBINLARLA BRI Lh a common
cultivation nediumfeeding ITne 210 as illustrated in Figure 15 it is

possi bl e to supply sdemsimbachirdiinesesond irlets hed eapheofdhd outless arorarmgpggdsucht t he

sa tinme. It is also sible that, thi.s m¢rofluidic cantinuous fl ow
de{ﬂgce conpri ses rmf‘%m[paﬁffﬁ'?aﬁwé‘rﬁlﬁﬁlﬁlgﬁté?n@ﬁ@ﬁmzf?%gh%e%’,ange,g’%61,5 12, 16 or
even nore channels ivhepietéitbicRd thOXEBA] cHannéangé Neidipedigetted Reeach other
m crofluidic continuous flow device in which the cultivation nediuminlets

(second inlet) are ®dareiethedoutist of damfieh channel iaflpighy fenegied to the second

inlet of the second channel.

[00128] In another aspect the through passages which are formed between the
20  partitioning elements are dimensioned such as to retain a biological material inside the

compartment or the partitioning elements are dimensioned to allow supply of molecules into

and out of the compartment by diffusion only. In still another aspect the compartment

comprises a biological material.

[00129] This specific example can be used to simulate the sequence of different tissues
25  within a living organism. Due to the fact that the cultivation medium inlet of the second

channel is not connected with a cultivation medium feeding line but is fluidly connected with

the outlet of the first channel all metabolic products from the biological material in the first

channel which have been transferred out of the compartment in the stream of cultivation

medium are introduced into the second channel. This specific set up of a microfluidic
30 continuous flow device resembles the natural order in a living organism in which the body

fluid, such as blood, flows from one tissue or organ to another one.

[00130] In another aspect, the microfluidic continuous flow device comprises multiple

channels, wherein each channel is fluidly connected with a subsequent channel, wherein the

fluid connection is established between the outlet of a preceding channel and the second inlet



feeding line can al so conprise at | east one sustained rel ease conposition
which is |ocated together with the biological material in the conpartnent
of each chenumlei168bhi s conbi nation allows to cul ture differsctodsioodogi cal
materials in different channels of the mcrofluidic continuous flow device
but at the same tine all channels are35ed with the sane cultivation nmedium

Al'l substances specifically required by different bi.ol ogical .materials can
be sup i B SB?/S_eﬁﬁ"é’ct ANARRELy @é%@(asmiﬁ d_é?lfll’{?né’a%ﬂ‘_?lﬁ of nggégtﬁllillﬁ eC_OEHB’é‘?“ﬁn ces
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different annel s. Thus, the conbination of sustained rel ease conpositions
and sevi@dadl]channial gillvandtheli éxaerpds tthi immidofluidibicontoyiovs|flowatdevica compligass

| tivating, myl tigle biologi ials at .th ] i.Lhout th d
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continuous flow device is used which conprises tw channels, wherein the
cul ti vamaterialsedihumsubstanescaning frogea prayici shaniek toallove preneicudtay atign dlndbigmon
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channel exepipldrdy irdFigare 18) the Gutled ol b fivst chiugiel CodPMing luhgtdells (wxmapAG49Y se
conpartment of the first channel conprises A549 cells and a sustai ned

r el eas efluidhyreaneqteshtor respihergh voichicagpgpolive (FusbtasrHepG2GaAL &KfIEYt ment

of the 0, e C | - ] i .
cor%t}:())osi @?‘g’n&%ﬁteégp ﬁg}fatecgggggrll %ﬁ?s gllrﬁg\ig\:/tyﬁﬂfr%%lt %drﬁ%(cg%é#.%ﬁlrrans %reﬂﬁfﬁ%ecg Ploc\(/avt h
factor of theso fqurosrghes AS4ft gugplivebuind wddhey arehibei thrddvi2al gorgash witbndrulge
ot her hand, the epidermal growh factor (E C raonote HK-2 owt h. but
woul d i metRBelic %5’4’8‘@@%??{?3 ’rs-f*hez@ﬁef%ﬁﬁg’i‘ﬂ%%%m&ﬁ’PﬁfToﬁd rﬂ'}(%eg‘t’ta‘ﬁove
only On&ngig&%d%%ﬁb&m 8 whthRR v P REdudsled Body\WeidRivhdifedtisis R eﬁ@ﬂgfl\]'ave

types can be grown I n different channel s even though both cell types

di f f er erdlance dSchafflents., Adulla-Itadeers ippeerkn206fe dduldcling Rekigvs, yeloim mo.5,

[ 00126] A%J previ ous comments with respect to the mcrofluidie continuous
RIHER described at first also apply to this enbodi nent. [00127] In

anot herrogspgct , tAoREE I8 leellNYRNpérBRed yethe $atneA cilltiCat@dn Hiediven,CBBY istillous

fl ow device COTTEI‘_I sing: a first channel and a second channel each

conpr i sixpgrienceitheir speeifie sobibimtierpenyiropmentsi fuethe migrefluidicegpntigugps flow

compar { Jle W §2 12 d%ly QesiY RALA Tk 80L No8LC BNt Minte) TR CORATDIA! ©2

is a space oultsi e Yhe conparinent; ‘wherein each o Ehe thannel § has 'a

first imipRthalent cahhige ¢apgameed it , tha multi-channel system as an illustrative proof-of-

20  concept study showing that, the cells cultured in different channels can still communicate with

each other, and will therefore response collectively to a drug.
[00133] It should be noted that it is also possible to culture different biological materials
in one compartment of one channel in order to simulate for example the structure in an organ
of an organism. As mentioned before culturing different biological materials within one
25  channel can either be achieved by introducing them one by one or by coating the surface of
the compartment with capture molecules which bind to different parts of different biological
materials.
[00134] All previous comments with respect to the microfluidic continuous flow device
described at first also apply to this embodiment.
30 [00135] In still another aspect the present invention refers to a method of cultivating
biological material in a microfluidic continuous flow device, wherein the method comprises:

«  providing the microfluidic continuous flow device having a channel;



second inlet for introducing a cultivation nediuminto the space of the
channel arranged outside of the conpartnent, and an outlet; wherein each
of the segenthovikehs and each of the outlets are arrangegrxdshsasobd all ow
a flow of cultivation nmediumthrough the channel; and wherein the first
and the second channel are fluidly corBrtSect ed to each other wherein the
outlet of the first channel is fluidly gnected to the secong inlet, of the

second chahnelWherein 1bgrhangel Gompises ésﬁﬁﬁcﬁn tAheeCOR 58 VISEIR M BIShATSRHS &r e
formed between, SrtfiRh Wwhid g'st ﬁﬁé@gg alt%n%,gﬂhl%ﬁﬁﬁfsoa}ﬁdthé%bmﬁasakg i§ gtain

a biol ogi cal mat I nSi e Cco rtment or the partitioning elenents
are di nensi oneﬂademlmwe)ﬂwesumphmneﬂt nol ecul es into and out of the
ect e _.conpart nent

conpar t ment by diffu onl In.still_ ano

compr ses  bgieEn daoTRl PETiRS Vg SRR DORER M LertilamE SR bR used

to gimulate tlgnsREMRACsudl adlith! REARTA tul&ggl%a WiddHal ahd aviRtiKOesn Due
to the fact that the cultivation nediuminlet of the second channel is not

connect ed wi t lsompositibn usidedhe eaapartméngedi ng |ine but is flui dI y connect ed
with the outlet of the firs rretabllc duc e

bi ol ogi cal " mat"SIEFEr tF% ¢ ?fg‘e P?%?r}grﬁlaﬁﬁ%t fOMPtE% Yiiie 182 Caﬁ f%aﬁ%qa rllr'lg)dthgut of
the conpart rrer&bmgFanﬁlaﬁt atse@md iflfet €3 ihiry@icingnculieitidimaddeurh it edipaeelof theo t he
second channel his specific set up of a mcrofluidic continuous flow

deV| ce resenbichanneharanged oatsidgraféhe ¢ompariment,4gd 6rGEHFS M i n whi ch the body
03'930] such agx{l% é;fﬁ)qhe s!:c;%\ﬁ,f\i fe?%&) it F{dl?eg%e %a &agbcho SPRCINSY 206w of

| n an aspec m CI’O 1 C con nuous | ow devi ce

conpri ses nul tcunivatlsrhﬁmdﬁxhsmrm@hrtm chapaelh channel is fluidly connected with
a subsequent channel wherein the f|UId connectjon is established between
the out'l et NYPIUCIRE o? eBiolRgiGah JMAterak ARd; Re SUtaBSHl TeleAsh &Pmcpﬁémgﬁb%%]u@ﬁt

channel . 'Ebrﬁ}?elrﬁnéiﬁ@@tlh@ MIH pl e channel's of a mcrofluidic continuous

fl ow devi ce e connecte In séries to resenble the flow of a nediumin a
| i ving organi Svhere[1ﬂ0ﬂ8]silstdune(kImlbdseam)mmelttloe)«alcpﬂiﬁs attlhast wine rsobstesati which

conti nuous fl ow devic [ | tiple chann wher |nt eoutlet of
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subsequent Ch@{mﬂ{%|c%1tl\§g6§§ﬂeﬂ'ﬁ§nla§1dl s required to supply different

bi ol ogical materials with a substance comng from a previ ous channel to

al | ow pr op@anspgttmgvmwlbnathnnmpﬁnm s sultivption b Swdhielegicehmateaiak thapeehf thgi dl y
comest &9 LRghlHblSlppl 3, L[t chemnel, A5 shown eremplatily In
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( SUCh 6gerx|1_|eenpt)sc;2 a/rec3 d'?\r)nensiicl)r(ljer(]iezuch as to allow supply of molecules into and out of said
compartment by diffusion.
[00137] In another aspect, the present invention refers to a method of cultivating
biological material in a microfluidic continuous flow device, wherein the method comprises:
«  providing the microfluidic continuous flow device having a first and a second channel;

25 «  wherein each channel comprises a first and second area wherein the first area is a
compartment which is defined by partitioning elements and the second area is a
space outside the compartment;

- wherein through passages which are formed between the partitioning elements
are dimensioned such as to retain a biological material inside the compartment;

30 » wherein each channel has a first inlet for introducing biological material into the

compartment, a second inlet for introducing cultivation medium into a space of the
channel arranged outside of the compartment, and an outlet;

wherein each of the second inlets and each of the outlets are arranged such as to

allow a flow of cultivation medium through the channel;



(such as HK-2) and fat cells (such as primary human adi pocytes). The

rationale for the choice of these four organs is that lung, |iver and
ki dney angot208/dibdege vital organs with drug netabolic agbirichi®moeohewei t a,
S. A, 2000, Current Drug Metabolism vol.l, p.107). Fat is considered an

endocrine organ which actively regul at3s body wei ght honeostasis and energy

bal ance (Schaffler, A, | | er- Ladner ) | ., 2006 ndocr.i ne Revi ews,
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can be int ﬁoguqetd_ into the nulti-channel systemas an illustrative
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collectively to a drug. [00133] It should be noted that it is also possible
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the surface of the cgnpartnment with capture | ecul es which hind to
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at r’f]@sﬁsot%ea gstgmg%fﬁqg{s%ggﬁﬁ?gﬁ%%%%?%ﬁablf8%%%%%&P%¥§te I;(ltlg'l anot her aspect the
present[00A4nt i onlnr edcther 8speet thet pedend finventionvaférngoba ohabod aif emtietingl i n

a mcrqfluidic continuous flow device eregint net hod conprises:

o vt d Higoeka mAER B R e ot erAeLs Bt e otsrde by e RARR Soher o n
the Channe{)roe 1R 1h2 §Siceduidis boiflods A6F ABdicah®anyB & fiald hREcondchhnd.ea is a
conmpartnment which is defined by partitioning elenents and the second area

i s a space* outdiern eich dunpelracompnises avfiest ana sepond greapubereigdbe fifit @reads @
fored between the partitionin | nts..are di i.on S Jetain
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conpart ment ; wpgleutsiddithe cbmpadhemtas a first inlet for introducing

bi ol ogical material into the conpartnent, a_ second inlet for introducing
cul tivation nediersn ithroBgh passagss which pee forash Between sheypatitoniag glempnts s

conpartnment, %ﬂﬂex‘%ﬁbn%ﬂtsha{ as to retain a biological material inside the compartment;

