WO 2010/024779PCT/SC2008/000318 1 MICROFLUIDIC CONTINUOUS FLOW DEVICE FOR
CULTURING BIOLOGICAL MATERIAL FIELD OF THE INVENTION [001] The present invention
refers to a NWESAUNARAEBhtinuous flow device for culturing biological materiBf@&¢ReWANdhg a
cultivation chamber being dimensioned to retain a Qiological material and having an inlet and an outlet
to allow flow of a cultivation medium through the cultivation chamber. The present invention also refers

to a metRW’ ' Mgﬁ | mﬂg quy | flg}(’uﬁp ﬂrﬁﬁ,' 2 | ?& sin
which such a me f%fo?(‘jﬁgr?ggwce IS use@.gcl)#%ne egﬁm\ﬁa@% mlcroﬁg‘l%tcon in%?)EuIs ow%' evé%/ of the
present invention is connected to a gradient JAAFRBIAIACKGROUND TO THE INVENTION [2]
Technological advances led by achievements in microfabrication and tissue engineering have provided

the tools needed to create microscale devices for conducting many types of laboratory assays.
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can be practical too r the rapid screerning of chemicals and drugs. [5] The present invention
provides microfluidic devices for cultivation of different biological materials.

BACKGROUND TO THE INVENTION
[002] Technological advances led by achievements in microfabrication and tissue
engineering have provided the tools needed to create microscale devices for conducting many
types of laboratory assays. Microfluidic devices have been developed for conducting a variety
analytical/biochemical laboratory processes on a very small scale. Sometimes called "lab-on-
a-chip," the microscale perfusion devices sometimes consist only of microscope slide/credit
card-sized units containing compartments that are connected by channels through which fluid
flow is maintained by a micropump. Known examples include microfluidic devices for
conducting immunoassays, PCR sample preparation, DNA separation, or identifying protein-
protein interactions.
[003] Use of microfluidic flow devices in research and industry allow to reduce sample and
liquid volumes due to miniaturization of the device and the liquid guiding structures. Smaller
sample sizes and miniaturized devices also allow for carrying out of more parallel
examinations at the same time which again helps to reduce the overall costs.
[004] Cell-based microfluidic devices, the application of microfluidic technology to cell
culture-based assays, are also described as "cell chips," "cell biochips," or "microbioreactors."
These microscale cell assay devices can be practical tools for the rapid screening of chemicals
and drugs.
[005] The present invention provides microfluidic devices for cultivation of different

biological materials.



WO 2010/024779PCT/SG2008/000318 2 SUMMARY OF THE INVENTION [006] In a first aspect the
present invention refers to a microfluidic continuous flow device for culturing biological material,
comprising: WOc¥e@at7ation gradient generator having at least two outlets; P&IIS&304H@P8Avation
chambers being dimensioned to retain a biologicalinaterial in each of the cultivation chambers,
wherein each of the at least two cultivation chambeérs has a circumferential wall, wherein the
circumferential wall has at least one inlet and at least one outlet in order to allow flow of a cultivation
medium through each of the at least two cultivation chambers; wherein each inlet of said at least two
cultivation chambers is fluidly conSENEMHORYINE ERIDINMERIION least two outlets of said
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for culturing biological material, comprising:
® aconcentration gradient generator having at least two outlets;
=  atleast two cultivation chambers being dimensioned to retain a biological material in each
of the cultivation chambers;
=  wherein each of the at least two cultivation chambers has a circumferential wall,
wherein the circumferential wall has at least one inlet and at least one outlet in order to
allow flow of a cultivation medium through each of the at least two cultivation
chambers;
= wherein each inlet of said at least two cultivation chambers is fluidly connected to a
different outlet of said at least two outlets of said concentration gradient generator.
[007] In another aspect the present invention refers to a microfluidic continuous flow device
for culturing biological material, comprising:
® 3 cultivation chamber being dimensioned to retain biological material in the cultivation
chamber;
= wherein the cultivation chamber has a circumferential wall, wherein the circumferential
wall has at least one inlet and at least one outlet in order to allow flow of a cultivation
medium through the cultivation chamber;
= biological material which is retained in the cultivation chamber;
= wherein the biological material is selected from the group of a tumor spheroid and an
organism in an embryonic stage.
[008] In a further aspect the present invention refers to a method of culturing biological
material in a microfluidic continuous flow device, comprising:
®  providing the microfluidic continuous flow device comprising:
= at least two cultivation chambers being dimensioned to retain a biological material in
each of the cultivation chambers;

»  wherein each of the at least two cultivation chambers has a circomferential wall,
wherein the circumferential wall has at least one inlet and at least one outlet in
order to allow flow of a cultivation medium through each of the at least two
cultivation chambers;

* aconcentration gradient generator having at least two outlets;



a cultivation chamber being dimensioned to retain biological material in the cultivation chamber;
wherein the cultivation chamber has a circumferential wall, wherein the circumferential wall has at
least one inNNOAAUAAEZ8t one outlet in order to allow flow of a cultivation nR&di208NgBLhe
cultivation chamber; biological material which is re.atained in the cultivation chamber; wherein the
biological material is selected from the group of a tumor spheroid and an organism in an embryonic
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mixture of the cultivation medium and the chemical substance is obtained, wherein each
mixture comprises the chemical substance in a different concentration;
= Jetting each of the mixtures flow through a different of the cultivation chambers which
retain the biological material.
[009] In still another aspect the present invention refers to a method of culturing biological
material in a microfluidic continuous flow device, comprising:
® providing the microfluidic continuous flow device comprising:
» a cultivation chamber being dimensioned to retain biological material in the cultivation
chamber;

» wherein the cultivation chamber has a circumferential wall, wherein the
circumferential wall has an inlet and an outlet in order to allow flow of cultivation
medium through the cultivation chamber;

®  providing a biological material which is retained in the cultivation chamber,
» wherein the biological material is selected from the group of a tumor spheroid and
an organism in an embryonic stage;
= letting a mixture of a cultivation medium and a chemical substance flowing through the
cultivation chamber which retains the biological material.
[0010] In still another aspect the present invention refers to a kit comprising a microfluidic
continuous flow device of the present invention and in still another aspect the present
invention refers to the use of a microfluidic continuous flow device of the present invention
for biological assays. Such assays can, for example, be high throughput drug screening
assays, assays for wastewater analysis or assays testing the biological effect of at least one
chemical substance. In the last mentioned assay the chemical substance may be a
pharmaceutical composition, a compound which is or which is suspected to be necessary for
the cultivation of the biological material and which is initially not comprised in the cultivation
medium; a compound which is or which is suspected to be necessary for the metabolism of

the biological material and which is initially not comprised in the cultivation medium; a



3 wherein each outlet of the concentration gradient generator is fluidly connected to a different inlet of
one of the at least two cultivation chambers; and a biological material which is retained in each of the
cultivation cWAMBEM24itoducing a cultivation medium and a chemical subBfaHEeMB/Ap318
concentration gradient generator whereby at the at Jeast two outlets of the concentration gradient
generator a mixture of the cultivation medium and the chemical substance is obtained, wherein each
mixture com rlse the chemlcal sulstance in a different concentrat Iettlng each of the mixtures
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anotherm&n@&ﬁhﬁmmﬁ@g%mu,eﬂmm satensitoudestiiteskof culturing biological material in a rnicrofluidic
continuous flow device, comprising: providing the microfluidic continuous flow device comprising: a
cultivation chamber being dimensioned to retain biological material in the cultivation chamber; wherein

the cultivation chamber has 3Mmmmmmnmm1E®memtial wall has an inlet and an
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[0012] Figure 1 shows a cross-sectional view of a microfluidic continuous flow device. The
cultivation chamber 18 comprises a fish embryo 24. The inlet 15 and the outlet 27 (dotted
lines) are connected to an inlet 14 and outlet 28 channel forming an integral part of the
microfluidic continuous flow device. Those channels 14 and 28 are connected to further fluid
connectors forming the outside part 13 and 23 of the inlet and outlet channel, respectively.
The outside tubing 12 and 22 are short metal tubes connected to a Tygon ™ tubing 10 and 20.
Inlet 15 and outlet 27 are oriented to allow flow of medium diagonal across the well to ensure
that the medium envelopes the embryo. The microfluidic continuous flow device 30
comprises a cover or upper layer 16 forming the upper closure of the cultivation chamber 18
and the bottom layer 26 forming the bottom closure of the cultivation chamber 18.
[0013] Figure 2 shows a top view of a microfluidic continuous flow device comprising an
area 130 including multiple cultivation chambers 18 and their respective inlet 13 and outlet
channels 23 and an area 140 and 110 comprising the concentration gradient generator 140 and
the inlets 110 of the concentration gradient generator. The entire length of this device
indicated by the arrow at the right side of Figure 2 is about 40 mm long and about 20 mm
wide which means that such a device can fit on a standard microscope slide having a
dimension of 25 x 76 mm.
[0014] Figure 3 shows a top view of the concentration gradient generator 140 shown in
Figure 2. The concentration gradient generator illustrated in Figure 3 produces a sigmodial
concentration distribution of a chemical substance introduced through one of the two inlets I
and J of the concentration gradient generator. A cultivation medium for the biological
material in the cultivation chamber is introduced through the other inlet of the concentration
gradient generator. The cultivation medium does not comprise the chemical substance
introduced through the other inlet of the concentration gradient generator. The concentration

distribution of the chemical substance at the outlets of the concentration gradient generator C1



letting a mixture of a cultivation medium and a chemical substance flowing through the cultivation
chamber which retains the biological material. [0010] In still another aspect the present invention refers
to a kit comM¥3if MWibfluidic continuous flow device of the present inve REArS&APH8%IENother
aspect the present invention refers to the use of a microfluidic continuous flow device of the present
invention for biological assays. Such assays can, for example be high throughput drug screening
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different polymer layers of the microfluidic continuous flow device which have been

manufactured separately and assembled together after manufacturing,.

[0017] Figure 6 and Figure 7 show the flow profile of a liquid medium within the cultivation
chamber in grayscales. Brighter areas indicate a higher velocity of the medium in the
cultivation chamber. In Figure 6 inlet 313 and outlet 323 are located at the bottom of the
cultivation chamber at opposite sides while in Figure 7 inlet 313 and outlet 323 are located at
opposing lateral sides at a different height, i.e. in this case at opposite corners of the
circumferential wall of the cultivation chamber.

[0018] Figure 8 shows different orientations of inlet (black diamond on the left side of the
cultivation chamber 18) and outlet (black diamond on the right side of the cultivation chamber
18) in the side wall of a cultivation chamber 18. The direction of flow of the medium is

indicated by arrows.



WO 2010/024779PCT/SG2008/000318 5 to C8 is 1 = co (Cl), 63/64 (C2), 57164 (C3), 42/64 (C4),
32/64 (C5), 7/64 (C6), 1/64 (C7) and 0 (no chemical substance = pure cultivation medium) (C8). [0015]
Figure 4 is ¥rapHI®a#TAstration of the distribution pattern of a chemical sUSSEASESRO0HS the
concentration gradient generator referred to in Figuge 3. The y-axis shows the relative fluorescence
units (RFU) vs. the channel outlet number Cl to C8."The blank squares show the theoretical calculated

values fqr the expected concentrgtion at the separate outlets while the filled black diamonds jndicate
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flow device shown in FIG.11 comprises 8 rows with cultivation chambers. The number of

cultivation chambers in one row is variable. Each of the cultivation chambers shown in
FIG.11 comprises more than one inlet and outlet, namely eight inlets and eight outlets. Those
in and outlets are connected to in and outlet channels which merge to form bifurcated in or
outlet channel units. Merging of in and outlet channels continuous until only one inlet channel
or outlet channel is left. The resulting single inlet or outlet channel is fluidly connected to the
previous or next inlet or outlet channel of a cultivation chamber. The inlet channels of the first
row of cultivation chambers can be connected to a concentration gradient generator as shown
in FIG.11.

[0022] Figure 12A shows the setup of a linear gradient generator. The substance to be diluted
into different concentrations and fed into the concentration gradient generator exits such a
linear concentration gradient generator in concentrations of 0, 0.25, 0.5, 0.75 and 1 relative to
the initial concentration. Figure 12B shows the setup of a logarithmic gradient generator as
referred to in the article of Pihl, J., Sinclair, J. et al. (2005, Anal. Chem., vol.77, p.3897). This
exemplary logarithmic concentration gradient generator consists of six input wells which can
clearly be seen in Fig. 12B and which are connected through a microfluidic dilution network

to an open volume. The lower part of Fig. 12B shows a magnified section of one of the



[0019] Figure 9 shows a diagram illustrating the results of an experiment in which a medeka fish
embryo was subjected to different concentrations of TAA (triamcinolone acetonide, 0- 3%) over
different tim®OQ@18/62838urs) in a cultivation chamber illustrated in Figure PCTAGCHH8OXIME liver by
inducing lipid peroxidation. After 21 hours the medeka embryos subjected to TAA at a concentration of
3 vIv% died while after 25 hours the medeka embryos subjected to TAA at a concentration of 1.5, 2

and 2.5 v/y% alsq died 20] Figure 10 shows a diagram jjlusirating the results of an experiment in
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connected tRtSEHREAESH fition network to an open volume. The lower part of Fig. 12B shows
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of dilution and aflixndfl@mdadt shewditadtitn theedian valowas, daehnefviik hascaxpandeduldvdiehannels.
In this exemplaﬁ/ device mixing takes place by diffusion. This logarithmic concentration gradient
generator is madeorPOMS and has a dynamic range of nearly 5 orders of magnitude from one single

concentration. wheraihaguohl dileosithiesaarieasb twdlopitiavish tiexnbptsiay ihedhowsasarexelements
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ility, parallel analysis and low consumption of cultivation medium. The “continuous
flow” of cultivation medium through the cultivation chamber also allows not only a
continuous and fresh supply of substances such as, e.g., nutrients and oxygen which are
needed for the cultivation and development of the biological medium but also the possibility
to adjust the conditions in the cultivation chamber very quickly, for example to change
concentrations of certain ingredients in the cultivation medium or to add further substances,
such as chemical substances mentioned further below.

