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FI ELD OF THE | NVENTI ON 5[ 0001] A mi crofl uidic continuous fl ow device
conpri sing wahadaedooWhi ch conprises a first and a SeCO@@T}%E}%fasmoozgs
wherein the first area of the channel is a conpartnent whic

defined by partitioning el enments and thé second area of the channel

is a space outside th @ﬁ’ﬁi‘? RUBUS ¥ ges which
are formed between thg\dfartl I oni ng e emenp arlgag‘rlr%gﬁz?gned such as
to retain a biological nmaterial and optionally a sustained rel ease 10
conposi tion which can be conprised | nt within the
conpartment; wherein the chan fﬁﬁgﬂhgﬁmﬁeto t he conpart ment
t hrough whi ch biol ogical material can be i nt roduced into the
conparémePt; ﬁ secaond |(§1@£ for, int rodug a cultivation nmediuminto
a space oflWhE charhBicroiiHUn ERInBRRs Sl eafcewﬂgmea%m%ﬂtw igfhepragaises a
outlet. ThetRAESSRbnd H¥LREEEN thdilhata aE&ERNEA lw&&m&m WRich &% defifled
devices of the present invention and kits 15conprising t

m cr of | ui BY cPasirmingu slgments cpdd i easendfareah of she shennel rweﬂnFIPEGﬁ outside the
BACKGROUNR, [, o NpNele] L QtﬁR

m croenvi ronnment cons:égﬁrl ng g%&’ so%etftqfﬁh ?ﬁﬁgﬁedwg&;ﬁéﬁoﬁ ng%?n%?ms
cyt ol ci nesre @mdnmmdtshﬂnees)o regain iangologishlematetialaang| dptibaarllyrmsudtainemietﬂase

conta S jan and. cel | -.nat i_nt actl

and ne‘?gh o%ftz%‘iﬁlrlﬁ& %"ﬁalfe ‘?q“}pél\%vg?glr heexf) gﬁ?ﬁl\}%“tc“élﬁ? E}g’lq O Bt 85?&1
(Lut O| f, @ dHannethhd)elﬂrst idlet A meaion@hnmeﬂaﬁﬁmgh\lathxclﬂneto@ﬁhhﬁﬂatcnal can be
vol . no, 1 cell culture, .the m.crqenviro

ex perl enc’élg ‘g‘ﬁipef‘ H’é‘z’éléf] gompagpents f Seeand dplet o yatio g}lﬁfﬁ Eé%@%ﬂ‘é‘ntlﬁm a
in Vivo egpate @finBatchanel afrifed cﬁ@dldwbﬁ&héoeds}ﬁyar%en( Bladin foaflat, The,present
Chen, C. S., 2002, Drug D scovery Today, vol.7, no.11l, p.612).

Cur r ent | yinVesItioR: Birther rofsrs i mpthads %Bql%g H‘&v%ﬂ"!féfe Rf él%?v@PﬁfﬁééP"&tm%?ﬂd kits
convery engngrRing (B RrARNiIE Q(Htﬁ%x% fIHWCAQRRY bf BE PR ifvB@fonm M C i N
vivo situations for experinental and therapeutic applications.
Progenitor and stemcells for regener ation of desi red tissue act in
synergy with the soluble cel | ul ar

m croenvi ronment to navi gg?‘?% tip qujﬁﬁrentl at orﬁ pat hways and
produce dEPPUHSErilsckixiny vadiin atoppwdex( mmqulrmml@nt\mnanmg ofJsolyble fRELOI8e.
Sci ence, onnen

experien g%giﬁg?emng@%%‘% argir %pg\lf\}ﬁllg 1tnts$lﬁb}e gﬂ;g&g lhar m{;hg (%hﬁ%hl%f

to béZOneanoﬂegismfbr cell 4dhssore amh gelhmetrixnigterdcl O3 knBheighbatiag wellKthaa altbw for

Chen, SCO day I 7, no. o W 2 . S
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cel | ul ar vol.2B,aenN iptATNITR BES ol fufle Iﬂ@@ﬁ&n@ﬁ‘bﬂm&iﬁ&ﬂﬁn@xﬁd&@ by @ ¢allg can WBect
201010168 OPCT56C§GZO$8/ 000293 2 ‘[OOOA{JI I n order eate nore

vivo- | i kenePRYSRIRSIFY SFFEARES 1o B Vi e Vitopmenf and fthceﬁa%l?%av‘aﬁ@hadwaw

synt het i  bicheR! er 8al29ohapkighBREeRO I8dky Qb1 T arhmcavtm%g @lraénﬁs»r ﬁl'énty of
Nat ural ECM such as Matrigel[err] (Klelnman H.
2005 25SemoWerighnigls Bt . beepoldeyeioredo ab opr 3c@yenisige s PfeFtﬁt égltltrqilable

S Ubwcos%@e@u&ﬁﬂ:ﬁﬁél et Mimfe in 2004 sifhABRP 18 éxpgqmﬁhal P! thlln%peutlc

no.3, 5 367), which contain a variety of encapsu gr owt
factors, amab@tlb@&a Rrgsuitastand stehesyls denreganeration of desinad bibse taetdhssngy with

study the,d nugep) R DECURER T HLOSRUEADIERS ARAL RNReAuRl el bkt

responses. een“di'Scovered vascul'ar en
cul t ur ed dufflerbttatiog eptamays amiapmldhe:e torebpondingaqzlll typdsi (ésngar,t R., &V azemt, rJalp.,

I une v . S, r 3).
ougy 183 setimeg v 3T Metapt hopd” This. FrotiscdRyrSagsh ﬁqreﬁmﬁfge%ﬁn)emm
10r ol e Ofceilsj @t khcohitds sfeCdelimsche) s lchissideged t0 bRlehMngful 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.



[ 0005] Therefore, a need exists to provide further systens which
allow creation of in vivo like cell mcroenvironments. SUWARY OF THE

| NVENTI ON h%hQ6@elesbn @ first aspect the present inventp@fseRh@iodolO
a mcrofluidic continuous flow device conprising: a channel

conprising a first and a second area Werein the first area is a

conpar t mefoo¥th Wdér So GRkate1BOke Y vRBNKE hnhiBREMAGroahRAR ThS cANChIRE bsRGRARAI
area i s a space outside the conpartnent; 20 wherein through passages

whi ch ar eardgwptheticlipmeterials havedwen Fhasemion fpbsicetinernlatforme. Natreah EChheuch as
such as t ' - bl ol ogk-cal terd a n . '

S 2 SRR SOKC o614 0 Sh A B U 256 57
conpar t nemid;smalifugestingl suhmueass {HBh@hidylek,SaFe 200hPvaisplabhnmendddeagti@dnd. 3

rel easg at asi. one .subst ance .whi ch. support.s,.cul tivation.of t.h

0 of oo c a3 Rhie R PSS RRLRES o PRSI BBV RS b oeRh sBlanda) Thyeoan
conpar t megetvef 1 valutbleo@ulsi 1o Gthldlyathe giterdlay riatvaden ahicidthGirdrivenGosdadonseyQért
a second ipnlet for int EﬁgUCi n adf_cul tivation m?di um i nto th? space_ of
the chann®tUiay repgeisoli Sptdety disqeve tYaseilar spdpthelial gellpcultured in

wher ein tmm?@@@aé_ bl BtfoAR Sapiieic®With Qlcettf nahém(Tast PUSH TashibOK al1bgyY
a flow of cultivation nmediumthrough the channel. 30{0007]1n another
aspect t Hetlhvelsidnno.5 /233 Bewever, aptgral gystemsi copplicale Hecmresspr ofridentisying be

devi cgy pqg}}rgfﬂdrq\g%ua@fg&ogssﬁngg@ atignd a second channel each

conprising a and a second area wherein the first area is a
conpar t ngRB05jTihetefdre, adwed endsts byprpdde furthensiystgme bivbrallowanaitiohef igedonilte

area i s Ut Si the conpartnent; WO
2010/016%@%@%?@%%?@60293 3 wherein each of the channels has a
first inlet to the conpartnent, a second inlet for introducing a

cultivation nmediuminto thsﬁﬁﬁgbﬁﬁmﬂlﬁ*@ranged out si de of

the conpartnent, and an ou h of the second

i nl etis ardoosqch aOfirst 23pecd thel [@E@nitinGentibn sTge b 8 utibroflGidiccohaloaw lowldeioe
of cultivatiqn mediumthrough the channel; and wherein each of the
second i MPEPIPREt he first and second channel is in fluid

conmuni cat i Gnchishhd) cBmPAARA firét dnki Wakéond AR HIFLHAREFRY alch R€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 biclogical
material into the compartment; a second inlef 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;



[ 0008] In another aspect the present invention refers to a

m crofluidic continuous flow device conprising: 10a first channel and
a second changlogaeh conprising a first and a second appdsWhREFioRos
the first area is a conpartnent which is defined by partitioning

el ements and the second area is a space3 out si de the corrpartrrent

wher ei n each Ofwﬁé?ﬁn%@&ﬁmhécl}fﬁﬁel?hgé:{ Bfst 1Mt &) teOco hﬂa Qrsécrgﬁﬁ]tinl Efor
second inlet for i1ntroducing a cultivation medium:i ace Of

t he channel ar riatodgingua w@@nom nikBivine indw theaspaceestt the ahmhndmrmugdzdebutside of
wherei n each of éhoemsecon (?I etu% nd each of the outlets are
arranged such as FEPESR 40 cul tivation nmedi umthrough the
channel ; and- wherelmmbmthbh;mcfndnﬁletsaamd dabie o8 ﬂﬁ:Odjl ldle?shﬂﬁ Ia&?n@ﬂesuch as to
fluidly connected to,eac t her wher ei et of the first
Channel Lo 11 Py ekt HofHe Setgne FHRBe: 81  he 20second
channel . [0009]wHeReiftdath oXNQE NREorASRRGtoft DR ﬂfs@%ﬁﬂtsebéﬁﬂeeﬁdnﬁa fseir?rfﬁud
to a method of cultivating biological material in a mcrofluid

conti nuous f| oWoREMniation,Kih a commp cyliyaiion medinm fesdisg lipe.ovi di ng the

m cr of | ui @o6s1CRAhbMEOKect R r&@l\&':ﬁ\«%ﬂﬂ%‘y 1hds & V\iﬁ%&iﬁlldl %ﬁﬁlgﬁﬂ&bﬁwlce
channel corrprlses a fitrst and a second area wherein the P1rst area |e
a 25corrpa¢0tl’m1$mng ch is defined by partitioning elenents and the
seco area { | N t hr .
passates i EirheBRRE e b ] BRI O EF B A B wherein
di mensi oned sladhstaseatm)ammparnnalt bihadhdg defirled i tpartitishing Ritnens st aia@dond
rel ease conposition ins he conpartment; 30wherein the channel has
a first inlef™tbA %pﬁcteoﬂfiﬂfg’t %Coﬁl?%f'tg"ﬁ?cal material into the

conpartnent, - a s@eefifeacilbthe cRinneBhEOL Bt Het@sl el copiph@RentPAkdébnd M for
t he space of t he channel arranged outside of the conpartnent, and_an
outlet: wherei HIPHECRSER SHEYIHORARCAENY 1Rtp Sheobafeat! the éiaaﬁ?léﬁgwdsq}%%d%@f

to aI1I5ow a fl ovmgfcoglgjl,{dl&@tdng@n@gggtum t hrough the channel; WO

2010/ 016800PCT/ SG2008/ 000293 4
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 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 biclogical 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;



introducing a biological mterial and a sustained rel ease conposition
into the conpartnent via the first inlet; wherein the sustained

rel ease conp@sioidakkos €l eases at | east one substance whi gATSERBOHhHN3
y

cultivation of the biological material and which is not initiall
conprised 5in the cultivation nedium &hd transporting a cultivation
medi um for, cyldiatkon g%a i ical Al n
via the secondt}dldxl e%. [%%If 8I %kagérl{%tghagl? gg%tesﬁd,eat ﬂ%%ér)g‘%gﬁbg??\rg/gﬁ{a’l ?jﬁe
refers to a remhatnof vaudhe fisstiniefig bi ol ogical material in a

m crofluidi c conti nuous flow device, wher.ein the nethod co ises: ..
Topr ovi di ng. he VSR pisibel e co MBS LR REDi G Hbnpe ehich
and a second chanpsits culiveticel of thabiologivalunederiglQig vtEeSisanot inigdllyanthpased
second.area wher.ein tﬁite first area.is a conpartment which is defined
by partitioni ng B uoé’ﬁﬂedt‘%’_@@cond area is a space outside the
conpart ment ; transporting a cultivati¥h) feBufh foh CAUGAABTIRIEBIOMaL hafRFis! tf]f?)ﬁ?i?ﬁne
between the partitioning el enents 15are di nensi oned such as to retain
a bi ol ogi cal _Chadlﬁélr‘il%l‘lhef??gp‘élﬁﬂqthe conpartnent; wherein each channel
has a fi 1 8010 innoltRf adpllyf ARYSELAG: ALABAI-ERE: BT RbBh oF WhflikdIR biological
conpartment, ‘a second i'nlet flor introducing cultivation nedium i o

t he spacemeferiglie aghemfeidicaontimgasiilow deviche whéreinttbe mothpd comprges: and an
out | eta g, I . . inl.ets d_each of .the.
out eld o e BRvISHISE SiGHAIER Blubll AR TH Bk 8 FRAREARRSR stsife,
t hrough t he ehambetfein eshle ckdnneleaaiprieds at fivet a6 aeachnidrirest \@hedéin tiechirkt arad is a

and second channel is in fluid icat.i.on wifh a co n .

cul tivation mdfﬂﬁ??@ﬁl‘?ﬁ”&‘ LI!'l lﬁed,cegiq%%ba ilﬂﬁn%ﬁt?waﬁsﬂmﬁf‘éﬁ‘%\lmﬁ it 8
each of the conppdct bBtsids théicompaghen®f the respective first inlets; and
25transporting a cultivation nediumyvia the conmon cul tivatjon nedium

feeding |ine thrbugfeEstireieh Prwageioviifhain Sraed pejyeey thepagiigne clements

aspects the present aidWimBhsidhed s@has %o fefifa BBloBRE RhteGAllifdideahé Sfinpartment;
bi ol ogical material in a mcrofluidic continuous flow device, wherein

the nmet hod conpthewses cachrbonnd has e Hstrintet & igiredusingobielogigalmatrignto the
devi ce havi ng RohbirihentNetordGhR r HRAMS culﬁgti?ﬁ‘/ﬂ-ﬁeﬁﬁhpinﬁ)aﬁg sHBBPRE

conprises a first and a second area wherein t Irst area Is a
conpart ment whickannplargagadragrideof terqomprinemgand|aapptiets and t he second

area is a spacqHUMSLAR JMfe CQERALHIE Ihd each of the outlets are arranged such as to

20 allow a flow of cnltivation 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;



wherei n through passages which are fornmed between the partitioning
el ements are di nensioned such as to retain a biological material

I nsi de the gowaihamant; WO 2010/ 016800PCT/ 8G2008/ 00029%{:5/%%95@%@
each channel has a first inlet for introducing biological nateria
into the conpartment, a second inlet fo? introducing cultivation

medi uminto the : ' . - 1
conpart ment, and an lgl?tg %he%]{aﬁnémgpg%ﬂaﬁéfggﬁg%%&g% ??lﬁéwéslggaot%ﬂ into the
inl ets and each cofmpaitmersus [seosd anle far minodeding adhiva®ntmedhah lixtw the §gacevof

of cultivation di,um throu the channel: whereiin the first and the
second channel SE%C@%%ISF?%EHH%@%&%PSO%WE&E%?a\}\,ﬂ'ét %in the outl et
of the first.chameedin ieschl dfthelkacofid s bed eadhtdT thé Gutheds 8 Giriangddt sueh as to
t he second channﬁl : H{'nt rfdﬁci ng bi ol ogllrcal material into each of the
conmpari nents vi 8% @yt ol qeivauyaediy thrgpgh the chanpelet 5. and
transporting.a GietdiyfiifRfl al®eheYblohd tRMAR &dfuilily’ Shndhd 15 85BN fher wherein
channel by introducing a cultivation nmediuminto the first channel

via the second it ewtledfoftthe first ohenneh isnAuidly parmectpd withsthe |secandoinlse of the
aspect the presgggonjjgyaqﬂ[f.ion refers to a kit conprising a .

m crofl ui di ¢ conti nuous ow device of the present invention and a

bi ol ogi cal nuttwduang bibh geehmatesia npb egchl &t the cérnparfoumitshaa embrmfthesiespeative
sust a'd1ed rehfs??n?etg- osition which is conprised in the conpartnent.
[00131 In sti ahother aspect the present invention refers to the

use of a m ctrafspottily @ cohiveiioiediuh lidougletie destahd sdend clemaetby ifvedicingr
or to the use of a nethod. of the present |nvention for carrying out
cel | nigrati BHTEIGRMRESE m&bﬁs%skﬁ}aag Viaihe segpy et °g?he{’é§f!°ﬁ"fn&r~‘l-

20f unct i oppoax)dn Gtifl faab@Bt 4sptdt AR Srestdlt Bventn @febLRSLKH AAPIFIAS a nBbrofihidt

met abolismaor toxicity testing. . . L )
continuous flow device of the present invention and a biological material. In some examples

15  the kit further comprises a sustained release composition which is comprised in the
compartment.
[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 celiular
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



BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] The invention will be
better understood with reference to the detail ed description 25 when
consi der ed o 26@mhsect i on With the non-limting exanpl epcpdchob 0293
acconpanyi ng drawi ngs, in which: [0015] Figure 1 shows an asse
microflui dic continuous flow device with two channels. The |eft hand
pi cture showg &*Hd%@-ubn\qé‘@%}df“ﬂbt of kS BRindld. OFk) aﬁ{ncotl{]} dcyfr 9 d1Iﬂ§s the
two tubes conprising dark colored streans on the ri P

devi ce nekwolagirat h?@tcgﬂhlglredltcgﬂﬁ)@teﬂhmmmamemgoﬁ the cgmmpl whiic) rduadgrsy celamd

supply th i Ql [ n t t he

SoPRLY it e o @éhég% o ?u%nlegh ‘l%lg of B °°I§‘EB§%?%@‘R°‘¥ ﬁ’eafnl fie fng vation
i ndi cat esmethemcthiduigl aktd ﬂmnmdm e spbtd:hrhmge(f adfoﬁata‘l auteids mlmrl;npaftn}ent As
cul tivation m feeding l.ine into the t charnels, On the |eft
e of T PRI B CrpiEion o4 sl cBUER Suihes# ey LB FLe  cheer
cul ti vat i RpermB@hgsd ontibeeNhe LRAMEING ofdeLtoGlsNBk cMﬂnga&H@itQhﬁ {t8tspace HiRide
right picture in Figure 1. WO 2010/ 016800PCT/ S&008/ 000293 6 shows a
cl ose- up VP SRMBRIBHE BPeceht HhArdssas shawn da Figusd || sap gompriseampre than the
i ndi cat esylighabheN GBwnakhdiBh Bidse lchdnbls Q%’G@gltﬂe?tcgm{claﬁ %g r}hecﬂlgm
the channel while the grey col ored streans on the rlg an

left si defeeding Hee esampartbneherndh digurhbor ¢aoweshnidated dubaries as d@mbtdcfuuhnr
through tfig,,channel in the space arranged or |ocated outside the

conpart nent. As 5 can be further seen in this picture, the inlets and
outlets dD(}IdieFlgiawZ:ehcawsl gqhaamemrwasphaescwmh ataagoentedmzt trg@ehpartmienpodihe

t he chann rder .t o,access. .t he rtne spac t si de

t he corrpar 851 0? ﬂ?eeén peety \8/el ‘i?"“ﬂ\“"a‘é\cff TET,P %éce 9ﬁ %"g”ar %lscé?ak?’r‘mn of

g onpri ?‘ e gemua mthapﬁelms duving c&eaingedfgmsdgﬁnmmghﬁmalmm ﬂlb@&ﬁpﬁ'ﬁﬁdﬁﬂﬂ{h& a€dWs
e either, connecte n_edi edin in resent

ohown | JERGIEAEMS Obfecaben o PSR B FaBr 2 2L CADeu HAsnE of Aieslatn

10beliBw. mi[cﬂ@g&}esl%eu wiigtuk i8I\ SongRttaleht b dl‘aﬁ:ﬁﬁpbﬁi 5crdfiligb cafitfuous flow

| ocated in the_compartnent of the channel of the m crofluidic

cont i nuoi&vies: omgeréﬂ%és a eonfrab images B Figsee 3 d¢ thepepriesppndme geansmispion
M cr 0sphef@ge. Qifird 2BS 8RO GHOE thi Qisﬁgiuﬁ&{ UWI&Eépﬁllereb '}ﬁ Qhé B&t mixture after

conpartnent. The arrows denote some of the larger gelatin

M cr os phéeeing migjilie comprimat. Ghe W@womiv@rsis Aty stfinesl gyednengircled areas) in Figure
m crospheies/ cel |l m xture in the conpartment of a channel of a

m crofl uidic continuous flow device. Figure 2B is a confocal inage
whi | @0Fi d001g] ¥@gure 3tSh@V8:a)pip@squrmlaﬁgnﬁﬁaspbﬂbs@bdcatédmwatﬁi iyubnilecrﬁaBsion

and 2C s QE%@D@ ﬂeﬁf{gﬁo@@%&&%h?&n rlll‘lta\?er a?ﬁi@m%treg 3f | ab u]é 9? bcﬁ H" d.t g{gtare) and

after seed e mcrosp Merad
green (erabwmdrlelmarghaha)ldlpmhﬁe)gure 2B. 20[0017] Figure 3 shows a

pi cture atin mcro ric wat er - i n- enul si on
t echni qui%]%ﬁk'gt’f'irﬁr o%8 W@ ‘ﬁ%’vﬁﬁﬁ ?%%8? 8&?’8@"@)?“&%188%% PRmary rat
(left hamdpa}m@tagroa)tuﬁmdn ahmuﬁnclﬁfprm{cfdf@m;c bahuphsCilon &levice. 200 pg/ml of

25  TGF-B1 was supplemented into cultivation medium (w). 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 (m). In the control experiment, there is no TGF-31
supplemented in cultivation medium (D). In the presence of TGF-81, 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- 81 was supplemented into cultivation medium (m). In another set of experiment, TGF-



[0018] Figure 4 shows the results-of the evaluation of albumn
secretion fromprimary rat hepatocyte,s cultured in a channel of a

m crof | ui di gocRdikgapus fl ow device. 200 pg/ml of 25 Tgﬁtfr%%sz@/ﬁooms
suppl emented into cultivation nmedium (0). In another set o

experinment, TGF- (31 was pre-loaded into gelatin mcrospheres and was
then cont gpll.&d,re t - t 0 t] f
2175 pglty (Raye I aRE e, Beptif MEGOL B Fop InEPIEARIA e 10 the
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decreg,)ses in the other two groups. [0019] Figure 5 shows the results
of the evlif O%FT 819 SPUPA MUG production of prinary rat hepatocyt es

cul tured E(r}oz@ TiB@RNE sh¥s the MBoffalf delehed Srof @R bN A fHiQUspieNt Ghth 2Qss-
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anot her sl&king deagigep] piant he migrospheres 2re 1opded SOBOHET deran ef 6G0IY3 7§ kDa

131 was -1 o ' j peng t . I
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t he cont rdaily vapier theemntount bierebeass! molequlE ySaisu ppistant nwidch iinindicative of the
cul tiyati i . From 3.onwards, when TG 131 is

cont rl\gl I ecgﬂygﬁglgéggggﬁ%l?r?@ﬁ&g%ﬁ%gﬁr%%%mte tie I evel of 4-MJG producti on
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6 shows the control r.el ease proper of latin m.crospheres with_a
cr oser T e e gPegiere: Bowad FREhink: Sassas oyl FaBu g £casca FITC-
FI TC- dextdetrarOih p8rfbsidil@ontitoh iy BiéhighPiad eéAhiihetin 3fafic UBEH R Toncluded
probes to eval uate the rel ease fromthe m crospheres. On a daily

basis, thrtdeisesse i Crdsrigars eenains| iadhe comparimens of Jhe misrofluidiy ehpnpe. This
i ndi q3t i VoW tHah g scNORiEMnviEhRAS CarlRN@MQf Of the gelatin

m crosphéres. [0021] Figure 7 shows a conparison of the amount of
rel eased (A% Figuse wean esample of ardhatricb el 8 Hpistadividio petitintoussflow devies

shown that, §£é8ﬁ§i&1QEi1§?{ervi{i;gllﬂE kg gﬂ% l°1f95rx§Lhe&§t ti@x TCHGKE LA bllers
perfusion (continuous flowt roug% was Tess Than that i static: '
can be cdecthanesd thrbuegh the besasd thldEaiCexdtsxhe ehmnnelrtbiongh the oubet 120. 130 shows

conpart t . 1 h icrofl wi.di c_channel.. Thi rqves .t hat .
sol ubl en%‘lgc? P%Eelﬂr\gﬂl Eéwﬁgn eﬂc%ﬁlg ecof:urleé;al?%g".e Ou[thlﬁéyé? ﬂ% %lﬁ%eIBAgﬁﬁagw’éﬁ the
exanmpDe difstanlehidOndbtough whidhi the dolagicd! mateeialt 160Ue tstrddueadl idleyihe @omparenent

P N WS or e <R AL s L
t he changgwid &tk eeghedilie flowisk@iratd 25 248976 hows an additional exit

channel floéi@jjl y connecting the outlet with the channel. Al so shown is
the 20 f1¢%&e] Figuge 91ulgstiatsothg Hlonh pE et sltrvtion sngdaum (Hacie prraws)1 wohingsthe

i nt r oduceghnnBit ¢ of MR ARIRE ESIRAbusIRRY @dvidThe BARPRImhP BcfintdSy the pillars is
conpartnent 180 is defined by partitioning el enents 150. Al So sﬁown

. DYy
are £he mewedsd f9 Gevsrasp ankidethelcompartmentyy. the doowh mRpsggescfogned between the
il lustrates: f i ! ' . gyt -
the. chanhal Uof 1§ Helith @ MblOEEH el ha E L Pl heBY 1R obhilig
defi ned bydic#ed by mhite bendsarsv)odeperaioteeeh the witlth o phe tranghgiasmgtshe in other
conpart by .t he through ssages fornmed between the partitioning
el enent g&’% f\%loéé}ﬁ @%ta%cg(r%e%’ggrgﬂ{eﬁgggmf‘ﬁgSftﬁ%ﬁng;assages by liquid flow or
di f f usi ofD0R#NEigard 40 Ry andi B eshbendiferenovikadipleendi pessible chefigtirdiohs aff a

t he (?rou h passages or i.n ot her rg‘i on the distance between the,

par t 341 OB ARE FBRRion] BB VIR JA o8 B ER SR AEEh b, dpe P Eon medium

exanpl eserférs MRSeiabhedd 199 Birbephr 8t k&@B5d Mlet@hannel 110 and exits it via the exit channel
130 and the outlet 120. The first inlet for the biological material 140 is comprised two tires
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



30 microfluidic continuous flow device. In both Figures, 10A and 10B,
the cultivation nmediumenters the channel 195 through the second

inl et channglp 2dibdichgel exits it via the exit channel 130 000293
outlet 120. The first inlet for the biol ogl cal materi al ?’Qgciot?@

conprised two tines in the confi guratl shown in Figure 10A and once

inthe co |
conpr ses CHiatt BAkaP Balaly A putiontd orh ) 0 Bt b LobfgRANS 150,
2010/ 016800Figme30B0lxsehata:d Qemsm’&s piilg pae tonpantinegt which madeénechaitshrea' kides by
partition artme n Fi e
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indicate dead cells while all other cells are alive. The upper panel
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exanpl e whemlsetst which@at bobsredd Br ieXansplé Whehl lchitireng thasKeelld 3 QAR Thlture
Fi gure 13 Qows the profile of the mcroenvironnent in the
m crof | ui @& continuous flow device. FITC-dextran was used as pr obe

to vimgual [Uaﬂ]tﬂiﬁuﬂilgrsﬁﬁﬂyiﬂ{ BBRLof tid BitkRntiddhndid irl 38 mlhm%fdi@éo%tmuous
schemati cal | e mcrofluidic channel filled with fluorescent dye
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the channel. In Figure 13C and 13D the mddle portion 2 rom20
to 400 prﬁqorFSt:mg@#ahm&m@h%mﬂsesmtwclbieﬁgmrﬁéﬂanéﬁﬁD\Alhustretettlweﬂtpmspence
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t he ent i rdeshetl ding la]ﬂoitdﬂleifteha@l n'edmt(s()dﬁsbetﬁdlﬁted ﬁﬁe i]mﬁex ofKh@y, and hig: solid line
relation.of_t qu ce ensj t b ned i.s, i Ius ted | :
i gur o 1451 Aol CETRIIA TP Do e bl o T S evie  CasE U et
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fl uorgscence i nt e[ilﬁl té% [ ncreas W th increasing, cell /ﬁ;]watl n
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i cr of | Uivghiidh 1ok ithid kS filibreMtef@VinteRsif@Mases 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 bioclogical material, 220 show the

outlet while 270 show the medium flow separator located between the end of the

compartments and the outlet channel.



30 in Figure I. 210 is the comon second inlet channel through which
the cultivation nediumis fed into the channels 260. 240 show t he

first inletwbabiolodgodi ol ogi cal material, 220 show the 09&?@&20%}60‘0?)3
270 show t he medi um fl ow separat or | ocat ed between the en

conpartments and the outlet channel. WD 2010/ 016800PCT/ SC2008/ 000293

QohiroD) (B0 iR 10 MUSHARURSsdF of Shckln Mlry ARG CBltel DAEAL HRNE:

cont r ol gas tank 41 S connec trc tubi ngs
pressur e tnrég%illoas ommm:@@d binplesticitalsings mlagmresailre mmué(tar 480 waikihiiws lam@tahmeter.

nmet er, |s contr Iedth s . throygh th

pr essure reg ﬁ?tf r 53‘83@% preassur jufars pgdo tiggey ﬁ’gﬁug&‘oﬁﬁé’&s@ge
to sol enoeghlataﬂ 4385 TA4 Prekdund regmaﬂsr 450 ﬁ&héhl @ahdéctedab selehdig Malses 440 thieyork
are s tche ca o throu h t he sol enojd val ves, 440 and cause
def or t.aaﬁ flﬁgﬂtﬁhf'éuﬁ&?qycarwﬂ gd Py aaﬁ%anrﬁoct’fwslmha.selea%we%e% and
The sol engig d/e'fdn’z&ﬁﬁoﬁro@ the Phdutatie dabis GO MR Inidrotha@ict dbREUD0a TRE s¥Rhdid
el ectric output 460. The pneumatic val ves 420 are used to control the

f1 ow t hr JayEs asecorkelinddiyscogiputen é5Qrﬂ‘€?‘€$14 12t elecitic Autpus4G0 dhe nwmc

by bl ocki

) Ustratad s a EReURET D oo PR TR0 bl s\l SRR e Bpicia confipuous
schemat i dlosedevige byfbleckingrani ivpening fhiepasssgstherwgh tted andined) ag Himstrated in Figure
m crofl ui,di c flow device. At first, cells are withdrawn froma cell
reservoif (not shown in Figure 17A) into the channels of the

m cr of | uif@hi3e)] Figere dgvhcmdSBOinbzrytrate/vﬁm/\kcﬂllandam\@dt upuat)a hiinwik Glowakgstem

fluidly connected to the. outlet. re A e 17 15 th
cul't | vat PTG A e s devider ARMET 84 oo st Pef Al kel g o
tank 560 shdvén an [REUrst BlAD ﬁtdoufépclﬁ&ﬁels Qey@ie RATRRA [fRw 4eViBEF30 M) two
ensure tha '&flt he, oxygen level in the cultivation nediumis sufficient

for survi@frayel pyrpsd 0 whighare kndly, sopmested fo the gutlet Gigyre 1i74)-dn Fige 17B

devi ¢&. Alet &MHiRASHI M&tidn r@whﬁ;dwﬁefrmua chﬁMathﬁH' ¥RdiarOstBR eEfaIQ(U%-U Gia a
trap 550 the cultivation nediumflows through the channe th

mi crof | upPeiistaldevrmp 3890 Oxpeenceammprble élénn@oﬁ r e thatr the pxmen level in the
cul i vat bRl HEEH AL REIhBr SIATAPLE el ! RAeY o eSHicdhutdie

cultivatlonmalumstorageta before being iIntused 1n
channel sflayadavice] @dBt |pafhinga gedbatisigofewr avayi vahef 52!] dnd: af hubbled ep S&0 ahe

e Dt el O ) 0L oA 5B PO AL P
cul t 20 e, fromeFigutel EIB atultivation uregxunhannetheﬁ% ahamtﬁlwsemfﬁamtlyhmixed in the
cul tivati d|u I cells co ised in the
conpart n’é"ﬁ{} aro;r‘?) tgfag%%ﬂﬁﬁ@ #e?fgré? :E'iﬁ%da tﬁﬂ&‘?‘aﬁ) SA%2%Wnd f 1 ow
via the fosadj E@ui‘d g sl?o‘lﬂ‘ 4 thigefhddbicedow ﬂé\chI d¢tahé pebent MveRtiG OB IS one
i ol ogi.cal circulatory_ that bl ood

This fl )
cones 11 BRPRHEIA 7 Sai i BRI 20 Wi aeF K1 renaseirdfo orgabvaleacRure

channel fafisan cult@eVingdadlet fi the tludgruh&tmewwia clo§ecf s et Mﬂﬁ%@ﬁff&eﬁﬂm{ RiIp
cell reservoir (i ndi cat ed by bl ack arrows) whi is meant for cel

seed?hg paituse thedven aellercomprtedgn tm)qu@arfé@pb@ﬁthv érSé gharnel @emmzpung”)
Figure 18 @MM olaqhgfe@aﬁgﬁﬁém lﬁ;s?ﬁha%t% tﬁé’x‘é&ﬁm‘éé clidfel rﬂﬁiﬂ@\@broﬁle
y. The'lo ows " a

intercell uI ar |1 nkers wer part of ure
schenat i is theepressmhasivlogicdfciraulaiehy thatjejpehedmics fropr te étsg apdigadistributed in

i ntercel} ul sur f | diu
per  odat ¥ oy RSt Bhet it A BBy BB s PR Baicn Epprd A K
al dehydereggresip@ndibdatedby Black arvivish wihivd ibydaaZodet seddinghiato the esmp@inhent of
| nka%r ttge ;esgggqul }tlamg[el | ul ar aggr egat es.

[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



[ 0033] Figure 20 shows a schematic representation of three different
configurations of a mcrofluidic continuous flow device. Figure 20A
shows a si ngigenfiassae!l system which 5 conprises a bi ol ogigR&0084085dsal
and a sustained rel ease conposition in the conpartnment of the
channel . Figure 20B shows a two-channell0systemwith a commn
cultivati d iLhe fluidly co ted

Fi gure 20 alﬁg dléﬂﬂ)jfagg%lyg%gn WLJ H eeaﬁtl i) ?h\i/}\}] Hmtzﬁltgs 8?1 q{‘]ﬁ"é &
first chattrfehnnmltco&mmaggiegatﬁ a feedl ng line with the second i nl et

of three uent .channel s ure 20D i.s a enl ed close up

ahow gt MISRERERFS 2fsR parsmel ropriemaiiom F e Blthieas capiurations of o
conpr i sedmidiofiidic ndosifilfohs!i fibve deasd. | Fipee oMl gmsvvc&eul Sl B kel SBANRS wlhf&h
entrap_bi ol ogi cal  materjal such as cells. [0034] Figure 21 shows the

control reRISEs Hbiglogicalmaerial yud o asteinied r9lpase supPRsition infhersompeartmens of the
l'i nki ng dgpgh -G ATP

pr obe i nst eadé%fi‘lglilzrf3 _?%i; S]l[l%h(l)%%]“%ﬁ gur ek}gtzeilcflﬁlg\%\g&gﬁlg ?c@lgﬂ\‘/’#{:b\?lvqg?ﬁﬂgﬁﬂ}gg
val ve. Thkng flydly cganepte 4y eachghanmhkand diige©20C shovs 4 four-ElpiEel systen il wiieh

of the ch e 620 | dlca

the thin %%I\/El?tad?cehrl@éiﬁ% hga["hg Fé eé@@g&@@%}& teﬁdl;l;gg \7?1 |gure QIE %tg
the sit uaﬂﬂ:mquvdn@hamﬂals Righted?0Dy &5l anenlagged dlosk lupdshwivirdy the parnhhmyg \dlelents
hunp a k the mcrofluidjc chann top. S val v

or v 12 et oot merlstl e BRI pesRisp S fepk aifen serves
medi um t hioeugdp Biblegicilannerial sichgeedls22C shows the Aut oCAD(r) draw ng

used to tur licon 20tenpl ate. [0036].Figure 23 shows
two di ffﬁ@#‘{ﬁg PF%%% 8 SRR Eelesre Ryapartyq lﬁﬁ%rd,afen naicEsplerespyif ¢ gross-
23A and Birkhpw ﬁgaifgwt@ﬁmca%ﬁlem -B1Nha3 bﬁé?m%ééi Eé’@ﬁrob@fnsﬁa&@ﬂ#ﬂc
density of 5x10 ells/m. The cells were yr amcally seeded into a

i crof I ui [8%5] THBHRSLASDOYS B sidf Vigw qflaé' WS yadye. The lightrerey lgergiihe top 600 is

sem -16i I GHd BHMAESHVENfaydrl R EHARR an:ftpﬁ%?he%m Gl Bﬁt]"h%{:}L eg%% gl'alcate
25[ 0037] Figure 24 shows the viabil cells 1n the co of
a channelthethimPRMSrlayar withi the fqawsﬁmed@lvat Figinte bl’B}ShOWfSItm\ﬁlwatl@swhen the
[0038] Fi r | BVEC
[ a commary s e tfied b (R G RN BT AR it I C Halnd SR
devi ce ar%ch pablve pravides an effastivh systdye tsemirol tha tflowhafsmitomlibs madiem through

mai nt ai n 3 of. perfusion culture. 30
Fi Igur eI Zgﬂe Shasiet S‘ q}o;ﬁ%g?aq%saté%%"fo C%Eatwéflgélae‘ﬁfqt W@%enﬁﬁﬂ%ﬁ%
pr opi2@i unempletede | ndl cated good cell viability. Scale bar: 50 pm
Figure 2 foc of F-actin.staining. which sho

el l's wi ARos2 Pt 28 ARePs Po itBkDs Bromueifial PBisri radfiontie Sy Figre
mor phol o@gA ahd) Boshoivit@pitocye&l dofitaingd B0 @Jﬂ?ﬂ'tﬁléﬁt@ﬂﬁlc&lﬁd%ftﬁﬁﬁl 51108 kells/ml.

formatio i nsets Sc I bar: WO 2010/ 016800PCT1SG20081000293
r:'I‘hgt cer:]fs werg dynam?ca ly seeded into a microfluidic channel at 0.5 ml/h. Figure 23A: 50 ym

X 30 pm semi-circular design; Figure 23B: 30 pm x 50 pm 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 mamow 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:



11 20 pm Figure 25c show a SEMinmage of cells illustrating rounded
3D cell norphology wth gradual nerging of cell-cell boundaries.