- wherein each channel has a first inlet for introducing biological material into the

20 compartment, a second inlet for introducing cultivation medium into a space of the
channel arranged outside of the compartment, and an outlet;
wherein each of the second inlets and each of the outlets are arranged such as to
allow a flow of cultivation medium through each of the channels;
«  wherein the first and the second channel are fluidly connected to each other wherein
25 the outlet of the first channel is fluidly connected with the second inlet of the
second channel;
introducing biological material into each of the compartments via each of the respective
first inlets; and
transporting a cultivation medium through the first and second channel by introducing a
30 cultivation medium into the first channel via the second inlet of the first channel.
[00140] In one aspect the through passages which are formed between the partitioning
elements are dimensioned such as to allow supply of molecules into and out of said
compartment by diffusion. In another aspect the method also comprises introducing at least

one sustained release composition into one or each of the compartments.



wherein the second inlet and the outlet are arranged such as to allow a
flow of cultivation nediumthrough the channel; introducing a biol ogical

mat eri al p?o%@?ﬁ)ﬁai ned rel ease conposition into the c?gﬁgrgé@?%g?z\g%a t he

first ini el'n the sustained rel ease conposition east
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same compartment.
[00143] In still another aspect the present invention refers to a kit comprising a
microfluidic continuous flow device of the present invention. Those kits can further include a
biological material or at least one sustained release composition comprised in the
20  compartment(s) of the microfluidic continuous flow device of the present invention or both, a
biological material or at least one sustained release composition. Furthermore, such kits can
also comprise at least one cultivation medium which is suitable for cultivation of the
biological material comprised.
[00144] The above described microfluidic continuous flow devices, methods and kits
25  can be used for carrying out cell migration studies or gene expression analysis, or cellular
function and differentiation studies, or disease diagnosis, or drug or toxicity testing. The
devices can also be used as an early drug screening tool in the development of new drugs. In
this case putative drugs are fed into the channel and the reaction of the biological material
inside the compartment is tested. Those drugs can be added to the cuitivation medium or can
30  beloaded into sustained release compositions.
[00145] By "consisting of" is meant including, and limited to, whatever follows the
phrase "consisting of". Thus, the phrase "consisting of" indicates that the listed elements are

required or mandatory, and that no other elements may be present.
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of said conpartnent by diffusion hi another aspect the nethod al so
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invention refers to a nethod of cultivdting biological material in a

i crof | yj di t] f1.ow device. . wherein th t hod i ses:
or ovi i [3T461e ot BBy FTBRE s ek e e Bub P TR S BR ¢ laweymg
second GHAMGpridAS" eTKusE a8 ofCtha it "ORIPRkInE® Sndicdtés thht @B disted ehGfdills aleea

wherein the first area is a conpartnment which is defined by partitioning

el ementrequirel arhmanslatasyicbud thed othsr elemgats arepntionaleandHpay erripay BotdSIesshler ei n

t hr oug ages ich are f.or t titd ani re

di nens r@ﬁg@such SRR nasilﬁugaIF‘)glivo?(51\(\51/%?%aleEl %gfegr?lﬁla S]hﬁgtlklgg)eﬁgg 1cg&rrf)nar Crent ;
whersei nagafe sthamyellenhé@ft 6 Eliemehts) Nikifatib®rori Ihitaibig] net Bpedifogileadiscrodedr i al
into the conpartment, a second inlet for introducing cultivation nmedium

into a heseieeThes, tfhe examapl§e theateran gemmipng deingludings,” ccomfuaRinge mic. sBaly bsn
tlet; in: . ad i ch t
glrjr aﬁgergx\és]ggﬁnggg%&aqo%@/’vggt ?I?lgtw of IACHSFI E@eg?’?tggqrreds? %ljnr%f t rr‘gﬁg’k‘gég“éh }%fi t he

channel Isereinhav €been lived fas naimsasfdies driptoa @ad ot bfiméthtian, eanfl Ithire is/ne orergohed t o
each other wherein the out]et of. the_ firsf channel. is fl ¥i dly connect ed

wi th tH8 BeEdmel fuchdermyy andexpeessiond Ot FFHERS ain T BYRlenta 91 Hicofeagreanown
MLy ! alnd (AGiRAGR REidMIMEWRB0 FHNERoMliRCRE Y lous ModiRHPBA! hitDoSlibR!

inlets; and transporting a cultivation hediumthrough the first and second
channel withini th¢ scehecofhtheanverdtionvaddimed. Tewh, inshiontdobe maddrstogd thdtatthedgh/ihg t he

second inlet.of the first channel 0014 I n._one aspect..the through
passage%re?ﬁﬂf dFventen g egn bgé’F%ggﬂlyt h‘égﬁﬁﬁ%{ Py ipé?ﬁgﬂﬁge@ﬁﬁ)r?gml%ﬁ%?gé d’lpﬁ'@ﬂ%li oned
such asfehtfred! MW RHRGH ¥nd® ¥ ariRiof GRS invBitnd REhbOHTed RherSi 1tbr&if WRRIJsBE Rayby

di ffusion. I n another aspect the method al so conprises introducing at |east

one susheatesedted & dasthoswalplsd tin dhe artt and that scle aeedifieatione and variations are
conpart nent,s. [00141]..The fl ow raf.e. .le cul tivation nmediumthrough the
space iCr?ntc‘lﬁgreég%‘r%%é’lllthw&lﬁgsc%p\lljgtosﬁg"gfﬁ’g{l‘gc}l(jrrpartrrent depends on the

bi ol ogi[oal48Tat er i Phe fivkhtisrehlasvbdehidesdribed besadby dnepénericallyohaeims Bectt obthet he
present invention the cultivation nmediumflows thr ou,gh,eg)ch chantgzel
conpr i SRAFOWST spRsiatiand sEbgngTe SrogRtneh fAliae Withip the gencaicsisclosprelsor 19f8 PBEt ween

about 30 b/ iflvdrioRPIMls FERAEL Ak eiieri® RN Che!ihvértiof #Rh AOHBVRb Grt at

the flowrate in different channéls is
negative limitation removing any subject matter from the genus, regardless of whether or not

20 the excised material is specifically recited herein.

[00149] Other embodiments are within the following claims and non-limiting
examples. In addition, where features or aspects of the invention are described in terms of
Markush groups, those skilled in the art will recognize that the invention is also thereby
described in terms of any individual member or subgroup of members of the Markush group.

25

EXPERIMENTAL SECTION
[00150] Manufacture of a microfluidic flow device
[00151] Microfluidic channels with micropillar arrays were designed using AutoCAD

(Autodesk, USA). The dimensions of the microfluidic channel were 1 cm (length) x 600 um
30  (width) x 100 pm (height); and each microfluidic channel has an inlet for supplying biological
material into the compartment, one inlet for supplying medium into the space outside the
compartment and one outlet. An array of 30 x 50 um elliptical micropillars with a 20 um gap
size is situated in the center of the microfluidic channel, bounding a cell residence

compartment that is 200 pm wide. Silicon templates were fabricated by standard deep reactive



different. Different flow rates could be usable when culturing different
biological materials in different channels. [00142] In another aspect the
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nmedi um @o15AN be Fawdefdion dfpreufiaticrdMSalabse conpositions. [00145] By
"consisting of is neant includin and limted to, whatever follows the
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20  via soft lithography the AutoCAD® drawing shown in Figure 22 C is translated into the
master, which is a silicon template coated with SU8 2010 photoresist. A 1:20 PDMS mixture
(1 part curing agent, 20 parts PDMS) is spin-coated on to the silicon template at 1500 rpm for
30 seconds, forming a 15 um layer. After being baked at 65°C for 20 minutes, the thin layer
of PDMS valves is peeled off and can be aligned with the layer of microfluidic channel to
25  create a system of 2 layers of PDMS. After alignment, the two PDMS layers are kept at 65°C
for at least 4 hours and brought together. The valve can be positioned on top of the channel of
the microfluidic continuous flow device directly before the or after the second inlet or the first
inlet. The dimensions of the valve depend on the dimension of the microfluidic continuous

flow device. In one example the dimensions are about 200 x 200 um.

30 [00154] Setting up of an operational control system including the microfluidic flow
device
[00155] The pneumatic valves are directly controlled by pressured gas. Thus, to

precisely control the pressured gas which is the driving force of the pneumatic valves, an



absence of any elenment or elenments, |limtation or limtations, not
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Aut oCAD (Aut odesk, USA). The dinensions of the mcrofluidic channel were 1
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t enpl at re fabri ed..b a I Lveal i

processa%?A cé{? télle, Bf&é %@eﬁe %Hg%ﬁn{bgr Fg‘??@.ﬁﬁ?% p%ﬁg%égeﬁgg%fgﬁ{ﬁg%n% tgﬁﬁgd by
repl i canicedfiliidig qeolce( Ak omt byl sieh dean &iglreDVE) culydtipar ahedi@h fidowtiGotwo ng,

LJ ?@éofwﬁgq%ggﬁgﬁfmgg%degéfoio eirtlgh iinsﬁ,lsetdhi(laltom.t}i(et c ra%néi]; a(ézlfigli I%ﬁusa,1 q}?en Ecvvf;Jl nd
channels are fluidically linked.
[00158] Introducing cellular aggregates into the microfluidic channel
[00159] Cells can be introduced into the compartment of the microfluidic flow device
in a mixture of single cells or as cell aggregates. Cell aggregates tend to fill up the
25  compartment of the channel faster than single cells as the cell aggregates are stopped more
effectively by the pillars and as the aggregates are larger than single cells. In one example
such 3D cellular aggregates are pre-induced before introducing the cells into the compartment
of the microfluidic flow device. In order to induce 3D cellular aggregates, the cell surface can
be modified to generate reactive target sites for ligation. In this example a chemical
30 modification of the cell surface is carried out. Therefore, a transient polymeric inter-cellular
linker with multiple hydrazide handles on a polyethylenimine (PEI) backbone has been
synthesized and characterized to react with aldehyde functional groups on cell surfaces,

modified by sodium periodate, to induce cellular aggregation (Figure 19) (Ong, S.M., He, L.,
et al., 2007, Biomaterials, vol.28, no.25, p.3656). This product is referred to as PEI-hydrazide,



over the silicon tenplate and cured at 65C overni ght before peeling off.
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control systemincluding the mcrof|uidic flow device [00155] The pneumatic

val ves ozbigal ah&l@eﬁgﬁc@m L&A bRptgsing s 3P epmghd7 °Frng humddibed epeisgprmerdnt r ol
t he prefﬁygg gas which is the driving force of the pneumatic val ves,
anoper ational control systemis set up. Figure 16 illustrates the set-up of
an exerpdBe2y operkExangied fof othier plultdyatdne mterldetlulpa dinkers kreddedrimec bpdrazided by

| astic tubings to a pressure
P 20  For example, multivalent inter-cellular linkers were hydrazide derivatives of ethylenediamine,