[0025] Due to the use of the concentration gradient generator the above device allows
cultivation of biological material under varying conditions. Concentration gradient generators
are known in the art (e.g. US 7,314,070; Lin, F., Saadi, W., et al., 2004, Lab on a Chip, vol.4,

p.164; Walker, G.M., Sai, J., et al., 2005, Lab on a Chip, vol.5, p.611) and comprise in



at least two cultivation chambers being dimensioned to retain a biological material in each of the

cultivation chambers; wherein each of the at least two cultivation chambers has a circumferential wall,
wherein the WPAMW824RPal wall has at least one inlet and at least one outleR§TSEROIOURIY flow of a
cultivation medium through each of the at least two gultivation chambers; wherein each inlet of the at
least two cuItivation chambers is quidIy connected tO a different outlet of the at least two outlets of the
concentratlo ner tor 0024 Su fi}%ﬂﬂ—}cmﬂwdlc based platform allows constant perfusion,
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medium gr to add fugther substahl ces, such as chemjical substance mentioned further below. [0025]

Due to tha T8 SHREUSSHCEHE SnC%WIQQn@ Pth%e’aﬁ@tfg vehy fibsvsccand dgish ditological

material tesdis mrmﬂ‘@rennwime@oﬂmatm lGetientgancsicifalt kivehitatin afta@dat US
7,314,070; L|n F. d W, et%& 004 Lab on a Chip, vol.4, p.164; Walker, G.M., Sal, J., et al.

2005, L DR & Oéh%p 81 Sutlets 9y b esﬂ?sﬁsatmn\%%ogeﬁar%pwsez@eam&ete@egenera

at least twbstants for auppiiced tinoehgrydastigaimst kombquistat@asrinimo dierdinR-acudeRtEAtion
gradient ‘%%nera{or at the flrst in Oﬁt dlffars from t liquid streaégt i] ntroduced into the concentration

gradient GeiTeTator 2 FRATERI0 & RIS QP h: ngf%n Bta HOM S e o W Tt
substanwmenhetmnagmdﬁstagm&)rmoeomprised only in the liquid stream introduced into the
concent radle nerator through the second inlet. This resu dlfferentmlxtures of those
two I|qU| ms exet"r?gl corllwcgelﬁt?’g%r%ar Spérﬁeélgﬁé?att?r ﬁt‘ﬁﬁl@ dn 1B P e hakithn
gradient ggmaamtme wiexdindheiatitedst and aubsiatcthisconomntiaddreriaitgfcatieRsisiome imixtures
exiting t oug hthe outlet ina dlffe ent concentration ending on the mixture of both liquid streams
within thl’ier ggncéh‘fva?ron grateille%‘t1 éesrgleera o?of%ﬁ%]aﬁf 5@5&% fgﬁ} BSRUS LR Seapd g 8fsiator is
|IIustratqum¢|gmcerﬂ dbeo ﬂlqulcbntaearﬂﬂsasehstbfmm wipditedladsviding dnatmthﬁtgqneetmeatlon
gradient.gen n{aliaéor wh i |n Fl hereln ne Il% str%am contains a substance A at a

concentra? ion co and the other I|qU| ?regﬁquoe%nrsto Lf@fgt%ﬂcg S &PBSTBHRM AR iding
and mix@gldimtmgﬁmwohqwd stodizany imdifereof Jigudrtirsmat tharchannetaydtemief tag/ing

concentr(aohoglglt nt Nt gengrato tor & a hrar}gtpf%ﬁ obf%gg gawd tsftlg[eoalmgsrec e@j‘gé é:}rge%ttigg ﬁlyoth V. y|ng

concentrations o SU stance the ou e concen ra 1on gradi

concentrBltio n%mtemcgegmmgasmated iuFligtrd B Bigexafile @rmiﬁles)a)sigasmdaglﬁtﬁﬂdtutlon of
substan t 8 A2 + (A1-A2 /( 0)*p), Th ion of
substangz %atﬁﬁg %&E{g ogr“%% %o{rgt}:;g}ttr %éégr%%dl?engée eratg&r& t‘gA‘éSr[l Cﬁ{lﬁrﬂéﬂ%@)}) l;[/%ﬁ (C2),
57/64 (Cnespisati(@4lisgietiqTaf sulethiO6 ) 416Uhe(QR)etndfOh@g cosebstamion Aradipni geaieitivation

medium)(8) gLy 4 compatas v cAlcuiAlag conaBilans wich pre expacied q B aegsured

at the outlets Cl to C8 with the meas conce ons at
and 0 (no substance A = pure cultlvatlon medium) (C8). Figure 4 compares the calculated

concentrations which are expected to be measured at the outlets C1 to C8 with the measured
concentrations at the outlets C1 to C8.

[0027] Besides a sigmoidal concentration distribution it is also possible that the gradient
generator provides any other concentration distrit)ution, such as a linear, an exponential, a
logarithmic, a quadratic, a sinusoidal, a squared or a cubed distribution. It is for example also
possible to use a flow rate gradient generator. As different biological material reacts
differently to shear forces, an additional function can be implemented into the microfluidic
continuous flow device of the present invention. Thus, the present invention also refers to a
microfluidic continuous flow device comprising a flow rate gradient generator or a
concentration and flow rate gradient generator. An example for a flow rate gradient generator

is referred to in the article of Kim, L., Vahey, M.D., et al. (2006, Lab on a Chip, vol6, p.394).



[0027] Besides a sigmoidal concentration distribution it is also possible that the gradient generator
provides any other concentration distribution, such as a linear, an exponential, a logarithmic, a
quadratic, a0l 78 squared or a cubed distribution. It is for example BAS3S638880108d8use a flow
rate gradient generator. As different biological mateyial reacts differently to shear forces, an additional
function can he implemented into the microfluidic continuous flow device of the present invention.
Thus, the present invention also refers to a microfluidic continuoys flow device comprising a flow rate
gradient@@%egja%} &?‘%n&lgc Pir AidPRATHHBG, PARSTHLATAR E5plro SoRFrales D SR ab iFate
gradient gexnepiidn itheelerivte 6@ Mg asiclelaf Kine lal, Yosy AvdD-Caeal., (201067, LiaggomyafiRip, vol6,
p.394). WQ 201 {l%)é 779RPCT[SG2008/000318 9 [0028] An examﬁle for a logarithmic concentration
gradient G&Het ioéa& GSPRSET BRI SR EEnerataRS FhgndnF1G. 4B Bt Hnsy.
Chem., mbmpllmgﬁ&@nﬂmi?eei?mﬁfﬂmm@mmnicg‘aﬁemaf:jmﬁigsadiegbgw@t%d?&b@wn in
FIG. 12B, Briéfly, this exe 'y logarithmic concentration gradient generator_consists of six inputs
connectlz]&rﬂ%%%ﬁﬁl]écmﬁ]i’ﬁ%%{ugf?ﬂtfb%%mrRn[c?}?ﬁf’gﬁmlah?é?ﬁﬁ%qyﬁé%ﬂﬁﬂﬁ@héﬂﬂéﬁsconsists
of 18 genértigeaahtiinion dilatimixing, e, thedeatiriethaapans/ opsneolig Betonkiiask
expanded to 24 channels, In this exemplary device mjxing takes place by diffusion, [0029] In another
exampleeh 23ife arngreéidtl%gtd'g%‘ﬁg?g%r?@a lﬁg %@%"%@%@(‘?ﬁﬁ’ BN OB M., Sai, J., et
al. (200508a@idn mbthef, thentple inpiulestr gadizangenagttiiccen ecnidtianBradianpicasiaipeare

entering the CIREn T on hacliot i X003 FYBn BER 9 PP SER e e B e
solutionsemnteninatiine gadaentrieragiodieniigiiedraiodr eorepriaes HheisshnianecwhoFgGongantration
is suppo&eglt%‘pgdg%{jed.ghe oncenj{t@ion&ot this substancl%at the five outputs_of the linear
concentration gradient ganSHter Mutr RS SHIERDY SRS F AongaEHen Fadi i EsaF iRy
channelshobtigh copueAtratioingredBe atg ebesiaial. e af hgablrtiditheloang Sxaoplethatisislith is

less than about,1 mm Or}ilceorig %rgog ge Srt‘?zl%leeth%width of the channels is Ieis than about 100 um.
t & A0S RS R HOO HERREE LA S Y RRSE AP Sife MRt eMifation

[0031] It%aafggt SSSIBIE S providé a micro
gradient@yacenstaidnst 2f 3hi, Sylaneven nherdivehisugrotsdes flos exrmploikentplion teragiegrate

different concentration racfje ithin on ofluidic éow vice, i.e. linear, logarithmic etc. It is also
possiblegc??éet?g‘?%:g;]%se%%r% ion gr;é%%taé%ﬁé@a%’rg 'Lércé)\'/?f eaffﬁ%?Same concentration gradient. In this
case solfit®3 e dhizaicls ofidhebersceonmtiote gralibesgenerutentiation graitibhi gedbrdiorsnare

oA B e SRS ISR IR LR, v
two inletss hessrthantabeatyl Gfeusencentration of several test substances at the same lime. However,
o o B R e R R oo Blhe at
least twednkast [OOBEHdEnbracrrsr iutilg Bt HheSdésirablentmobariiesipeovitusciotr aiamit aliest
substanG B BEHERA (LA YNGR RS HHRURE TR Ig R R RENIENed 2o @
linear, logarithmic etc. It is also possible that all concentration gradient generators provide the
same concentration gradient. In this case some of the cultivation chambers connected to these
concentration gradient generators are supplied with liquid streams having all the same
concentration of a certain substance or certain substances.
[0032] It is further possible that the concentration gradient generator comprises more than
two inlets in order to vary the concentration of several test substances at the same time.
However, varying the concentration of different substances at the same time can also be
achieved by introducing a mixture of different test substances into the concentration gradient
generator through one of the at least two inlets.
[0033] In another case it might be desirable to change the concentration of a test substance or

a mixture of test substances in a cultivation chamber during the experiment. In such a case the

outlet of a cultivation chamber is disconnected from the outlet of the concentration gradient



outlet of a cultivation chamber is disconnected from the outlet of the concentration gradient WO
2010/024779PCT/SG2008/000318 10 generator and re-connected to another outlet of the same or a
different corY¥@RHIBH Gadient generator providing the same test substancRCdyYShBRE083 test
substances in another concentration. It is also posle le that this other outlet provides a solution
comprising a different test substance or mixture of test substances. [0034] The at least two outlets of
the concentration gradient generator are quidI%/}Hc\‘?onnected to a cultivation chamber which retains the

biologicaPSIARLIANG SHEUGSSISd A0 BrLeh R UHGE Alidirisme et e AR FaRERME A OR BRadi s low

device copipfisiog proefiiaptrationgradient gebamEy \WhighicerpUserMuliipientilets apshyagrein
the microfluidic continu&lus flow device comprises multiple cultivation chambers wherein each of the

inlets of FERFTRIRSIS UiV BR L RasHY TRy Ot etttlrt PIMfEs chis IR CATBREEHAS fration

gradient digfeeeataes{GuBShivéhis woxdige catien dulsspagssible to supply several cultivation chambers
retaining @-Q e or zifferent biological material with a liquid_stream of cultivation medium comprising
a certain! %ggﬂa%’ag %??tagvé’uﬁgﬁﬁlﬁcgf@?)Fﬂﬂf(‘?m@%‘f’%l%%@é%@%?r&t%@%ﬂ?%ﬁé@‘?ﬁﬁ%ﬁ. [0036]

In anothes aspeltithtor edambeyetion refgistehs BistsiluigiacesinuonsiewsRvicadonsuliing
biological material, comprising: a cultivation champer being dimensioned tq retain biological material
in the cufﬁl\ygﬂgﬂncﬁ%%fﬁ%rt,e@goe|aeﬂﬂ@%ﬂfﬁi\?aﬁ%uﬁ’ﬁﬁﬁ%gf’}‘(ageﬁleﬁc?ﬂﬂ’f%‘?éﬁ’c%la\/\%’ﬂc\ﬂl‘ié?@ﬂ?the

circumfepeafiehwadieasat wash eomjnictanmidipRasiane aidiehitardee rienufay Qffisuiyation
medium Hwougg the cultivation chagnber' hiological material which is retained in the cultivation

chamber: Wherein th& BB TEarth [RiFaFRCHRERR Firomh e BRI n08r BshEHsis slathe

organisnuinléplemidtireniosidgebers is fluidly connected to a different outlet of the concentration
gradient generator.
[0035] In this configuration it is possible to supply several cultivation chambers retaining the
same or different biological material with a liquid stream of cultivation medium comprising a
certain substance, such as substance A, or mixture of substances at a different concentration.
[0036] In another aspect the present invention refers to a microfluidic continuous flow device
for culturing biological material, comprising:
" a cultivation chamber being dimensioned to retain biological material in the cultivation

chamber;

» wherein the cultivation chamber has a circumferential wall, wherein the circumferential
wall has at least one inlet and at least one outlet in order to allow flow of a cultivation
medium through the cultivation chamber;

* biological material which is retained in the cultivation chamber;

* wherein the biological material is selected from the group of a tumor spheroid and an
organism in an embryonic stage.