Scal e bar: @ 810166939] Figure 26 shows prinmary bone ng
mesenchymal stemcells (BMSCs) which can be differentiat gg@lﬂ’ﬁ;{ogooez%

osteoblasts in a conpartnent of a micrdflluidic continuous flow device

5 after 1 K -0of e | G RAUCT i 0N i gur.e 26a: ssa .
st ai ni ng %%\%ég?‘%]é??:élcusﬁqg‘g% %clwdjérf)lkl ﬂqu‘i%g%s ﬁ&?&%&é"‘iﬂﬂeaﬁ%ﬁé{rﬂ?@mﬁy oyith
a m cr of | giaduat neoging ofk@ilscelllboundiivd. Seale Bartrid g, t 0 t he stai ni ng

obt ai ned | D nopol.ayer control (Figure 26b). Scal e _bar: 50 gm
DETAI LED @é@aﬁgﬁ EﬂﬁX“FHE“FWEWl YoT &6]32’1_3#1 stgmyqeflg {BMS lophiiy gan
present i vy @iffeicdfiate@ iR SstbeblatsTh Gr @fdpuitdbs FAhicRMRiSEe EdRMARVARE device
conprising: a channel conprising a first and a second area wherein

the fi¥stafirdawpek af evensemie mdvetionhFagirs 3621 deusbitaiving showesicalgium salt
el ement s @ddsitife vy BN A'CAnipinAeRRAG iRl He R ERTRA bR 'sim;ﬂir to

wherei n through passages which are fornmed between the partitiohin

el enent s the etagingohtdingdan a 2Dohomdayencangb HFiguse 21ibd| Svgledat: Sopner i al and
a sustained rel ease conposition, which are conprised in the
conpartment, within the conpartnment; wherein the sustained rel ease
conposi tion i s adapt e DETAILEDRESCRIPTHGS OO THEINVENDIGN Whi ch

suppoy.ts i.vat Lon of the biological terial; 20 wherein the .
chanill °HEHAE T Sl asies eapent B Yerip A Eitane TbroTRiARs uavers How device
bi ol ogi cadonipRicEi al into the conpartnent; a second inlet for

I ntroducing a cultjvation nmedium.into the space of the channel

ar r anged “out % Fopangk compisiag @first apd i secenrarsh whereinethe fiff aFes in 2t gempartment

second i nl etwaRd if REARMYCharflichiR LIRRGRE 280Gl ASoddPaih iPW sg?‘{clj%ic%f the

cul tivation nmediumthrough the channel. 25[0041] Such m cr
conti nuous fe¢ompagEentes are enpl oyed, e.g., for high-throughput

experjisment at j OQhefin tmo@g)ggﬁag&' LibRnPehavd Bétyf%w&g}tvaﬁﬁlo'ﬁ% lements arc

conditions. In su a mc I di ¢ cont1 nuous ce a“lamn
f1 ow envi r onnedimeraiongsk socheas eld, refdinisy Hidlegiealdemiedals andm sestgined lrelease

o200 el oLty Bl U5 GBS Ryt G B halg
(2006, Bi omat eFi@haeinvihe .sstaingd 4840y dohmbsition is adapted to release at least 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
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gener al | yhavfiEkée 4.0 HifiRe DASRLYBetivEatEP partitiSingBeReMb Pite tHrMRsRnE A6E as
of higher concentration to a place of [ower concentration along a

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 concenfration along 2
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cultivation medium.
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In case upta e an dlscha
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
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such a casferdstnee sioMOothxadpidleind GNERAES E MlofectiBy hEmb&cRIchAPSEHert Gnto and

| eave a space
out of the cultivation medium is possible over the entire space of each compartment. This is

20  desirable because supply of molecules comprised in the cultivation medium should be ensured
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 pm. 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 um and a minimum width which



between themin order to allow cultivation nmediumto fl ow between
both conpartnents. 15 [0063] The size of the conpartnents al so
depends on eofledeef the channel of the m crofluidic gepténdObD293
fl ow device. The channel may have a | ength between aboutgg% nmto
about 10 cm a height between about 201p. mto about 500 gm and a

the. chanrBIe oo DU A0SR ot O R A1 s TE S ot SHeing o the

f1111 maycoapariiesie for exanple a conpart nent Iocat ed in the 20 center

of the channel and having a w dth of 200 % The space | eft between

the wal | [BP61nkhec kelume| ofaageompartagiin i Veariable Bad cdnvhedefenird s dhedegred
both sid (oTeXagoF-] nﬁé&ﬁpﬁ | it
1.5 cml ?r?l)gﬁgar?gﬁﬁlgs a héﬁlﬂeﬁ?ﬁ eo}/d]glgggfﬁ%%% gm Oogﬁv heﬂgécgcagc’&byﬁl o
out si de tI€ r&drrpmthmmplakl@svowmhéewmm dnogbéulem@bomﬁ@ nk hannel whi ch
s not o ¢ e

o ea whi dpoet] i aldiud RafBP A AT of INFIRR) Uilpdiel & 1o biAC ol
for the anﬁdremad;anlomomi)amhmtmasla)djratahletrﬁememﬁaﬂuamg ibtbédo di dad maimﬂrmmeﬂie

219 520 5 3o e PEE, B GRS o

| nt er connefipedmeRaAtEcoRTpaiifiRitah be bf GidIs8md Ghpe or B differ&rt BR4paL. € abdition,
al nost. be separat ed t?ﬂﬁ]tggconpartmant into two areas as_shown for

exanpPe ilhispisg@pesitie coppREMENTTEARPETE B samfeorsibiiapni broleaieadl raistighe
conpar t mepso] $n Gaker (Rt cBiphRe bk R bnd b&nﬁﬁmeihoeél@bnmﬁmﬁwsecaﬁfbe
the conpartment(s) |ocated inside the channel. The size of the space
can be ewsangedgn turpé*oéﬁrslgow ix Fighot K oh thegtaan diecrsienisl parpdlel to each other
conpar t Mefferei f&ﬁgmgg %1 %&géaﬁ&@is%&ul@ﬂg afrg}%nh 1 §é QS%ACQ

Figure 9 I's even |str Ut ed the space each
of the cdepeen ﬂmm ineader beallyat mtiabmadlumﬁo @nmhat\mo boths0Gpertments.400

3010/ 81 080LPET P s0Ra 6B Sl sy Aifhoertifs e s ofce st g e

shown i n nftcgtineid copBawdus €bwidevica dak ebarmel ijaylave adergtiisetwéentdbeut 50 mm to

t | bl h dth f | e bet
about 10 82613 e eBbRRBRFouGRi 4 Foeshadlb et & it Ritren apest 100
about 20QAghd | 0GB HIn. A bhe egdinglé)ehe Radih &)f She Elens EloMAbodtAB00EKATAl €hahiie]

Fi gures ?‘to be cha tEels of a 5 rectang ulfar cross-section (the part
bet ween fIRENEECHFH Phihopt 9%“%‘@%6?‘%‘?%‘5 OF FEATRRIF & %W%e‘ﬁtlﬂ‘&ted in the

Cr 0S20SEeCEAONST RE ch:RAd AU HaVink BFAGM G208 hADCfheahiceabS BeRES Rl wall Stk
ot her sha es include a rectangular or a trapezoid. In another”’

exanpl e, chanspb#ethe campaEet Jase fidthjof 200 aym en beth sidestof e compartaieak i
having agQihi&lex allé%Hé{neﬁE Qi § 3% H% adeight ?P&ﬂ@ﬁﬁ’oo *ﬂl‘glf agona'

pent agonal , oct agonal etc. or any ot shape I's also possi
m cr of | u[QﬂGé] &b sane ouiside ftheygompartment takes up the whole space of the channeI Whlch 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
interconmected 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 pm to about 500 pm or 400 pm. In one case it has a width of about



10 device having nore than one channel can conprise channel s having
different cross-sections. [0067] In another aspect, the channel
further compisfmigededi um fl ow separator, wherein the %?]SHEHOM&BW;&
separator is arranged between the end of the conpartnment [ocated I'n
the direction of the outlet of the chabfhel and the channel outlet. In

anot her e | e, the um f | eparator c be.l acated al so or i
S0 1 on ARURBeTS Had EEH AP 150 SERE B afmar ATl Rbichas Fesated S on top eide
di recti onofahe édnepasi@feftid aisb hatiab®. It dag heVadRakth AR dxihsle GBRRBL bR €fim to
The shape _of the nediumfl ow separator is highly variable and can
have any 2PREPV04EN Pt 1w In preaminke thpidth isgBoutRE0 B um | ow i nsi de
the channghed) nIgHLEE el cHaBhAUIR EAGHS I?&Cécaﬂil;&iesirfjﬁ‘g%‘;esté‘ o%%”@&ﬁﬁc‘fgeﬁf 3
| ocated, in the channel. A nmedium fl ow separator }ocate near to the
second i redtangyiar graskragetien (the parh betwaenthd se¢and tinlethandi the ondlety chhrmlsdfaving
cul tivati Lum.di i par f. tion l,ement .
o | nt ng s AP Slalen 0 libablf i A bR RS S0 OB sBreep etos
i n the canpamhgeatorcr eateecidbin irdochep eessple,ea cfanhdl ecah haeeTh NGm$-tir @k opdss

cultivati o?r'}.ﬁ)rreg%.it ulggﬁgg\ he co artrrfnt. I[0068 ln case a channe;éﬁx

conpri ses®ffle 1 f net CEnPRI et BT | COArEE O Bo S bi%e? 16 1 6c agogal,
nedi um f I Ritag&faR bafaginabet We ey biher SapeR falsBPBésthlE QURidreBEidictohftfious flow
channel . When referring 25 for exanple to Figure 10A that woul d nmean

that 18 seevsabaarg neserthanone shannsh Gp compisgshumgls hewing HifTererd cipss-sactops.
separ at onode¥P rd Qeale? dspbt, iR @hdrikbRlurnRE: bhiBrised aMiunh HolyQepirad:, %&%ﬁe{ge

the first and the second conpartnent shown in Figure 10A which wo
resul t i rgdaepifley senarafaroiy asfanged betwaer 819 erddplithes eprapasteent focated in the

Fqure 10A ST ooRoy ALY & Hmpd i I SAIRTLATEh 3ndilh SORME L metiuy
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splits tide mnediom fiov sépaeaem iothighly varisbid ad mdiavenannkiapevid Isig sanmilane

gui des them.i nt,o the space.19 ut si de, t he .conpartnent 180. Fi gur

0150 shoT WMt BRTPROHC ABPaP P AIFA R EHoe frouEh the Space outsde o he
2010/ 016 865tk ReReD ROBY Thitheh A Wadiind flewaephr@br 1026te8 HFMAL! tHE Bdcond
| ocated in the direction of the outlet_ of_ the channel and the channel

out | et 1¥Bet oAz cpannghiurthenqvaidy hatihs incping flay ehrulliyatonmsdiam qigsstlhifs the

al sozpe ?&ﬁﬁbﬁihﬁ@leﬁ%ntgﬁéﬁdiﬁ@ fhb Q¥¥nbataRdnt BRI thibCavaRAI bR JFGhdaP ok dl8 in
space outside the conmpartnent on both sides of it fuses into one

cul ti vat fhsrrompartuentsraated by dhe presspeedithgnedangetstagneffqulivaee piadiamen. the
[ 0070] Tgﬁnﬁ'ﬁ—ﬁlﬁéﬁm fl ow separators can have a round shape, an
elliptical, an oval, a rectangul ar shape or a wedge-shape. Figure 8
shows an{@%8hsl eased chanséianmprisesonpe itwnwge sompatinept ftlipalss ppmitdd ©rlocR0a
havi ng a e . Thi e- um f.l. S [ at 170 .
Cepar at B FEERA0 MR Dol e AR BB M AR el e
on th® 1brrexghple sonBighef t0Asthdiewafld tiven dangp sechnbmedibBiOflovAkedalmordndddifion

t he wedge- shaped di um f | ow arator .17Q b cul tivation di um

lows:arD GAteoe Do Framr 1of RRRL Shg ierctide Shamhel Shocik Bt depiine
120 conngifit efld iR debehdCddaipagined:Ohowindn tHigir®© WA avhie @00RI reddPin kdepiag Hhe
The nedi um fl ow separator. can be of variable size as can be seen for
exanpl e HRWFPlGHEvationTRediym, seRfEpe il sthe nsrres 186 siornesh ogngotensige. of dhe

general gRekntémishs0WhovaPA" £1dL lying within the channel, such as
the nmediumf|low separator 170, normally has a w dth which does not

excedd t 069} Enrrexemplehén Eigtipsal tanmpdivinnive senarasorc Hdnensl thehfitshinles 146 dort
200 gm [ : ‘ di .

separ at ofHEyEEn, drhiGloBfeh FEAR G e 1 Y0 sfthe BIIRC AT, i M 140 i
about A40@comporafed(y phrt Af the diedint flow sem@paoraliddr Theonedied fhiw tdparaionll €5 sphifs

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



30 present invention (see for exanple Figure 8) conprises only one
outl et and one second inlet. [0074] In case a channel conprises nore
than one megbyYmolohddws separator the shape of them can beptfgeh ?ffm}oﬁs
different. An exanple is illustrated in Figure 8. The nedium
separator | ocated near the second inlet9of the channel has a round

shape whi .l nme fl ow separator |l ocated bef ret has

wedge- sha een\e;@ ?gfl% 9§ géﬁﬁ@%fb‘%ﬁfﬁct?@ ‘r?FgfL %"’é‘f‘a]a@g
for manuftae chdrinBgolithe 17bAANRESuREFoW Sepidtslerbebted riﬂ sﬁd’hya tp¥§foPan also be
materi al which can be made into a mcrofluidic continuous fl ow device

of the i rfipesitbedas medivgntows fisercas thgymedipmdiowans nsthe pryge putside Hie| compartment
obser vat i g SIH&%M BhsR9 hﬁ@bnm;ml% meh{an@a%amﬁ&ypa%ﬁlgqhe ﬂ‘ie\iuﬁl flow
part of the channel is made of a transparent material Ic | ows
obser Vat isepargor.of the bi ol ogi cal material inside the corrpart ment .
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obsar vt FENEUT. HEnt-rRarIE ot i Sha eyl Bivastre: Dnoge he hame
m cr oscopa;bd&m@n@aﬁﬁtlﬁe¢n@mabbﬁmofp@[ exanpl e Figure 2) In one 20
exanple the mcrofluidic conti nuous fl ow device is mad
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channel . The cover layer can have any suitabl e opti cal transparency.
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transpar gnf 4 fhw %z{rgt%? ks b%H\pe%L %QCH] %b k(%/ add ££ %nc‘f a8 An V\?] %:qgieqﬁé wuﬂﬁ or

device is conp or use w m croscopes
provisle maMatekbftgbrombmedﬁmmﬂtm sebarmm:aabomh}i@m;yrh the device in order

to provi right wi t he .pr ccurrln |nth ice
cur Png. 1 {0751 Hebngin ' i o BT e bl PapgR g eton 5 fow
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channel |t |s al so ﬁ%ﬂSSI ble to carry qut _a chemical analysis of the

cul ti vat Fism & paelgthe Hrgidis dovh deiven re&%&fdetse. insToh, Y.

the outl Sﬁang[ @07§]al @@’helfaba&pﬁcéh fyol.nep BOMeRE | BiRdrBRREEFIDS &eblacc of the
fabrication of the above describ m cro‘Ta | ui'di ¢ conti nuous fl

devi 3es. prﬁ‘p@t tnémﬂoat(éeerf@rrexememﬁlage Bhempaigescaniy png gpelel andone sewndalﬁe!be
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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.



[0079] The flow of cultivation mediumthrough the channel of the

m crof l ui dic continuous 10 fl ow device of the invention can be
varied. Thewblgwighe can be between about 20 pl/h to abpgkcRgfodesys
In case the biological material inside the conmpartnent 1s sensitive
to shear stress the flow rate of cultiVvdtion nmedi umthrough the

channel et ahput .220 f.low r

A ot STOb73F THE WG A8 WaniBcting U Bt TP Be Rl uiin itk e of
bi ol ogi camarmiakbwhizh cambé dﬂdé ingo ahﬂnfmﬂhxdld contimeous [flovsdidvadel ofahe kaBmion. In
the flowrate i s about ttlfh, In order tP si.mul at e .

physi ol ogP%%FSPP?t&ﬁF paisHR 1?8 sen {9, alloye ppseavaion pf the  iglogiesl gnateriali nrAngther

control ofxalé bMhipai of e chiinél i9WMatidof 1¥RarBF LR HatRY WERh GBHwPEbservation
achieved with any technique known in the art. One nethod is to adjust

the het ghef the hislesicell patennl iiwsidentha; comprmenty Sach, matenals wesliede polymers, glass,
cor r espongli; r s . .