DAB-AM-4, DAB-AM-8, and DAB-AM-16, synthesized in a 2-step reaction. Firstly, the
primary amines were reacted with methyl acrylate to yield the intermediate esters of
ethylenediamine ester, DAB-AM-4 ester, DAB-AM-8 ester, and DAB-AM-16 ester. They
were verified by the appearance of a methyl ester peak at 6=~3.62 ppm in the '"H NMR
25  spectra and wave number = ~743 cm’ in the FT-IR (Fourier transform infrared) spectra. 'H
NMR spectra demonstrated the successful synthesis of 4, 8, 16 and 32 arms intermediate
esters, further confirmed by mass spectrometry. In the second step, all the methyl esters were
treated with hydrazine monohydrate to yield the final hydrazide derivatives of
ethylenediamine hydrazides, DAB-AM-4 hydrazides, DAB-AM-8 hydrazides, and DAB-AM-
30 16 hydrazides. The hydrazide derivatives were verified by a hydrazide hydrogen peak at 6=
~9.00 ppm in the "H NMR spectra and wave number = ~1650 cm’ in the FT-IR spectra. 'H
NMR spectra demonstrated the successful synthesis of 4, 8, 16 and 32 arms hydrazide, further
confirmed by mass spectrometry. Therefore, hydrazide derivatives of ethylenediamine, DAB-

AM-4, DAB-AM-8, and DAB-AM-16 with 4, 8, 16 and 32 arms hydrazide, respectively, as
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the cells are withdrawn into the microfluidic channel at a flow rate of 30 pl/h. During the

seeding process, small cell aggregates merge into one another and form bigger aggregates as
they move along in the compartment of the channel. A schematic snapshot of this seeding
process is shown in Figure 8. Upon finishing seeding, cultivation medium is infused into the
25 channel at a flow rate of 40 pl/h for 20 minutes to remove any displaced cells which have
been seeded in the space of the channel outside the compartment. The entrapped cells are

finally left for perfusion culture at a flow rate of 30 pl/h for three days.

Table 1: Conditions for modification of cells prior to seeding

Sodium Periodate | PEI-hydrazide
Concentration 0.5 mM 0.006 mM
Incubation time 13 minutes 0 minutes
Incubation temperature 4°C Room temperature

30



et al., 2007, Biomaterials, vol.28, no.25, p.3656). This product is
referred to as PEI-hydrazide, PEI-hy. Being a polynmer of |ow nolecul ar
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( Spect raidskalic fiddohevieoLt ating at 50 rpmat 37 0C in a hum dified
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S peﬁ)t 4 1S b ustr\g%d in 't n}%‘la‘lowmg_ c}n6§10 basis ]df g&a&rrl] ?mc'::r-gspheresp%%fahg ml%xldspheres were

fabricated via glutaraldehyde crosslinking of a gelatin aqueous solution in a water-in-oil

emulsion technique. To create the water-in-oil emulsion, 4 g aqueous solution of gelatin (10
wt. %) preheated to 37 °C was added dropwise into 300 ml olive oil (Bertolli, Italy) under
continuous stirring at 1250 rpm for 10 minutes. Spontaneous gelation of the gelatin droplets

25 was then driven by a 15 °C decrease in emulsion temperature followed by 24 hours of
agitation at top speed. The resulting microspheres were then washed three times in acetone,
recovered by centrifugation at 5000 rpm at 4 °C for 8 minutes. The crosslinking reaction was
then quenched by agitating the microspheres in 100 mM aqueous glycine solution for 1 hour.
Lastly, the microspheres were washed three times with distilled water and freeze dried. The

30 morphology of the microspheres was observed under light-transmitted microscopy (Figure
3B, left picture), and phase contrast images (Figure 3B, right picture) were taken to evaluate
their sizes. As shown in Figure 3B the diameters of the microspheres fall within the range of
20 to 50 pm.

[00172] Loading of sustained release compositions with substances
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are rea r razi des. [00164] Introduction of A549,
and Hepffsh @@ swselined raledsd corasdsitient Fonexaimpde | for 1oadinigl 4 gelatimmidrespherepaith nent

of the mcrofluidic.flow device [00165] At first the conpartnent of the
channel TGK ?ﬁ@#ﬂﬂewmamﬂcel?ﬁnﬁwﬁs ice is seeded with cells. Cells which

have begpuged fof m%"(ﬁcge'ﬁﬂinaxﬂﬂ:rééﬁﬁexfeé’laé ?wpa&d\ababé hiak ¥odkRatig 095 mllogngocel | s
(carcinom c human al'veol ar basal "epithelial cells), proximl tubular human

ki dney mghl EGEH sohsidnyamhtheapiatuse sias iicubatehipvd atce1C fori TeF-Bé peglingz A
| 00166]. Al | | cul t h f
v o1 e i ssolpes A 0 TR Rales” B R g - GhoRgh

cul tur edefyday! 2K supplemented with 10%fetal calf serum 1.5 g/1 sodium
bi carbonate,” 2 nM L-gl utam ne, 100 units/m penicillin and 100 g/ m
strept dAQEIN. C3AChararterizatiorof pelagin ypierosphenesr ed i n M ni mum Essenti al

Medi.um enment-ed, w 0 I ol. A i L CAl at e,
LA S SVER By VL e g sOliioR) Bie or TERTTL o2 B BB LT RpE A0
EK/ 2 cehé E‘ge(aﬁf{ciﬁicrdé/ﬁﬂérey\ﬁTGFCﬁgl tmas geleased HicK gelgipl ﬁi/icﬁmlﬂﬂrewi att|h3|7l®% frge al
ovine serum 1.5 g/1 sodium bicarbonate, 100 unjts enicillin and 100
g/ m  stacewpelalvs smoumef goipased TGy §Y rfré’ghﬁ“ssge%é%m&&égﬁmﬁrﬁgma% H}eﬁi}“ﬁ‘bﬁy fled
wth P i U’a_;};gv . col. For seeding small cell aggregates
pre-for%ngg)&ulﬁgg?&?h%ﬁcon i fg%ﬁg%péted in Table 1 the cells are w thdrawn

into tHeomi7dr of | Undinotheh ampediment geldtinomicraspherss 8erenbiaded WithiH{Crdaxtraredi ng
process,. .. snal el | ., aggr egat es. r i,nt o th an bi gger
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finishing seeding, cultivation nediumis infused into the channel at a flow
rate ofuldandnkeph af 87C.20vernight, der mylgceleplpadiagy O thp Ingxleda; dhg SUSRERTON MY e

ent 1 apgat tusdiet A0S AR o e ARTOE o PHb RS AT B QBB TS AR Real of ¢ 5

M/ h f ainlédaee endléxse by abhiercplatEasnadert (TBCAN oS witbdahil L at fted thofupealakant prasor t o
seedi ng[ 00168] To investigate the viabili té of the pgel | s ﬁ’{(/lt r three days
of 28er faolpged.cthiptsyprensionyis teppgdsumMaths & KB 1o L& HH\RE0 1001 TS COBTIRIOAR

(Mol ec%glrecﬁé 9(9@3%(3 oVé‘AY)imeaf'ﬁ]is %?&%dﬁx%lig réplefted for the following six days. Therefore,
it was possible to evaluate the control release properties of the gelatin microspheres as shown
in Figure 6. Y-axis is the accumulative amount of FITC-dextran over 5 days. On a daily basis,
the amount of released molecule remains constant, which is indicative of the control release

25  behavior of the gelatin microspheres that were fabricated.
[00178] Entrapment of gelatin microspheres in the microfluidic channel
[00179] The gelatin microspheres are to be incorporated into the compartment of the
3D microfluidic channel to create soluble microenvironments. This is based on the hypothesis
that the molecules released from the gelatin microspheres could remain in the compartment of
30 the microfluidic channel, defined by the micro-pillar array, rather than being removed by
perfusion. In order to validate this hypothesis, gelatin microspheres (loaded with FITC-
dextran) were seeded into the compartment of the microfluidic channel and perfuse the system

with 1 x PBS to mimic the fluidic environment. The PBS that flows out (1 ml everyday) from



stained red by 50 ng/m Propidiumiodide (Pl). The fluorescent dyes are
perfused through the mcrofluidic channel at a flowrate of 0.4 m/h for 30
m nutes fWQblowRAedy cul tivation nmediumfor 10 minutes t@ciReEBRYR/084%3dyes.
This high flowrate is used for the purpose of fluorescence staining of the
cells. Cells are visualized under conf4dcal microscope (O yrrpus Fl uovi ew

500, J . and. th
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nunber efled AarhiSlrt Hf (@BHEkd floRsdhlel tha¥ &/ i¢moO¥d HOHTAE ﬁﬂcrbﬂufﬁhﬁcﬂahﬂélﬂg cells
whi ch shows that cells are able to survive and grow in the mcrofluidic
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crosslinking of a gelatin aqueous solution in a water-in-oil enulsion
t echni RS 1s'|'tI>pq:>|eé-aIpetOt the muztasphdres firl melenilsireleased T@xsawaema@dl ant ohlyf

gelatl eheate to 37 0C was..added dro I nt o .300 live
o1\ Babia) TS expii Feiet Bof e R e UL SFY i Sporagan s BPrs ot 26 ut ec.
Spo nt angqesd&elaatih Perfddiod Mas 8RS ﬁiahﬂhﬂrlﬁ' @{aﬁb qseéasﬁdrb an, i cAnveecdnehiled ThAC

decrease in enul sion tenperature fol ours of agltatlon at top

speed. risasedeBING- d@@ramr@me@ph@ﬁ%cqmaétm%ﬁ whesmigofndischappgd sThig paRsone,
reqover ey by 60t oL LUl AL, 900048 20 4 OC for § minutes. The

slinking reaction was guenched by agitating the m crospheres in
100 mM[aqgu&qus glmgufwzaolshéwsmhé oprodesh ool seddisg Igelatmhmwms;ﬂmsqshaﬁesthﬁere
washed three tinmes with distil]ed water and fr eze drie he. m)rph |.ogy of

the m cosypREIEES Ohts BIsEhyde chisnmel toethrt Wftpé’ﬁ hit el a rH9§]6’<5‘§>P Whr e
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were ta o evaluate thelr sizes. As shown in Figure 3B the dianmeters of
the m cwmls prupidismf ialideWPT) {Mvledutar Pactrps, IS AR OThepiiOrasare taken at different sites
20  of one microfluidic channel by a confocal microscope (Olympus Fluoview, Japan). From the
pictures, it can be concluded that the gelatin microspheres can get evenly distributed along the
microfluidic channel. An even distribution of the gelatin microspheres in the compartment of
the microfluidic channel provides for a uniform concentration gradient of the released
compounds or compositions from the sustained release components in the whole compartment
25  of the microfluidic channel. Thus, even distribution of the sustained release formulations,
such as gelatin microspheres can effectively minimize the concentration gradient.
[00182] Characterizing and controlling the soluble microenvironment in the
compartment of the microfluidic channel
[00183] The ratio of cell number to the number of the gelatin microspheres, as well as
30 the cross-linking density of the gelatin microspheres can be manipulated to control the soluble
microenvironment in the compartment of the microfluidic flow device. By adjusting the ratio
of cell number to gelatin microspheres, or the cross-linking density of the gelatin

microspheres, the concentration of the growth factors released from the gelatin microsphere