[0037] In this aspect of the present invention a cultivation chamber retaining biological
material is provided without the use of a concentration gradient generator. In another example
this microfluidic continuous flow device comprises multiple cultivation chambers wherein
each cultivation chamber has a circumferential wall and wherein each of the circumferential
walls has at least one inlet and at least one outlet. Each inlet can be connected to the same
cultivation medium source or container which has the effect that the same cultivation medium
including any substance comprised therein flows through all cultivation chambers. In another
example each inlet of the cultivation chambers is connected to a different medium source or

container which has the effect that each cultivation chamber is perfused with a different



[0037] In this aspect of the present invention a cultivation chamber retaining biological material is
provided without the use of a concentration gradient generator. In another example this microfluidic
continuous MN2EAB4@Bmprises multiple cultivation chambers wherein eabACBERAMEEACKEMber has
a circumferential wall and wherein each of the circumferential walls has at least one inlet and at least
one outlet. Each inlet can be connected to the samé-&ultivation medium source or container which has
the effect that the same, cultivation medium including any substance comprised therein flows through

all cultivafiSHEAARIBRAITL O theh By atins ansdrm femprisiag aldsatiopnermbtiansaseishde et to a

different roesliptisesoiur geeatubenddiieretiich bassibenstieddhnbenshrenitvaionehambshisPgsiysed
with a dlffergrkﬁé)wo 201 /0247&9PCT/_862008/000318 11 cultivation medium or a cultivation medium
tHONE BHIE

comprising’ bR, FHIEYRHOR ot RS s S han e Wt pa soH iNRbigR s s B nastised in
a differenteopeicadr aiiche whislh figescnesiimudisonel asebeiciitiaigpaanbemidiensyliple

cultivation ¢ amgers[ﬁre %]?m@éised in the microfluidic continuous flow device it is also possible to
fluidly corfisRr 85t hIRR% H R ShemRs atife Andierentraraiatokiat erncerrtionratashestadient

generatorggf@3kirAs mentioned above each outlet of the concentration gradient generator provides a

liquid strﬁ@gzggvin : e.%.ﬁ,) a Eu stance A at a certain concentration. The connection between an outlet
of the co rﬂ%‘?& WSE YL BE PR Midbeconsaniation ermdimt eens HerarsRgidsel having

the samelafuidtstreanntilimgnsions astkiencbanngls ofihm CoRceREANN PRJSALSANSIMQdLis also
possible that t%ﬁvg}ﬂ# of a channel which is fluidly connecting an outlet of the concentration gradient
an mi

generatof and P A AHIh ERALISTH R QT ARG, Hie iRAeko L i erbtivationt-hanider sarke

connecting ciwmnek lhealatiyehio shamwvidincpiibechannehsbite £0nee BalRk BAGRNEJRREIAIGfeduces
the speed of the Ii%uid inside the channe.!? Decregsféng,the width of the connecting channel relative to

the width BFEERSAAE Gt Hdsdie Shiph st gt afashannelwdichis dhidly spansatiiad
inside thexchartieelo{dh8@ptieannttien exadive garepidiehad the iGRACENraiinn iedieniaBaekaLos splits

up into se(ﬁ%reagle&u%el:(t{%hqﬁnelg whi areﬂfﬂégﬁ ing the samefliguid stream into a different cultivation
chamber T87SHe Bit FLLESHS Reattd [BRGERETHRS fhernal eldiiNe iR Rt L #i8n one

cultivatiowteaeibef tharety enitiatiddegaidien, gereeattouredives Sie SN, S1ARE AURYEIHHNRECHhE040]

In another,exa illustrated for.example in Figure 5, a cultivation chambper 18 comprises several

inlets to ecrllléul}llrle%rl1 gig%%réa&‘é‘ﬁf%% i(gvﬁgéjf‘ tn}g%ﬁﬁ@gﬁ%g}ﬁ fﬁ‘?ﬁﬁeilﬁﬁkeﬂﬁ‘c:)ﬁ"cﬂ‘grﬁﬂgg} f’ﬁtﬁ%‘“‘ fhamehspect

the presentttimveoiamirefers fpadimitgefisidiordantiasesthfepecdvich MhQirilearhies Sherwidtivation

chamber (ﬁf?ﬂpﬂsgﬁ least twolinlets wgti%h ?rﬁéeach connected to_an inlet channel, wherein each
ne fie

inlet cha ergeniiih M RRiSe 8 QEeP il SRRGHASAHED SRt BERgatehRiLh #RBI% form
a bifurcatesyéniboutieneieimels Whistsimglelfexiag ibtetoatgeldsdeidiygonneitreio aauilshof a

concentrafj ient gene In another example, at least one or each of the cultivation chambers
of the mi?ﬁc?ﬂj%ﬁqégn}t)ﬁ?ﬁﬂ{s% Hafied Hadichl é%&ﬁ‘?b%?é’%&éﬁeéo‘ﬁ%&@a% an

or,

%o(\)/g a&vices comprises mulﬁﬁ?gri %

inlet charthal, eviterdlitivetion thermlb¢henamitlipiwithlet dtmntwels, firee afbiftyraatedii et vhanattuait and

wherein %%Hﬁli le merged inlet channel of a bifurcated inlet channel unit merges with a neighboring

single merged inlet channel to form a further bifurcated inlet WO 2010/024779PCT/SG2008/000318
[0040] In another example, illustrated for example in Figure 5, a cultivation chamber 18

comprises several inlets to ensure a good distribution of the liquid stream in the cultivation
chamber. Thus, in one aspect the present invention refers to a microfluidic continuous flow
device wherein each of the cultivation chambers comprises at least two inlets which are each
connected to an inlet channel, wherein each inlet channel merges with the respective other
inlet channe] into a single merged inlet channel to form a bifurcated inlet channel unit. This
single merged inlet channel is fluidly connected to an outlet of a concentration gradient
generator. In another example, at least one or each of the cultivation chambers of the
microfluidic continuous flow devices comprises multiple inlets which are each connected to
an inlet channel, wherein each two of the multiple inlet channels form a bifurcated inlet
channel unit and wherein each single merged inlet channel of a bifurcated inlet channel unit

merges with a neighboring single merged inlet channel to form a further bifurcated inlet



12 channel unit until only one single merged inlet channel unit remains. Such a construct can lead to a
network of inlet channels and inlets of a cultivation chamber as shown in Figure 5 (210). [0041] A
similar strucPe2¥ W37 pdssible for the outlets of the cultivation chamber TRGI/$&HRMNEE Bxample
each of the cultivation chambers of the microfluidiﬁéontinuous flow device comprises at least two
outlets which are each connected to an outlet chanriel, wherein each outlet channel merges with the
respectiv oth?jtr outlet channel into a sjingle me outlet channel to form § bifurcated outlet channel

: t I melgeq
unit. In SHPARSAETAE SRl £0¢ STRE MfseatdRehanees BrEeRAmEnaRE AcTRSHYGS 8y

device cemptisemBiviteduiletscidintl ama® adbtsainecitthnian chdiabehansialwiiarsiggach two of
the mulggle outlet channels form a bifurcated outlet channel unit and wherein each single merged

outlet cHadfikl of a bifurcated outlet channel unit merges with a neighboring single merged outlet
channel[@otpraasivithe rshiloreaied sl b stiblrnel Uhe ourlidte v ths edinglé dnaetgaabertiEhe)annel unit

remains. Such a construct results in g network of outlet channels and,Qutlets of a cultivation chamber
e ShowT ST CHATBAE S0 RS 1 SRS DM BRI R TR AR e
circled agempii$dgutdéastigy @btiehowhishfissé 23dhasshaecenda?ar outlet chaiet| wikesinmeiges into a
merged outlet channel 233. The same construct of a bifurcated chapnel unit can also be found at the
ot S S RSSO PO CERDF R R U P AREL PR DL ARTRER B omprise
for examplmreld +6, B eveiforoaeihletsl endipuiielsureiSpRCtivigly atndiich memmeln tachabovie
described manner uptil only one,inlet. or qutlet channel is left. It is also possible that the number of inlet
ot oUH P ERAARTSS A ORI HRLHe SRR AUt G5 T AL RL TS LB P B 5,
the multiptddhlets aadiputirifected ab lagadadén drmmbhnehkemeachinsiead ahbauilgsevesdkinlets
and outlets in gne plane it.is alsqQ possible that the multiple inlets apd/or putlets are distributed over the
ey TN R s R W S R e e e
cultivatiof ahdfoletdl setverahpointuiaiong s vetticahebgbbok e dulfleatiopahanileecHfiGdd kd he inlet
and outl;.\t of at le tOﬁl%f(r)r %%Fac (%f tpe 9 Itiva%iont hambers canlbe Iocat‘?d Qilgifﬁrentlpos'tions in
the circuiferéntal Wall 'O §ach SFtte Eftvaton chamsere. et CBR &5t exah |8 408E" 18%Eted at
the top atmankivEicn hamirectvrbsidtthm autlettweilio odtedtizt aHabardt padivotic$ aftultwitivati@hamber.
In another example, the inlet and th t of the cultivation mber.are located af 0 Ing sides in
tho crcu BRI SOTA i A Db E e o ST B b CHATRL e adbateq a
the top \ilhildrted \MOh20EWRE4E9RCFIRER C0F 003 $&HGrautl dirs REhtad] aktvadatdufea
cultivati%r% ch%rm%%ic r I%‘eart t6he i?let iségca&eoql (ta ttré asﬁilcligl %g\ ci.}litivgtiog é:hasE“b ro\?zgi . H;r% 'ﬂg(ijllet is
located &t the opposite Sld%.s[bleS? Mk another aspectthe’in &t &hd outlet of at leAst one of of each
of the cultizatidnolambel® dheflnvatead the appbside datbeatiditiestinmctiffebent height (when seen in a

CrOSS'Si%Tﬂ)Q ' ircumferential wall qf.e of,th Itivation.chambers. Examples for the different
positions of 2?1 L:'t;ﬂr{e}tg’a% %%O%Sgﬁle%t ltglﬁe{:,v ﬁﬁlsﬂtr%%ﬁd?%érhggggr%p%}liﬁ%? &sé@ ﬁtes)fhmﬁgnﬁ Ejé %’o%é that
Figure Seskowisoos inkstsrmpovsitle wepanpied pnahicht nergeositiba af inketleswdibed|etdsneotdinilted to

the exergpifisd mQpitaPs AL BT SR AL AL OMISh e DR SO BT SSRIEE 119 of

the cultivation chamber is different from each other.

[0043] As can be seen in Figure 5, the multiple inlets and outlets are all located in one plane.
However, instead of having several inlets and outlets in one plane it is also possible that the
multiple inlets and/or outlets are distributed over the vertical axis of a cultivation chamber. In
this case the cultivation medium can enter and exit the cultivation chamber at several points
along the vertical axis of the cultivation chamber.

[0044] The inlet and outlet of at least one or of each of the cultivation chambers can be
located at different positions in the circumferential wall of each of the cultivation chambers.
The inlet can, for example, be located at the top of a cultivation chamber while the outlet is
located at a lateral position of a cultivation chamber. In another example, the inlet and the
outlet of the cultivation chamber are located at opposing sides in the circumferential wall of

the cultivation chambers. That means for example that the inlet is located at the top while the



[0046] Positioning the inlet mid outlet at different heights causes a different flow profile of the medium
through the cultivation chamber as illustrated in Figures 6 and 7. In Figure 6 the inlet 313 and the
outlet 323 af¥A384843437the same height at the bottom of the sides of the cRiN/a3HEM8AFer while in
Figure 7 the inlet 313 is located at the top right side of the cultivation chamber and the outlet 323 is
located at the bottom left side of the cultivation chalmiber. As can be seen from the varying color profile
in Figures 6 and 7, positioning the inlet and outlet at opposite lateral sites at different heights leads to a

more ev8ARFHISIRSAIRSALIR AR A ai Aty Tiamchrerbenaribat thy leuislesaisdidbihnadsial is
located ig ¢hricauibatimtmrvbde s busikaiethiated@my o ppduigelsaid. this means that the biological

material @fﬁﬁlffd, ith incoming medium at al| sides, i.e. the liquid flow envelopes the biological
material G ARRELEPREWIA TSt artist Qfratk a3st Bamep of Sichhafiths Stvatie

substanehsrabeas a6t lebasalely oppdithisinadel isaciyelyddiven: Heweyertdarerding ribasize and

the shape of the biological material, other positions of the inlet and outlet can also be possible. [0047]

Thus in SF&188H&% e‘B’f@é‘é%tri W aBALAEREh QhRS RSN CRABRS R ABINLES ittt the
inlet anddiffieutipbeitiablcashansler pideachridhaculivaties charskatpriadocaiad 8t Hifflesant heights
at substantiall osing sites of the cifcumferential wall of each of the cuyltivation chambers (in case
of a chaﬁ?o’@?‘\)%}ﬁ t;%ﬂ%gﬁ?n Isgﬂﬁ'ﬁé)f\g’ﬁgmﬁs%@lﬁ FeMARIsSIAPD H thecpoitiothatinlet afdt can be
arrange@dutianpaesingdatetiosttionmafiedyabitiomase & tamidekicaderagstsedionishane vl a
cultivation. h%mbfﬁr, the iplet and outlet may be arranged substantial facing each other at opposing
location T‘ﬂ%\ee PELRTEFE tiRPwall. The height difference is adapted to allow an essentially diagonal
flow of af00dt6]aPesitivadip thiislep brid & eudi vatiiFfseanheshAdapiiag s fresitionow hefkleast one
inlet and outlet in order to achieve a diagonal flow of the cultivation. medium through the cultivation
chambel Ve %ﬁ%‘%@%@&f@&%@% k<] ﬂ‘lﬁﬁgt%t‘fﬂe‘%ghg@rﬁﬁ]%atﬂ% ok e mount
of any sitistedir3 aatrthesadlon ¥28 eubtilakon medicRnisd Mekd) ayentybdistibeiethe wrldherantire
cultivation chamber..[0048] It |s.also possible to position multiple inlets at different positions and
neights SHEATRVETEREh AR SRS ABHOE o i ARG b DG RUISBAR R O (e
mediumdnithettoliichimbahanibibe HO%D)3PBeictdsasddatchiznbenaalctn gasarpkine aflamtishape as
long as itﬁs 'me%ionedgo retair}ra bigléo%i,cal .materjal in t cult;kv{ation %argb,?r. The cuyltivation
chambef SHB0R BaSdiab REISPAL T Ha5 16 I CHRr ARsUrcH SRS O O RRSHIATR S BSs for
examplemdptiend amdllytsis oppoeitel ditgidalireaie diffeetatrtedghtsHeadsttvatinorelasnbe distHBwstape

(seen in gross section),of the cultivation chamber can be for example, polyganal or a trapezoid. In
another g(énrﬁg’?gﬂhvglslﬁgpte sceueﬁn“fﬁhcor%scs %@ct%’r?@of:ﬁsig euﬁﬁeﬁa%%akﬁ% Eﬁéllla 65#%’@8 s8hicfcular,
or circulanktivgsose cliambe s, atiostrateimbe rexafrotleeinp Gligyoad chissreantiahst shelbadoigcingular,
square, rectanqular, pentagonal, hexagonal, octagonal,. oblong, ellipsojdal.etg. are also possible.
[0050] T]ﬁlé‘t S%éaeq of t?\ep Bﬁﬁlva i0h ¢ Cg%n %rgegi ugg v%{[ri% (sjlé%%nid?hg& gnii %l%esolpé %‘éeg(agg%ghﬁurpose
and the bigbgiddlerhidtoglc aProeidingl eutonsoiher cilownigether alysiem cetiuedsotheharadspois of
dimensioned in order to retain the biological materal locgted in the. cultivation chamber. The size of the
cultivatignnec al%lnbgegr8 srﬁ’%?ﬁ& rsl%tts(gn geasllc()%)vetgo ?gga{%f%(Seog?}o’(oaféaagrﬁfg%or?aﬁﬁ?tﬁse %ﬁgfﬁ%'erg Butaiso to
retain it iMqyosidordspeadingaitothaopicahdrihtyshe dfichisibiotigalanateeail otate ddsitiomtdfitheame

time the-ﬁ}g 'XQH té}q@? TShe allgw expansion of the biological material retained in the chamber.
Thereforle, t#we c&%\?ation c%%gm Y %ng}kn Tave for example a diameter or width (depending on the

shape) Wiiéfi isTbuswise nrebasiiedt 1 thenptesatointve@tiom réfeon eoex aniptefthilch eonbienisofiod and
has a di I . height.o er can-be in the same.range. kn one example
the oot i e SR L (R S el IR AAR et
continucus fesetedwediifeteniveciphisattivehitanthHnbppesing siescohtentiationfgrentiehtadinefator
may be [ . ial which-ca 2 into a.microfluidi niiquous flow
device ogat%{ejgiﬁ%éngglﬁ%{ I%Peglé%%iht%gx r%%g%aﬁgaﬁgggﬁtﬁogaﬁl o %{eg\f}gﬁ%iggéegeﬁ S, Stich
materialg inctegupss|pases shglindst silittrecontict pairbeyprranglhitalpfidstngftaterahsondoaspedhthe
present jon, Lef iRicrofluidic conti low dewvice wherein at least on side.or defined
Cection ST B PR Mo SR
translucerty beanargehsphstahtiabdaeing encbpticeaisopposipgiocsenrartbie cenumnferential wall.