At e o e e e A 08 b oo e rar A M ing s it i
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Figure 17A the f1ow of cultivation nedi um t hrough the c
driven byPdydimshalsioxrpe G TMMni Bplakr dolrwesthaps wPYKWyHdgnendluoride (PVDEF),

cul tivat i gfursBsiodd et ciMbiddiBns hw%&nﬁéo th¥BbC hxrnem té}ﬁﬁodhﬂaﬁse the

punps create a negative pressure which drives the cultivation di'um
flow [ odsgqonmtlbh@whwmﬂ‘@mndmwm& Advantages pﬁﬁv\fw\nndé’DMS are

i ndi cate n i

A cort nubes Ofeb i (e RO, ARG RS e gt B iy,
provi ded & dlamvmnise‘c p«himpes lmmqu@hymaﬂoaethaubrp&vargs ealt fawlitudsahe pergieaten of
the conpay t et OXYEE ece Si‘g?‘rgrdSUbseBsance?l r]:asoq a ul tPJ Mﬁft:i o anﬁ‘]
devel opmanPp P{é nb| ol ogl ca Rt FEPLP SnsWise PITALON. TUrhetmore, as they are
2010/ 0168&&51(5%:15@6@8&@6161&9@ A 0B&t mofpieldyical 6@eﬁﬁhoﬂimf il @dlls whdet lan
can be introduced, and cultlvated in he ch nne#ﬁ) t he Oflﬁbdfe
cont i nuofS5FF no%e\ﬂcff grﬂ:ﬁfﬂ%sé?of’%ﬁ? P SANGE OF (P eF‘BmB E‘r‘rﬁ one
cell 90 elﬂkﬁrﬁlrﬂétth@mi‘@cbﬂlﬁdlc esltinuaGH RO e i made dfRlAIRhelBRIHARGIPDMS).
group of ﬁ s and m xtures thereof. [0082] The group of prokaryotic
cel I's i ndPUiRs Furthermorss thegpicrofludicepniipuops SRy leyicy FUBPISSS @ cRY4r Javer forming
gr am posithé wp SAGL Shirdel. I8E 66\%9%31&5 carﬁﬁwe%?@ﬁﬁa%ae BHRAL IrAEBERhES A fully
Chl anydi a, purple bacteria including the group of gram negative

bact er i a,OPBJEnSYAE LEOPG VAW fsi Banshaente pr ane Whjobt isnteanskicent amatprigl dereby
i s based %%i f n
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cells, cal var steobl Lan er hans, cel epat ocyt es,
Chonar oo Pate St YA ioierer P i 0 deaica RORIeAES . gl i o
cells (fgmmqnmwah,ord@rmiuohl far ablopsdas obke@vatibh HFCHE @Sslogical material in the
ol i godendr ocyt es, henmat opoet| c stemcells, T-lynphocytes, nacrophages

and ABut COPRATIEENt of 2 fhanpelibis alse ppeside & cagyionkd 911%1@% é‘}ﬁlb‘?é“r pigthe athuean%
be used. hRlRAA %Jcﬁassedlér&%ﬁ@ﬁer&%e@%d it ft v\t%le offetNON cancerous

cells can al so be used as biological material. Some exanples of cell
| i nes whil@W8t Amother asnedt af ghepinvanton memwheeiabnmsm blithg alelve sdescribed

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,



[0085] One way to mmc this in vivo environnent also in the channel
of the mcrofluidic continuous flow device is to formartificial cell

aggr egat es. woneoased © formcell aggregates is WO PCT/SG2008/000293
2010/ 016800PCT/ 8G2008/ 000293 23 to nodify the cell surface to

generate reactive target sites for ligation of single cells. Various

nmet hods f .cel ace dificatio r.e k in the

them are %’ e elleC%r nzy%tlf %?phé'hjeﬁﬁ? c%ﬂ?a"s?flr eﬁﬁnh%ss’("@ 5§n8@eﬁﬁﬁg@ the
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(Kel | am Soc. Rev., vol.32, no.6, p.327). In
anot her ads 0] e%‘:tﬂreﬁ%nn%%fm%ﬂ%gﬂlpgcgse surface engi neered to present
non- nat | \{9019!}1 Mat iflonadf @iltwafisn nediuth heough Cﬂi&h@iﬁﬁnﬂl‘éﬁﬂtﬂz@ﬁncnﬁluldiﬁeoﬂﬁmlﬁus
P. A, 2003, em Soc Re al 3 ich can_ the ac
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Control |l ed | ease, 6 10/ 016 /S 0 1000293
20" | 00108 PEeL T daral it BiHGi<E) Tleriabpl PRl Fjs Bguph Rassages
shown t opafvkecrthetdaftitfonthpdlatkats &von BRugh kit dhnvidter aNde b{w)gi@I thaftkial might
bi onol ecul e rel ease fromgelatin carriers has been shown to have a

similar BY¥mg eases He@@gll?rn@art st didenen| helerFngBs REftHPHPY sismsats defining the
fragment goﬁ%fmge%k eased by enzymatic degradation of the carrier in
vivo. 5[00107] The isoelectric point of gelatin can be nodified during

its &Rt r HWPPbAnsthenpossibilitatrelecalige yheotalls etithie theacompgameentetfithe Bzangelds to
aci dic gg a? ¢ burflle ?fﬂQ%b&#%ﬂéﬁbﬁnﬁra%%gﬁupeaﬁbfécﬁgl etdfore, x'ﬂ'o%F %gdegé"@f the

for flexi Ity 1n terns of enabling polyion conp exat1on
gelatin pasemlt arvemtidrhatdedsh e rpap @f iatsusfedeyofathe pagiivnivg lelemehtay g@chr 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



[ 00108] Sust ai ned rel ease conpositions made of gelatin are comonly
manuf actured as bl ock hydrogel, porous gelatin block hydrogel or
gelatin nlqwgggngm@m}[00109]The fabrication of block ”akégﬁéﬁmgﬁﬁhﬁs
with the preparation of the gelatin 15 aqueous sol ution ere
gelatin is dissolved in deionized wate?6 (5 g gelatin per 50 nm H20)
at 60 C. A variety of crosslinkers are a |IabIe for this application
such as @PRRE %‘Pif@ et ean woarlma’q%ét@ﬁw%eﬁa the| celle 3 Sansi the Jermaigr)of cell
Once the aggégﬁtesdwﬁmaﬁé abm%r}gnﬁ mmeCnﬁﬁkéO&%&uf@@;wexamfe em&elnadré&ree

reaction I's quenched within the newy forned h?/dro gel s.

gl ut ar al dedlydte bt argsed limited o tlh@om,wdaldgeméycame mﬂ@edblnﬁnarﬁas@eete@f
sol ution Tzﬁ%&ﬁxm%%&%hﬂ? gﬁmi‘&% Qhe dfofknte gtxé)rmletaﬁﬁol&ﬁﬁésdH‘F%m%egeemfrgﬁe the

groups o ut at en rinse
wat er $so Icalbj:hB: oaletuddati mn:iu@he buisara setlithibed toranssddies| bmdnyg ﬁagmants lo€ antibodies

hydr ogel s_ar.e i se n _ague sol.uti on o l.aoric

(o 996, B Bi%ete] OE g Sl au RO RN R Rt s Poshie b S5 b EpR e, e
any unr eastaptufd aefdculek €The {riddlcelilé Mﬁifdreiaﬂ ado th@@ﬂéd ¢@Rhdurface of the
fabricated fromthese bl ock Q}Gdro els,. ran %b 8’? 5 disks, to

cubes, oPagiionise glgmests, ap/pr s Rotigm gng; (op I5 inge Withjsy the

conpl ex hARSEn&H GR/GSthé b&%&f&%ﬁhép%ﬁ%ﬁfﬁﬁg PYart SHRE &Qm%zﬂ@nent
crossllnquﬂ%breactlon within a nold of the correct con uration.
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hydr ogel .| s, then h ueous tion.ta

the T 0s Mt RgtT1Eawtby ot oick, foein ameodieR, Atk Je | o 3l et febas
The swol Begtediyell,0@2R1,) o. 11 g484). OAﬂrexaraiallemMangote@Iﬁcém rmﬁdnegﬂniothamtwms
a W 2010/016800PCU8620081000293 30 %orogen Scaffol ds are the )
| yophi | i Feguppslepwipdiks dynstigns & ¢ mutein based o 3 gpivaeriids of the Lpessl 1etfewy

dry t herrtw&@:nmgm B!t AN, 1990] PG ARNRE AR BRE. QUK 081 88 i do%Yl 1GgRksys,
fabricated using this technique reveal uniformsized pores ranging in

di anet er sydhd ll“é)blz‘gmgméqwlﬂetbé hwnﬁgnqyﬁorweg%mwmcmdelmﬁgl human
uti| Q@edAﬁB%p&?&eJHQ? (‘ﬁﬁhfu h]ﬁsséém J b4 sitE's %gél fa‘ﬁ%edmodlﬁed 80

ni t rogen nsuona y or ere struc hose
pl aced i that Zmeycbmddez®i®teﬁaveall arqein 1pgees keowh aIStHap@e& dExremiésonfbother

0 SO e M Sy SR 0 Dy BB 1 S5 e
during t h;@lffc&tﬁ&sz(g 0p288 s ar N@ﬁlﬂﬁa‘hﬁ] BV atex nl. m&gﬁoﬂhbmtsﬁs & diology, vol.3,

Dot ut s onnf oy BOnch BretrRS BT i A e el Dol Bor & T RH Rotain,
wat ez5 i netiknd@MudlSIBOHo.6 emlmy 6ﬂbk$/stﬁmhbl‘fs¢aﬂbld)(fe Qﬁitﬁhttibn(ﬂa@bn%pﬂ@cation WO
preheated to 40 Cis 86 [.OpW se_into ol |ve Qi

L Ere o BT i mreieins 1ot g e b 2006 Mol oRecapit dohLhap 67

dropl et SAHﬂeétﬂﬁ NieftbhotBis BYd aviferC ARRERQaRBtalm s @Mleﬂ' BlichRRehat él:rc@r as
foll owed by 3 m of continued stirring. 100 m of acetone is then

added t ostfipgs eﬁm@im dognpiap in Sewyralr el suFfgee nosepters (§dvermanal., et al, 2008,
| t h
resul ti ng %&ngﬁt???@ﬁ%gtl Gi. iﬁeﬂéyﬁg QQnéc%ﬁ§edé(§\}fZ§Sﬁ'{§H QCM 'of human

recovere on at rpomat 4
f r aci0 onBbrededioc ornddin ghrf:e) le®ipg ¢hat lvam be lkengiheradsfor (mmislnegle?sllwiﬂdtt binding to

di fferen i n them 1 es
crossli n{?%%o{/élg‘lg gm I t’%ﬁ6 CE%'E 1902‘%0& %'glf) beyovd9, p.653).
gl ut aral 'ﬂﬁi“ﬂ}(}dﬁnﬁﬂdﬁn@éd frt’)ﬁdhat'esﬁecﬁvé bﬁméﬁhdﬁnotﬁhbﬁ@pﬁd@ﬁ] likbwisB@ontain 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



25 conpl exation can be used to | oad the substance to be rel eased into
the matrix under mld conditions. If, for exanple, the protein to be
rel eased i syghesAidsed N the aqueous sol ution of gelatin ng&?ﬂmimmxB
crosslinking, Its e?fect will nost likely be | ost because o C%enlcal
deactivation. By sinply preparing an agueous solution of the protein

and dropping. it onto the freeze-dried gelatin carrier, allow ng f,gr
sor pt i on B¢ Sideehai isrcermected to phe amits piroggrarathes thap the eabresoms BErtdifhag

rel ease iV LiflhiRY8 BrodasdsaH@binePmedi ffiliEerdmed £id @Y RaSa HRLES higher cell
problem T1n addition, this nethod provides a hlg&le& tae roduci bl € way

of quant ineam¢abiity thao aeptidgs (her-gdtiven, ohdl-cind| Fexla 80hdshm. Chem. Soc,,
f1brobl a%l-gﬁjﬁlgﬂé){iﬁta&é&f%l%%gg%ﬁéla ;;g%ﬁggg?%he@sthﬁ%%rﬁéé?agésgﬁéggfffnity

crosslinking e srzeis
enougly t ofe respeétor capivermoleduld fos argrorafcettiia fimm niabsoxtel lo€ analyte molecules.

Freeze-drj elatin hydrogels are rehydrated with a solution of WO
5020, o1 08D Rt S HagEtE Mol Bl 3hE Be distd afb, Al pRalngr e
the vol unBediBERNASrDIMA oligGfickebiies WhRArned typiakllyy1 5- a0 dedd désdohigibd ptoteins
swel | the crosslinked g%dro el . [Q0114] Usi r_% sust ai ned rel ease

conposi t itBHEIrerEnRssed OF oG Fp 29 aminc,pelds yjuds ane adopt et grunthge of three

rel ease r, V@ aki t 6 eOfbald 5 '
crossli m?g{&&s%&a%ﬁ-{?géd;%%htt%htgﬁe%}%eﬁ ygi}‘/@vr\lhl?céﬁh?o he gg‘]lidae?itﬁa%gdr ??Ig}ﬁ}osa

cr os9IPi nispetifmmoleeitarciaiget: Becasairotrdrodgryadiseionf mplpesarishapes exist within
affects sy bp%Eﬁﬂg %uEl%JJt?cf’e}ise(eqﬁén'agse ’a%%x(?llérsec?ﬁﬁ“ﬂy Sidilia £9 ‘d.’l@'i]dg ra%‘r%% fon?ogéc‘afar
u [T conpl exe

is only rel'eased 1Tnto the'surrd I'ng environnment sti
wi t h gel adrgets, indl@iiglmpSpotian caboliyuirdies, lipideaskbuicleptdast Aptamestasd geperally

rel ease conposj tion include substances whi suppor t. gr owt.h_ of,.
Gt or onproapse hichBn R % S SHREDAR BRcttl SRSt §Ftigands by
i ncl ude, ekptnedtiat emidhment!i (SBUEX) Thy inekiodésknoicianks aresnd i8 dh ite@tivSprocess

suppQrti rowm h of biol ogical rial, such,as.cell nutrients,.

gr owt i f e Pg,seGFtb% AP ot S W&l%#ﬁtﬁ%?lr@%ﬁ@r% 12‘-*’8%1“81%350
stinul at hpd §Refhefty, Stanetk AGyé QeRBEIEAPITAGGES @b QRdr $irkd!| Bypidly  afddrs
macr ophage- col ony stinulating factor, interferon, insulin

at ri opep@eierated againsh prateRmnvs ERliesHA theypicoelay o pRFnanemolas sangg dBunka,

activati 'WHTJ?%(PVStoék[bEFer#.@.l,Jkioﬁgﬁ, eiotev] MRRAN UrJona(sh aplses; cafodlelnase
and m xtures thereof The sUstained release conpositions can al so be

| oaded wiCepiraehu®s.. et Bhe 2084 d i GihginSose vl OO, 1P BW; dlevpedexdert, tBnk,
be usgd hggg QM@M&W&%(E%B‘A%.'IO gi ve an exanpl e the sustai ned

rel ease conpositions can l'oaded with drugs for chronicle disease

studi es. [009pDUAd 63e M tiffeesnt &indspf oaptiregmgleaneshallsfvst oespstibicalyi ladlize the
mat er | fal b}lg‘l]c; ch] Gak 'inngﬁﬁ?r%ﬁjt slegttio%s %9 t}}ehc%m?iﬁﬁa%%tpo% Jh%e?%? the icroﬂufdtic
conposi t Pone Can i nel Ude"F'of Exanple hon essenti al® am no caci ds, salts
(e.g. Cacanmudi)s, flow tdevited For kxqmpds in ghseciifaemridndy ofthislesicdl heaterddl,. such as

00117 | es _of growt.h factor re those whi.ch, bel o to,.the
ot oud nARRELE 2P loll Qi iMeb R oo B SamPifont Bk § Bpannei e R ies capybe
to the fideaokl asdifereaybied wighif thefcBifinklinOfder}o rebilifl the dgaDg: vivBaktym.

the Wit famly, the TG--Q superfam |y _including the BW fam.ly
25( cl assi9918%k i on Hhsryss of cantgrimolasied fnbinding afithes Bglpeicaimatednl glsg allows

Scott F. ifdohighd vioRighalflatefaS R @k %ﬁmFérﬁﬁent Wi Ww&h18 lothePwikd Aud R3ks size
[ 00118] I ndi vi dual exanples of growh tTactors include, but are not
limted pessguevehdhe through passages between the partitioning elements.

[00101] 1t 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 compariment 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 material



human growt h hornone, bovi ne somatotropin, porcine somatotropin,
insulin-like growth factor, epidermal growh factor, erythropoietin
(EPO, boneypaipheaeneti c protein, 30 Epidernal growth best&doodib
Hepat ocyte growt h factor (HGF), basi ¢ fibrobl ast grow h factor (b =
or FG-- 2) Acidic fi brobl ast growmh fag8or (aFG- or FG-- 1), Mostatin

o owt h 1 e BRGRRaal el 68,00 1 g apopaphatin be e, B

growt h f afebRe ofdd¥ebed 11@6 AL OGHthEut FRGTO Phagtire MBlecules, 1nter—molecular lmker or
2010/ 016800PCT/ SG2008/ 000293 32 col ony stinmul ati ng factor
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tissue plasgidQeRsacChl t\ﬁ@tc‘élﬁap&'hn&ﬁ% rtﬁhoﬁéenéf susihbd FHIERR &‘r&ﬁioé’xh&%dwhlch

rel ease conpositions used herein can any desired shape. In one
aspects t heleasgsit lghsione wlst@a@evlwm@sma @hlm@m@fghﬁgwmgwhblastpn@ne

subst anc ﬁ? Mﬁ ch s %R@élfeﬁ Reae! kﬁr{n X@&n‘as@ ns(f%raf g?ob}?én% %C%Emﬁatgegds }ﬂed

IS prese |n a particulate avl ng I ons whi ch not
t he sust alehedyr« absencenpad hs qnhathaqnmsaﬂs batorgpeiv trioéecales tar ppreteins in a

t hr ough passa t he rt|t|0n| el.enen defin

compart menrere: e AU, st o HERERL ey of HeFgop furing sorage
sust ai neqa# Bt @afi€edC TAPRAL- Iwémﬁ" s&ﬁu Soltiigle Fackors) BheCisugreah faftey atdverl alicet,
on be formed in, for exanple, disk shape, cube shape, strips or

spher 10c aIm@%@‘)msqﬁ‘é?ﬁaldgmateﬁf%%E%eﬂ@‘s FIcaRSYHRE é@?ﬁ‘?‘rﬁlﬂé Cargerg épd corrol
ni cr 0s phekieasis tﬂéﬁ%thgﬂﬁali‘l’h’%ﬁ@?f&@&urﬁ{r %g)l&&éﬁﬁ%ﬁohpns can have a

si ze range bet'ween about o about 10 gm or between about 10 fpm
to about (8803 [ oBhopyelaf snstalapétﬁlqyé%gmmcélttona@aq #eo sHpppthascagirel of the
conti ”Uoﬁﬁﬁiok AEUACR G R atéﬂéﬂhe *25? n@@%&oﬂﬁiﬁ&r b&%ﬂﬁl{gs&low

ererore, In one a ECt t%e mcro

channel I C conti nuous

devi ce ofdevlheobﬂle:pmtntumhm quﬂmmpm Qfmstnmbd rqittaee cérapnsitiogs tcgaﬂ;br wigh
2, 4,.6,,8 lO 10

mcr o? I wbcfj i%gl ]algeﬁiﬁiéﬂvs? "flt%u eo\% ?é{é}éafg cﬁm‘ﬁ g}trso ﬁucﬁmg ﬁgﬁlnffeefen t

can be o bb:apcmtmbns Bxhéchtape pdndert &atthd dmblopmexttmﬁdi grodu tﬂf ttlewlls @stha sempartnyent

very smal | nts. of liqu such. devi can prov nmuch nor.e .

channel s vinanes e arel i i R pEE e o r e Rb g g wsh

or 1536 ve&tkdss theldsbspactivd Ishbsmneescdﬂaﬁfwénsnms alls\es muaéxqb lehsuet S1ppIY R HiTEeuS
materl can be ultlvat ed

fl ow device different kinds_ of biol

i n 200ne SERSIATERS 2t BTN fimRs @{qn&gr%g@wi?%@ﬁ@@t’ Eipentipgn af phe cells.

i nvenpi ofo0184Er S t QusthiRbdGEIRAde Whibb6sifaH tuk&Hi@URe device of the present invention can
be made of any available suitable material. Examples of such materials with sustained release
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).