[001 72] Loading of sustained release conpositions wth substances[ 00173]
The sustained rel ease conpositions such as the gelatin m crospheres are

| oaded bwwbebiddigsohhem soak up the substance or conbi napic@R@hosHYess ances
to be released |ater on fromthe sustai ned rel ease conposition. For
exanple, for loading a gelatin mcrosgiere with TG--/31 the follow ng

protocol can.be used. [00174] 3 of I 1.Cr 0S res as. pr.epared
above VEEILH IR Y MIGopvIongEn n%‘fgcf)ﬂg&!kgfhﬂ%%"l %"V‘f}giqgtﬂ? lrﬁﬁ%?t{)shtggmtﬁ?lsure
was i nciated- 1Rkl icabtiefvhithQfert tivedtigatdd31l | oadi ng. The mixture was
centrifuged at 5000 rpmfor 8 mnutes, followed by supernatant collection
everyday. [00 175] Characterization of gelatin m crospheres [00176] To test
t he continuous rele of, TG/ 31 % BSA sol ytion .topped-up to the
gelatin m crospher egf&?ﬁté‘-t};ﬁfeéégadrzrép%sa@sn?cfr?Srsglrlﬁkéneq a |1rt11e$ri crospheres at 37
C. The accumnul ati ve amur@embeg(ﬁ}zﬁﬁsegm'ggiﬁnkﬁg démkiyt/he gel atin

m crospheres was neasured Dy af ELTSARKYT GlJi2idel@ie VSA) (Figure 21).
[00177] 1 n another experjtrent 4§ei atimn 13 CERE e Rye re loaded with

FI TC-dextran (Si gng, USA}—w—fmﬁﬁ—eewmgﬁ & 7§ KDa and 150 KDa. 10
ng of FITC dextran was |loaded—+thto éo'@t mataldeliyde, 1 o ospheres; t he
mxture i s then topped- up_wit4001 x HRSS %S luarldghyde 4 kept at 4C, overnight,
for Snol ecul e 1 oading. On the next day, the suspension was centrifuged at

5000 r 8 m nd the ern n t : :
quant i mgﬂ]on ofﬂmé% %8 Wﬁagluesgéﬁgal%ﬁggh%rﬁgrgﬁr‘\%% ggléh?l%a{géeiﬁ%m nm ent.
Swi t zertraydyere Abdded iiitbahs gelatim atiadtpHers aadlihtesiveed irith ehestsqrefsidierchasnel

topped-up with 1 x PBS to 100 ml again for the continuous nol ecul e re| ease
over titagethernwith felcaigpensiqns Thepeoncemnratign afpiBe rselyblgymygrosnyirgpugent at cell

Ther ef Qfiginit) oA 8drRdfted ifi b dkide! HRORAMNES IndRiFARE BORCELRS. O
the gelatin mcrospheres as shown in Fgure . Y-axis rs the accunul ative
amaont A skdwiCid @xguran 3oke rd)5 tida}{saxiOnepaesdats| the Bhgtamsce adnessatho unitcraffuidic

rel eased nol ecul e remai ns conﬁt t,, which is_ indicative of the control
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gelatin mcrospheres are to be incorporated into the conpartment of the 3D
m cr of | Image-PrehBhwmdéMedin Cyhematics dhasbVB)nfioaltye v A corigiareress-lipking dessitaosd on

t he hypot hesi s that.the nolecul es released fromthe latin mcr eres
coul d” Pt sl s st B e 03 hS HEORTepes PRGRE f e Thlsroy B RREN Y ne
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validate this hypothesis, gelatin mcrospheres (loaded wth FITCdextran)
cell/gelatin microsphere ratio increases, the fluorescence intensity increases accordingly. And

if the cross-linking density increases, the fluorescence intensity decreases.
[00185] Microfluidic continuous flow device for culturing different cell types
[00186] In this section, an application is described in which a soluble
20  microenvironment for exemplary cell types was created. Four different cell types were
cultured in four different channels wherein the first and second channel were connected in a
series with each other, i.e. the outlet of the first channel is in fluid communication with the
inlet for the medium of the second channel. Cell lines HepG2/C3A, A549, HK-2 and primary
human adipocytes were chosen to mimic lung, liver, kidney and fat. The rationale for the
25  choice of these four organs is that lung, liver and kidney are the three vital organs with drug
metabolic activities (Sheweita, S.A., 2000, Current Drug Metabolism, vol.1, p.107). Fat is
considered an endocrine organ which actively regulates body weight homeostasis and energy
balance (Schaffler, A., Muller-Ladner, U., et al., 2006, Endocrine Reviews, vol.27, no.5,
p.449).



were seeded into the conpartnent of the mcrofluidic channel and perfuse
the systemwith 1 x PBSto mmc the fluidic environnent. The PBS that

fl ows outwg 2810016sp¥er yday) fronthe mcrofl uidic channel pggfse26mlobeosed to
gquantify the fluorescence intensity, which could reflect the amount of
rel eased nol ecules that is renoved frd# the nicrofluidic channel. [00180]
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m croscope (A ynpus Fluoview, Japan). Fromthe pictures, it can be
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sust ai ned rel ease conmponents in the whole conpartnent of the mcrofluidic

channelrela‘ﬂdu@ theviaetabiplistt b dryesn (Tadle ﬁb Mgt 104 the dryss| wers anetabelized tavoths,
such as, S iye éo%gf&ﬂg a n
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rati o of cell . nunber to r. of the gel her :
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Cont r ol tht AenciSh WP Wich is involved in detoxification, is unique in the kidney. However, adlpose

tissue does not exhibit specific metabolic function. When the adipocytes are cultured in the
3D microfluidic channel, the medium that is perfused out from the channel was collected
daily. The concentration of the secreted adiponectin in the collected medium is determined by

25  the adiponectin ELISA kit.

Table 3: cell functions to be investigated

Cells Functions
Lung (A549) Ethoxyresorufin O-deethylase (EROD) activity
Kidney (HK-2) Gamma-Glutamyl transpeptidase (GGT) activity

UDP-Glucuronyl transferase (UGT) activity
Liver (HepG2/C3A) Ethoxyresorufin O-deethylase (EROD) activity

Primary adipocytes Adiponectin secretion
[00190] 7-Ethoxyresorufin-O-Deethylation (EROD) assay
30 [00191] The deethylation of ethoxyresorufin is CYP 1A associated and its activity were

quantified under a confocal microscope according to Chia et al., (2000, Tissue Engineering,



m croenvironnent in the conpartment of the mcrofluidic flow device. By
adjusting the ratio of cell nunber to gelatin m crospheres, or the

cross- | i nkpngitregbty of the gelatin mcrospheres, the ¢pigenidsabeon of the
grow h factors released fromthe gelatin mcrospherecarriers into the

m croenvi ronment can be controlled. THE followi ng table indicates the
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agai n agidrduidicABnh@ ati FUAlAZ ort 4 ok GHRERN bﬁwmﬁhzatme&f WRricdéTaAgd i nto
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channel was obtained. The relatjon is_represented in Figure 14. If the
cel | /gebbé@PWE‘erﬁpW@PF%“icﬁi brthessdes, the fluorescence intensity
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they sti|l _ experience their specific soluble mcroenvironnments. This
| -c‘ﬁ'éli‘lﬁé‘%gb%s@%ffsélrﬂtlbﬁfgfgﬁded an operational control system based on the
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[00196] This enzyme can metabolize its substrate y-glutamyl-p-nitroanilide into
p-nitroanilide. Thus, the enzyme activity is indicated by the amount of p-nitroanilide
produced by the cells.

25 [00197] The product of p-nitroanilide is fluorescent. Therefore, the microplate reader
(TECAN, Switzerland) was used to correlate the fluorescence intensity of p-nitroanilide with
its concentration. The excitation/emission wavelength of p-nitroanilide is 410 nm/465 nm.
Different concentrations of y-glutamyl-p-nitroanilide (Sigma, USA) were perfused through
the microfluidic channel seeded with HK-2 cells at 0.5 ml/h for 30 to 60 minutes. This is to

30 allow for the complete reaction of the enzyme with the substrate. Medium perfused out from
the microfluidic channel was collected for detection of fluorescence intensity. The standards
of y-glutamyl-p-nitroanilide and p-nitroanilide (Sigma, USA) were prepared from a 2 mM
stock solution in 0.1 M, pH 8 Tris-HCl buffer.



into the nmulti-channel systemfor a proof-of-concept study that the cells
cultured in different channels can still comunicate with each ot her and

response welhaehksoe! Yy to, e.g., a drug in case they arepgggd200@fo0é05t1 Ng
drugs and their effects on the four different cell types. [00188] A

m crof | ui di ¢ continuous flow device wi%h a four-channel systemis shown in
Figure 18. The system has on nd nlet 710 and fou tl.ets., 730 i ch
are cormgé?%d to @f@%nvaf\é\zggnﬁ‘fﬁss ﬂB&m‘f‘." esﬂg@gf’f‘r%{ °€'Ea‘ﬂﬂ‘%'i“¥sm e
connect &gy Vi rfmeR€of thaSnitfshhiticdw@eagcond inlet of the other three
channels. During perfusion culture, the outlet at the first "lung" channel

is clod68]19%o thaln cmbtheyatipsrimendi formatidn  qferctllseggrpgatésurny dben¢ smpirpwt and

flowin parallel into th r threge channels (liver. kjd cfatd.. This
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t he sl ungnansoBeiowidelick By i@dohsiratede AdHIRNAIOVIGEINIS, tebaddmailiaarahe Ragability
individual first inlet 720 (indicated by black arrows) for supplying cells

i nto t e thodpaea efethe prssentievenfien &ir|this @pplicaspni nuous fl ow devi ce. [00189]
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GmbH & Co. KG, Germany) maintained at 37 °C throughout the culture period in a sterile
hood. Sixty millimolar of Hepes buffer (GIBCO, Invitrogen, USA) was added to the
cultivation medium to maintain its pH at 7.4-7.6.
[00203] Cell viability of BMSCs after 3 days of perfusion culture in the gel free
25  compartment of a microfluidic continuous flow device was assessed by perfusing 5 mM of
calcein AM (Molecular Probes, USA) and 25 mg/ml of propidium iodide at 0.5 ml/h for 30
min and viewing immediately by confocal microscopy (Fluoview 300, Olympus, Japan).
[00204] F-actin distribution in BMSCs was assessed after 3 days of perfusion culture in
the gel-free microfluidic continuous flow device. In situ F-actin staining was performed after
30 fixation with 3.7% paraformaldehyde (PFA) (30 min) by infusing the microfluidic channel via
the second inlet with 0.5% Triton-X 100 (USB Corp, USA) (30 min), 0.2% bovine serum
albumin (BSA) (30 min), 0.2 mg/ml of TRITC-phalloidin (Invitrogen, Singapore) (20 min)

and 1 x PBS (15 min) at 0.5 ml/h. 2D monolayer cultures were fixed with 3.7% PFA (15 min)



[ 00193] The enzyne has the ability to netabolize the substrate
4-met hyl unbel i ferone (MJ) into 4-nethyl unbel liferone-glucuronide (MJG.
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denonstd¢haheelf feyssndvdtalled tty form larger cell aggregates, which were then confined by
20  micropillar arrays and accumulated, forming a 3D cellular construct. When a fluorescent label
was used to visualize the linkers, fluorescent rings could be seen on cell surfaces, affirming
that the cells were aggregated by the linker and supported three-dimensionally by neighboring
cells (not shown).
[00208] To improve seeding of the 3D cellular aggregates of BMSCs into the
25  compartment of the micro-fluidic channe], improvement of various operational parameters
was performed to ensure that the in situ formed cellular aggregates were large enough to be
confined by the micropillar arrays and, yet, small enough to prevent clogging of the
microfluidic channel. The size of the cellular aggregates can be modulated by the cell density
and the inter-cellular linker concentration. A cell density of 5-6 million cells/ml at inter-
30 cellular linker concentration of 6-8 mM was one useful range for effective seeding. At higher
cell densities or linker concentrations, massive clogging can occur at the inlet; while at lower
cell densities and linker concentrations, ineffective aggregation of cells saw poor cell

entrapment. For all subsequent studies, 6 million cells/ml at inter-cellular linker concentration



of the device of the present invention for this application. [00200] Cell
cul ture conponents were purchased from 3 BCO |Invitrogen, USA unl ess
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[00212] To evaluate the microenvironment for the culture of sensitive primary cells, the
differentiation competence of the BMSCs was investigated by differentiating them down the
osteogenic lineage. BMSCs in the compartment of the channel were perfused with osteogenic
induction medium for 1 week. von Kossa staining for calcium deposits was positive for
25 BMSCs aggregates in the compartment (Figure 26a), similar to von Kossa staining observed
in standard confluent 2D cultures after a 1 week of osteogenic induction (Figure 26b). This

suggests that the microenvironment is useful for the culture and study of sensitive primary

cells such as the bone marrow-derived adult stem cells.