The height difference is adapted to allow an essentially diagonal flow of a cultivation medium

through the cultivation chamber. Adapting the position of the at least one inlet and outlet in

order to achieve a diagonal flow of the cultivation medium through the cultivation chamber



WO 2010/024779PCT/SG2008/000318 15 For example, in the example illustrated in Figure 1 the top
side 16 can be transparent or translucent and/or the bottom side 26 can be transparent or translucent.
[0052] In on¥@HHB@AHERL, the material for forming the substrate is a biocoRfPEHERISHAMSAHE. A
biocompatible material includes, but is not limited tgz}glass, silicon and a polymerisable material. The
polymerisable material includes, but is not limited t0, monomers or oligomeric building blocks (i.e.

every sujtable precursor.molecul arbonate, polyacrylic, polyoxymeth Iene pol amlde
polybutyi‘éaf‘? gb?tﬁ?ﬁ?ﬁtgn}fo% %@ﬁf@? %BWH&W%‘?&%C%W@}S?%}%
polyvinyliﬂaiimﬁd@(tder@?\d%lyﬂﬁmﬂﬁﬂﬂé@Bee@tlﬁomﬁﬂéadtﬂﬁﬁa@bﬂ ohixdses thereof In some examples,

the bioc ihle. material comprises PYDF a antages of PVDF and PDMS are their
cheap p Q@gig ﬁi??opgfﬁlé’rgg?aﬁﬁﬁ’iw (‘J‘? t%@tt %?8&&9%%%‘?%@%59@6%9 tsntly

allow direﬁttmﬂﬁph@hmiﬁadrdhsﬁfdatl@mdﬁlm mb@mmmmeﬁu@da@m@@@@mmmﬁ ig.g- a
mlcroscr%% be carried out. In one example the microfluidic continuous flow device is made of
poly(-di ?hc)‘lll Io%}a‘ﬁ‘eﬁ ). [0053] Furthermore, the microfluidic continuous flow device can

comprlse(}ﬂ@@}/é‘hamdlﬁvﬁmmﬁhdaﬂﬁrr(mﬂ gereigUte bf Afyasiapbadosalng the Wmandbaedagom of
the cultlva ion ¢ ber Iay r can have any sujtabl tical transparency. A fully opaque
cover or 8 %h 5183 cﬁ’ 6‘%‘@ \Ci\‘lﬂtb‘ﬁ‘ﬁ??ra?ﬁ kgﬁtihétgﬂ Wtﬂ&%ﬁk}%%ﬁ‘i.ﬁtﬁaﬁé’e
transmlsdtmxmimeértalmﬂmomntauhhgﬁk) bidygidabendaath] |tha fyosiaoeam mt@ommrbﬂmmé bottom
layer ma prls a bi tible mat rial that js tran t.or at least su t|aIIy translucent in
order thag{ ﬁ%e FHEACE llg%(%o(%rlrltpa?%f)egt%? (R %t?r\fc?{ﬁtes ﬁ’t‘iéggs%ﬁ &Wl@%ﬁﬁ F89p% ht that
can be dinectest tei) ttfetlw kivatvaticzh elaheincandes tbxpmwﬂplalhﬂggémewr@t thp¢isidesses
occurnngnn %1 e cultiv t|o %D mbe durln its use. ﬁﬁﬁéﬁ othe t f th mvenhgn congerns the
fabricatioh of the aa[%noP/e escH ree (af)cs elg) 9\/08 tt/Y@ Aci8’ting the
device otitivalaryemticincatay loeofabsisaien mma@ﬁ&mﬁaehﬁfqom&npwmgﬂrmeowks&eeﬁm
photolltho h etc electron beam litho ra g ablat n, hot e ding on
the mater'%?‘ugse% rEorg‘éxa’mﬂPe AR AR H ALY 3&?@ i té’l%t %lﬂsbﬁf?ggogﬁc? ﬁ;ﬂj

nanoscats.itts glesgibbsibdeuse laser ablation, etching or hot embossing, and electron-beam

I|thograpEX) ctlve ehmplgl £5,6an a ailso tge mangfactureéj étsm&}!%)g}{ as éjsge &agtel%% SPca’IStS' with
iafi

high fu |ty %lgﬁ optlca ransparency Eutil senS|t|V|tyrto ne h, SUC esists
of the SipwBpssriemdrdhe Wiz o Hbentiu nEi¢N endtm] dllesBacdutiettsin) §). giral, the cult1vat1on

2010/02 m§ T/S 8/00Q318 1 Thea ove technigues nown in IC electronics
and mlcrﬂﬁ EC%’[IOI’(? ’R%‘%#%?S%ﬁﬁ 0trhe temp aettte ttéecrbnlcr gﬁn%n ?n&%%eéeﬁ? wc% S 18R created
by replicebambginbé meeocaﬂlpleummmmmmtsﬂehanhb (BOMB) aitomedénqatat&ld ibiohezazehmple,

the SilcqRJRAR'HEHE ARG BIAIRESo RRHGRIPth PoStANT T8RRI B 2RI PRLP)

proces
b1010g1ca1 material located in it. At the same time the cultivation chamber should allow

expansion of the biological material retained in the chamber. Therefore, the cultivation
chamber can have for example a diameter or width (depending on the shape) which is
between about 0.1 mm to about 10 mm. In one example the chamber is round and has a
diameter of about 1.2 mm. The height of the chamber can be in the same range. In one
example the cultivation chamber is about 2 mm high.

[0051] The substrate for manufacturing the microfluidic continuous flow device inclusive the
cultivation chambers and the concentration gradient generator may be molded using any type
of material which can be made into a microfluidic continuous flow device of the invention. In
one example the material is chosen to allow observation of cells. Such materials include
polymers, glass, silicone or certain types of metal. Therefore, in one aspect the present
invention refers to a microfluidic continuous flow device wherein at least on side or defined
section of one side of each of the circumferential walls of the cultivation chambers is

transparent or translucent. In one example, the bottom or top side is transparent or translucent.



[0055]In order to simulate physiological flow conditions, the delivery of cultivation medium and control
of cultivation medium flow in the present device can be achieved in any technique known in the art.
One methoM8 fHAREthe height of the fluid medium reservoir which is fILREIY/EEAHEOKR 1S the
microfluidic continuous flow device of the present invention. This would correspondingly adjust the
hydrostatic pressure, and thus the flow rate of the ftRd medium in the device. Alternatively, the flow
rate canaEe adjusted by uti)g of an actuating device e.g. a pump. One or more pumps may be

incorporaiQll FETREGI 08 SXRBHRIRdBSHAlPE HowWh SR drABFidan oHde dion kb e RRRTPRESH Pumps

which magahslutead 406/0lthabererhasian2e e BeIrmepaga s iRasBiaairagm pumps, reciprocating
pumps a éjjq?%aeé[r pumping means I;{;é)]wn to those skilled in the art. It is also possible to induce the flow
BigRs FRRgHTER

of cultival mafrsielim foyaingdihe suhsiato s mBermpaibles wad@lice can

be kept larinesomputibletonaweidl dnyltddayBnCs HoonRRREAMNIe1RE fawaf aﬁaiua}smrﬁ@ﬁm
through the ch%I;] lis d%n by jyringe pumps which are used to withdraw the cultivation medium out

of the oulMAEHAN 1SS B BSHTRRIR L ANERTTRSISS Hoth ‘S ARt Lteth e gRPBOPICTSIAE R A8emSithat

those puBiRliigabtoelneqhévepsassiieablhprebarbe! sxstemeyhighshivestba-esltivaliapprdium
flow. [0056] The bioJogical material which is retained._in the cultivation chamber includes, but is not

limited tPRIBYESHEYITES and aRVYEIRN in arPSRBHERH LRyt organhQlyRReRYISRAIBNic
stage inghotiatintethydsiloktinvite® DNS)Philadt. e qasy iEREeS, PeipeinStdeRN KRGHEE {BNSYYS.
Exampleg for fis e% s include, byt are not limited to, an egiof a zebrafish (Danio rerio), an egg of a
medaka ﬁﬂ}ﬁf?isé e %é)§) camugatens ﬁfﬁpﬂﬁ%efﬂg%?ﬁ BN FERrEplei dhen P Batilg from
the familyndriiabdontjthes PufiOF figh) oA PERASI DI {ah Rig AP PVEF egl EIDNIS luaeiHest ihag) limited
to toad eqgs, frog eggs, an egg of Caenorhabditis elegans (C. elegans) and salamander eggs.
Examplegag? gﬂaﬁ%flé’é}ﬁg’mt%ﬁ%’reﬁ Hm’t@sa S SHROSRALSHy oY Sgppaiently
melanogaléter).diresomeoeptastigalthsbesgaricm eantee Fdhaca aliaiceil b ivel X eapbBeaRMasOf
humans.ét IS also%ossible to usegz%feonorha ditis f{l;}o%afns C. Ie%?ns) for cultivation in the cultivation
chamber® W& 26 fo 247 SEE T 9 (FEAPARIFO T dRAEBBiS Genitms fodof the
present ideeictasniadelefprlg(siabediykiboruieh P . used as model organism for studying cell
differentigtion,-[0057] The above fish species zehrafish, medaka, giant danio and embryos from the
family Teﬁég%}’d]eﬁﬂggléngr%r%u@&fgl%ﬁg%gé e @@Pgﬁgﬁéﬁrﬁéﬂﬁ% GhitarBrgih ySEhéEhd gene
sequencbsttorhuayan$séEhe e hilgyesioflithand dshdsrarimgpiicady tiadspaanie rdhsgaiganion
visualisatcﬂlmgorr xam ‘I/%t eberrafishI?Q,d medak{:\g'ish h?veéﬁrmbr onic dey ment similar to the one
of a humah embryo and are therefore & aBle B i SRH O BIRATHAR mb iRy QPagig,Fover or
developrmeeataitdebedts itansgmdefor examelevhichrig tanslicaies niaGoR] Tikselafgremabiongs fhs the
creation of specific migragenviromnents in the. cultivation chambers in which embryos reside. These fish
embryos%%r?lﬁg%r%%t%% a\l/vft%ljtg%ﬁaﬁnrﬁgfgcafle?é%?d H‘r%saﬁo?ee%grenplenfoar ﬁ}ﬁﬁf’thgﬁﬁW %t%ﬁe{ﬁ}%is and
for the identificdiigtoenthyeatideaiorahprisgsa Higbethpatibhp niateetdlottalogiesafepasatrothaskast
organisms not limited ¢ otype-based visualization, transcript studies using
Iow-denrg%l} %Ql#ﬁ%}?:%gir{r%%e%% ?rr%)té)(r)%fg ?aﬁn%b%%. %}/écg mIBrycé) e %fg@g Io%’r%e%s{% e‘?("iitge B 5ftor
examplemiesoisdegpesn vhishrafich psoFide 14 hacklighaythatespe divelirentekitigdbgheti gadismtorery
suitable ivation in t [vation chamber of the microfluidic continuous flow device of the
oresen angan L A e b RSP B e Sl
particulaghesiliatsiuriog dsalysis in a microfluidic continuous flow device of the present invention. To
follow th yelopm I it is. passible to use transgenic animals. For example, by using
a reportefp %?o ein (e%?’f"%%ﬂ% Sgcﬁgggkelé]éﬁé%%%i%n%g%%ﬁf i{sﬁ‘%gfgts)fﬁ%ht%nfg o%lvet qéoaleevé;gcﬁlrgg%t effect
of certaimderafivadiarrostiorganiSavs ireviees ltheatrmplitanibecr¢006© thitevine dd\tioe inf tintiguesent
invention. jt is.al el : I re fish in the cultivation,chamber and stu
develop%%ln‘:bg i fere%%iég %%E;O%Esﬁg 3?%%}@2 ?E%H#?#lg g%i%wr%tlar}ntgél %E“S&t?ﬁ%%%%ﬁéﬁ%%p%mn it
hatches cithingatelvstryobagniishide gapltiie taber tallatiayt bthendwistiatiprtchaleimadig forthibe
cultivatiqn fEQ1 REYSIQIgI an i ination. Defarmations that have been induced during
cultivation o?the emb:ryogJ int eﬁcdlﬁl%%%?%ﬁgrgn{@gr%?gﬁ? g%&ﬁ?i/%%é%ﬁf?n%% 0395%60 éje fish
developmémsgisolidia glgssibiente aspdesaf thiatioasentlimgntidiot enebosshagh gidedeotribre naltivation
chamberwhy POLG e inlet or let | ted to be opened and, closed. [0060]
The ex vilvo %@ngrﬁpn? g? ? hs?peg?rlﬁ%?tt I|g’sr(1wégm %ggéi%@e% tl\fgﬁo%sgf%aeo 5&r o at%%l negatle:

resists with high functionality, high optical transparency and sensitivity to near UV radiation,

such as photoresists of the SU-8 series from MicroChem Corp. (Newton, Massachusetts, US).