fl ow device conprising: a first channel and a second channel each
conprising a first and a second area, wherein the first area is a

conpar t ment i fibabsso def i ned by partitioning 25el ement spe,ggngag,OOO 03
second area is a space arranged or |ocated outside the conpart %

wherein each of the channels has a fird8®% inlet for the corrpartrrent, a

second i I nt.roduci. a.cultiyation diuminto t acg of .
t he chang'igfj %é]rangg%‘e 06?551 rg%‘%?e”ﬂ% gg‘?]r"btﬁ‘r }Pﬁ els haspesn s Q}er 81 g‘f?f)thmr
wherei n edghrdefiod fe 5£605)dnd Mhekate enslomaehulotclidie fout k@it drfers has been

arranged such as to allow a_flow of cultivation nmedi umthrougﬁ
channel ; XAWN iR SimdONCle: spagesirgBAlronmIced gelatinfiomplesyle gments are

second cnera_@s%hb %niﬁns;tilcld'e%a&@lmmh%%ﬁmgﬂ aWihjph @ conmon cul tivation
medi um f eedi n | ne 10/ 016800PCT/ SG2008/ 000293 33 [00122] I n

anot hér d8PE¥H t he Tﬁlnrlm@gﬂlﬁmam@gefsgminc%nabeemfodwﬁﬁcﬂubeg\A@ecrxtrtabt@n from
partiti OrHoﬂ%g% ?ﬁe K 6@519 at ng%?@g e§ lﬁgﬂ%cagelétﬂx rf‘t 2#511&/3@ Eﬂa?%'d sic

mat eri al ar I onr ng
di mensi orgthnhoThislarbkmmfppﬂymhiltmml Emnsl eﬁenabhmg pu@omﬂonqﬂemhm of a gelatin

conpar t ment . b sion.on n..sti qje asp ct. th
Compar et B S HER SO B, P ar BT st BRE PR DB AR B i gelatin
t hi s speciiti &n EEFPELS.0isBoildl bl Séddads &ccatrier FbrObusie pl'&emDUBwb@ Wihig: ﬁa@ﬁtgelatm
1 18 a O ABEEST 9 SRH e SBRAGAT U SRS ol AEID PN TN PR
210 as | Iplhysqgltg, fdohiitifhgure 15 it is possible to supply several
channel s wth the sane cultivation nediumat the same tinme. It is
al so posdPH08] Sustained release compositions made of gelatin are commonly manufactured
as block hydrogel, porous gelatin block hydrogel or gelatin microsphere.
[00109] The fabrication of block matrices begins with the preparation of the gelatin
15  aqueous solution, where the gelatin is dissolved in deionized water (5 g gelatin per 50 ml
H;O) at 60°C. A variety of crosslinkers are available for this application such as
glutaraldehyde (GA) or a water-soluble carbodiimide (WSC). Once the desired crosslinking
time has been reached, the crosslinking reaction is quenched within the newly formed
hydrogels. If glutaraldehyde is used, then the hydrogels are immersed in an aqueous solution
20 of glycine at 37 °C for 1 h to block residual aldehyde groups of glutaraldehyde, and then
rinsed with water. If water-soluble carbodiimide is used for crosslinking, then the hydrogels
are immersed 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



10 that this mcrofluidic continuous flow device conprises nore than
two channels, such as 2, 4, 6, 8, 10, 12, 16 or even nore channels in
one deV|ce~WbQ@é%ﬁhhp anot her aspect the mcrofluidic cg T BH88sh0dds OW
device in which the cultivation nediuminlets (second in t? are
connected to a comon cul tivation nedi 8n feeding |Iine can al so
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t he need TFZPEBIAEPng specific cultivation media for every biol ogica

mat eri al . 0691@}25] THeRtif &ﬁc@@&:ﬂ&ésuéiihrﬁﬁ ﬁdd\h}\éd tvie gfl@irhlﬂ%}ﬂg &é%@l'ﬁﬂ&@ of\a

m cr of | ui d| c. continuaqus ow device is used which conprises two
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15 h. Collection of the crosslinked microspheres is performed by centrifugation at 5000 rpm,

20 for 5 min at 4 °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
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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-
3), Thrombopoietin (TPO), Platelet-derived growth factor (PDGF), Granulocyte-macrophage
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present i[B¥&A1i on hedtidlragother aspesbs the presdnt inyertiopgefersgo bingiFoghtsiig continuous
mat eri al ﬂoq,&v{'@e B}lgﬁél c continuous flow device, wherein the nmethod
conpri ses: provi m crofl uidic continuous flow device having a
channel ; » g 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 amranged or located outside the
compartment;

s wherein each of the channels has a first inlet for the compartment, a second
mnlet 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.



WO 2010/ 016800PCT/ SG2008/ 000293 36 wherei n the channel conprises a
first and a second area wherein the first area is a conpartnent which
i s defined Ry Rariéshs oni ng el ements and the second areagj

out si de the conpartnent; wherei n t hrough passages vvhlplcglfllsg%@!9 g%ﬁed
between the partitioning el enments are 5% nensi oned such as to retain
a bi ol ogi teriial and a sustained rel ease co sitign inside th
conpart il 22 mhgré‘?pal’f’ﬁ’@r GRschdPe HBreue Prisages Mk Fi5y 19me qifigegthe
bi ol ogi Cajartithinfigl dlemefts Qrd AEnGOIFRAT BWBANAs tArstAR AN GicldPi@l rd¥rial inside the
i ntroducing cultivation nediuminto a space of the channel arranged

out si de OPTPREMERRIRS PRSHHONIRgYlermenthie (dapensipooghi dlay supelysearnierulesiiete
A e il G G e AohBRREn U BitfiRioh Cory | it e MierOhopelt it Bl fiment

medi um t hrough the channel ; i ntroducing a biol ogi
sust aiSnedomprisessdiclogpasnatérssh i nto t he conpartnent via the first

inl et: [05\@%5 ein hﬁ%‘%ﬁéfﬁ%fqﬁg Séﬁ%%ﬁ%aa% ec?ﬁsn}glfggti{é}t%éeéjlgli Igigul:r%.aﬁ? u%‘n 9 nglgf}gatt

one subst*ancé- whi c orts ¢ Ivati o oFogi Ca
and whi chhats:actodf theisetcald|iplecD4pof the dirdt and becoad lchannalk isdn Mkt canimurdeation

transporti.ng a cultivation nmediumfor,.c i vation of t.he bhiol.ogic,

racor | al W bt GYAAR e et GRS s Rtied bS8 A ool to
aspect t hgppihEOuEH cRASE8 98B tHhdagle caliRaticd MBHhuhQt e emé Rfe PR fstaldol ORI BIE
20 el enments are_dinensioned such as to allow supply of nolecules into

and d8t dhat &his micreiigdicicppiinuops el fevics omprisgonarehan tyashielsedishay 2, 4,

the preseng 10DYENbidPRvénSh&k ShimeR il Ble@ficof cul tivating biol ogi cal
material in a mcrofluidic continuous flow device, wherein the nethod
conpri sed9013Abvi di Hy anetherpspedf thai miccotliddie | eonbiuzout | Bew disvice eénhwbichgthe
first and g opd.: ; N a i :
firse andSeRBioPRIBPIE: foeioha MY e voBREhd 0 Bn B A e
i s defi ndebding lpeer ¢ant algncangprisk efnbmastsonzrtisteined sdenadompestianswhich fabeated

gg: \?vlelgﬁ Et?r‘]@éath%g?»?tlg{tfl% {g)%d-&ic\évrglr%{éh?lsi%%g g(gltl]p rnfof gacm.hgnr})eﬁﬁ%isf c%rmrg%%tion

allows to culture different biological materials in different channels of the microfluidic

continuous flow device but at the same time all channels are fed with the same cultivation

medium. All substances specifically required by different biological materials can be supplied

by sustained release compositions which release the substances which are specifically needed

20 by the different biological materials in the different channels. Thus, the combination of

sustained release compositions and several channels with different kinds 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 o« The compartment of the second channel comprises

HK-2 cells and a sustained release composition releasing epidermal growth factor (EGF).

Transforming growth factor & 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
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[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 channe] is fluidly connected with a subsequent channel, wherein the

fluid connection is established between the outlet of a preceding channel and the second inlet
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ki'ts 2pan c]:)ﬁ'éetx:)ps%d)‘ gﬂglvﬁ%%hzﬁ, 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;



bi ol ogi cal material or at |east one sustained rel ease conposition
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i ndi cates that HEPFFERLE S@?%ﬁéﬂ?@“‘é@&”ﬁ%ﬂﬁ fultgvagipn medti 1Q 2 spagg of the
that no other elipfRits oBRideoe &R Rbmpardfnt, and an outlet;

2010/ 016800PCT/ SG2008/ 000293 39 [00146fo “conprising” it is neant

i ncl Ui ng, but wherein; the sexpnd dnletyngh e autletorre @igngddesugpag to allow a flow of
"conprising". THH&vatiHﬁ%eﬂfunhﬂﬁm&ﬂH@ hGQEpPri sing” indicates that the
listed el enents are required or “nandatory, but that other elenents
are opti oenalintedhcingy aobichagjcah onatbeal pamsks entsustdin@i 42edsee compusitionoigo the
illustrati veclox1 gﬁ%ﬁﬂt@?ﬁ%a%ﬂ?ﬁl& may suitably be practiced in the 5
absence of anype enent: or el enehts, limtation or limtations, not
speci fical | y» dishérainate Restaihel reldasts cofiusitoy anjehes at Meastt eenBubstance which

"comprising", "including", "centaining:, etc., shall_ be read. .
expalSi vel's. ancRPTHOTIARR BRSO T uRh AR Fhichds bl Raly gomprised
expr essi ons enpheyeshiiertieh heliameatieen used as terns of description
and not of limtation, and there is no_intention in the use of. such
terns and exXPREOSIgN cyfivation mghivg o Rpltagtion af Bihiolpgical peateria thypegh the
shown 10 angpglgstiihpedeindigtet i ons thereof, but it is recognized that

various nodifications are possible within the scope of the invention
cl ai med. [GHA48] it Brenglagrese therbrepsh prseprgehwhichlarhbuged betwegn thg partitioning

| nvenbl Oy b&@ndiﬁ@ﬁs%{eg.cgich Yas HoS G RP %gpaﬁ?y &7 SbrbNed ifhAd! BRNE said
and optiona fgeatures, nodi f1cation and riation of the inventions
enbodi ed compartment hediéfusiodi scl osed may be resorted to by those skilled
in the ar d that i T LONs: . vari-at i.ons _—
15consi dgéoelaﬁ]o bel%vm Oﬁ%lpn E{;ﬁ%k’s%lgg}erésg Pﬁ?lgm}én{?lg%% itgrrlé. "?B‘giﬂ] ﬁ“r%tévatmg
i nvent i obidiepscabmateridica amiibediutiiccadtiyuoan flogeneres,cdlerein the medthvdcaniprieds:

t he narrower speci es and_subgeneric groupi.n fallkn i thin the
Goner ¢ ot serdifite EarEfo B GRRE G HoR A Bmi bt hid shawebne
genepsC descri pitiepdin @fchl dianihdd ¢empliRd aViirkthind spéondi 286 WherbliR GRS firé€area is a
limtation renovi n%@%ny subj ect matter fromthe genus,  regardl ess of
whet her or not OBPRETEXYEEl 15,dsfued Sy paghitioging slempents gnd tej seeendhapain?

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 bioclogical 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,;



[ 00149] Ot her enbodi ments are within the follow ng clainms and
non-limting exanples. In addition, where features or aspects of the

i nvention a\g,gzglﬁﬁjggsb[ped in terns of Markush groups, thognggéiolﬁg,@ng' n
I y

the art w recogni ze that the invention is also there escri be
in terns of any individual nenber or s@bgroup of nenbers of the

Mar kush group. 25 EXPERI AL SECTI ON 15Q] Manyfacture of a, . .
mi crof | ui dic'f |“t2hﬁf%‘é\FFSPFbA‘{Fd_ S35/ SPGE G e Hoh il ceGor, ppamel i in i
i cropillar ar camsmunRatoreBh §5REmYS tilGvafich afelfinl Asdingfsk, USA). The

di mrensions of the mcrof]uidic channel were 1 cm (length) x 600 pm 30

(wi dt h) x 100tpdecingebigieical maferial dutn epghcaf dhe eamepasmentsiveeach £§ thefespastite
for supplyi ngsbjnhoghgal naterial into the conpartment, one inlet for
supplying nediuminto the space outside the conmpartnent and one

out | et An afragporsfg 30cyltigoiop mesdiym ptid Sl commen giltivatian wiediyma fe2@ing rhine

gap size is ﬁ’%q%léﬁltegc% -f’?hett% SERLRT of the mcrofluidic channel,
2]

bounding a c residence conpartiment that is 200 pmw de. Silicon
t enpl at eq00E38¢ f abin o spedd thestherugh peksaiee prhichaare formed WEween the partitioning

2010/ 016800PCT/ SG2Q08/ 000293 40 ion etchin | B ocess catel ,.
D o) e B ARORaL Ruchoa O e TR ShrmenisS By, g PG ot stid
nol di ng pehiperedesEdyngikaiiboXanasthéMiaee) tHeDittad dlsd S4mphae ifRIdatiAg at least

USA) on the silicon tenplates. For this, the m xture of curing agent
and plroepd%“‘y’ﬁ’é‘%talm\?@eﬁ@ CﬁB’QP%H‘”bWE’r”FI‘?ﬁ@PIof@ﬁr‘io’if‘@ﬁ'ﬁm%{% and cured at

65C over Qb@ﬁba bef ofe ;pBEd BPeQf the ptbRnt BivkRionSrelerd Qo2 MflddNSr 8818Ming
PDMS). The solidified PDVS structures were plasnma-oxidi zed i n oxygen

pl asma f dolagipdl materiabing micgilyidigpontiguous dlow deyiss, Whezgn the oethafheomprises:

millitorr, f I ' : i ' )
connect | g tu Y HEEYRSIARC R R Holh @pfRe FRATE 25 R Iy E M chapnel;
t hr ough whi ch bwbtreigiceel chant@ combrises adistand e stdond ared wheosin gheHasteseaiis a
intrgduced into_the conpartpent. of .the m.crofluidic channel wa .
conndeted to a e REL R cken o Pifilia Heiefy SHAHE et prp g2
with a | uer conspacd tusidd Gekempatnmmi;, USA) coupled to a 22G stainl ess

steel hypoderm c, need| e (,Becton-Di cki nsgn, A). The other.inlet and
outlet are for FBFD h‘i"f‘ BYPHYS ﬁ%‘b‘}lﬁd’ﬁ? B’é‘?‘F%@F%’ﬁP“ PaEYHonE dapeniy,are
was sterilized diyneasibedlsast 43do fdtaid @ biofogh@l maridl iRsidd e tompdralent;cat i on

of pneumatic PDNMS val ve 15 [ 00153] Pneumatic, PDMS val ves and their
manuf act ur e *ar eVR§SeEar clhanaelhas ayfdrst inlet for introducing biological material into the

20 compartment, a second inlet for introeducing 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 biclogical 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.



descri bed for exanple by Unger, MA , Chou, H -P (2000, Science,

vol . 288, p.113). The technical design of a PDVS valve as illustrated
in Figure 2o ¢dgp1 S drawn according to the pattern in
Figure 22 C w tﬁd?dgtut oCAD(r). In Figure 22 the horizont a?k#ﬁéﬁgd'ogl&@%s

shows the channel while 620 shows the pdsition of the pneunatic

o I SEINE 8 0 S O U IRl

a sili comlttadq)ihat:mnpm*anmd depiends &ifBe Bﬂk&lqahmmmneboumxred Avithir2fhe Iaﬁ)hﬁartment

m xture ( art curi agen 20. ts PDVB) is,spi ted,on to th
o1 1 con (Bt ISR iRt SuliRE maiR o st el panne
Af ter beidognppiaddei thé mbalifidie cfiniibi s dextz&eattamdw taeeyt%twéa‘n d86M30 pi/h to
val ves is peel ed off and can be aligned with the |ay

mi cr ofl ui WPEt e In og1examples jtds %13%9%89@}1% that the ﬂa%%tg Hbtlffpmschamlw
al i gnmentgistg. DivgerSPMew x@ﬁé?f:&]l@f)@uéﬁﬁﬂt\v&h cﬁﬁ&ﬁﬂlﬁ%ntlb@ﬁ§$lcﬂ s in
and brought together. The val ve can be positioned on top o

channel cffferset ohamnelst | ui di ¢ continuous flow device direct! y bef ore
the or af he s gllr};gh] S

t he val vébdepind O%Ft Aﬁlndj nglﬂ{c?nﬁlo od E&rﬁ%r%rg% Sesg'}g()dg!g :lngﬁgiﬂ%b%%w
devi ce. lintochecdireatiph enetiven. dﬂynam@duumg oae er bhoort ev2i hoxe R6Gsubistances into the

2000 L5l S GBS SE R OSBRSS B e

control | edn by epamsinedirSach gasbstahbeiGan Bea QingRuse oy cafpsitioh Vt'l‘hﬂ] ﬁrceaﬂﬁ&eﬁ

gas whi ch |s%§t?$%érlw ng f.orce of thetnf)neunntl c val ves,

2010/ 0168BWS 5 FEATEED S AT OFFBIA T BFEEN O BRI ?ﬁen’sCy%rt @ﬁtc §n%é*tlx‘abe5
Fi gure 1@hdrkdfUSiichad ®8sthrite cBe hisé! Be @fsulbhnt KIhas h’us?&%datb iR Rk mB &Nt Yor
system The gas tank 410 is connected by plastic tubings to a

pr essur e FEYH o differarsigtion pE thepialogical jmatérial lopated in ﬂB‘ycoﬁmaU@FPh dhisradlows
met ens t REpRABPSHE eulate eétﬁmto%s ?&%ﬁattteatot)gietx Igaséalt ReQb@h bifrent or the
pressure regulator . e pressure regulator 430 is then 5

connect edaltl@)CQIhIéﬂIWb 420 via the sol enoi d val ve 440 that wor ks as an
electric tch (o) y -

SWi tched%o1§lr as c%gtgg a?ﬁ‘i‘%ug E ‘% Fgﬁ%?r&&hﬂﬁgegﬂ Afé % %Ogﬁ eme @
def or mat mucrotiﬁidtdwnpmmusrﬂbwciewab v'é&ze pnastltt alwnnmroﬂlhusedm cae fiirther memde a
The solegmdé/ Ivenrec o edsb%t Q e#ﬁ ecm hrou%oa24 tth
el ectric ou ?gﬂ) RG] 6b1 6{ &)e%ﬁl ACd TSRS SRTROUY W PR Ay e
the @dcr oaﬁrhpmﬂmnt(&j afithelmidroRuidio cbx&ﬁﬂ;&?s] fldw gevies dfmmt j:rlewnt Yrﬁ&x&ﬁmtditeuoth a

schemat i erfusion s m.i ncl udi n crof | ui

row devPioloEisa Bafriafof §drRE ot woimem cHEgHh PPBATIP SPTbrBgty STyt ok
shown i nafh Qdredribd Jat i16ds0 ohd @uBRANGL hfediin WichTisC b@fablél fr CoulihvavbsiaN we
530 by two_ w.thdrawal punps 510 at the outlet. Figure 17A is the
schemat | £10qgLBBIFT AL OBWISHur i ng per fusi on cul tivation medi um keeps
circul at !mﬂmp ee anb%véE%cniétﬁmfdftftma‘atcbﬁﬁhmﬂnaandesmteg RN A R
a 15 cultivation nedium stor%ﬂe tank 560 via a perlstaltlc punp 5380.
Oxygéh peapabsed Poubimgns ve wispigesion ridiasius m?gmessmeqnatyﬁts,t ¢recellular

cul tivati : j o,

channel g’?l@tiﬁ}?%(@r oe?efn%hf &ggi\% cJé &%\e?%{%waé%glssf r?gr:; teifgregu at %&PlguThe
way val véed@e camdlsabbdusrd|ae an eahy 5151. straeningitool incthe develvpdicunofi rew drugs In
per fused,throu he .channel .of t mcrofl d| c devi

Reen T r ol pueklE o aiies fiig e R ng fhe Rledieb B pitlosil avpe
suf fi ci efusidy the compakteientie tdmﬁn'ghdsatju@edan bé addetieéo thhanh®htonageditm or can
Thus hg channel s qiref fluidically Iinked. [00158] I ntroduci ng

cel I ar %G gntosustpinedrefease SOMPPFHPRF di ¢ channel [00159] Cel I's can be
i ntroducpiisgt o t @y eQmpiatitgBMtis MeahNRcRdmOhbd! 1iflited td Q¥habt ¥t Etiol the
mxture of single cells or ‘as cell aggregates. Cell 'gr egates tend
to fill Rgateh&Oonsstiagebariethe pirascheonsktingef’ indisutey thahtp listed glemepis|are

required or mandatory, and that no other elements may be present.