[00213] Culturing of primary rat hepatocytes in a microfluidic continuous flow
30 device
[00214] Figure 4 shows the results of the evaluation of albumin secretion from primary

rat hepatocytes cultured in a channel of a microfluidic continuous flow device. 200 pg/ml of
TGF-B31 was supplemented into cultivation medium (m). In another set of experiment, TGF-G1

was pre-loaded into gelatin microspheres and was then controlled released to the hepatocytes



were fixed wth 3.7% PFA before the PE fil mwas peeled off to expose the
m crof |l ui dic channel for SEM processi ng. Sanples were sequentially

dehydr at agowhidnigdopanol series (25, 50, 75, 95 and 100%pctR@dods/esbes
pl ati num sputtered (20 mA, 60 s) before viewwing with a fieldem ssion
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continuous flow device 530 which allows the maintenance of a constant cell
culture m croenvironnment over tine, wthout accunul ation of netabolites or
depl eti onyehofigee and nutrients that is experienced bycifgBhjsyémsi N
cultivation cultures. The cultivation nmedi umwas oxygenated by passing

t hr ough oxygen- per meabl e tubi ng 570 bé¥ore entering the bubble trap 550.
The per\twl?li on flowrate to culture the 3D cellular construct was 30 ni/h.
O her sYhan daimedds: ot es for cultivation of cells in the conpartnment have
been tested as shown in Figure 24. Cultivation nediumat the end of the
per f usi onci X euti-fo fR@dic BontiRbLEAb R Uetiet canpgsagent of cellular functions.
[00210] Cell viability after 3 days of perfusion culture was assessed with
f1 uor escence vieabi Ichanneb tcainpiisigg s dirst remdeal sbgond oarko odleram cho sicssparea BVBC
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culture of sensitive primary cells, the differentiation conpetence of the
BVEGs was i nvesti gatdthibsaidicempatnagntat i ng t hem down the osteogenic |ineage.
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week of osteogenit HEIERSHA has 33153t nieh fQ sad sgmppmERffor fifgpducing
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cells such as the bone rrowderived adult stemcells. [00213] Culturing

of 15ri mary rat hepatoltivaten imediumi grtofdaid dipecec ofit $andiabentddl ogutsidei efe sfid0214]
Figure 4 shows the results Otf t he e\@l uagi on of album n secretion from
primary rat hepat ocyOREAEGEY u?‘gﬂ'ﬂﬁ @9nnel of a microfluidic continuous

flow device. 200 pgiwHerdh sdidfsecdndfet SHORhRANR e dre dHahgbdlshdlva to0llgvedi um
() . hi another set of experinment, TG--/31 was pre-|loaded into gelatin

m crospheres and wadlophefrruliprtipn medim Birenghedid happel- hepat ocyt esat a

concentration of 217.5 pg/m (m control release). In the control
experinment, there is no
20 2. A microfluidic continuous flow device comprising:

= 3 first channel and a second channel each comprising a first and a second area
wherein the first area is a compartment which is defined by partitioning
elements and the second area is a space outside said compartment;
= wherein each of said channels has a first inlet to said compartment, a
25 second inlet for introducing a cultivation medium into said space of said
channel outside of said compartment, and an outlet;
= wherein each of said second inlets and each of said outlets are arranged
such as to allow a flow of cultivation medium through said channel; and
= wherein each of said second inlet of said first and second channel is in fluid

30 communication with a common cultivation medium feeding line.

3. A microfluidic continuous flow device comprising:



TGF-/31 supplemented in cultivation medium (G . [00215] Al bum n production
was quantified with a rat al bum n ELI SA quantification kit (Bethyl

Labor at orywe20lonfieso)SA) in the collected cultivation nedipdfsesaisidsys | n the
presence of TG~ | , the level of album n secretion is enhanced. From day 5

onwards, when TGF-/31 is controlled refseased to the hepatocytes, the |evel
of al bum n secretign can be wel | sustai ned, [00216]. Fi gug)e 5 dshows

he
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of TG SI was supplenmented into cultivation nmedium () n én er set of
experiment, TGF-/&émests apd thel seeataihrenits@ sgadeatutaidesard osppateentand was t hen

controll ed rel.eased to t.he hepat ocytes a concentration.of 217.5 /m
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rel eased to the hepatocytes, the |eve MJG production is greatly
enhanced. [00217] Sichannet outside o€ saibPompartruesnorhantqualetf er ase (UGT) assay

descri bed above, UDP-gl ucuragnosyl.transferase acti.yity of hepatogytes
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devi ce was det er m nggchys toraflgsi flow 80 cultW Afondn ekt YhieaBie kdid tRAr@BE afid- MJ)

(Sigma, Singapore) for 4 h at 200 mM/h into the channel. The perfusate (800

m) was col I ect ed® andherdie sa Bsband s ggernd, channel are fluidly connected to each

4- hyl unbel I'i fero I roni . [ il 2
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al ., 2008, Analyst, s¥@nd idldRof sa@l stcomd dRaneldet ecti on (Prince Technol ogi es

B.V., Netherlands) at an excitation wavel ength of 325 nm Wat is clained
is: 1. Amcrofluidic continuous flow device conprising: a channel

conpri syng apfihf (e di iHg t'8aind [ SWhéeBahicn
conpart#fent %"E"Sﬁ’t‘}@d}géﬁtﬁg‘ggﬂ%‘gﬁ?ﬁ tg\llgg({??%gge(reﬁlent’s and the %@ggsr?a easr ea
is a space owhihde: foamdd betwpan saie partitinhing el emdnty ae gimgwssad sschmsi tolallawe

formed between sai artitioning elenments are di si.oned such as to retain
a b‘irggl ogi cal SYrR ye(?fiq%&eﬂ'hﬁs 15ty Qéﬁ?ﬁgﬁaléjg?%fg“%g%gﬁﬁﬁl% which are
conprised in said conmpartnent within said conpartnment; " wherein said
sust ai ned rel ease conposition is adapted to rel ease at |east one substance
whi ch stpporAsméupfluidiet contingpus dlo Idevice giceerdingatoe cladn; 2 \iifed e Whersi gaid

channel has g {1t 5terk 0hRbrideR 8B RAMRAGKENt for i ntroducing

20 6. A microfluidic continuous flow device according to claim 5, wherein through passages
which are formed between said partitioning elements are dimensioned such as to retain

said biological material inside said compartment.

7. A microfluidic continuous flow device according to claim 6, wherein through passages
25 which are formed between said partitioning elements are dimensioned such as to allow

supply of molecules into and out of said compartment by diffusion.

8. The microfluidic continuous flow device according to claim 2, wherein said
microfluidic continuous flow device comprises more than two channels.
30
9. The microfluidic continuous flow device according to claim 3, wherein said
microfluidic continuous flow device comprises multiple channels, wherein each

channel is fluidly connected with a subsequent channel, and wherein said fluid



bi ol ogical material into said conpartnment; a second inlet for introducing a
cultivation nediuminto said space of said channel outside of said

conpar t megb.208deg9 outl et, and wherein said second inl ¢rtRadodsAbeLopUL | et
are arranged such as to allow a flow of cultivation mediumthrough said
channel . 2. A microfluidic continuous56l ow device conprising: a first

channel and a second channel each conprising.a first and a second are
wher ei n t he 9oppegtiog g gstaklished Setyern saifOWiIRS ofh? P?Cﬁgflﬁ ﬁgﬂmﬁka’ﬁﬁ?aﬂ ts?‘i?ﬁang

el enent s a_ngnlteﬂgfs%«;(fme eﬁ??ﬂaﬁné}. space outside said conpartment; wherein
each of said channels haS a first inlet to said conpartnent, a second inlet
for introducing a cultivation nmediuminto said space of said channel

out si de of id co r{.nment,. and oufl et; wherein each of said .secand
inl ets &nd h %‘F@z’f C otRntgpQuS, Wardlreéi‘r?@eaccé’ff@ﬂg a9 €5y E’OVW er‘F‘PoW‘gf
cul &i vati on pRditiataHsbus A GBABORbmpARS WIRIHR! BhAael, &ld $akkipesand
inlet of said first and second channel is in fluid conmunication with a
common cul t iontet ofisaiédirstrahapeel i fuidin eonrgcted witle saifl| saeatidcinted of isnbssauertt| ow
device conprising:a first channel and a second channel each conprising a
first and acb@?:rbeg% area wherein the first area is a conmpartnment which is
defined by partitioning elenents and the second area i s a space outside

said conpartment; wherein each of said channels has a first inlet to said
conpar tident ,The mecefiuidicrioatingays flont deydercagegrding ta anyweftslamsretdi nwhereinsai d
spage of sai d. channe tsi .4 .C a Ut s ein
ea ﬁ of sali dsglsdg(é% it ngtlehg%d%er%}zrﬂgegfa gg&?&gﬁ'i%ﬁ%?%e{sg acgﬁlgaglpglléngggmsn\ygﬁaas to
al l ow a f | owusthined! deledsd icomposidoniis abamed ho Faliedsec hiaiwasl pneasabsthiere ewhickai d
first and said second channel are fluidly connected to each other wherein
sai d out| et YPPYLS Qulityation of paid fralogical maeriply connected to sai d second inl et
of said second channel. 4. A mcrofluidic continuous flow device accordi ng
to claim1, wherein through passages which are forned between said
partitil@ni ngltel mieoflsidar eordinmeuwss flowedkviagciccasling taklaow lsappl ywbéreimobadul es

intg and out of. said conpartnent by djffusign. 5. A mcrofl|uidic continuous
fl d&/ devi ce SHEté’é‘reéJli KlFaro OMpOfon o%/dag{,edmﬁefaf’??es g Jpast one substance, which

supports cultivation of said biological material, is present in a particulate form.