microfluidic continuous flow device allows the direct and dynamic observation of cellular WO
2010/024779PCT/SG2008/000318 18 processes in normal and perturbed states. Further examples of
using fish e\ yOLR&Me one referred to above for ex vivo analysis are pR&KI&2898(080&8D R,
Pichler, KB., et al. (2004, Current Opinion in Biotecfa;ology, vol.15, p.564), Langheinrich, U. (2003,
BioEssays, vol.25, no.9, p.904), Oxendine, S.L., CJ) den, J., et al. (2006, NeuroToxicology, vol.27,
p.840), T?luschler, L.K.,_Genningj(,ﬂc., et al. (2005, Che.mosphere, vol.58, p.1283), Lin, CC., Michelle,

N.Y., et AP IBEYEHCHBIABES TadAPENaa Bre-arraodiBYsrarroEonips ane) micephbrisaiomAdlS. D.G.,
Fredrikssgatibe, elakedlfte Enyitaltiohidid @uroiRenafid K hasmas aloteny Rkeited B3 s iR0H 1]

Tumor spherpids are aggregates made up of tumour cells, or cell lines. The tumor spheroids_can be
selecteo“l“ﬂffg’r“@vg iy ﬁcgglﬂﬁﬁb‘??%?ﬁéﬂlﬁ’&aé’ﬁéép DY) Qndbe demrlaiet ik ansistmpiSsal cel
carcinong biRdsieneaplaeshane fansampraibecasrated\Gycaaneird@ap faRERE tRIViEeHiagNcer,

colon cance Sectum cancer, connective tissue. cancer, esophageal cancer, eye cancer, kidney
cancer, NEEPSiver cancer, lung cancer, Hodgkin's lymphom, non-Hodgkin's lymphom,

me|anOr[ﬁl)iﬂyebrhﬁ,dﬂwfemi?jrﬁﬁ@dt@apﬁysﬁaﬁgﬁfaloﬂ@ﬁa@&iﬂm@flxspmr&élﬁiﬁ‘eﬁy’vlrtlﬂebuﬂﬁ@ﬁiﬁi@
cancer, rhahdomyagsarcoma, skin cancer, stomach cancer, testicular cancer, neoplasia or uterine
cancer. IO AL GPHHS i cF LTI BB TER A AP B8 SOPA IR ) Ha P 6T 4 AR i
chambertsctihizfue RAaosatteds! Avvondtivetion chasnhiis) tRatkightd autalion &liambess ¢ain
comprise the same or different biological material, In another example only some qf the multiple
s s e e R e e e A S B e
biologicahveatiial THROG3 ki guiecdpoinditgld atdyes Sechgarlstiely phessgh, and|ithsly aby €lew bgdiment of
a microfluidic continuoys flow device 30 of the present ipnvention comprising a cultjvation chamber
retainin Lg%ﬁ)%g‘é]i‘ié}jﬁaé‘tl@?ié? 167954 Y ?é"a g 8%6%9%3%%@3@%0"@'0}1‘?& g
cultivatiertahangpdediScepprasingran Oled 1o aidhe pppps laftpite ohdbpotitbdtion chanbeicd 8 which

[ ted to the inlet ch s.13 and 14. Ref ign 13 ts th t of an inlet.ch I
e Y s e e

The partndltide imietcinachizied gatag o uiridedhmopelcdi dihegnsiptmipshisci@opirgopanipsoand m
tubing 10,[ hicg IS cii)nrlecteS too%gho grslgts I.Hje eml conn cISin theTig nTnlnn ubin éL c\)/_vith he inlet
channel(iié\,ﬁro]?:a]tnel?j1 MRS ROL L IARE R Sy muousé*fo%%d%\hcesgd?alsge%]fgt caJaﬁ%% 12 flbidly
connecteultivatierinte¢dibrof tHreugllty atiamneh amabexpilBar ¥ e tinttl eCalfivdtiba adtiiatidoehamibher is
located gt e hotiom ol Sids; ol the eulivation, chamber 18,gnd.Js connected i e gletghannel
cultivation medium through the channel is driven by syringe pumps which are used to
withdraw the cultivation medium out of the outlet channels of the microfluidic continuous
flow device (23 in Figure 2), which means that those pumps create a negative pressure in the
channel system which drives the cultivation medium flow.
[0056] The biological material which is retained in the cultivation chamber includes, but is
not limited to tumor spheroids and an organism in an embryonic stage. The organism in an
embryonic stage includes, but is not limited to amphibian eggs, fish eggs, insect eggs and
mammalian eggs. Examples for fish eggs include, but are not limited to an egg of a zebrafish
(Danio rerio), an egg of a medaka (Oryzias latipes), an egg of a giant danio (Devario
aequipinnatus), and an egg of a fish from the family Tetraodontidae (puffer fish). An example
for an amphibian egg can include, but is not limited to toad eggs, frog eggs, an egg of
Caenorhabditis elegans (C. elegans) and salamander eggs. Examples for an insect egg
include, but are not limited to an egg from a fruit fly (Drosphila melanogaster). In some

examples the organism can be a mammalian embryo except embryos of humans. It is also

possible to use Caenorhabditis elegans (C. elegans) for cultivation in the cultivation chamber



located inside the microfluidic continuous flow device 30. The inlet channel 28 is connected with the
outlet channel 23 which comprises the metal tube 22 and the TygonTm tubing 20. Inlet 15 and outlet
27 of the cuWPAHINEH3Aber are oriented in order to allow a diagonal flow BATEYR2HIEUE ithe
cultivation chamber which ensures that a mixture of cultivation medium and chemical substance
envelopes the embryo retained in the cultivation chamber 18. The microfluidic continuous flow device
30 further comprises a cover layer 116 and a bottom layer 26 which can both be made of a transparent

material “FHE BN i contiPHS 15K Ap Vifrep B S RS cOb VS iy St GHe8AATIBEPAY AMBFR bottom

and the tepg REPRAIBERIYs Theavlidigaidhefer vayiap chraibrREdatRipgxample is about 1.2 mm which
wide enqugh_to allow retaining of a 1 mm fish embryo 24 in the cultivation chamber 18. [0064] Figure 2

shows alffpy tlehi®rh X it rIA T S0 Tk fic 8l rpnlanignyd eaaossBoRE figiderailitiple
cultivatioregaageetd 8ranaitabie respastiveretichannrnetwel kiddiand:gall et shannal pebaork 33

and an area 140 and 110 comprising the concentration gradient generator 140 and the inlets 110 of

the concXHRPERTT PP e NG RIRORYS LTSt L Thesi aze L RUR Y HRP AR LR BHREPREA Other
than the viyigitiBatidis. Coatidatd]owbeaidh Qs awaalta High Itre BigbARE 0 e LR ISRl thao

cultivatio chambfr re located inside the microfluidic continuous flow device, During operation of this

device aBREMTAT 2 BURARSTROR thal dER AT AP kIRt P aHieR ( PEratb FRFSTagH a first
inlet at asaac@ntsitinn GnavVidRdBecatttdaRa e RGHIEB{SREQAUERThigdo concentration gradient
generat r%ﬁﬁ a second i&lﬁt. A ter#%aching the eight different outlets of the concentration gradient
generatgp fer ﬁﬂ?fé"&}’e W AT O SACCH N SRR YR a ARt ths-uHi s of
sEbstanlwa%beesdht&m' eﬂ;h Hﬂﬂﬁ(ij:)f?dsilfrwiﬂiée *pu&éuat'ltime@ﬂaqmef R ¢anl Betireuiem mmrﬁﬁm@&h&w&h@b
channels connected with t iffetent inlet networks 34 of t ight cultivatjon chambers, This system
can be e@sﬁ@%‘@él o Y Pog?fﬁlii\@%i é’P@B&? %ﬁ’afﬂﬂg@ﬁ%dé%&?ﬁ?ﬁi?ﬁn‘éﬂgpwn
increasing hegurhligh-giaddiepssablairdolaion fhanbdrs fReteedipaititidistonnigusionsdevice.
[0065] In.another aspect, the prtesent inventjon.refers to a method, of culturing, biolggical material in a
microflui 1&%“&?&08%%78%&%? co nﬁﬁ?él.‘)‘bro(fﬂﬂﬁ'ﬂime ?ﬂi‘%?luﬁﬁ@%ogrlu‘ﬁﬁ” HowHRice
comprisimicradrtagstdnprotdtuat amalyainbehe keibgydifiedsieigshionte@inaiiolopial enatgsial in each
of the cultivation chambers: .wherein each o aiéj at least two cultivation chambers has a
circumfe%er‘%aﬁwaéjl R Tials] j}ﬁhsésldb citr(?jaﬁféj n%a L ﬁeggeﬁpl‘éejgt SRR ARG Bh & Gittlet in
WO 2018i6a4lé7&F CHe SGRDASM0 O3 1Be20uttitetida elamtitaveDd il anlidvafiondiv edintinibiie Whseach of

the atlegl b, FION OATIRELS] LTS SRLP IR P LRSI IS LR 22yt

they are also particularly suitable for analysis in a microfluidic continuous flow device of the
present invention. To follow the development of these fishes it is possible to use transgenic
animals. For example, by using a reporter protein (e.g., green fluorescence protein GFP) it is
possible to follow the development effect of certain drugs on these organisms in the
cultivation chamber.

[0059] With the device of the present invention it is also possible to further develop mature
fish in the cultivation chamber and study development differences. For this purpose the fish
egg is retained in the cultivation chamber until it hatches. The hatched young fishes can then
be taken out of the cultivation chamber for further cultivation or for physiological or
anatomical examination. Deformations that have been induced during cultivation of the
embryos in the cultivation chamber might become visible only in a phase of the fish
development. Accordingly, in one aspect of the present invention, one or both sides of the
cultivation chamber which are not connected to an inlet or an outlet is adapted to be opened
and closed.

[0060] The ex vivo development of transparent fish embryos in the cultivation chamber of the

microfluidic continuous flow device allows the direct and dynamic observation of cellular



wherein each outlet of the concentration gradient generator is fluidly connected to a different inlet of
one of the at least two cultivation chambers; and a biological material retained in each of said
cultivation cWAMBEM24itoducing a cultivation medium and a chemical subBfaHEeMB/Ap318
concentration gradient generator whereby at the at Jeast two outlets of the concentration gradient
generator a mixture of the cultivation medium and the chemical substance is obtained, wherein each
mixture comprises the chemi aI Sﬁ-Jur a&%e in d|f erent co ent ation; If(J)eﬁ'u each E{tl[%gmixtures

flow thr@ﬁ%ﬁ SR ANTS ﬁ% & ionch tes &rs Whlcﬁmg g S]tl)lr% gicalm brg?en é)é)]eln still
anotherrefgeal tbeapoesdbt inveniometfers am@mmmﬂhyf LuoiteriddRbidtiohienl lBtesahlin(208dgrofluidic

continuqus flow device, .c is rOV|d th r fluidic cor ti ice compysing: a
cultlvatl%EJ \f; %’élrllnolg] t%%hs‘:%lnoggy’tor gfrp Biol g% %?%a era Trt?t %%g%n%’ﬁampgrg wherein
the cultmatmrp@(mnb@xbmhmeplﬂsumf@mm Wa,llpwmbrélﬁ(lﬁ,e}émﬁtemm@wadﬂ&h an&#lt and an

outlet i |n rde oallf)t#ﬂ((:)u F(\)/; 1([:IL(Jért1|va|¢|on ngo 2 Iérsoesig%uItlvatlopstfghamf%'?ga lO|O&I?J€l| material

which is e‘fﬁfnedl &’ rei’n glcdl matarials selécted frorn the group
ofatu nmhamimo}dﬁndeamlor@mﬁ@ﬁmxmlembmmﬁmhgé thungcalngximeldfla cpltie@igmdnedium

and a chemical subsianceylaw tiewgl g ctivation chagler wishisieig NFRIelRgisA! material
Pharmacology, vol.22, p.338).
[0061] Tumor spheroids are aggregates made up of tumour cells, or cell lines. The tumor
spheroids can be selected from every kind of cancer tumor. Such a cancer can include, but is
not limited to a basal cell éarcinoma, bladdgr cancer, bone cancer, brain cancer, CNS cancer,
breast cancer, cervical cancer, colon cancer, rectum cancer, connective tissue. cancer,
esophageal cancer, eye cancer, kidney cancer, larynx cancer, liver cancer, lung cancer,
Hodgkin's lymphom, non-Hodgkin's lymphom, melanoma, myeloma, leukemia, oral cavity
cancer, ovarian cancer, pancreatic cancer, prostate cancer, rhabdomyosarcoma, skin cancer,
stomach cancer, testicular cancer, neoplasia or uterine cancer.
[0062] In case the microfluidic continuous flow device comprises a plurality of cultivation
chambers (that means at least two cultivation chambers), each of the cultivation chambers can
comprise the same or different biological material. In another example only some of the
multiple cultivation chambers comprises the same while other cultivation chambers comprise
different biological material.
[0063] Figure 1 shows a cross sectional view through an illustrative embodiment of a
microfluidic continuous flow device 30 of the present invention comprising a cultfivation
chamber retaining a biological material 24 which is in this case a fish embryo. The device 30
comptrises a cultivation chamber 18 comprising an inlet 15 at the upper left side of the
cultivation chamber 18 which is connected to the inlet channels 13 and 14. Reference sign 13
represents the part of an inlet channel located outside the microfluidic continuous flow device
30 which is made in this example of PDMS. The part of the inlet channel located outside the
device 13 consists in this example of a Tygon™ tubing 10 which is connected to a short metal
tube 12 connecting the Tygo tubmg 10 with the inlet channel 14 located inside the
microfluidic continuous flow device 30. The inlet channel 14 is fluidly connected to the inlet
15 of the cultivation chamber 18. The outlet 27 of the cultivation chamber is located at the

bottom right side of the cultivation chamber 18 and is connected with the outlet channel 28