30 nodification of the cell surface is carried out. Therefore, a
transient polymeric inter-cellular linker wwth nmultiple hydrazide

handl es on goRelowsdshy! eni m ne (PElI) backbone has been Si‘@i‘/@éfﬂbs?ﬁ)gzs@nd

characterized to react with aldehyde functional groups on
surfaces, nodified by sodi um periodate3%to induce cell uI ar

ti 19 "
B BPute, 3" By bR isteant Botmiiug, 158 nionied X0 phatevep tpigue the
PE|| - hydr a\?bllde’comﬁﬁlﬂ@ﬁ@b&lﬁm@m%w Qxai_ll_f]bi’esggi&t-thy hétaﬁbleﬁcrfts are
(0] nmer o OW nNDI ecul ar e - oes no
Dose s SeRIEAop Brndalpp b Shptie! UFRAIEATP RPIBHAN SR anan neE be present.

hydr ogel S[[O@fkdi 1scaf frpe (ilﬁfeﬁﬁons[lﬂgs%@me-[? déis}éﬁl;éa%ke;ﬁ nB?lsuﬁ%tl%B@ bkt W

were first conjugated onto PEI (MN 1800) by reacting w ] )
2-i m ot rﬁbéw&ﬁeof anyeetesrenti ¢1 plgwmants bmlmsn eV, Rels spedificallyt disalgsed

mg S5 of 2h &h”ﬂ&d&' ﬁlrae'}%?gf% axcngern?g éﬂ@flélhéﬁdm\éﬁﬁﬁf ! a"l:gn{a 'egcf&élé%e

h at roomtenperatur docapr i’c acl drazi

(EMCH Pi sﬁmbﬁxpamyely tand wrﬁwﬁiBQnMEmadddadoxmﬁgl the detresdarfdogx pdestiorst ennpdayed

t enper at m de ps,a drazi r.ou

e o cchegsin v bR et AR oF e icH s S Brofbhes A e B FrtentioR

| i nkage, iyitied eerd sittHl tlemé amJéd *pesyibisofeatlhdigg ey equicl aas dﬁthg rffau@es shdtra
i s.isolate ¢ol um

final, prodyct ut.in 10th ugh a PD- |

( Amer'sharf® ﬁ‘&?ﬂﬁq & %irﬂ?‘b‘;ctheryﬁg b B 15 A BRI %§A‘53‘1Rn“i ﬁm&llﬁé‘t"‘n‘qI‘Péﬁ RestiRle
and freezgufs 'ﬂﬁadscofmtggﬂ-ﬁﬂe] ihPentof 'cfa‘ﬁnéd"qhﬁﬂl{ Should POLEIERbIS A IBOugh the
re-suspended in cold sodi um perjodate or PBS (control) and incubated

at 4 C irPresged wyentionghas jbyenispecifigsily duclosed, by orefemed smbpdignentsi e Qﬁﬂonal

PBS (cont I
P04 20 0ttt MG cHEDn 36660 of {HEUARNEhs Mk Baied Tk th BrclDlincitbed il

US) . For bp-rdsoyted b thyr those Ndlledy iy Egaarbsind dhatesuchuenadificatibesdand w&nam are

hake? | SREMIERo R it e R TR, PLTTEL 37 Clin o

hum di fi 46018V r onfi’hﬂinvmtidn Wb&mdesﬁlﬂﬁﬂﬁ)&}ﬁigamﬂ merﬁmllydtei‘wr Each of the
mul ti val ent inter-cell @% i. nkers ar

Ly & den Z|1des al F ot
exanpl e, TRUPYPVRPAR A SFRECREL] FovRIpEn fifRe MY eg‘iﬁ‘é Lflgre also torn pa
derivati \oesh@fnveﬁthml dhidinaltieethe %Bcr&l\ﬂleﬁcnﬂﬂAB -oAth8 ,1m&ﬂfioxDABhAiVbrb51,so or
synthe5|zed1na -step reactio ,FII‘St|é {‘1 %‘QII’Y&I’ %%‘31

reacted W8 “’Fré‘f’ﬁ‘;ﬂ‘o‘é VHtERTY SURIFE PR RO Th%B a.fas £ or not
et hylenedheadiciRed Mstehl is BARBHIM fretdddereid)AB- AV 8 ester, and DAB- AM 16
ester. The vvere verified by the appearance of a net hyI ester peak at

5=-3. 62 pph?Ph t heOlR embadyeents aaranwithigy hen defiraying clzims @pd | nqnfimpigiae

FT-1R (FQk'&rhﬁEs i1 3BGitioh, MvheM Fahged orsa%&fﬁ &m%‘ﬁﬁ%ﬁﬁ&?%&%&&%@ﬁﬁ kS bf
t he successful synthesi's of 4, 8, 32 arns I nternmediate esters,

further &mkushnaounsy thage skidleédn rthﬂr@l! rv»yll r¢‘-‘ﬁ>gtﬂﬁ@ thed Al envenieqn isadldo thesby
met hyl r

final hyarebbat i Ent ahCiaNidl BKbaTE B R SENSRBER di B e
hydr &2i des, DAB- AM 8 hydr azi des, and DAB- AM 30 16 hydrazi des. The
hydr azi de derivatives were verif.l e hydrogen peak at
5= -9.00 ppm i n t he NMWR spec%@ﬁﬁdﬁygl‘%@g -1650 cm 1 in the
FT-1 R sp¢atisal ' H Muufqeatriclof adsichfinidiaflew deviee successful synthesis
of 4, 8, 16 _and 32 dr azi furthe confirnmed SS,

spect r oné@qléaﬁher%ﬁ%gﬁmg%ﬁﬁwfscwﬂamf% 1in AR YR 1Y eRR ﬁvf@ﬁ"@aﬁlawgﬂb
DABAM 4, (ABdAN 8 AR Mthe[MBerint O Wethicdilufdlic danad)dvede 1 RhIBerddit) xa00q8n

respectl vel ¥ as WD 2010/ 016800PCT/ SG2008/ 000293
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 1s sifuated 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



43 nultivalent inter-cellular linkers were synthesized (zZhao, D.,
Ong, S.-M, Dendriner hydrazides as nultival ent transient
inter-cell u{,v@rm{ﬂlm%%%s Bi omaterials, epub 12 June 2008

for PElI-hydrazide, cells are first modi fied with sodi um}’pel%{%%ég%%
(Nal04) to create al dehyde groups on tkeir surface before they are

reacted with dend e 64].1 ntroducti on of A549,
HK- 2 and fqneeﬁ&)@f[%i PF P'F\i&i“}%h%s r'illl h&’é‘l“’l WP&BJh?%OI{tﬁBCd
conpar t nepy ré&fici hﬁmmga pafyf um@tr@lshb%eﬂ@nm) % é%t Ddw Sbordifle USA) on

conmpartment of the channe he m crof | uidi device is
seeded wi thg silicpp sempdatps. §ov\m% Hﬂmv&nbeéﬁlmemtmndmlmgﬂr ZEMS jirepoured

fol | owi ng ol
basal ep| ééﬁllpéa%’lh&%l {e%;’ ate Fﬁ({)di?dﬁa uIOS{F&?@E %H% emﬁéjggn % aEloafrglm1 10
t he huﬂ’mn(obﬂﬁ)g’ifa@&@4 PDMS). TaE %bllitﬁﬁai PBMS E!rﬁlﬁurbieﬁ).@d ﬁﬁiﬁni bkm%a in oxygen
[00166] All cell culture conponents are purchased from G

| nvi t r ogePasmysir Jngs €25t We f dhw M 130 seem. aslid33 £pjos 4@@?@@”@@@‘"%@@1@
cul tured pohdfpbZl o344p eb@mﬁsg %@foyu @dﬁné@u{%ft@rﬂﬁldl& @Arﬁpo%eﬁty (WpchurhJU5A). The

sodi um bi car bonate, g) ut am ne uni t penicillin and
g/l str e@lﬂbﬁiﬂé ﬂwougb&ﬁu@leblp 8ic ﬂhmtenmyh agalls @m mipresgheres Mmtrqﬁymd mto
Essenti al 4 NP % e

sodi um bi car Mﬁ’ @?ltigilgn %ﬁﬂ%jl\éﬁy%huva? &;IS Qc[ 9% Eapfenrrles%w ? r%hwh
and 10D gdomprised efd tmywayn valHK)bvﬁh «aétdworﬁnﬂmm (CLdﬁSd\)Pahm AUBA) ¢ampied toa 2BG

12K suppl nt e 10% f et eru /) sodiu

bi ar bonat BEotRel MRGFAT bR PR IHEREEOU A FoEpihab Bl il qptet are for
[ 00167] Cedell oag@a&@ﬁme&uhaamheﬁnn&hﬁmmt Ly wie Giefiliscd By dubocRiwingat 105 °C
usi ng the ag[ﬁve 20 protocol. For seeding small cell aggregates
pre-for e thE#8 the condition listed in Table 1 the cells are
wthdramoomzq» t he m&mﬁdwfqineuﬁbﬁapﬂhasa&aweflow rate of 30 gl/h.

Dur i %the seedi ng_process aggregates nerge into_one

anot dRB1Bdr m bIPQ@‘EPaUégBPE’—@aF%CSa%"d( Hey mevefagtpsngei knopein the art as
conpar t Mefakerfded thHe LAY - Ur@eﬁ A BEWG, SRR IIG0, QEichdd %oﬁfs%d?rl%) The

process is shown in Figure 8. Upon finishing seeding, cultivation

medi um i se¢hnfoabdagignmia Rwszal\'@warﬂhétratad lraFlrgnm/QZrétaed & is deavepl ddeorfding to

20 m nut ' e €C

t he spacgtﬁo Qtﬁﬂgﬁgﬁ%% gfgta e q%gl %Jét'rgrggéﬂ rrlgzhngl @6%}%’?@%@%@8&% lé:x{églqlg

are fi nalshyw$ dfetchhuprel pdile $20 elmvsuht pogtiat ofathé Ipnwmmt:erabf[e By Iﬁlnu&"an:runng

gg;gf\z dayso aoi%1 %t}}ggraplolgq{? A#]E%%;alg%m%lsﬁd\&nam Epgm%f of @ sfa?ed m% 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 65C
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 controel 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



Concentration 0.5 nM 0. 006 nM I ncubation tinme 13 mnutes O m nutes
| ncubation tenperature 4C Room tenperature WO

2010/ 016800ReHyri# ﬁ/ 000293 44 [00168] To i nvestigate t%TﬁéF?{Bk/hdﬂE%
of the cells a ter three days of perfusion culture, live'ce

stai ned green by 20 AM Cal cein AM ( Mol @tul ar Probes, USA) and dead

cell are stained red 50 jig/m Propidium.iodide (
f1 uor esce er"ﬁ?ég S\?"é‘ogéyﬁt?}%éﬁ StehrUBUE égn"lu&?tﬁ’lt‘fsu“hﬁl ?f’t"t‘l’idﬁn@ exgmplary

fl ow rat eofRfationdl dhirll 5y9t%m3Q‘h€1gE§Jfaﬁ§ 4ﬁ@|15| @dﬁﬁgctgw b? Widstie/ AlbiR 0B%rkidhre
5 for 10 mnutes to renove all dyes his high flowrate is used for

the pur poggulapr 30 ovhide Berca digitel k- Bw qdﬂwn@mﬂp% mes) the pressure of gas is
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[00156] Operational perfusion system including the microfluidic flow device
10 [00157] Figure 17 illustrates the schematic set up of a perfusion system including the
microfluidic flow device. At first, cells are withdrawn from a cell reservoir (not shown in
Figure 17) into the channels of the microfluidic flow device 530 by two withdrawal pumps
510 at the outlet. Figure 17A is the schematic representation. During perfusion cultivation
medium keeps circulating, see Figure 17B. The cultivation medium is withdrawn from a
15  cultivation medium storage tank 560 via a peristaltic pump 580. Oxygen permeable tubing
570 ensures that the oxygen level in the cultivation medium is sufficient for survival of the
cells in the channel of the microfluidic device. After passing a regulative four way valve 520
and a bubble trap 550 the cultivation medium is perfused through the channel of the
microfluidic device. As can be seen from Figure 17, cultivation medium from the two
20  channels is sufficiently mixed before being infused into the channels again. Thus, the two
channels are fluidically linked.
[00158] Imtroducing 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, $.M,, He, L.,
et al., 2007, Biomaterials, vol.28, no.25, p.3656). This product is referred to as PEI-hydrazide,
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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-§, and DAB-AM-16 with 4, 8, 16 and 32 arms hydrazide, respectively, as
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Table 1: Conditions for modification of cells prior to seeding

Sodium Periodate | PEI-hydrazide
Concentration 0.5 mM 0,006 mM
Incubaticn time 13 minutes 0 minutes
Incubation temperature 4°C Room temperature

30
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dimensional monolayers which can be observed in cuiture flasks.

[60170] Fabrication of sustained release formulations
[00171] Cells can be seeded into the compartment of the microfluidic flow device
together with sustained release formulations. Manufacturing of sustained release formulations
20  is illustrated in the following on the basis of gelatin microspheres. Gelatin microspheres 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 um.

f00172] Loading of sustained release compositions with substances
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vol . 27, n@ntrifugld 44500 rpm for 8 minutes, and the supernatant was collected for quantification of
unloaded molecule by a microplate reader {TECAN, Switzerland). Afier the supernatant was
20  collected, the suspension is topped-up with 1 x PBS to 100 pl again for the continuous
molecule release over time. This procedure is repeated 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
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acti gt Y 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
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[00184] FITC-dextran was used again as the probe to visualize the microenvironment.
They were loaded into the gelatin microspheres and introduced into the microfluidic channel
together with cell suspension. The concentration of the soluble microenvironment at cell
vicinity was closely correlated with the average fluorescence intensity that can be detected.
As shown in Figure 13 (c, d), the X axis represents the distance across the microfluidic
channel. Thus, the image along the X axis was scanned, in a layer-by-layer manner, with an
increment of 5 pum. The average fluorescence intensity on each layer can be calculated by
Image-Pro® Plus (Media Cybernatics Inc., MD). Finally, at a certain cross-linking density, or
a certain cell/gelatin microsphere ratio, the fluorescence intensity of the microenvironment in
the microfluidic channel was obtained. The relation is represented in Figure 14. If the
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
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
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).
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daily. The concentration of the secreted adiponectin in the collected medium is determined by
25  theadiponectin ELISA kit.

Table 3: cell functions to be investigated

Cells Functions
Lung {A549) Ethoxyresornufin 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,
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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-HCI buffer.
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2010/ 0168Q0RGTAIERAGR009232 52 00% 1fe BMOBSy Used. The wi thdrawal flow

rate during cell seeding was iInproved to be 0.02- 0.05 mi/h to ensure
hi gh cel 1[00302bi | i t Yhetells werneuliwedimg opy-pese Pstiugignrogepmihsa fainge pump

cul tuped (B1elpAxEharse PR, THeIHLRALAR) sysfaf] W flikeh Rl fdafhd plald! G1EDAX
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 mi/h for 30
min and viewing imumediately 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. /n 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)



conti nuous fl ow device 530 which allows the mai ntenance of a constant
cell culture 5 mcroenvironnent over tine, w thout accunul ati on of

nmet abol i teSYvBrzﬂf&ﬁ)%sﬁtfi on of oxygen and nutrients that i f‘cf/geﬁ)'bé/&'a&?d
u rum was

by re-circulating cultivation cultures. The cultivation e
oxygenat ed by passing through oxygen-pétneabl e tubing 570 before

entering the hubbl e trap 550. The perfysion flow rafe cultuyre t

3D cel 1o 3 R putclios 30 5% Teones |Gl pomite, FHGpFALs gy and B2
cul ti vatiﬁg/ngfofqghfgphﬂlddaﬁ(mgrtrrent have been tested as shown in
10 Figure 24. Cultivation nediumat the end of th‘e\@gerfu& on circuit

can be cd¥Hed f FEMaseplestugie pispaigdby bonging the EPMsnmicrofhndic ghapapls onto
viability, 4si I RS j

fl uor escean@;el;@ili% |elct?’tﬁ§ﬁ@{ gﬁﬁér%gégg%tﬁﬁaggﬁ?%}y coﬁ%gﬁg%%véﬁ%d;g%ﬁ/@mes
BMSC éxhi bere dikedowith 38V PhA disfdre the BE fdmnwirepestdnoff to rxpisg the n@Gafluidic

15[ 00211] Act i h .l ling of t VBCs_showed | e tress..fibers wthi
the | ar gt st SR iefine. SSu® e T RAN Bl S kD 028
cul t ur es.50CTHPSrané adde) ahd then platihire-spidderal (6 nyg 68EM b waelving atithtalfreld-

BMSCs were renodel ed into | arge an i.ght 3D aggregates with snooth
surf aces e(“ﬁ?%‘ﬂ‘rﬁ?%@d“ﬁ’?&%“%@?ﬂ?&?ﬁ%?@é’f‘%r ate that BMSCs renai ned

vi abl e andozos] nt ai pagsEhter 13ReEOHP BREAQRNIcAHIUcABn tge 3Rl BeEdldieh oAl
culture in the 20 conpartnent of the microfluidic flow device.