13. The microfluidic continuous flow device according to claim 12, wherein said
sustained release composition comprises a microsphere.

20

14. The microfluidic continuous flow device according to claim 13, wherein said

sustained release composition comprises a gelatin microsphere.

15. The microfluidic continuous flow device according to any of claims 1 and 11 to 14,

25 wherein said sustained release composition is adapted to release a substance selected
from the group consisting of cytokine, chemokine, nutrient supporting cultivation of

biological material, growth factor, growth hormone releasing hormone, granulocyte-

colony stimulating factor, granulocyte macrophage-colony stimulating factor,
macrophage-colony stimulating factor, interferon, insulin, atriopeptin-III,

30 monoclonal/polyclonal antibody, TNF, macrophage activating factor, interleukin,

tumor denaturing factor, urokinase and mixtures thereof.

16.  The microfluidic continuous flow device according to any of the preceding claims,

wherein said biological material is selected from the group consisting of prokaryotic



conpartment conprises a biological material. 6. A mcrofluidic continuous
fl ow device according to claimb5, wherein through passages which are forned
bet ween sgo%oankdohi oni ng el enments are di nensi oned such pagsi@ods@bédsn sai d
bi ol ogi cal material inside said conpartnent. 7. A mcrofluidic continuous
fl ow device according to claim®6, whersgin through passages which are forned
bet ween said partitioning elements are dinmensioned such as to all ow supply
of nol ecul esceﬁﬁrt enkarygtie sellncel pgaregaten aF thesaipregientipped eglbtypesgandrpxtures

m crof | ui di ¢gQpfi nuous flow device according to claim2, wherein said

m crof | ui di ¢ conti nuous flow device conprises nore than two channels. 9.
The mcrofluidic continuous flow device according to claim3, wherein said
m crof |l ui di c_continyoys flow device conprises.nultiple channel.s, wherein
each ¢ nneIT}iesmF‘FrBHEI‘HSF CAEE T HOWi o1 %‘ﬁ%@é‘%@n?la%awn&q’,er%ﬂdamﬁﬁléi n
sai g flui dconpgsist aR iltsr- &k inROesh ek WaPRurRREd outl et of a preceding
channel and saird second inlet of sald subsequent channel. 10. The

m crofluidic continuous flow device according to claim3, wherein said

m crof | yi di c,conti nuays fl ow devjce conprises. nultiple chapnels, .an

wher ei rﬁ;ls ai STIE?U’F‘I‘%?H e s O%Hﬁ?ﬂﬁglacfﬂ{aﬂgﬁoa‘ﬂ%mc& n‘é’ﬁ?rgw %@Hﬂgréi d
second i nl etceffilaf tiRkEUd ORIt the globp JoRSistiE bPPELLY] ketofdigtdipousellf | ow
devi ce according to any of clainms 2 to ?0, wherein said conpartnment further

conpri ses a ashetien naelepdk e & AMkp dendriraer, hyhaides.n FHiagchered apietaingy @ndase
conposi tion I{lsxn%gsa teﬁe%fto rel ease at | east one substance which supports
cul'ti vati on OF S& "0l ogi cal material. 12. The m crofl uidic continuous
fl ow device according to claim1 or 11, wherein said sustained rel ease
conposition adapted_ to rel ease at | east one substance, which supports

cul ti vah on e mugreflyfis) ewtinagusew device apcording de anyiof claipsrly ia&‘gl5a‘l°e1 &orm

13. The m pr@ﬁdér%‘ldga?d %%&%p%%ﬁteﬁ!ﬂomng&weﬁeinﬁpQ%hdbﬁgaig%oﬁlﬁ%t?é%higvmgr ein

sai d sustained rel ease conposition conprises a m crosphere. .

m cr of | ui di camerdridifferers ih hbwr deleast évaofsuidicomgpdrpnaitai m 13, wherein said
sustai ned rel ease conposition conprises a gelatin mcrosphere. 15. The

nmi dPof | ui di ¢ continuous flow device accordi ng to any of clains 1 and 11 to

14, wheiei n BRIl gigsdlidicn@atihehRaiRy G@ﬂ_@@ﬁ&éo'kdlﬁ% k& cREAPE 8071 Whé&SInCasE of
substance sel ected fromthe group consisting of cytokine, chenokine,

nutri ent supeot camparengnts isatiingnsioried such that uptake and discharge of molecules from

each of said compartments by diffusion can occur over the entire space of each of said
compartments.
20
21. The microfluidic continuous flow device according to claim 20, wherein each of said

compartments has at least in one dimension a width of maximal 200 pm.

22. The microfluidic continuous flow device according to any of the preceding claims,
25 wherein said channel further comprises a medium flow separator, wherein said
medium flow separator is located between the end of said compartment located in the
direction of the outlet of said channel and the channel outlet and/or said medium flow
separator is located between the beginning of said compartment located in the
direction of the second inlet of said channel and the channel inlet.
30
23. The microfluidic continuous flow device according to claim 22, wherein said medium
flow separator has a shape selected from the group consisting of a circular shape, an

elliptical, an oval, a rectangular shape and a wedge-shape.



bi ol ogi cal material, growh factor, growh hornone rel easi ng hornone,
granul ocytecol ony stinulating factor, granul ocyte nmacrophage-col ony

sti mul at iwe 2hafdigdo0 Macr ophage- col ony stinul ati ng fact opcrisaheisiogs s,
insulin, atriopeptin-l11, nonoclonal/polyclonal antibody, TNF, nacrophage
activating factor, interleukin, tunmor denaturing factor, urokinase and

m Xt ure eof The crof ui d c.conti ou fl ow.devi ce cco ding to
AR A L T D T AT
from the groyReriaNs RhétNeheObf @alak@fmﬁmnceﬁeé h&s aﬁl‘é&aﬁgtﬂiﬂ 6ha E@'drsa ucﬁxla be,

aggregates of the aforenentioned cell types and m xtures thereof. 17. "The

m crof | ui di cwheseinitheiopen end saidvi-ghapedtedsnpiriment i temainated y seidiratiinles ai d
cells conprise an inter-cellular linker on their cell surface. 18. The

m crof | ui di c continuous flow device according to claim17, wherein said
inter .l ulBte midtbBhidicS caiftin@6iL oW duvidehdcardngp o afis b s thenpreoddimEkhains,

ket one groups, cell adhesion nol ecule (N-CAM, dendriner. hydrzides,

GPI - anchor edVRreinesaid dgwige RORRATISES 2t Ilfe"‘lsbéﬂe Cb@“nei' (FEMPFISINgT P1fi EPBPEBRENMNUOUS
fl ow device dip y ejn

bi ol ogi cal ma eggl;ha (?n%(?eo Ecseagdl nt eacl]{t g?{iﬂ%l Sggcgc?rér%a{lp\t,\,grr%%tlss figﬂl% ebgarre
or differentpartiticiihg elemehts lvddketthd wmaiding sidds areripfinédieynths cirdimfeférgial wall

m crofluidic continuous flow device according to claim4 or 7, wherein each
of said conpdre 4ls di mensi oned such that uptake and di scharge of
nmoligcul es from each of said conpartnents by diffusion can occur over the
entire space of each of said conpartnents. 21. The m crofluidic continuous
f1 ow deo. ce HecmiaofigdicocontinmmsZbw diraceacroshnd toinysef daiosnbtr Mheviecihas at
| east in one di nensi wi dt h of xi mal crofluidic
conti nuous fat RASHA ‘%gagcc@g}pﬁﬁﬂ’&nﬁsglgﬁﬁﬁlr‘é‘fl %’@%Pre%ﬂ}lﬂtéca&%pﬁs wher ei n
sai d channel further conprises a nmediumflow separator, wherein said medium
fl ow separator is | ocated between the end of said corrpart ment |ocated in
the di r¥ct i ofheomiqrpBuidin fatingpuss HpW deligrasicorsling tohany A Hieepreerding elagny/ or
sai,d medi um fl ow s e g of said

compart ment ‘T’%eé?il %a%fa%a%[ codﬁ Qgﬁ%gsn&nfp‘?{ ﬁ%%gg’@gaﬁﬁﬁ‘?%‘:‘ﬂg" n%f sai d channel
and the channel inlet. 23. The mcrofluidic continuous flow device

according to claim22, wherein said pediumflow separ at or has a shape
sel ect &8- f r obhe micraflvidis exnianews Agw glevisecacrerding tospmpel thenpreceding claims,

wherein at least a part of a surface of the partitioning elements, and/or the bottom and
top of each of said channels arranged within said compartment and/or said

20 circumferential wall of claim 25 is/are coated with at least one capture molecule.

29. The microfluidic continuous flow device according to claim 28, wherein said capture
molecule is selected from the group consisting of PEI-hy, ketone groups, cell-adhesion
molecule (N-CAM), dendrimer hydrzides, GPI-anchored proteins antibodies, binding

25 fragments of antibodies, aptamers or mixtures of the aforementioned molecules.

30. The microfluidic continuous flow device according to any of the preceding claims,
wherein at least one of said channels comprises at least two compartments wherein
each compartment has a first inlet for introducing biological material into said

30 compartment.

31.  The microfluidic continuous flow device according to any of the preceding claims,

wherein said partitioning elements are pillars.



elliptical, an oval, a rectangul ar shape and a wedge-shape. 24. The
m crof |l uidic continuous flow device according to any of the preceding

cl ai ms, WReneiovigdoo! east one of said conpartnents has appe&icanguwbeos shape
or a u-shape, wherein the open end of said u-shaped conpartnent is

terminated by said first inlet. 25. THW® microfluidic continuous flow device
accor di to, any, o he .preceding. c] ai ms,. wherei n,sai d device conmri.ses at
east one crinaod oh g HpBeics arTme RReP IR R RE S GRTBREE
conmpart ment {R&kindhSmlethodReRPasé@s ea i s defined by partitioning elenents
while the remaining sides are defined by the circunferential wall of said

channel . 26.® Theovidiog il midioflushntontmooss fldwdedesshaenge clomdiehg t o any of

clains 1 to 24, wherein at .| east one of said conpartnents, has ircul ar
shape or an el i p‘Fﬁ%’S‘I"S@ ‘ﬁ’é‘.‘néﬁ’m!aﬁ‘é‘?srﬁ ﬁ?&)?‘?qﬁ? g‘rpc n@&?ﬁ%‘i‘&?&ﬂ_& tﬁ‘f ﬁw 8&di ce
accgrding to any iQf; t&iRpReGRAVNIEh G4 abfifed BV aRIHIBNMBCHeREnts Ahd tRORERLEMENE S
conprises an extracellular matrix. 28. The mcrofluidic continuous flow

devi ce accor di ng 4rea mraspade Quisidpsad colnpyyta¢ndi ns, wherein at |east a part of

f f th i ti.0n] | _.and/ he b of. each
of *oni o channel's o Pzt isRaR PR afE AfY g RerbL AR bARBhingaC

circunferential wal lelegfents! dlendidfentishe sucho@t edréthihha diolbgedt maedalcapt ur e

nol ecul e. 29. The mcrofluidic continuous flow device according to claim
28, wherein said capesitiBedislessqrampasition ipgdespid EFRPAHBEYT oup consi sting of
PEl.hy, ketone_gr . - | O, 1. LM bi ' i des,
GPII-O anchored pr ot‘gﬁér%gmasﬁﬁ E%agﬂglgﬁdsb?g% ﬁg%#@é%@?u S (ﬁblg%%g? gesr{&ygrgta aners
or mxtures of thaidianaeindnt,onedond irtetuoe ntrodGcing leeltivatioofdediuth mto said

continuous flow device according to any of the preceding clains, wherein at
| east one of sai cPafafeIdchappg)Outside ofsaideqap n%@ﬂ‘i)éﬁgt)mts wher ei n each

cormpartment hag ay éréﬁtsal@%eﬁh?(gﬂﬁeti dﬂﬁrsgfa‘{ﬁjtl@gaxlaia?xlaggéd:ﬁlch%tt@ Lll§ d fiéw Sai d

conpartnent. 31. The mcro Ic continuous flow dévice according to any
of the precedi ng dlaitimtiomiredeinnthsaugh saak ¢chanedni ng el enents are pillars. 32.
A method of cultivating biological materjal in a mcrofl uidic. continuqus
f1dw devi ce,™ WHEFSUAINE A biplomiel mefapali adsa sugpiged delagsescamepasitiononfq, s o

conti nuous flo%ﬂgéﬁjnﬁé‘nt iR9aatshaganel ;.  wherein said channel conprises a
first and a secontl area wherein the first area is a conpartnment which is

defined by par ®i twhereingsaid engainsd anltateheorspastivn mlensed st deaspane substaricde
sai d conpartment; . supports cultivation of said biological material and which is not initially
comprised in said cultivation medium; and

20 ® transporting a cultivation medium for cultivation of said biological material

through said channel via said second inlet.