[0067] The chemical substance can be any molecule which has or is suspected to have an effect on
the biological material retained in the cultivation chamber. Such a chemical substance can include, but
is not limited¥@ ¥ B&+:ceutical composition, a compound which is or whi®§TéS628p%0983180 be
necessary for the cultivation of the biological mate{:gl and which is initially not comprised in the
cultivation medium; a compound which is or which’i suspected to be necessary for the metabolism of

the biolggical material and which is initially not com IV, a compound or
R R R L R L R T
teratogesith €@ oG estigniol ) emichpsyeposes imerntlem taseRturestthesebSYchibighamical
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videos afithew@mintret ar garizcmf ghpegatiyrilopugbla ascomellinket. Heftat rea@nneehmggiéddfmmeffects
WO 201%8%%749@&: Ié§%%8‘9§69103%8§ent generator different liquid streams of cultivation medium

comprising eight different concentrations of substance A are obtained and fed into the
cultivation chambers 18 through the network of inlet channels connected with the different
inlet networks 34 of the eight cultivation chambers. This system can be easily scaled up by
providing either several microfluidic flow devices of this kind or by increasing the number of
addressable cultivation chambers in the microfluidic continuous flow device.
[0065] In another aspect, the present invention refers to a method of culturing biological
material in a microfluidic continuous flow device, comprising:
» providing the microfluidic continuous flow device comprising:

= at least two cultivation chambers being dimensioned to retain a biological material in

each of the cultivation chambers;
wherein each of said at least two cultivation chambers has a circumferential wall,

wherein said circumferential wall has at least one inlet and at least one outlet in



22 [0072] The system can also be used for dose-dependent toxicity studies on the biological material
retained in the cultivation chamber. It is also possible to target specific organs, such as liver, heart etc.,
by using traM4yehit/@yatisms such as fish. As mentioned before, it is for eREMPEPEIIBEto use a
reporter protein (e.g. green fluorescence protein (%:P) or yellow fluorescence protein (YFP)) which
allows to follow the developmental effect of pharmaceutically active substances and drugs on the fish
embryo. It is also possible to let the emhryos further deveJop to,mature fish and. investigate
developmental difgéff?ﬁcté’sa(%%ve%%%é’ t |B£"|‘8§§}f“[d8?€ﬁ (AR SRS ?cg}ﬁiﬁh et WP device of
the present inventiaiidtiigs chameeaministered in different concentrations to the biological material,
such as embryos. While some d .ug might noﬁ?ave immediate affect at the embryonic stage, they
can have an %f%%?cé‘f’g?ﬁ8%g}}?§fﬁ g%":t% &g 3185\%%6%8%? P81es:ample, with a reversible bonding
technique of the glelseraiideach\rriley éfiehwebaentiagahpadiipgasibletdy ehidve dhnugetteated
embryos and let the ature to the adult stage. At this paint, drug-related developmental defects can
be probed on the %%fr%gﬁ. ’[6]693 ﬁ?%ﬂgfagrﬂaﬁseﬁéc?’%ﬂeg% évs"’éfﬁnir?é SHEr8fts to a kit comprising a
microfluidie flavbidviieabhibeubasainalansah Jihaikdicelivitichehasitgsise a biological material and
suitable cultivation.medium for culturing of the biplogical material. [0075] By "consisting of.is meant
including, alﬂﬁ f?%lﬁg}ft%,m\}v é{?ék?&%ﬁ%%{g ﬁ?é? Bﬁ%&? IQ%JO%“SE’E%H eo[f“.t% s?ﬁﬂ%eﬂﬁ? o8 &HERing of
indicates thanidretbstedelegent siar atr depsiredoombs atb the avthdbati-ntto atherdadamaniseansy He

present. [0076] By " rising"” it is meant incl %2 .but.nat limited to, whateve fo;f}ows the word
"comprisinén.1 ué?%%%%f%eg gf)rlﬁ né%rh“ﬁ‘r‘is‘%%‘g' i%%%%’%é%%&ﬁ%%‘i‘%‘%é&%%%& ts"e %f?ghﬁffé% or
mandatory ahistitatatijeiseketine nhsaieabpiltainid mdifferemaymanbatppesent. [0077) The inventions
illustratively described herein may suitabl racticed.jn th ence, of any element or elements,
IimitatioFl o)!fi?%éﬁg%s,on?o gp%%l |cz§fyﬁoq§%:%%§ﬁe?‘§hfgfrﬁﬂs,g#;ﬁigx% t&él@éec&%ﬁaser gﬁ}bﬁ]i]sing",
"including" récontdiaiviglpetcalshatebielread expansively and without limitation. Additionally, the terms
and ex ions employed herein have been used as terms of description and nat of limitation, and
there T e e, X e A I o o S L R e
feature sistenmh iardniescflbeticaroptirtiens fleretdyioas ¢oispasognized that various modifications are
possible within the scope of the invention claimed. Thus, it should be understood that although the
present invgrrﬂYéﬁlﬂ%gggégﬁrg ﬁi&ﬁ?ﬁ‘&ﬁ%&%ﬁ&‘%ﬁ%ﬁ%ﬁ%ﬂ%ﬁfﬂémmenm and optional features,
modification WO AR bS(g DRSNS Serua iatiatiodl aidleedhietitoad tvatiodied
therein herein gisclgsed may be resorted to by those skilled in the art, and that such modifications and
variations are €6nsidered to be within the scope of this invention. [0078] The invention has been
described broad|yvelngganditcalyltieadtionE ahhntbdhehinarraweirapatiesntnld subgendriceiodhengs
falling within the géalngric eir%cl[o ureﬂ%o form ?rt (af the i v?ntiondT is includes th(ta qperic
description of the Aventon with a %rov?goa%%gg%&lvémﬂ?n%a ioh (r’(rerﬁf)v(i)nag gﬂy sot%J%c atter"ffom the
genus, regardlessmédidnattiepoginttctbel exaicecchaatbeig! is specifically recited herein.

* abiological material which is retained in the cultivation chamber,

» wherein the biological material is selected from the group of a tumor spheroid and
an organism in an embryonic stage;
=  letting a mixture of a cultivation medium and a chemical substance flow through the
cultivation chamber which retains the biological material.

[0067] The chemical substance can be any molecule which has or is suspected to have an
effect on the biological material retained in the cultivation chamber. Such a chemical
substance can include, but is not limited to a pharmaceutical composition, a compound which
is or which is suspected to be necessary for the cultivation of the biological material and
which is initially not comprised in the cultivation medium; a compound which is or which is
suspected to be necessary for the metabolism of the biological material and which is initially

not comprised in the cultivation medium; a compound or composition which is or which is



[0079] Other embodiments are within the following claims and non-limiting examples. In addition,
where features or aspects of the invention are described in terms of Markush groups, those skilled in
the art will r@3MoE2HALthe invention is also thereby described in terms oP&NSEHEAYEI ember or
subgroup of members of the Markush group. EXPERIMENTAL SECTION [0080] At first
manufacturing of a microfluidic continuous flow de¥ice is illustrated on the basis of the microfluidic
continuous flow device shown in Figure 2. [0081] The microfluidic continuous flow device was made
from of PUSRESIER IRy dith dErgiagenian CasHEREeNIQANDBgeTo MIECIMECNIS AT Thriclevicaitdhsists of 3

parts: the GRRERAIFALIOMSHACIE L ESIRER GInkdt: U%%%&%AH&'&HJ&Q&&@ cultivation chambers 130 and

the outlet channels 23. Those parts are divided over three layers. The first layer comprises the

concentt886% gragliahR el b chemigab whstapessoshnw e thaythernieafibishottrensiming Bger
comprisgsyiRe srai heebeml i%ﬁﬁm?giﬁﬁeﬁ'a@m{%es@agmoﬂya%@xﬁg %‘%’%ﬂﬁ@ﬁ& Hhehpiigelaver of

the cultivation chamber and the output channels (see for example Figure 5). For all layers a mixture of
1:10 (1 ¥inepadere mgiedemnd bglogivsl it Apchapans v sfonmmedtigned etandms.
spin-coaigd RAEMBIRIE AP PR TURYIeS e SULDRLIN @ PQRRM AigkJausrs Thifygs cured

for 30 min at 80C. A thin sheet of PDMS was used to cover the outlet layer. Holes where punched for

the 2 inSGmBRIFFY. drddiRaregiaHeraabiadanpmadighseispeinia g lage apowets ofsemmenndsnbvations
Inc., Brgﬁaﬂgﬂzm et hie GBS e 1PN RYAREIATRR IS WBIR PHICRES UniGA LAt diameter
e

punch. DMS structure was then irreversibly bonded to a microscope slide by treating both with a
Corona SRR AT NG IasH AT X iBaiR &M XCHasadn nstsahyf (s8ng threreariionuidic
continuQyssHpue ABMICeas SRAMIBINSTIRHISL a5 ReeaRH AL SIS s ARG AT HE fibings

(Tygon134 tubing) were connected via small metal tubes (from WO
2010/02ep 2008/000318 24 New England Small Tube Company, USA), which fit exactly in

the punghgsbipaiss émadadyiamuosh fremhrneyative, Tachnolesies. LisAy) Q831 dntregustion of a fish
embryo into a cultivation chamber i

carbaryl (acetylcholinesterase inhibitor) on the early development of zebrafish. LC50 and
EC50 values for carbaryl have been determined. Red blood cell accumulation and delayed
hatching are only some of the effects which have been observed when using zebrafish as
organism for testing of the effect of carbaryl. Teuschler, L.K., Gennings, C., et al. (2005,
supra) used the developing medeka for studying the effect of benzene and toluene. The
experiments were designed to obtain further data on the toxicity of those substances for the
developing fish embryo.

[0070] The above described microfluidic continuous flow devices can be used for any
biological assays such as, but not limited to, high throughput drug screening assays,
wastewater and drinking water analysis assays, assays testing of the biological effect of at
least one chemical substance. To name only a few examples, this at least one chemical
substance may be a pharmaceutical compound or composition, a compound which is or which
is suspected to be necessary for the cultivation of the biological material and which is initially
not comprised in the cultivation medium; a compound which is or which is suspected to be
necessary for the metabolism of the biological material and which is initially not comprised in
the cultivation medium; a compound or composition which is or which is suspected to be
teratogenic, cancerogenic, mutagenic, psychogenic, toxic; or mixtures thereof.

[0071] The microfluidic continuous flow device can be used for real time imaging of the
biological material retained in the cultivation chamber of the microfluidic continuous flow
device. It may, for example, be used to obtain high- resolution images and videos of the

embryos or parts of the embryo, such as the liver, heart, or screening neurotoxic effects.



[0084] A medeka fish embryo was introduced into the cultivation chamber using a pipette. The fish
embryos maintain the same size until they hatch. Once all the embryos are transferred to the 8 wells of
the microflufifé ¥YAHE6ds flow device shown in Figure 1, a coverslip is p|a8€6/89é?0§{%099éﬁs to seal
them off [0085] Visualization of the fish embryo in tag cultivation chamber [0086] It was demonstrated
that from the cultivation chamber of the microfluidic“¢ontinuous flow device shown in Figure 1 images
and videogs ¢ obtained. A video of the heart peat (130 beats/min) of the Medaka embryo with a
150x ste@gﬁcjfg&%%e&e‘?@) "}E%’sl?ﬁa‘if@fl 1.4y S ngpdepiricimstadissomdhe Ralrgiwakrt rate

due to dringtadmirigiiaiD M theasitideRcRMvben e alehpoass canthaaagbineoieiss (data not
shown). [0087] F rthermorcg, a z-stack was made with a ﬁ%gfoc%glicroscop,e (Zeissq) of a life
& i

transgenfts MEAaREAEh ATy PUUSBS I ARIBROI JFSANSIS 5 HasasREoBsAbetRrs: Has fos
constructagufply pbesilgle it the: livesppinerosrdband dpe deci isadauinistprett Ga(GIR ManVigIed over

time (datg not shown). [0088] Effect of chemical substances on fish embryo development [0089] In two
different g%BE?‘?ﬁ?@ﬁ?s éf@ﬁl@tﬁgﬁﬁ))o &%ﬁnd‘ W(tf&n@ﬂ%%néhﬁcéj&‘ﬁﬁ’é’,nﬁé%) WEREURH as

chemicalphabstareesilyiestifesmrefitasohib eifish embiydisataniag o ke slsbiyatignlehampersof the
microfiuidic_continyous flow deyice shown in Figure 1. Both substances affect the liver (T AA induces
lipid perdZRFANSH efeavy}f‘sV PRt dRAYS). HiPoiddJUXERIB RISt eR RS LR i ow

rate in thelevielrgfinigitaChiolingus flow device is about 1 m112.5 hours or 400 ul/h. [0090] The higher

the conc jan of the EtOH, the intoxicated the embryo is, while at the highest concentration (4.27%
and 5%) Q@%ﬂgngnége@ﬁ’f Wi RpLIUQUS, 106 36107 HE 06, RRSFRE ASIOR, 81388 80 FFom the

zebra fishdadilityepédhio |aifievtat afiddaieeaianard GrllBidpgalERRINT0apersbribey Weie
induced to breeding by qver feeding them. In general, the embrygs can be harvest at different
stadiumss,oa%epgrrl%]%%J olﬁq-fh@%e %‘fSp%éH}IBﬁ%%%a S S&gh‘foﬁ% Wﬁgﬁtaggef%ﬁ%% YEAL of
TAA, aftefi2tthmuranatsiagrilBstasé ofnherdeatinpiibet hifoe sixeantemvition yoausidittberdagh of the
Medaka embryo. After, 25 hours,.the Medaka embryos in the 4 highest concentrations.had died (Figure
9). WO %f%}é&ﬁf%{%??%f g /66}5% tﬁe wéﬁ)s on the Chl}% 1? 1S poss%i‘e to retrieve (grug-( g
treated embryos and let them mature to the adult stage. At this point, drug-related

developmental defects can be probed on the adult fish.

[0074] In another aspect the present invention refers to a kit comprising a microfluidic flow
device of the present invention. The kit can further comprise a biological material and suitable
cultivation medium for culturing of the biological material.

[0075] By "consisting of" is meant including, and limited to, whatever follows the phrase
"consisting of". Thus, the phrase "consisting of" indicates that the listed elements are required
or mandatory, and that no other elements may be present.