[ 002118 ToleaoalE (Pt ¥ont Fessaristainings iR drifen saniibes were REenaredr &y bendingdethMS
primry i ;

rvat ! o B R bl oL ARSI Ryl BNIGR AEA b
BVMBCs i n thhBEddmpwes pasied off tor ¢xposshthamaicroflvidic genfiakskecsive wasking ogadibe

i nductio U I . V0N, S LN for_cal ci e i
was. post CeTEED bBiGHUERSkabE" P Kkt SO EPBRE shfic
sim | ar tiocubatiorkosbafdipeing AY dlysenitrad solntiat Giidainy doiied wart (RIV) (3 x 5
cultyres after, a ek .of ost eni ¢ .i.ndycti,on (FEi gu o Jhis o,
H00dSt < RAbe R ERGLR0NF Bh i PreEHE bRl B PR x i, 5%
sé uFIy of ssdiﬁﬁl: ltHiﬁGﬁlfﬁbi(Bamm)fzeidl Blwucjfw xas il Dikﬁ@isﬁ)&ﬁfblﬁ)dek@a’ ista@fing was
adult stemcells. [00213]Cul turing o imary rat hepatocytes in a

mi cr of | uiPGFETREGHR a’a%’g%?foﬁ}ﬁfgﬁs aee lc‘égﬂﬁ‘@gga%aéww WOk hows t he
resul ts gbodohe evahyahd BRMSTS aghrdpdidh RreSRENEEWP Goth M8 RhtHRIT¥hd Alcrofluidic
hepat ocytes cultured in_a channel of a mcrofluidic continuous flow

devi ce. 2bemsly/they srowhafted ga fopr largpprahesaresntesn mdichy Mere, ghen ohonfierdi Bn

(a). 2bh aRelpftar 88lys 9hd SRR MormihFa Pledf@fir PiRerhQafadh b Bubredhalied
m crospheres and was then controlled rel eased to the hepatocytes WO

2010/ 0168(s RsT waanrbzaohe digkers,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 channel, 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
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hepat OCytl%%ﬁ-]e[%% s faCR neg(ﬁ%efngfi g{i' &L m:%ﬂa?lﬁ ?ﬂ{y%on( g&lfutres T h%ulﬁv&%),rnomedxum

experi nmen ere in cul'tivation ne
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hepat ocytes, .1 he | ev uctjon.js eat|ly ephanged. .1
100217)” S 1301 T PEREs B0y HEuPATUL B ARs PURLS Fopiss] “a8 a0l Dt
descri beduafgy dowWhies glrusiivanasyt éellans fielcdaParttlérit)hads bishl tedtedhs shown in
hepatocytes cultured in the coggartnent of a channel of a

ni cr d uifdsEe ZdntGuiirgtien megibmy &y ithse euth 6F v @pHiISiRRd Cisepit pAmUBRS Fellectrs v

of 4-nmet rm et b deBhBPRinkdon¥Y) (Sigma, Singapore) for 4 h at 200
pl/h into the channel. The perfiisate (800 pl) was collected and the

met abol i dO§H18Huct Cdl-mhlhtyl afieh d|days el penfusiop gu raow@sﬁe@sed (rthMygrescenms
anal yzed s r

fl uo)r/escence ?8%9% %ﬂﬁ éf] ﬁédq&&%ﬂk%tﬁ% °§a¥¥g gy H1t@?'é8§éj?eﬂ véiblhty as
no. 3, p 3216pesbenévmhgur(3l251\nce Technol ogi es W. Net herI ands) at an
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partitioni n?
viable and maintained their 3D morphology during the 3-day perfusion culture in the

0

20  compartment of the microfluidic flow device.
[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 1s useful for the culture and study of sensitive primary
cells such as the bone marrow-derived aduit 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-£1 was supplemented into cultivation medium (m). In another set of experiment, TGF-£1

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



el enents are dinmensioned such as to retain a biological material and
a sustained rel ease conposition which are conprised in said

conpart nent (thin said conpartnent; wherein said sustai
rel ease con%di?ﬂdmgﬁg?s adapted to release at |east one EGE@F&H@@mﬂB

whi ch supports cultivation of said biokggical material; wherein said

channel has a first inlet to said conpartnent for i nt r oduci ng
bi ol ogi caft neaneenteation af 813 aipg/midmpennirrelease). i gheorpatrphexperiment, there is no

[ ntrodu0| sal d space of said channel
8rd1 %é@gérﬁén\(&fah%ﬂlu@ﬁ% Uil ﬁ

out si de o sal t ment an ou wherein said second
inl et and[0§214 out Iﬁdburama:raducangws sluamftaé with atat eliueid EbIB A fjuantification

cultivati thro ne n ere

parti 1 onfh B AR B P SAT WP WSHosBRE HRSAGIT mm: sverydofs the
fl ow devi p:eseﬁcurmrTGF-ﬁg, the &evkl sfdibuaiianeéticand eshaegio Febnt danHehweds, when
conpri si fi.rst apd a second area wher i the first area is
conpar t me 6P s pprirellerreioased R 38@1 Qﬁéfhv@maﬁare{%wév%wl-
area i s aguSme® outside said conpartnent; 25 wherein each of said
channels has a first inlet to said contgartrrent a second inlet for

i ntroduci R§2¥8) cul t Figrs & shavedibe rssilie of e prrlugtiae of 4fMU G| roduekiom ef primary
out si de Olfat 'agc ngggﬁ}éaqﬁta ch 1 %&ﬁ&ldm o\%‘tﬂ{u%g@ %‘H‘@vﬁé 2?)9 gg/m] of

second i nl e of said out ets are arrange uch as
a fl ol of TGEHSL wasup@hﬂmwdummtchlrtlwgm ngegliin (WahrrabtheG@:t mﬁ@memmeréaﬂﬁF«ﬁ‘ﬂ

sai d Secovgéjs rQ lo% cpmtos legmfxlmrc%ts l?e@g ﬁ%?arsl% Chc%g cﬁle rslea d to Hn' tocytes
B a cul’e SHTRG T ¥

conmmuni Catl I'vat1on ne
at a conccntratlon of 217.5 pg/ml (=). In the controi expenment there 1s no TGF-§1

supplemented in cultivation medium (o). From day 3 onwards, when TGF-G1 is controlled
released to the hepatocytes, the level of 4-MUG production is greatly enhanced.

15 [00217] Similar to the UDP-glucuronosyltransferase (UGT) assay described above,
UDP-glucuronosyltransferase (UGT) activity of hepatocytes cultured in the compartment of a
channel of a microfluidic continuous flow device was determined by infusing 100 uM of
4-methylumbelliferone (4-MU) (Sigma, Singapore) for 4 h at 200 pl/h into the channel. The
perfusate (800 ul) was collected and the metabolic product, 4-methylumbelliferone-

20 glucuronide (4-MUGQG), was analyzed using capillary electrophoresis with laser induced
fluorescence {CE-LIF) (Toh, Y. C. et al., 2008, Analyst, vol.132, no.3, p.326) detection

(Prince Technologies B.V., Netherlands) at an excitation wavelength of 325 nm.



wherein said partitioning elements are pillars. 3. A mcrofluidic

continuous flow device conprising: 55%&4:ei ved 16 June 2010 PCT/SG2008/000293
PC17862008/ 000293 a first channel and a second channel eaChReccived16June2010
conprising a first and a second area wherein the first area is a

conpar t nWiatwhélatmédisdef i ned by partitioning elenents and the second

area i s a space outside said conpartnent; wherein each of said
channels has a first inlet to said conpartnent, a 5second inlet for

i ntroduci ng aAgHichﬂ{@&i'{;%pﬁg{éﬁgaﬁr&%cggéﬁpggac_e of said channel

out si de of "sai d conpar an ou {#erein each of said

second inlets amd 2ahinmel comptlsiaptd GtS Mdea FedondIada SiEteiAdShe Firdtl hed is a
a fl %W of cultivation nediumthrough said channel; wher ei n

sai d°first and sai tPRRAEGHA Whishrierctned tnaréfigningelpmenieand tesgednd area is a
10ot her wherein saj Cé)bl%}giﬁ&fﬁafiél?b%%&ﬂ channel is fluidly
Inlet O

connected to said secon sal d second channel ; and wherein
sai d partitioning ®l evherdis throaghigabsugss whiclA apé do@fiddubeliviees Ofald PeAKSNIng
fl ow devi ce according, to cl ai n%il, wher ei n_t hrough passages 15whi ch

t

are fornmed between s&CHHEr PPt HBIFNHEN StRbneS I redaid pgiaddmaiseinl ard a
to allow supply of nRleGHLEFliRt %oﬂ%gsiﬂld% \ﬂ{icﬁ%éjc&ﬁg}?&rdt %Eﬁﬁd l3,meartment
naous fl ccording to

diffusion. 5. A mcrofluidic conti ow devi ce

clailth 2 or 3, wherei within shi¢coppartmentt conpri ses a bi ol ogi cal
material. 20 6. A mcrof] ui.dic, conti naﬁéis fl ow devi ce according to

claim5, wherein througfPPeEsaidusiamed felgass copPRUHOR & eateddardease at least

partitioning elements ag® sdbdBRsvIGIsupREAs BRtYRiInSIr3hid Hifbical material;
bl ol ogi cal material inside said cor‘rBar ment .
) *  wherein said channel

as a first inlet to said compartment for introducing
biological material into said compartment; a second inlet for introducing a
15 cultivation medium into said space of said channel outside of said
compartment, and an outlet,
* wherein said second inlet and said outlet are arranged such as to allow a
flow of cultivation medium through said channel; and ‘
* wherein said partitioning elements are pillars.
20
2. 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 said compartment;

25 * wherein each of said channels has a first inlet to said compartment, a
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;

30 * wherein each of said second inlet of said first and second channel is in fluid
communication with a common cultivation medium feeding line; and

* wherein said partitioning elements are pillars.

3. A microfluidic continuous flow device comprising:
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257. A microfluidic continuous flow device according to claim®6,

wherei n through passages which are for bet ween sai d partit PORISGRA08/000293
el enents are di nensioned such as to all supply of nol ecul eRetdied 16 June 2010
and out of said conpartnent by diffusion. S. The mcrofluidic

continuous flowsdey F&® cR&fRI Shd'dsdcPnd Eﬁérﬁiel?cacmféﬁkﬂir%ad flrst and a second area

30m crofluidic continuous flow device conpri ses re Chan two

channel s. 9. The ni whetinuilgi Grst cared v @usothpatmete vivitieh ais cdefttiedgby @artitioning

Tt bl chanmel s, CHAGRS AR B8 e 2Eid SPEaGH ARG ULHHBRTREETY 1 b o
subsequent channels andraienel Bf SRiddchdnibd hasPOFGR0860002 %%mpﬁ’txg%nt, a

Recei ved 16 June 2010 connection is established between said ou
of adprecedi ng channétconddnlshifar ivtreduring alcattivefios aiediwu bstoguaihspace of said

channel . The m crofl in flow device accarding to claim

3, wherein said ni crgjfl ul h‘?‘gg}g%ﬂf%ﬂ%%ﬂgpﬂ%w\{haé@iaﬁ‘ém_@S ri ses _

nul ti pl e channel s, = angewdieeashnos adid secondeinle®d am@esthl 6f §did Gh@BRS e afanged
fluidly connected with said second inlet of subsequent channel.s. The

mi crofi uidic continudifd ateallen it alcquwivatien meslivnyhronglcsaid pharmek o

10, wherein said go et . f l.S€ Wl rel eas
conposi tion, wherei %gllte? g%gtﬁétlgélge}g{ ?ag?eggédgﬁc%ﬁl%%‘%%?%gf Iclﬁg °§8§%{*‘ 0 %aCh
rel é@se at |east oneothebsitharete saibioatietsofbyid fisst GhbrieV & flerdlPtomrbRd to said
bi ol ogi cal material. The m ct\rﬂ%f | ui di ¢ continuous flow device

according to clai m 1509 inletgf spidispeand; amneliasdned rel ease

conposi tion adapt ad {@efc] £4F LohiRRS &S ce, which supports
c@l tivation of said bi Sleogi ca?ﬂﬁ;ralgelrga{e}]%ﬂs p?g@tgﬁ in a particul ate
form The mcnifluidic continuous flow device according to claim 12,

wher ei n ,sai d sust aipned rel.ease conposition conprises. a m crospheye.

The i orior | utiRe g BREN eRREsys A Bies acerbpmionfiai! Cyagrain Zhioush passages
whel®in sai d wHicH aeTeEndFbeReh GAITPRAEHSAIAS cRAHPRIs € §in®ndPhal Sikh as to allow
m crosphere. The m crofluidic continuous Tl ow device according to any

of clains 1 &weplyefmelernlesiptennd quisefisdidspmpaitnmdt befiddsionconmposi ti on

is adapted to rel ease a substance selected fromthe group consisting

of cytokine, chenolcine, nutrient supporting cultivation of

bi ol ogi Sal et enicalfluidic awhtinf@st ow @evicd BedtediiBNG €18ine a5 Iod B, h@heeResaid

ranul ocyte-col ony stinulating factor, granul ocyte nmacrophage-col ony
gti rul atiyng F%P@%{“e%%ﬁ%%b’@&%n@gqr}%l ating factor, interferon,
insphin, atriopeptin-l11, nonoclonal/polyclonal antibody, TNF,
macr ophage activating factor, interleukin, tunor ‘denaturing factor,
urol ci nése addmirafiuidEssontienenflow dé/idhecoidixgiol ddit & viwndihnhiough pdseues

bi ol ogi oal - et 4F Fed el G Ry L OGP BT ST BEPRghgA Such as fo reain
prokaryoti ¢ said biological material inside said compartment,
C )
25 1. A microfluidic continuous flow device according to claim 6, wherein through passages
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
30 microfluidic continuous flow.device comprises more than two channels.
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
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PCT/ S02008/ 000293 Recei ved 16 June 2010 cells, eukaxyotic cells,

cell aggregates of the aforenmentioned CS§II types and m xt ur esPCTE/SG2008/000293
thereof. The mcrofluidic continuous fl'ow devi ce accordi ng tRecelvatd s June 2010
16, wherein said cells conprise an inter-cellular linker on their

cel | surface.cohfetibh ¢ dthblisHed bekh BAQWHIEl OV HRVEGRE 2Bl bW s4i@ second
claim17, wherein said intercellular linker is Selected fromthe

group consi stiilggoioeidmbseguentaasnd. gr oups, cel | - adhesi on nol ecul e

(N-CAM, dendrimer hydrzides, GPl-anchored proteins and m xtures

t hereof. The mi crofluidic continuous flow device according to any of

claims 10, andte &terbBuidid egoitiluaai dlobi Weok Cadcof@he tdlcldift ROOKNESEn said
into_each of said conpartnents is the sanme or different in all or at

| eas? two of migiodluidiensaptinkons flowrdevipe cpmprisasdnsltipdh channelss and serein said

devi ce accor qj ot -1 i [ Ltoents

e i monst onel Qi BT kol s AUOEY EbiheERAL RN IR SoGRORR (o RILGquent
of said conpahamelts by diffusion can occur over the entire space of
each of said conpartnments. The mcrofluidic continuous flow device
‘according to claim 20, wherein each of said conpartnents has at | east
In one di Mengihein@robhethl cOhtidTRts kv dl%ke o-ﬁﬂfgpfg ﬁ{goéii éibiﬂ*lsoz to 10, wherein
continuous flow device according to any o trhe receding clains,”’
whet@i n sai d saidacomglartinent Hertharoopnprises aasustdhednreldane coapasitibny whersin said
wherein said dium fl ow separator.is.|located between the end of said
conpart nent F'g%%if’%cg]r?lﬁasfeh‘éorgi’cr‘sé%qq Ghadarteche selepsst afo?‘*‘%ta%e ShBstase which
and the changghpodidichRivaBfisbPsaidBiotbgiama:fil ow separator is |ocated

bet ween the begi nning of said conpartnent |ocated in the direction of

t hel second inlet of said channel and the channel inlet. 23. The

m crof | yidic ntinuyous fl ow devige according.to claim?22 erein. .
ai o medtum TEeareRIEe soRHialss' A6 e Metatr® FoReid b Shpwhertin said
congd sting obusaifiéd Ribass ccﬁh%ﬁ@dorﬁz{ﬂa ellitPidigae at BAstONA substancE GBS WiRbrts
shape and a wedge- shafpe CT/ S&2008/ 000293 Recei ved 16 June 2010

P57

The mi crof | uFdiiFationfisaidhislogicglungtovipk és presest i spprtioulaieyfomn. t he

precedi ng clainms, wherein at |east one of said conpartnents has a
rectangul ar shape or a u-shape, wherein the open end of said u-shaped
conpart ient iThe tréeroilniicechntinusad flowidesite adtbeting Iheaiim ¢2,0fhareidisaid sustained
continuous flQw device . according to any of the preceding clains,

wher ei n sai d'UEFF CRMBOHPT SUUPTAYES PERETOSHIES-channel conpri sing one
compar t ment wherein one side of said conpartment facing said second
area is defined by partitioning el enments while the remai ning sides

are def lhed bhe nigodhidiuerdntineons Bow davite afcostingtoctiainméB, 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
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The m crofluidic continuous flow device according to any of clains 1

to 24, wherein at least one of said comgartnments has a circul BETEHEHE8/000293
or an elliptical shape. The mcrofluidic continuous flow devReeived 16 June 2010
according to any of the preceding clains, wherein each of said

conpar t ment s eelapeukerstiarcels,taelcapigtaghias offehe aforemétionad celbtypss dhd mixtures
cont i nuous fltﬁw d)gvi ce according to any of the preceding clains,

wherein at | ed¥f® part of a surface of the partitioning elenents,

and/ or the bottom and top of each of said channels arranged within

said conpartnent and/or said circunferential wall of claim25 is/are

coated wi’t h akhel mawefluidic eendinupes Rowedavice, actheling ¢o oldimi b, owherein said cells

cont inuous fl i acc ing,to claim?28, .wherein said capture
m)l'eéul eis s°§ﬁé°(éj§éelaﬁ el eﬁlﬁfgaré'%%ﬁponct ?1‘§F§]‘f?‘?‘f6a°8f PEI - hy, ketone

groups, cell-adhesion nolecule (NCAM, dendriner hydrzides,
GPl - anchgred proteins antibodi es, binding fragments of antibodies,
apt amer d8or rhbermiEailyic: ¢patispenseflevitdevise dicowdingutoedainTH@, wherein said inter-

erof 1 Bkl MRS LUK PSR L D0 SPbsal R R SEST

clains, wherein at Teast one of sai

conpar t nent s adhesi@i melaciie c MMERNVINE dendiasera hiytifzides) G®tancRbred proteins and
i ntroducing biological material into said conpartnent. 31.A nethod
of &@I tivati @XBF%]%@P@%I material in a mcrofluidic continuous "fl ow
device, wherein the nmethod conprises: 59 PCT/S02008/000293.

Recei ved 16 June 2010 provi ding said mcrofluidic continuous flow
devi ce Ha8vi ngha meicerfhadic contimumisflemiddvich acmeding atmny SElamki I, $hd 3@ 18,

a( second area wherei.n,the first area is a compartnent. which is
defined by pdfFErER BEHHP?boqweﬂé%%f%ﬂ%ﬁ%ﬁqqi‘ée%%‘bﬁféfhaﬂféaldi@nw%a@ is the same

out si de sai dof @iffeaédt R Al or & MRS Bf dd ages which are fonned
between said partitioning elenments are di nensioned such as to retain

a bidl ogical material and a sustained rel ease conposition inside said
has firsg.i

conpart ggnt ; . nerein.said. channel nlet_fo ,

intr odug'l6 ng gp%l%la{oﬁaﬁ IR PRpTUQuS iﬂrc?twoggvé‘feda‘?&? 0% {HERm zﬂa"%_@c‘ﬁfhﬁeinnqaéh of
for introduck#id cemlpaitin@hisas diaelisivhell Rheh gat dpthRS aa&ﬁiseﬁargébfi nﬁﬁﬂ:ﬂ[b%lfrom
outside of said conpartnent, and an outlet; “wherein said secon

inl et and saffboiftspic compartmanislyediifision cas ocenr aivethe gnfitespacd of each of said
cultivation g&gb%&pcg.ough sai d channel ;

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 um.