33. A method of cultivating biological material in a microfluidic continuous flow device,
wherein the method comprises:
25 ® providing said microfluidic continuous flow device having a first and a second
channel;
= wherein each channel comprises a first and a second area wherein the first area
is a compartment which is defined by partitioning elements and the second
area 1s a space outside said compartment;
30 s wherein through passages which are formed between said partitioning
elements are dimensioned such as to retain a biological material inside said

compartment;



wherei n through passages which are fornmed between said partitioning

el ements are di nensioned such as to retain a biological material and a
sust ai nedwvoebmagesooonposi tion inside said conpartnent; waese2mssasds channel
has a first inlet for introducing biological material into said
compartment, a second inlet for introfficing cultivation nediuminto said

space of said channel. outsi de of, sai onpartnent., and.an o ; ein
sai d second inf etwr}hﬁﬁﬂnseéfl?j cﬂWLPasaar g“ﬁ#%ﬁmé’éd“%‘ﬂf‘c‘ﬁm dbl?@)glaclk‘{ f lé]\%iega gév of
cul tivation nedi uid enepketnentli Hscebaiidét for infoBRElHE cilgivaidi Mbdi@hcikto sader i al

and a sustained rel ease conposition into said conpartnent via said first
inlet; wherein saet ofisaidaharet! putsideoé seid epmpritment, ard apQWietat | east one
substance which supports .cultivation. ' [ [ ter ich
is not initially @geﬁ%flieg%hdoésﬁlas/%lcggcl&%{tsl va %Sfr?l 0?}%’8?8%%%% a?{abg‘lhds%joagtalg\ﬂg a
cul gi vati on medi ygaflew acldw bFailiienioaimesinim tirooglogiid ehanfelt er i al t hr ough sai d

channel via said second inlet. 33. A nmethod of _cultivating, bi 0{ 0Qgi &g{j
material in a M cyhsreinicartk of srd iseanpddnleis sail fitsk andyprepad ghanmg! reprbtd

conprises: provid Hg ' I: i di ont 1 f f¥é-ce having a
first and a seconcg C ariﬁﬁiéﬁ;n ﬁ/ﬁ%?ééd#nggg%lﬁgﬁidﬁ{r}gg&igrgn%%gs a first and a
second ar ea sWhR¥Rdlcihp@ Hiblbgicalaﬁl%riblsin&) eNNAT sattesdmpitingsnts siadath nshiby

partitioning elements and the second area is a space outside said
conpartment; wspecive frHielghashssages which are forned between said

atlr ol i el aREREPH e AR Mo S S e Ve SR Bling

for introduci ngné)ﬁgd,@éhi&alll offedi@tw@thanhéle. sai d conpartnment, a second inlet
for introducing cultivation nediuminto said space of said channel outside
of said conpartnent, and an outlet; wherein each of said second inlets and

o ot AL IR APV 5 ALl bt
first and se;(zlwadncﬂihaxlﬁambdicsr’nbﬁsésl ui d conmuni cation with a conmon
cul tivation medium feeding |ine, _ _ _
15 = providing said microfluidic continuous flow device having a first and a second
channel;
= wherein each channel comprises a first and a second area wherein the first area
is a compartment which is defined by partitioning elements and the second
area is a space outside said compartment;

20 * wherein through passages which are formed between said partitioning
elements are dimensioned such as to retain a biological material inside said
compartment;

» wherein each channel has a first inlet for introducing biological material into
said compartment, a second inlet for introducing cultivation medium into said

25 space of said channel outside of said compartment, and an outlet;

= wherein each of said second inlets and each of said outlets are arranged such as
to allow a flow of cultivation medium through said channel;

= wherein said first and said second channel are fluidly connected to each other
wherein said outlet of said first channel is fluidly connected with said second

30 inlet of said second channel,

® introducing biological material into each of said compartments via each of said

respective first inlets; and



introducing a biological material into each of said conpartnents via each
of said respective first inlets; and transporting a cultivation nediumvia

sai d comm@p wi)dikseat i on medi um feedi ng |ine through eachc@iscSais@odop
channels. 34. A nethod of cultivating biological material in a mcrofluidic

continuous flow device, wherein the n€tlhod conprises: providing said

m crofluidic continuous flow device havi first. and second, channel ;
wher ei n each® c HRRSROIIRE ApfFylEyaion medym éﬁg)ughs%t‘f)rfﬁ“a SKFIIde Channgl B ¢ st

area i s a conpahtiReing W t@hviond@Eiingdingy sRarfirst iR Yif ssaeRtsnd Rttt dte
second area is a space outside said conpartnent; wherein through passages

whi ch are fornmseiddestwhemetai d partitioning el enents are di nensi oned such as
to retain a biological material inside said conpartnent; wherein each
channel  has a first inlet for introducing biological material into said

congar t3ent , TRe fRHOAGctdttiRl th AnyioftdREy € BY t6 9kt wHatinOmRrdtiRHi palak 8 Whivhi d
space of said channel outside o? said conpartnent, and an outlet; wherein

each of sai darsclooned batveses sgit padidionine elamngnts are etimengiencdr sushgesd ts @gilpwas t o
allow a flow of, cil tivation, medi [ h i L. wherein said
first and sa?u(?pls?"eogJ e ec‘ﬁtlnes R an% O%nf) fﬁld)?(gn%%g“? ggﬁ?’gsmn'

channel are uird onnec each ot her wherein
said outlet of said first channel is fluidly connected with said second

inlet of said second channel; i ntroducing hiological mterial intp each of
sai d cotfpar t Hesmsthof gcerdingde chaimdP s adsesan pajd miprodluidic, centipuoys Jow device

tramsporti ng‘g’%cﬁﬁ%%i\}‘é?%éh%%%ﬁ%ﬁhr ough said first and second channel by

i ntroduci ng on nediuminto said first channel via said second
inlet of said first channel. 35. The method according to any of clains to
32 to 34, wherein_ through passages, which are farned. between said :

parti tidhi nglg ’é‘ﬁﬁ’ﬁ5§°‘éq‘@‘“§itﬂ§%g‘?‘ogr4e&fh§%‘h_s g”f‘ﬁr%glﬂ QLRTEHPYS gf’wrﬁﬁ’?ﬁul es
into and out i@l dnQApRAEATRBE, RWhefbif fdieh Whanid- is THEIAIEIDASEALCHidi AY to

cl aim 33, wherein sald mcrofluidic continuous fiow device conprises nore
t han two chasubedguent channel; wherein said fluid connection is established between said outlet

15 of a preceding channel and said second inlet of said subsequent channel.

38. The method according to claim 34, wherein said microfluidic continuous flow device
comprises multiple channels, wherein said outlet of said first channel is fluidly
connected with said second inlet of said other channels.

20

39. The method according to any of claims 33 to 38, wherein said compartment further

comprises a sustained release composition, wherein said sustained release composition

releases at least one substance which supports cultivation of said biological material.

25 40. The method according to claim 32 or 39, wherein said sustained release composition
releasing at least one substance which supports cultivation of said biological material
is present in a particulate form having dimensions which do not allow said sustained
release composition to pass between said multiple through passages of said
partitioning elements defining said compartment.

30

41. The method according to claim 40, wherein said sustained release composition

comprises a microsphere.



37. The nethod according to claim 34, wherein said mcrofluidic continuous
fl ow device conprises multiple channels, wherein each channel is fluidly
connect edyisbly/Aacgpgbsequent channel ; wherein said fl ui dpe@Rag6dsi00Ebos S
establ i shed between said outlet of a preceding channel and said second
inlet of said subsequent channel. 38. 6Zhe met hod according to claim 34,

wherein, said.mcrafluidic,continuous,flow device coppri,ses nmultiple..
channel®¥: whEt% M&C%?@étt%f%ggiﬂ’ﬂ”&? mcﬁ%{ﬁnﬂsg?%edf f%?aa? ycogglr?ﬁlél(?fled
with said seg 'sggﬂégéla@ﬁnﬁ@bgb}@k})er channel s. 39. The method according to
any of clainms 33 to 38, wherein said conpartnent further conprises a
sustai ned rel ease conposition, wherein said sustained rel ease conposition
rel eases, at J.east.one substan Yo I ltivati saj

bi of ogi Bal rdeanriapd fs@rRah S, e 3aA G 3 bhotas3 sba R fotense, |
sai @ sust ai n@thpositionSr1ASEEPO Subitaiter Sllctal AgmAthd grrib EoMSistnd ifadyeskitd)i ch
supports cultivation of said biological material is present Iin a

parti cul at e hemekingy VIt FEARPTHAS Gk OR oolh Grolegiral wnaterigl, sgrewalh fagtor,
rel ease CO@@ H Oﬂ?xgr?odgf.sx%léaﬁhggﬁfgnﬁ@héj ;g&ﬁdwéﬁ%&@_aﬁ’#g *auﬁatﬁaﬁaggesfaa& sai d

partitioni enen i ning compart ment . he e accordi ng
t o cl ai m 40, gradosite) nsairéplags-calong ditinell#mge factorp asictaphages colpiy Sesubating

m crosphere. 42. The thod according to claimd4l, wherein_sai ust aj ned
rel ease conpg8¥Pbi B’f’ierg%ﬁfbr i‘%sé‘gn’a a@'&PﬁP'i“h‘Hi’i (P?Q%’ﬁ‘l?é‘_f‘]él?‘& : onaj h@t‘%_@a}’roé‘%ﬂj
acqgr ding ! GnaBypiRke Clci B3 fackBt inindikid 2tuntih CiHafhrt! Aofois kil ahcase
conposition rel easés a substance selected fromthe grGup consisting of

cyt oki ne, chexbitestherenfit ri ent supporting cultivation of biological

material, growh factor, growth hornone rel easi ng hornone,
granul ocyte-colony stimulating factor, granul ocyte macrophage-col ony

stimul af4 ng frachethod raeé‘dramg&e%n?@ftuh\fm§t3brwl4@t, wherdiR 64i@ biolbftArth@ena, is
insulin, atriopeptin-lI1I, nonoclonal/ p(;léycl onal anti body, F, macrophage
activating fsalseted, fiom gh¢ egrbp, consisng d¥narakeryegics edlisorcukamyelis negdls, £l

m xtures thereof . 44..Th t hod ac i : ims 32 to 43,
Wné%ei n sai d8616 tgalof(;’%e aﬁg{é@ﬁ@qn@gﬁ@bﬂg@%&%%%@ﬁt eégdgfﬁoup consi sting of
prokaryotic cells, eukaryotic cells, cell aggregates of the aforenentioned
cell types and m xtures thereof. 45. The m crofluidic continuous flow

devi ce “%ccorﬁen’gquﬁﬂ‘élﬁéﬁ FRIimuOyH, B devics; arcerding 1o R i 4de WiSTSIM SaI- US| ul ar

linker on t hehinrehh it MG linker on their cell surface.