[0076] By "comprising" it is meant including, but not limited to, whatever follows the word
"comprising”". Thus, use of the term "comprising” indicates that the listed elements are
required or mandatory, but that other elements are optional and may or may not be present.
[0077] The inventions illustratively described herein may suitably be practiced in the absence
of any element or elements, limitation or limitations, not specifically disclosed herein. Thus,
for example, the terms "comprising", "including", "containing", etc. shall be read expansively
and without limitation. Additionally, the terms and expressions employed herein have been
used as terms of description and not of limitation, and there is no intention in the use of such
terms and expressions of excluding any equivalents of the features shown and described or
portions thereof, but it is recognized that various modifications are possible within the scope
of the invention claimed. Thus, it should be understood that although the present invention

has been specifically disclosed by preferred embodiments and optional features, modification



25 [0093] As can he seen from Figure 10, the higher the ethanol concentration, the more the embryo
twitches (moves) in the chamber. Thus the number of twitches rose with the ethanol concentration.
FurthermoréMeUff43urned black in the higher concentrations. 26 WhaP%T(/ﬁ&iﬁQ@:ﬂﬁi@m%
microfluidic continuous flow device for culturing biological material, comprising: a concentration
gradient generator having at least two outlets; at least two cultivation c_hambers being dimensioned to
retain a bﬁilqglg ical mate;iaf\gn each of said cultivation chambers; wherein each of said at least two

cultivatioAThSFHBEAR A dhe urreRiirnsambrdisd thersiaihessiny elanmrtrenirwenPred Erbinkbosnd an
outlet whigilrtitocasettabaifaranddiaiaiaabanimeisaripanial walkohsaideuiivasionshamper so

as to allow a diagonal flow of a cultivation medium through said cultivation chamber; Whe_reln each
inlet of s&tPAY @%@ﬁ\%"mtion chambers is fluidly connected to a different outlet of said at least

two outle[soRiAtconeRtAteR BEad @HcaBBEEdly and generically herein. Each of the narrower
species and subgeneric groupings falling within the generic disclosure also form part of the
invention. This includes the generic description of the invention with a proviso or negative
limitation removing any subject matter from the genus, regardless of whether or not the
excised material is specifically recited herein.
[0079] Other embodiments are within the following claims and non-limiting examples. In
addition, where features or aspects of the invention are described in terms of Markush groups,
those skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.

EXPERIMENTAL SECTION

[0080] At first manufacturing of a microfluidic continuous flow device is illustrated on the
basis of the microfluidic continuous flow device shown in Figure 2.

[0081] The microfluidic continuous flow device was made from of PDMS
(Polydimethylsiloxane, Sylgard 184, Dow-Corning, MI, USA). The device consists of 3 parts:
the concentration gradient generator 140, the area including the cultivation chambers 130 and
the outlet channels 23. Those parts are divided over three layers. The first layer comprises the
concentration gradient generator and the top layer of the cultivation chamber, the second layer
comprises the main body of the cultivation chamber and the third layer comprises the bottom
layer of the cultivation chamber and the output channels (see for example Figure 5). For all
layers a mixture of 1:10 (1 curing agent, e.g. Sylgard 184 (Corning, USA) :10 parts PDMS)
was degassed and spin-coated on a template at 100 rpm for 2 minutes, resulting in a 500 um
thick layer. This was cured for 30 min at 80°C. A thin sheet of PDMS was used to cover the
outlet layer. Holes where punched for the 2 inputs to the gradient generator and the 8 outlet
openings with a punch (Technical Innovations Inc., Brazoria, Texas, US). Hereafter, the
cultivation chambers were punched using a 1.2 mm diameter punch. The PDMS structure was
then irreversibly bonded to a microscope slide by treating both with a Corona Surface Treater
(Electro-Technic Products, Inc., Chicago. IL. USA).

[0082] The microfluidic continuous flow device as shown in Figure 1 has been manufactured

in the same way. The tubings (Tygon™ tubing) were connected via small metal tubes (from



2. The microfluidic continuous flow device according to claim 1, wherein each of said at least two
cultivation chambers retains a biological material selected from the group consisting of a tumor

spheroid anwgr%%%%‘*@& in an embryonic stage, with the proviso that emngésﬁfz UHd&are

excluded. 3. The microfluidic continuous flow devic§1 ccording to claim 2, wherein said organism in an
embryonic stage is selected from the group consisti ‘g of an amphibian egg, fish egg, insect egg and a

mammalign egg. 4. The mjcrofjuidic continuous flow device according to claim 3, wherein said fish is
selected f6th %%&%Pb‘ﬁ’@ihf&ﬁ.&?ﬁ‘&%b aAsH: @@ﬁ%ﬁ%?ﬁ?@%gmwéigglﬁtw? BYgfant
danio (Deviadk geaLipiyvatiie) TeoEdbsielaus e family Tetraodontidae. 5. The microfluidic

continuo%g device aqcordé'ng to any of claims 1 to 4, wherein said concentration gradient
generator & %&@Qqﬂﬁﬂﬂe" afith SRR 2 SRR RS SBRY B Rinuous flow device comprises

multiple RI0gA]tvatiedekiaafirhesmbrherainscashdicaidnlahefain auliRieaaibty atini Gharphess is
fluidly copnec %tgﬂ%ﬂiﬁerent.ouﬂetﬁ said concentration gradient generator, 6. The microfluidic
continuo&gﬁ YRCPATRED L BRI 19, BRerbficlaidQusey atlo e namBers \akfch are

fluidly conagsiatktd vailecgneehiratiahgmidivmhgéioesaitnieim adirksieneokaolivationghambers and
wherein said dfzvice fg{rgt?é?r conﬁﬁ)rise a second row of cultivation chambers, wherein the number of

said cultiVXYBR BhEREERY S ER IS EENA A S5 dPERRtion chambers equals the number of cultivation
chamberfoUBSaiVikisiliaion ofithetich eRdPReis thdeattiiv aaeh éhisinbepach of said cultivation

R G L R R SR
continuotisWotedevissonacir dixmio Claimgss wbreircaiddovicbtamprisesidvdliplasawsobesttivation
o TR A e fns ppenca il compiang, o
using a high-speed camera, variations in the heart rate due to drug administration. insecticides
or environmental changes can be easily monitored (data not shown).
[0087] Furthermore, a z-stack was made with a confocal microscope (Zeiss) of a life
transgenic Medaka embryo at 200x. In this manner a 3D model of the fluorescence liver can
be constructed. Any change in the liver size or shape due to drugs administered can be
monitored over time (data not shown).
[0088] Effect of chemical substances on fish embryo development
[0089] In two different experiments EtOH (ethanol, 0-5%) and TAA (triamcinolone
acetonide, 0-3%) were used as chemical substances to test the reaction of the fish embryo
retained in the cultivation chamber of the microﬂuidic continuous flow device shown in
Figure 1. Both substances affect the liver (T44 induces lipid peroxidation which leads to liver
damage). An over-dosage of both will lead to death. The flow rate in the microfluidic
continuous flow device is about 1 m1/2.5 hours or 400 ul/h.
[0090] The higher the concentration of the EtOH, the intoxicated the embryo is, while at the
highest concentration (4.27% and 5%) the organs seem to be affected as well.
[0091] The zebra fish embryos are obtained from the zebra fish facility of the Institute of
Molecular and Cell Biology (IMCB) in Singapore. They were induced to breeding by over
feeding them. In general, the embryos can be harvest at different stadiums, depending on the
development one wants to see.
[0092] When observing the effects of TAA, after 21 hours, at stage 38, 3% concentration (the
highest concentration) caused the death of the Medaka embryo. After 25 hours, the Medaka
embryos in the 4 highest concentrations had died (Figure 9).



wherein said cultivation chamber has a circumferential wall, wherein said circumferential wall has an
inlet and an outlet which are located at different heights of said circumferential wall of said cultivation
chamber so*49 %@rwydiagonal flow of a cultivation medium through said €GO fber:;
biological material which is retained in said cultivation chamber; wherein said biological material is
selected from the group of a tumor spheroid and ar?érganism in an embryonic stage, with the proviso
that embréos of humans are excluded. 9.The microfluidic continuous flow device according to claim 8,

wherein 39k b Ssenfrpbhicuts ddidhe ligher fsrethanginnearationg e apamifbian
egg, fish &geiI0IRGEREY @nsvasy e ainmess TREs@e henBUie i iicieneo s ks fiRw deiiee

according to claim 9, wherein said fish is selected from the group consisting of a zebrafish (Danio
rerio), a FRASSREYENY Eurthermaese theiorgens enasdiario dheiyeheacrRyceitonsh from the family
Tetraodontidae. 11. The microfluidic continuous flow device according to any of claims 8 to 10,
wherein said microfluidic continuous flow device comprises multiple cultivation chambers having a
circumferential wall and wherein each of said circumferential walls has an inlet and an outlet. 12. The
microfluidic continuous flow device according to claim 11, wherein each inlet of each of said cultivation
chambers is fluidly connected to the same cultivation medium source. 13. The microfluidic continuous .
flow device according to claim 11, wherein each inlet of each of said cultivation chambers is fluidly
connected to a different cultivation medium source.



14. The microfluidic continuous flow device according to claim 11, wherein each inlet of each of said
cultivation chambers is fluidly connected to a differ. é’nt outlet of a concentration gradient generator. 15.
The microfluidic continuous flow device according fo any of claims 12 to 14, wherein said multiple
cultivation chambers form a first row of cultivation chambers, and wherein said device comprises a
second row Qfgattivatigimenagnbers, wherein the number of cultivation chambers in said second row
equals the number of cultivation chambers in said first row and wherein each inlet of said cultivation
chambers in said second row is fluidly connected with said outlet of each of said respective cultivation
chambers injsaid figst arotfidibecsneiaibisigieantiymes fwcdavicrperorsinaitonsaedrmlS, wherein
said device comprises multiple rows of cultivation chambers. 29 17. The microfluidic continuous flow
device according td"9MY'¢iHle preceding claims, wherein said inlet and said outlet of at least one of

said cultivation gharieetifologried RigikR RN RRSHIPAI dAsBalth @letemferential wall of each of said

chambers. 18. The microfluidic continuous flow device according to claim 17, wherein said inlet and
said outlet of*safl laasbbre sHEIvaltfatrMieETsErd slisacionad dp peising Siklogicabiaatsridlmferential

wall of each of Siﬁigaﬁh%rﬁ‘ské‘?é%u]rﬁvémﬁ\ gﬁgﬁ%y@c continuous flow device according to any of the

preceding claims, wherein each of said cultivation chambers has a polygonal shape seen in

cross-section. 20. Whergiicesfibigic eithmaeist Hud Gdtiiiar@rmistd Rasyoeiitepre@sditly claims,
wherein each of sgidl gulfiMaiian Charehermige P HANAH ARG Gha HRRRFARIIRIFRRRR:Or 2

pentagonal shape or a hexagonal shape or an octagonal shape or an oblong shape or an ellipsoidal
shape. 21. The miteedlgRiiatcotriadiusgistisdelicaiacdbramigiential wathehrald fnivabieds, wherein

each of said cultivaHgmishadh bR &CaTBRI $¢R-8bIRRTIFWLINELRINMHR AIREATR SrangRtssdo an inlet

channel, wherein each inlet channel merges with said respective other inlet channelinto a single
merged inlet chane|ti¥dPmMCAaREated inlet channel unit. 22. The microfluidic continuous flow

device according to, AR &lcRRIEIR SRE AL BUHAIA FRARTASIS SOMRHSES AMAiRle inlets

which are each connected to an inlet channel, wherein each two of said multiple inlet channels form
said bifurcated inldPch8HRIEOhRUIRY Wrigintelaast dwgleuthipgeldsrifbcensametionsaiadiffircated inlet

channel unit mergﬁgﬁ/gig@@.neighboring single merged inlet channel to form a further bifurcated inlet
channel unit until only one single merged inlet channel unit remains.

2. The microfluidic continuous flow device according to claim 1, wherein each
of said at least two cultivation chambers retains a biological material selected
from the group consisting of a tumor spheroid and an organism in an

embryonic stage, with the proviso that embryos of humans are excluded.

3. The microfluidic continuous flow device according to claim 2, wherein said
organism in an embryonic stage is selected from the group consisting of an

amphibian egg, fish egg, insect egg and a mammalian egg.

4. The microfluidic continuous flow device according to claim 3, wherein said
fish is selected from the group consisting of a zebrafish (Danio rerio), a
medaka (Oryzias latipes), a giant danio (Devario aequipinnatus), and a fish

from the family Tetraodontidae.

5. The microfluidic continuous flow device according to any of claims 1 to 4,
wherein said concentration gradient generator comprises multiple outlets and

wherein said microfluidic continuous flow device comprises multiple



23. The microfluidic continuous flow device according to any of the preceding claims, wherein each of
said cultivation chambers comprises at least two C}outlets which are each connected to an outlet
channel, wherein each outlet channel merges withsaid respective other outlet channel into a single
merged outlet channel to form a bifurcated outlet channel unit. 24. The microfluidic continuous flow

device according ta:glaiatd, ¥ranieésennbrensaidtaltivaidomrnamieid RAMPISeS MEBIE outlets
which are each connected to an outlet channel, wherein each two of said multiple outlet channels form

said bifurcated out/E0¥RBRel ALY GAKIRGHS 40N LifYiETeiir QMY Ut A RRCeREaiPBifurcated

outlet channel unit gigsges yatRratbeighboring single merged outlet channel to form a further bifurcated
outlet channel unit until only one single merged outlet channel unit remains. 25. The microfluidic
continuous flow device according to any of claims 1 to 7 and 11 to 24, wherein said cultivation

gha_mbers ccegjprisermerﬁwlmﬁcﬁff%fgﬂmd?jqéogmlhmwiaéfaﬁuH@mﬁgyoéw?rﬁmtéwgy_s flov¥
evice accor Ing to an 0 t e prec INg Claims, ereln_at east ne side or a defined se tion of one
o of oo o = AT b Tt S, ST B R noAGES e Bt SAishacont 2.