C } 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.
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i ntroducing a biological material and a sustained rel ease conposition _
into said conpartment via said first injget; 15 wherein said stsV/a(C38¢p/006293
rel ease conposition releases at |east one substance which sufyseived 16 June 2010
cultivation of said biological material and which is not initially

conpri s@d. i n Thei dicofltidicaddintinuomsdfiow device aiesmdirg t'mgalﬁz efl Eliﬁal y:@b%dhﬁg claims,

medi um for cultivation of said hiological material through sai

channel via §’§feﬂelge%8]ﬁﬁpti%ee?gsaéﬂcf0§@w5i Wss%irﬁ?tw—‘ﬂﬂrt shepe g a .H-Silape,

el ements are ypjdd; efhd BPLI00. bttt ROisHliRRbE B B Ak

in a mcrofl J%ei&%ﬁg}genct)pi%ﬁuous ?#g\i}vsge%e?ceo, R eregl n %rﬁdel rre‘?ﬁ%csi lg_l
conprises: providing said mcrofluidic continuous flow device having

a figst ,and second, ..25channel ; , wherein eagch channel  conprises a .

firs a%S‘ a ?&8 JhtFrefiudic, goafvas fow deyice a&?‘ﬁalqgstoamﬁ’o%g}et PrEFRAEh Flaimns,

i s defined byyheadihiidaldBEvige RbRIFERES a0 Mstl B SRGABA caﬁqgﬁsihg @&??‘éﬁﬁ rtment

out si de said conpartnent; _ wherein through passage |
fornmed bet we&desin dongasidet pPHrsaidg codphrmentt facinge sdidmeemindneda siscHefard by

to retain a bj cal_material .inside.sai.d co tnment, 60 ,
pavp008/ 000083 R aBBE MG i i ﬂﬁ%ﬁr%gﬁgf@&gﬁwﬁa fRemiraentigl wall
first inlet bPsaid ohar@@lci ng bi ol ogi cal material into said _
conpartnent, a second inlet for introducing cultivation nmediuminto

sai &¥ space of said channel outside of said conpart melnt , and an f
outl et; : : ' h..0 id second in .and ec .
sai d outlet s of &igfl é‘hdgée]g&gh{éﬁﬁ%@%’t %’vg%l SR mlglr}8v5n3f°%1ccqufrﬁs attola%ﬂ; wherein
nedi um t hr ougtlesstiode ofigabdedrhpartments has a circular shape or an elliptical shape.
;
27. The microfluidic continuous flow device according to any of the preceding claims,

15 wherein each of said compartments comprises an extracellular matrix.

28.  The microfluidic continuous flow device according to any of the preceding 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 25.1s/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
. J 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. A method of cultivating biological material in a microfluidic continuous flow device,

wherein the method comprises:
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wherein each of said second inlets of said first and second chann

is in fluid comunication with a comomgcul tivation nedium fe@T’ﬁ@ZOOS/OOOZ%
line; introducing a biological material into each of sal d Received 16 June 2010
conpartnments via each of said respective first inlets;

transporting = pzm;lvtdmgtail@mmﬁhidiﬁn SindinG@isd] @ aEaEe Bt Vgﬂa/aﬁan@el nedi um
feeding line thr h each of said two chapnels; and erein said
partitioning el & eéelarsél difihppngl gompyses amdiushand »pecond araaavhergin the first area

bi ol ogi cal materi % E%l%@ﬁt%ljm‘:’ﬁ f&'cfé §é gﬁﬁﬂgmékg}’%n%?ﬁcﬁ %1%’ the second area

15wherein the net ho rises provr _
conti nuous flow dewaslmchamtsmp saidctarqjartaredta second channel; wherein

each.channel conpri seﬁea first and a sec& %Carea wherein the first

area’ rein thropeh 2apsages Arej forgedlj prétyepsy said partitioning

parti tioning el ement gegahs! fie EREAIhAr fR2A & ?ettﬁﬁaacgiog%giéildﬁaéﬁ&ldand a
conpar tment; wherein through passages ch are forned between sard
partitioning el emmﬁlmdae&ammmmnsmdeﬂsdcmpmm a

bi ol ogi cal mateyrial, insid ai n.e L

channel has a f{ r é’fh FHT éf”%f %’ranf‘ﬂtﬁ?aﬁ ﬁ’isﬂgan)tl for 6‘&?@:}\"1%:{?181‘53543?%361&1 Into

25sai d conpar t mentaida&osfaahtnt, A s%hoﬁd)fnldt rf&f ﬁ%gﬁcﬂﬂg el infaﬂlug%'td%d

I nto said space of said channél outsid sal d conpart nent

out 1@t : space of said channel outside of sa1d compartment, and an outlet;

* wherein said second inlet and said outlet are arranged such as to allow a flow
of cultivation medium through said channel;

) * introducing a biological material and a sustained release composition into said

compartment via said first inlet;

15 * wherein said sustained release composition releases at least one substance
which supports cultivation of said biological material and which is not initially
comprised in said cultivation medium;

" ftransporting a cultivation medium for cultivation of said biological material

through said channel via said second inlet; and

20 " wherein said partitioning elements are pillars.

32. A method of cultivating biological material in a mierofluidic continuous flow device,
wherein the method comprises:
* providing said microfluidic continuous flow device having a first and a second
25 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;
= wherein through passages which are formed between said .partitioning

30 elements are dimensioned such as to retain a biological material inside said

compartmert;
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wherein each of said second inlets and each of said outlets

arranged such as to allow a flow of culgg vati on nediumthr ouaﬁegﬁ@oog/mm%
channel; wherein said first and said second channel are fl ajved. 16 lune 2010
connected to each other 30wherein said outlet of said first channel

is fluidy conn&ctebemin ¢achahdnredbend firstl intet dbr miroducing bivdogibalnnstbrial into

cach of sald rospold G o8 Satc? s Retig a0 o0 e e gaid
16 June 2010 tr 061 daibciangeél dutsY @ 4R de hd. first
afpa "R AR, a9 9n 3l | ;

and second channel by introducing a cultivation nediuminto sai
first channel via ¥hgreinsaelafisdidpasondinlegnipnd eachatf seidanlets; araantanged such as

wherei n said partiti_ani S_.are pi.llars. . Th t hod accordi ng
to aﬁy of clains tté a@?%ﬂ%s?\g\ﬂé‘r’%‘f% %1’"6%?3 OBﬁlééﬁgéggmﬁch are
formed between saiwhdeintdath ofisaig set@mERless &f Qidliirgnsi cee&dld%gﬁhnaqs Pfluid

al l ow supply of nolecules into and out of said conpartnent by
di ffusi on. The metSREHNEHE0H WH ¢ eoraman splipatigeediom feadiag line;

' f1 uidi ' fil.oW devi . [ t han_ t h ls. .
The et hod accol SCARORR " R1H AL HHa B eadh of HFOPPATATES Vit shoh of said

conti nuous fl owegpadtiive feaipleisses nul tiple channels, wherein each
channel is fluidly connected with a subsequent channel; wherein said
f1 uill connect® owansporiIgad cikivation etedizen visaid eutimem ofitivatipmemediungfeeding

channel and said sgcond inlet of sai,d subsequent channel. The net hod
according to clgﬁlen%%ﬁ%‘fgg\ﬁgl?gf%@mcﬁcméiﬁf i di ¢ continuous flow
(devi ce conpr issesnéli daid BarfillafNg bRmeMAkEpllaRal d outlet of said first
cﬁannel is fluidly connected with sald second inlet of said other

channel s. The nethod according to any of clains 32 to 37, wherein

sai d conpart nent .. further.c ri ses suyst.ai.ned rel ease conposition, .
wher ei nlgg'ai dm‘:{?&hé}:ﬂnoggc uﬂ%‘f%ﬁ@é’@%ﬁ%s{f‘%{% P& 1@’5%%@1 o qoé‘gg‘tm‘@rﬂé’w device,
subs§sance whiwhbretwfHGhétBod bbhpNaki on of said bi ol ogical material. The
met hod according to claim31 or 38, wherein said sustained rel ease
conposi tion felmaviding seid Iniggifluidie conthsicms dewWdevite diapipgr 4 $irst and a second
cultivation of c%%}n(ljelbi ol ogical material is present in a particulate

f orm havi ng di mensi ohs which do not all ow said sustained rel ease

conposi tion to pashehni vadichaahd coiphisdl LhshARLYeBAS %ﬂ%&éingﬁé frst area
partitioning el enents defining said conpartnment. 40. The net ho

according to cl ai ¥ B3PmpFHERElvhid ig dslineddbinpattitiening slemeotspngithé savond area
20 is a space outside said compartment;
" wherein through passages which are formed between said partitioning
elements are dimensioned such as to retain a biological material inside said
( compartment;
)

25 said compartment, a second inlet for introducing cultivation medium into said

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

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
30 wherein said outlet of said first channel is fluidly connected with said second
inlet of said second channel;
* introducing biological material into each of said compartments via each of said

respective first inlets;
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conprises a mcrosphere. 62 PCT/S02008/ 000293 Recei ved 16 J
2010) 41.The nmethod according to claimg40, wherein said sustﬁm§@2008/000293

rel ease conposition conprises a gelatin nmicrosphere. 63  Received 16 June 2010
PCT/ SG2008/ 000293 Recei ved 16 June 2010 49. The nethod according to
any of clain® Bﬁanspoﬂﬂlg whargvatioaamsdinin shnodgh: hathdlrst fund tsb&ind channel by

conprises a ne mflows ar at or erein s i um f | ow separ at or

i sn})ocat ed betv@grﬁ cHggéin tgfangglraec}é\h f srathf1 tlrﬁﬁ]&f’%ﬂ Vi, sgifsecond inlet of
direction of thgi®ntdeharbl:9a88d 5 channel and the channel outl et

and/ or said nedium flow separator is |ocated between the beginning of

sai d conpar t fenwhéemadagtipartitising eieneatsiaedpilibrst he second inlet of said
chanpel and the channel inlet. 50. The nethod according to claim49,
wherein said nedium flow separator has a shape 10sel ected fromthe

group cgpsi S%@Qné%ﬁo@a@dokﬁﬂ%% aﬁyhapglaa to?# fgPsa R@%ereﬁnthl%glgf}] Safsages which

rectangul ar shape and a wed accor
of clainms 31ateoi@Oedwbriwesm saitd pmsonmg]e:lmﬁerﬁalade clivaest dried ndush haa:Stoaallow

rectangul ar shape S wher open en f said
ul5shaped coﬁ%‘ﬂﬁ%’ Prﬁﬂ’f)ﬁ?cglef‘ é‘%ﬁia‘h%f"étod%?‘%sc& aw"tﬁl‘eﬁ by da g‘EI_OHSZ. “The
met hod according to any of clains 31 to 50, wherein said device

conprises at | east one channel conprising one conpartnent wherein one
si d&0 of 38ai d The mpahadvessprding to claim 32, wherein said microfluidic continuous flow device

comprises more than two channels.

( J 36.  The method according to claim 33, wherein said microfluidic continuous flow device
comprises multiple channels, wherein each channel is fluidly connected with a

15 subsequent channel; wherein said fluid connection is established between said outlet of

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

37.  The method according to claim 33, wherein said microfluidic continuous flow device
comprises multiple channels, wherein said outlet of said first channel is fluidly

20 connected with said second inlet of said other channels.

38.  The method according to any of claims 32 to 37, wherein said compartment further
comprises a sustained release composition, wherein said sustained release composition
C ) releases at least one substance which supports cultivation of said biological material.
25
39.  The method according to claim 31 or 38, 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

30 partitioning elements defining said compartment,

40.  The method according to claim 39, wherein said sustained release composition

comprises a microsphere.,

Amended Sheet
IPEA/AU



facing said second area is defined by partitioning el enments ile t ,‘
remai ni ng sides 20are defined by the cigzcunferential wall of.Vg(s(u‘a’j'/g(}2%88/00("‘£93

channel . 53. The nethod according to any of claims 31 to 50 ResRivedilf June 2010
at | east one of said conpartnments has circular shape or an elliptical

shape. #354. The methodd aceoedingli tagclaion ey whereinaisaid SGtaineds 8sledser dangrosition
conprising i luci n | yel ectrol ytes together with said biol ogical

mat erial int %%éqg)iglggsc gr%%(rﬁ{ %’g%?sljg}?rei nt roduci ng pol yel ectrolytes into

sai d conpartnent before introducing said biological material into

said conpartnent. 3055. The nmethod according to claimb54, wherein said

pol yel e@r ol yithednethed pecorting toratyl of claws Fhandd8liod ! arhweidisaig sustaneg release

cl ai 3l to j part.of .a surface of th .
partlgrfi oni ng cgﬁlgﬁgﬂg é?ljc%ﬁ } oAr %ﬁﬁ%&r@gtst%éeﬁ]te ngofno eo\groggcwnawgg%iog cytokine,
channel s |yi remokas; SERRAB/OHRAG; Retbiavied d biblsgca Oh@leriali frloiwih factor,
said conpartment and/or said circunferential wall of claimb52 is/are
coated with &OV@ashorgpee pleariag ndreaence. eralostaretlon c simmlagngo factor,

claimb56, wh j j 2 LS. S t t .
consi st ng. of LR HERPhECCARLE SHiBd gt RLEE, RtclobBRa dof Yifaring
dendri mer hy dactord einterfeRbn, ainshidr, e dtrjppedti-NE  antnoblodalgmlycidtial badibedy, TNF,
bi n?@ng fragnents. of antibodies, apt ainars or m xtures, of the _

af of &ment i on SR FRRREES 136U Yating Eiciors Ferlowkinn umey desampe ofactor.amivkingse and
to 57, whereifix@tediB@sbr one of said channels conprises at |east two
conpartments wherein each conpartnment has a first inlet for

i ntroduci ng biological material into said conpartnent. The met hod

di t | ai 31 to 58,, f i Si [ dyci .a .
aecor 9t B8, LoaBR i@l ERTEnly b PRt b5 SRt Bl bEanAoRgd i
any of cl ai mgel@ded Ofr&8, tHellgk\Y cORERISS o IplokARSROT LeliBY eﬁké?ﬁfi’(l?dcells o cell

s e

medi um conprising a test substance through each of said channels. T
met hod accor aggrgeates of the plosanentioped celhivpes andsmixiurestherenfibst ance i s
selected fromthe group consisting of a pharmaceutical conposition, a
cosnetic substance, a conpound which is or which is suspected to be
necessa#4. f ofhe heicefhiidivabhtimucak e debicol0eirdalg waélei ab, amerethis&ib celis
is initially not conprised in said cultivation nmedium a conpound
which is or WWB‘HS‘E@1§'E?§1S€]é‘ﬂié‘dl“a€?’f86t}ﬁérc°€%1§é¥f9%or the metabol i sm of
said biological material and which is initially not conprised in said -
cultivation nmedium a conpound or conposition which is or which is
sus#kct €8 t oThe mierodidje wootimwas devodevice acomndiag aoictaimpsd, okiegeni @idmter-

t oxi c, dm th f. t hod di f clai 31
o 61, wher ot BREEIR PSSP FORLITURCE GREPIFHE bl RE GRccspnes dieps, ool
channel s at adHekidW hitfl&u®f BOCAMSOddddtithel OhﬁHﬂHEs,zé@’I-%%edA ﬁ‘i’.bfe?ns. and

conprising: a mcrofluidic conti'nuous flow device accor g to claim
1 mixtures thereof.
\ )

25 46,  The method according to claims 31 to 45, wherein said biological material introduced
into each of said compartments is the same or different in all or some of said

compartments.

47.  The method according to claim 34, 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.
48.  The method according to claim 47, wherein each of said compartments has at least in
one dimension a width of maximal 200 um.
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at | east one biological material and at | east one sustained rel ease,
conposi tion. 65 PCT/ SG2008/ 000293 Reggi ved 16 June 2010 é’ﬁTASQF@OS/OOOZ%
according to claim63, further conprising a cultivation nmediRgseives 16 June 2010

cul tivation of said biological material. 565.A kit conprising: a
m crofluidic continuous flow device according to claim2; and at

I t b i cal, material . 6 tocl 5,

Further *lorpAP o AP Y S sRimhan % o onla mfﬁsﬁ% gl further
A kit accor detigptiSescd aieli@d floty fe%arafdfr Wh@feuggmrm&lﬁiﬁ Bdw s@?é%topﬁelocated _
cultivation madl um for cultivation of said biological mter

1568. A kit cbefwersithe end ofspigr mmmmmﬂm dmawchmoum ditestiod efi the outlet of said

cofding to St
Eft Oﬁgcco?dl ng Afngk% trlﬁgg.'gam% at g gﬁﬁ? ﬁ‘gg%ﬁ?%ﬁgﬁm?}ﬂ@@ﬁﬁtﬁ# ﬁg&feen
rel ease 20cothedsdgirindiy of $hid éoﬁpztrtrﬁ@ﬁ%éﬂtélﬂmtme QiraétBost 186 s@&ndflﬂfeﬁ Besaid
conprising at, | east one cultivation nediumfor cultivation of said

bi ol ogi cal neRanekand the channel inlet.

50, The method according to claim 49, wherein said medium flow separator has a shape
10 selected from the group consisting of a circular shape, an elliptical, an oval, a

rectangular shape and a wedge-shape.

(- ! 51. The method according to any of claims 31 to 50, wherein at least one of said
compartments has a rectangular shape or a u-shape, wherein the open end of said u-

15 shaped compartment is terminated by said first inlet.

52.  The method according to any of claims 31 to 50, 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,

53.  The method according to any of claims 31 to 50, wherein at least one of said

compartments has circular shape or an elliptical shape.

25 54.  The method accordjng to any of claims 31 to 53, 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 55.  The method according to claim 54, wherein said polyelectrolytes are biodegradable.

56.  The method according to any of claims 31 to 55, wherein at least a part of a surface of

the partitioning elements, and/or the bottom and top of each of said channels lying
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2571. Use of a microfluidic continuous flow device according to any of
claims 1 to 30 or a method according tggany of claims 31 to @T/S@QOOS/OOW%
carrying out cell mgration studies or gene expression anal ﬁacswe@MJuneZOlOa
cellular function and differentiation studies, or disease diagnosis,

or drug net alwithis raidr cdnopariendny ah@®t isiid. circumferential wall of claim 52 is/are coated

with at least one capture molecule.

57.  The method according to claim 56, wherein said capture molecule is selected from the
5 group consisting of PEI-hy, ketone groups, cell-adhesion molecule (N-CAM),
dendrimer hydrzides, GPI-anchored proteins antibodies, antibodies, binding fragments

of antibodies, aptamers or mixtures of the aforementioned molecules.

58.  The method according to any of claims 31 to 57, wherein at least one of said channels
10 comprises at least two compartments wherein each compartment has a first inlet for

introducing biological material into said compartment.

(, : 59.  The method according to any of claims 31 to 58, further comprising introducing a test
substance into said cultivation medium.
15 | '
60. The method according to any of claims 31 to 58, further comprising transpoiting a

second medium comprising a test substance through each of said channels.

61. The method according to claim 59 or 60, 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 medivm; 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,

62.  The method according to any of claims 31 to 61, wherein said cultivation medium
30 flows through each of said channels at a flow rate of about 30 ul/h to about 220 pl/h.

63. A Kkit comprising:
* amicrofluidic continuous flow device according to claim 1 ;
= at least one biological material and at least one sustained release composition.
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64,

65.

66.

67.

68.

69.

70.

71.

65 PCT/SG2008/000293
Received 16 June 2010

A kit according to claim 63, further comprising a cultivation medium for cultivation of

said biological material,

A kit comprising:
* amicrofluidic continuous flow device according to claim 2; and

= at least one biological material.

A kit according to claim 65, further comprising at least one sustained release

composition,

A kit according to claim 65 or 66, further comprising at least one cultivation medium

for cultivation of said biclogical material.

A kit comprising:
* amicrofluidic continuous flow device according to claim 3; and

" at least one biological material.

A kit according to claim 68, further comprising at least one sustained release

composition.

A kit according to claim 68 or 69, further comprising at least one cultivation medium

for cultivation of said biological material.

Use of a microfluidic continuous flow device according to any of claims 1 to 30 or a
method according to any of claims 31 to 62, for carrying out cell migration studies or
gene expression analysis, or cellular function and differentiation studies, or disease

diagnosis, or drug metabolism or toxicity testing,
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