20 46. The microfluidic continuous flow device according to claim 45, wherein said inter-
cellular linker is selected from the group consisting of PEI-hy, ketone groups, cell-
adhesion molecule (N-CAM), dendrimer hydrzides, GPIl-anchored proteins and

mixtures thereof.

25  47. The method according to claims 32 to 46, wherein said biological material introduced
into each of said compartments is the same or different in all or some of said

compartments.

48. The method according to claim 35, wherein each of said compartments is dimensioned
30 such that uptake and discharge of molecules from each of said compartments is

possible over the entire space of each of said compartments.

49. The method according to claim 48, wherein each of said compartments has at least in

one dimension a width of maximal 200 pm.



46. The mcrofluidic continuous flow device according to claim45, wherein
said inter cellular linker is selected fromthe group consisting of PEI-hy,
ket one grwoRsio/Fedobadhesi on nol ecul e (N-CAM, dendri mer paydiGzodd®50293

GPl - anchored proteins and m xtures thereof. 47. The method according to
clains 32 to 46, wherein said biologi @ material introduced into each of
said conpartnents is the sane or different in all or some of said
conpartnments. 48. The nmethod according to claim 35, wherein each of said
conpar t4gent STieSmehBE ASdoPMAL 1M of dansupita e, Whdeid aclk8f £fd ShanRlsFaMh&S
fromeach of sald conpartnents is possible over the entire space of each of
sai d conpar teventrises 49nedire floot lsephratos; ovitireiy said medinm Ay separptor ns tagatedof

said conpartnents has at least in one dinensi.on a.,wdth maximal .20
nm 50. The n¥HEH c%ﬂ_%d?#ﬁa“?(?og‘!ﬁ’ ntcﬂog{i%ﬁ‘i 11333he[ 8“‘21‘81,0 _e?l&%ﬂgg%?@ sai d
chagnel s f urdniffiel GARKd SRHind SR /b Qid ARBRATIOW sephitforiilotaled beretieHM
fl ow separator is |ocated between the end of said corrEartment | ocated in
e

t he directi che brginhiag@itshidtcogipagaieat toisatad én therdirectien ehtherferonsiinletof 53id/ or
sai d nmedi um fhl owlseg)ﬁ{eath%%né S 1letocat ed between the beginning of said
conpart nent T8RN 887 1T ¢ &i’?etti on of the second inlet of said channel
and the channel inlet. 51. The nmethod according to claimb50, wherein said

medi um f |l ow separator has a shape selected fromthe group consjsting of a
ci r cul &l shaphe msthod|aceqsdingdp claim o ayherein saidimgdigm fove sepsgatgnhassa shape

wedge- shape. T h C ki g i - £:0.15 rein at
Ieggt one ofseg‘%}e&‘ ?grrrrlpng[%et %Or?? s8 gg'ngg r(gg% ?ﬁéﬁ%ﬁﬁ?ﬂ%% gqulprg&ll}i ;aﬁa}é%?’ a
wher ei n t he regangwdmdhape ari dweddeaghape.conpartnent is term nated by said
first inlet. 53. The nethod according to any of clains 32 to 51, wherein
sai d device conprises at |east one channel conprising one conpartnent

wher ei nsyone i, ffodS adrfiRERA" iYEBE cfAht N &RIsE, SERAM AN18at! shedsf saigd by
partitioning el enents while the remaining sides are defined by the

ci r cunf er entdoaipavaientsoiassaiedtapgalan shape 54 a Urstapeewvherdingbe opei wnd 06 saidy-of
claims 32 to.51,, wherein at |east e of i.d conpartnents has circul ar
shjae or an s@f’?‘?dp“toin&ﬂméeﬁgﬁé.emggfmgﬁ%Sﬂﬂﬁﬁsgdﬂgt(:cordi ng to any of clainms 32
to 54, further conprising introducing polyelectrolytes together with said
bi ol ogi5c3al material into said conpartnent or

The method according to any of claims 32 to 51, wherein said device comprises at
least one channel comprising one compartment wherein one side of said compartment
facing said second area is defined by partitioning elements while the remaining sides

20 are defined by the circumferential wall of said channel.

54.  The method according to any of claims 32 to 51, wherein at least one of said

compartments has circular shape or an elliptical shape.

25 55, The method according to any of claims 32 to 54, further comprising introducing
polyelectrolytes together with said biological material into said compartment or
introducing polyelectrolytes into said compartment before introducing said biological

material into said compartment.
30 56. The method according to claim 55, wherein said polyelectrolytes are biodegradable.

57. The method according to any of claims 32 to 56, wherein at least a part of a surface of

the partitioning elements, and/or the bottom and top of each of said channels lying



i ntroduci ng polyel ectrolytes into said conpartnent before introducing said
bi ol ogical material into said conpartnent. 56. The nmethod according to

cl ai m 55,weheiaiibsosai d pol yel ectrol ytes are bi odegr adablpgr/sgeoshieeset hod
according to any of clains 32 to 56, wherein at |least a part of a surface
of the partitioning el ements, and/or 6te bottom and top of each of said
channel s lyingw thi.n said coppattnment and/qor said cirgunferential |l of
2l m 53 i MR o s mrnaang b spd sHeopRoet il bE R S55/E e88ed oo
accordi ng t i Ai1€Asbdne WberEdlsaled capture nolecule is selected fromthe

group consi sting of PEl-hy, ketone groups, cell-adhesion nolecule (N CAM,
dendri nmer hydrzi des, GPl-anchored proteins antibodies, antibodies, binding

fragnents of.antibod] es, .apt agersor_.m . t d i

i scurgs, Sy MeBRRRARATRGRS P llkelh M 2alihnd MOIBYETEGHLRGA the

| east one ofgrGip Gofitielos PEIRY, %e®nét gloagst célladiesionariolaless (WHEAR)N each

conpartnent has a first inlet faor introduci n.% bi ol O(F:]I cal material into said
1

conpar t ment dendrimearfydegiters FPhanehoaedprotensaniibadics apfipediesy bindingpfragments o
roment. T : . oz J <
The et hoq SLRBRRUEL fhulnbi St pAIRL BTGE drileMepofedaiibilates, B0, (BT U

transporting a second nmedi um conprising a test substance through each of
sai d channels. 62. The net hod according.to_cla m60 or 61, erein said
Lest sdbist arbe MEhabcserbie 1 Al FETE d2%0 Sonerainl s ool arIdEianiT i a)
cofgosi ti On’CO@ AOMRUELt W@%Bﬁ?ﬁﬁmelﬂs GRS RAcHVBb hParker 'haal 518t infet for
suspected to 8 necessary for the cultivation of said biological materi al
and whi ch i sntrasfutinglbiglogios] matepaliistedaidreoggiadtment.t i vat i on nedi um a conpound
which is or which is suspected to be necessary for the netabolismof said
bi ol ogi cal material and which is initially not conprised in said

cul tivagbi on TG &RAd FccbRIPOW YT EMMP a3 it KONfuybCibm stz WbaltihSa test
suspected to be teratogenic, cancerogenic, nutagenic, psychogenic or toxic,
and m xt ur esubstance drito s@d culfiyatigemedi@maccording to any of clains 32 to 62,
mh?gein said partitioning elements are pillars. 64. The nethod according to
any  of clains 32 to 63, wherein said cultivation nmediumflows through each
of sai d1charmnelfethbd acddrdivg rtatady @ff ckdimut323@ $9,/farther aaptisid?@amdpbhingtd. A
kit conprising: a m.crofluidic continuous fIOM/devi%e_ ccording to claiml

. at | east 6PRONEMAYN CAMPRENS Aitet substingg threughieaghe £RATRE!S: rel ease
conposi tion.

62. The method according to claim 60 or 61, wherein said test substance is selected from

20 the group consisting of a pharmaceutical composition, a cosmetic substance, a

compound which is or which is suspected to be necessary for the cultivation of said
biological material and which is initially not comprised in said cultivation medium; a
compound which is or which is suspected to be necessary for the metabolism of said
biological material and which is initially not comprised in said cultivation medium; a
25 compound or composition which is or which is suspected to be teratogenic,

cancerogenic, mutagenic, psychogenic or toxic, and mixtures thereof.

63. The method according to any of claims 32 to 62, wherein said partitioning elements
are pillars.
30
64. The method according to any of claims 32 to 63, wherein said cultivation medium

flows through each of said channels at a flow rate of about 30 ul/h to about 220 pl/h.

65. A kit comprising:



66. A kit according to claim®65, further conprising a cultivation nmedium
for cultivation of said biological nmaterial. 67. A kit conprising: a

m cr of | uingoGofnkdopuous fl ow devi ce according to cl ai m 3craadoosdbodogast one
bi ol ogical material. 68. A kit according to claim67, further conprising at
| east one sustained rel ease conpositi ®. 69. A kit according to claim67 or
68, further cogprising,at. | east one cultivation. nedi ymf.or cultivation of
sai d bi ol ogi cal rf’a?lécﬁg% @Cfﬁpglﬂl%s °8Vo‘#ﬁ¥%°|es%°%°gram§% (r)riccarlr(r)lfll ui di ¢ conti nuous
fl ow devi ce aceorgilgngt ére BibldgitaBnaRHal andtat lc@sftSine 80Rainkbdtdgise 3bmpaditesr. al .

71. A kit according to claim70, further conprising at |east one sustained
rel ease conposition. 72. A kit according to claim70 or 71, further

conpri g a Lt ida : : : -

bi o ogiar rakiPRrafido Ethh oSThirRer ARinhe PLulbeddniBbd B B ciflfion of
accgrdi ng t aRibiolkical mawsiall to 3 1 or a nethod according to any of clains
32 to 64, for carrying out cell mgration studies or gene expression

anal ysis, or cellular function and differentiation studies, or disease

di agnogs, ok erCHglpp;gitngpol ismor toxicity testing.
= amicrofluidic continuous flow device according to claim 2; and

= at least one biological material.

10
68. A kit according to claim 67, further comprising at least one sustained release
composition.
69. A kit according to claim 67 or 68, further comprising at least one cultivation medium
15 for cultivation of said biological material.
70. A kit comprising:
» a microfluidic continuous flow device according to claim 3; and
= at least one biological material.
20
71. A kit according to claim 70, further comprising at least one sustained release
composition. '
72. A kit according to claim 70 or 71, further comprising at least one cultivation medium
25 for cultivation of said biological material.
73.  Use of a microfluidic continuous flow device according to any of claims 1 to 31 or a

method according to any of claims 32 to 64, for carrying out cell migration studies or
gene expression analysis, or cellular function and differentiation studies, or disease

30 diagnosis, or drug metabolism or toxicity testing.