The microfluidic cognsieitedion gievies: geaersingftertlaifirdGowhsreintiaibattpambetoprire
transparent or translucent. 28. T e_mic%rof uidic continuous flow, devic% ac ordt\llgﬁ gﬁan of the
f SHIBYRHGR:

preceding claims, &R SAIY GPBGHTHFRE CRIMY I5PSHE SEGRRALRN 8 APEHD connected

to said inlet(s) or saith@retiet(ss inlare@daptetd dochriopenetrntbdesed. 2% Adnsathoaf efituring
biological material in a microfluidic continuolus flow device, comprising: rogidingﬂsaid rpicrofluidic
continuous flow deVi él%mgr%ﬂa_bers equals the number of cultlvationr chambers th said first

row of cultivation chambers, wherein each inlet of each of said cultivation
chambers of said second row of cultivation chambers is fluidly connected to
said respective outlet of said previous cultivation chamber in said first row of

cultivation chambers.

7. The microfluidic continuous flow device according to claim 6, wherein said

device comprises multiple rows of cultivation chambers.

8. A microfluidic continuous flow device for culturing biological material,
comprising:
= a cultivation chamber being dimensioned to retain biological material in said
cultivation chamber;
= wherein said cultivation chamber has a circumferential wall, wherein said
circumferential wall has an inlet and an outlet which are located at different
heights of said circumferential wall of said cultivation chamber so as to allow a
diagonal flow of a cultivation medium through said cultivation chamber;
= Dbiological material which is retained in said cultivation chamber;
= wherein said biological material is selected from the group of a tumor
spheroid and an organism in an embryonic stage, with the proviso that

embryos of humans are excluded.

9. The microfluidic continuous flow device according to claim 8, wherein said
organism in an embryonic stage is selected from the group consisting of an

amphibian egg, fish egg, insect egg and a mammalian egg.



at least two cultivation chambers being dimensioned to retain a biological material in each of said

cultivation chambers; 31 wherein each of said at least two cultivation chambers has a circumferential

wall, wherein said circumferential wall has an inlet and an outlet which are located at different heights

of said circumferential wall of said cultivation chamber so as to allow a diagonal flow of a cultivation

medium through said cultivation chamber; a concentration gradient generator having at least two

outlets; wherein each outlet of said concentration gradient generator is fluidlg connected to a different
|

inlet of one di%aid DR IUFGHEIRISAUAUIS oMY JeyiRe aCh5B HAlRYE WhsrhsH ach of said
cultivation chamberngshingragieetes dremtivatigroledisi¥ising Ehe bR sHIfe iRta®aIE
concentration gradient generator whereby at said at least two outlets of said copcentration gradient

generator a mixturd 5858 (QIYRIAE SRURRRAIFHPIARY LaRPHAAVACL Q59BN IShL-MAEd $herein each

mixture comprises faigh gheraispl SThsianeiine different concentration; letting each of said mixtures
flow through a different of said cultivation chambers which retain said biological material. 30.A method
of culturing biological material in a microfluidic continuous flow device, comprising:

11.  The microfluidic continuous flow device according to any of claims 8 to 10,
wherein said microfluidic continuous flow device comprises multiple
cultivation chambers having a circumferential wall and wherein each of said

circumferential walls has an inlet and an outlet.

12.  The microfluidic continuous flow device according to claim 11, wherein each
inlet of each of said cultivation chambers is fluidly connected to the same

cultivation medium source.

13.  The microfluidic continuous flow device according to claim 11, wherein each
inlet of each of said cultivation chambers is fluidly connected to a different

cultivation medium source.

14.  The microfluidic continuous flow device according to claim 11, wherein each
inlet of each of said cultivation chambers is fluidly connected to a different

outlet of a concentration gradient generator.

15.  The microfluidic continuous flow device according to any of claims 12 to 14,
wherein said multiple cultivation chambers form a first row of cultivation
chambers, and wherein said device comprises a second row of cultivation
chambers, wherein the number of cultivation chambers in said second row
equals the number of cultivation chambers in said first row and wherein each
inlet of said cultivation chambers in said second row is fluidly connected with

said outlet of each of said respective cultivation chambers in said first row.

16.  The microfluidic continuous flow device according to claim 15, wherein said

device comprises multiple rows of cultivation chambers.



providing said microfluidic continuous flow device comprising: a cultivation chamber being
dimensioned to retain biological material in said cu#)vation chamber; wherein said cultivation chamber
has a circumferential wall, wherein said circumferential wall has an inlet and an outlet which are
located at different heights of said circumferential wall of said cultivation chamber so as to allow a

diagonal flownf a cpHivatierMmedicEoRtiAuER Fric cedlvatiarceARYR: ambisFlemkicaldvaipgal which is
retained in said cultivation champer, wherein said biolo%]ical material is selected from the group of a

tumor spheroid and S WARHNSA dle-oHicalthguliehinl delsrehalls PhsafSHIBYAYPAUmans are

excluded; letting a dnaxibeesok ddedtdvadtar flapgitipbatioa ahesacarsuasipngr M@ trosgh said
cultivation chamber which retains said biological material. 32 31. The method according to claim 30,

wherein said organfdmd SPPERE S onic stage is selected from the group consisting of an amphibian
egg, fish egg, insect egg and a mammalian egg. 32. The method according to claim 31, wherein said

fish is selected from the group consisting of a zebrafish (Danio rerio), a medaka (Oryzias latipes), a
grant danio, (Bevartd HoE TR FORR Do A OB ARyt Do BT, APPSR oo
according to any ofiglainarkP adutbetdingaidichesti eresubsinshiskalaniedsinoaatée group
consisting of a pharmaceutical compositjon, a compound which is or which is suspected to be
necessary for the cﬁﬂﬂ?&{%sﬁ%m&%fi%ﬁ?ﬁ%fﬁﬁ%@ ﬁiﬂY"é PUAFEH 9L SRS é%&?’ﬂg?réomprised in said

cultivation medium; a compound which is or which is suspected to be necessary for the metabolism of

compositon e L er RN G BLAID Bt BRUSeriEC SRR e T R Blyenogenic

or toxic, and mixturelaithereferein each of said cultivation chambers has a polygonal shape seen

in cross-section.

20.  The microfluidic continuous flow device according to any of the preceding
claims, wherein each of said cultivation chambers has a rectangular shape or a
trapezoidal shape or a pentagonal shape or a hexagonal shape or an octagonal

shape or an oblong shape or an ellipsoidal shape.

21.  The microfluidic continuous flow device according to any of the preceding
claims, wherein each of said cultivation chambers comprises at least two inlets
which are each connected to an inlet channel, wherein each inlet channel
merges with said respective other inlet channel into a single merged inlet

channel to form a bifurcated inlet channel unit.

22.  The microfluidic continuous flow device according to claim 21, wherein each
of said cultivation chambers comprises multiple inlets which are each
connected to an inlet channel, wherein each two of said multiple inlet channels
form said bifurcated inlet channel unit and wherein each single merged inlet
channel of said bifurcated inlet channel unit merges with a neighboring single
merged inlet channel to form a further bifurcated inlet channel unit until only

one single merged inlet channel unit remains.

23.  The microfluidic continuous flow device according to any of the preceding

claims, wherein each of said cultivation chambers comprises at least two



34. The method according to any of claim 29 to 33, wherein said microfluidic continuous flow device
comprises multiple cultivation chambers. 35. The method according to claim 29 or 34, wherein said
chambers comprise the same or different biological material. 36. The method according to any of claim
29 to 35, wherein at least one side or a defined section of one side of each of said circumferential

walls of said cultivagigneehmeRaris SRASEHREIET HRaslutlRt Sfarfdiit waBBIHSEAgh aumigrofluidic
flow device according to claim 1. 33 38. A kit according to claim 37, further comprising a biological

material selected AR GBS WHEI SR BiRettMiPBphartiel Shenarl BEaAIRRRIR BF S hryonic

stage, with the pro\dgadhéi e nom oh BwransaoanstugadndUmt Kit according to claim 37 or 38,
further comprising a cultivation medium suitable for cultivation of said biological material. 40. A kit

comprising: a microfluidic flow device accordiﬂg to claim 8. 41. A kit a claim 40, further

cording t
comprising & tultivatSr AR M AABYBH L HIRNHRACS FRSSR HRAdG iﬂ'mgt%r?ﬂ%eﬁ%'.nﬁ@ﬁpaccording
to claim 40 or 41 fugihericomptisimb A cPARRRIAIDMBFRAISTH UERRsatRtIBRVInGioh lerst saghoutlets.

connected to an outlet channel, wherein each two of said multiple outlet
channels form said bifurcated outlet channel unit and wherein each single
merged outlet channel of said bifurcated outlet channel unit merges with a
neighboring single merged outlet channel to form a further bifurcated outlet

channel unit until only one single merged outlet channel unit remains.

25.  The microfluidic continuous flow device according to any of claims 1 to 7 and
11 to 24, wherein said cultivation chambers comprise the same or different
biological material.

26.  The microfluidic continuous flow device according to any of the preceding
claims, wherein at least one side or a defined section of one side of each of
said circumferential walls of said cultivation chambers is transparent or

translucent.

27.  The microfluidic continuous flow device according to claim 26, wherein the
bottom or top are transparent or translucent.

28.  The microfluidic continuous flow device according to any of the preceding
claims, wherein one or both of the sides of the cultivation chamber which are
not connected to said inlet(s) or said outlet(s) is/are adapted to be opened and

closed.

29. A method of culturing biological material in a microfluidic continuous flow
device, comprising:
= providing said microfluidic continuous flow device comprising:
= at least two cultivation chambers being dimensioned to retain a biological

material in each of said cultivation chambers;



43. Use of a device according to any of claim 1 to 28 or a method according to any of claim 29 to 36
for a biological assay. 44. The use of claim 43, Whgiein the biological assay is selected from the group
of a high throughput screening assay in drug studi€s, an assay for wastewater and/or drinking water
analysis, an assay testing the biological effect of at least one chemical substance, wherein said

chemical substanca is\ghigeied ésem the wWAHP soNRissinawba piEaRGeUiteahiRmPaRton, a
compound which is or which is suspected to be necessary for the cultivation of said biological material

and which is initially n&tCYmeRtaallg WhRTE s SEGHIRTeerirh el ARAR IR 8PdvAfich is

suspected to be necesgaiytf@hibe anetobabign: efiFaiehpiniagiepdbmate italcantamiianl igamtily not
comprised in said cultivation medium; a compound or composition which is or which js suspected to be

teratogenic, cancerogefle, TN CANRRL SR AR RO A dasatAL d ipraba cultivation

medium through said cultivation chamber;
= aconcentration gradient generator having at least two outlets;
= wherein each outlet of said concentration gradient generator is fluidly
connected to a different inlet of one of said at least two cultivation
chambers; and
= abiological material retained in each of said cultivation chambers;
® introducing a cultivation medium and a chemical substance into said concentration
gradient generator whereby at said at least two outlets of said concentration
gradient generator a mixture of said cultivation medium and said chemical
substance is obtained, wherein each mixture comprises said chemical substance in
a different concentration;
= Jetting each of said mixtures flow through a different of said cultivation chambers
which retain said biological material.

30. A method of culturing biological material in a microfluidic continuous flow
device, comprising:
= providing said microfluidic continuous flow device comprising:
= a cultivation chamber being dimensioned to retain biological material in said
cultivation chamber;
= wherein said cultivation chamber has a circumferential wall, wherein said
circumferential wall has an inlet and an outlet which are located at
different heights of said circumferential wall of said cultivation chamber
so as to allow a diagonal flow of a cultivation medium through said
cultivation chamber;
= a biological material which is retained in said cultivation chamber,
= wherein said biological material is selected from the group of a tumor
spheroid and an organism in an embryonic stage, with the proviso that
embryos of humans are excluded;
= |etting a mixture of a cultivation medium and a chemical substance flow through

said cultivation chamber which retains said biological material.



31.

32.

33.

34.

35.

36.

37.

32

The method according to claim 30, wherein said organism in an embryonic
stage is selected from the group consisting of an amphibian egg, fish egg,

insect egg and a mammalian egg.

The method according to claim 31, wherein said fish is selected from the
group consisting of a zebrafish (Danio rerio), a medaka (Oryzias latipes), a
giant danio (Devario aequipinnatus), and a fish from the family
Tetraodontidae.

The method according to any of claim 29 to 32, wherein said chemical
substance is selected from the group consisting of a pharmaceutical
composition, a compound which is or which is suspected to be necessary for
the cultivation of said biological material and which is initially not comprised
in said cultivation medium; a compound which is or which is suspected to be
necessary for the metabolism of said biological material and which is initially
not comprised in said cultivation medium; a compound or composition which
is or which is suspected to be teratogenic, cancerogenic, mutagenic,

psychogenic or toxic, and mixtures thereof.

The method according to any of claim 29 to 33, wherein said microfluidic

continuous flow device comprises multiple cultivation chambers.

The method according to claim 29 or 34, wherein said chambers comprise the
same or different biological material.

The method according to any of claim 29 to 35, wherein at least one side or a
defined section of one side of each of said circumferential walls of said

cultivation chambers is transparent or translucent.

A kit comprising:

= amicrofluidic flow device according to claim 1.



38.

39.

40.

41.

42.

43.

44,

33

A kit according to claim 37, further comprising a biological material selected
from the group consisting of a tumor spheroid and an organism in an

embryonic stage, with the proviso that embryos of humans are excluded.

A kit according to claim 37 or 38, further comprising a cultivation medium

suitable for cultivation of said biological material.

A kit comprising:

= amicrofluidic flow device according to claim 8.

A kit according to claim 40, further comprising a cultivation medium suitable
for cultivation of said biological material.

A Kit according to claim 40 or 41 further comprising a concentration gradient

generator having at least two outlets.

Use of a device according to any of claim 1 to 28 or a method according to

any of claim 29 to 36 for a biological assay.

The use of claim 43, wherein the biological assay is selected from the group of
a high throughput screening assay in drug studies, an assay for wastewater
and/or drinking water analysis, an assay testing the biological effect of at least
one chemical substance, wherein said chemical substance is selected from the
group consisting of a pharmaceutical composition, a compound which is or
which is suspected to be necessary for the cultivation of said biological
material and which is initially not comprised in said cultivation medium; a
compound which is or which is suspected to be necessary for the metabolism
of said biological material and which is initially not comprised in said
cultivation medium; a compound or composition which is or which is
suspected to be teratogenic, cancerogenic, mutagenic, psychogenic, toxic; and

mixtures thereof.
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