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identified as critical in regulating endothelial cell migration and tube formation, such as
chemotactic or chemokinetic effects of single or multiple growth factors', interstitial fluid
flow™ and matrix stiffness™. Despite the detailed understanding of individual components,
how these factors are integrated to produce a specific cellular response has yet to be elucidated,

20  creating the need for a versatile in vitro system in which these environmental factors can be
studied in a controlled fashion. Achieving this will facilitate investigations that lead to a better
understanding of how biochemical and mechanical factors act together in physiological and
patho-physiological processes and ultimately contribute to improved tissue engineering and
therapeutic strategies.

25 Understanding cell migration in capillary morphogenesis is therapeutically important
because of its relation to human diseases and developmental phenomena®. Typical cell
migration assays are unable to integrate complex environmental factors, particularly those that
facilitate the formation of new tube-like structures from pre-formed capillaries or a cell
monolayer within a three dimensional environment. One of the current capillary

30  morphogenesis assays produces planar tubular networks on ECM-like substrates’”. Capillary-
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i ncl ude sandwi chi ng one cell nonol ayer between two | ayers of scaffold

mat eri al Woan@/i2zeztaci ng capillary invasion by introduci RgTAlSeEMOO39434
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resul t i nghegtactic effects are difficult to differentiate. In the context of cell migration, chemotaxis
represents cells migrating towards the chemoattractant, while chemokinesis represents an
20  increased motility in the presence of a particular biochemical factor. Due to technical
difficulties in maintaining a controlled gradient, the two effects are not easily distinguished.
Challenges to the existing techniques are: (i) to have precise control of the mechanical and
biochemical factors in a physiologically-relevant condition, (ii) to have excellent optical
resolution in real time, and (ii1) to minimize sample variability and enhance sensitivity for
25  quantification.

Microfabrication and microfluidic technology has the potential to overcome these
challenges in studying cell migration by allowing for precise control of multiple environmental
factors. However, current efforts in this area have continued to investigate isolated factors.
For example, microfabricated patterns have enabled the demonstration of preferential

19,20

30  migration in the direction of increased stiffness’ . Microfluidic technology has also enabled



mgrations2 1. SUMVARY Provi ded are devices and nethods for the formation
and study of three-dinensional biological responses, including prokaryotic
and eukarwot2o@/ieed2h mi gration, proliferation, and differemusatosy43as wel |
as for the developnment of in vitro systens capable of replicating critical
bi ol ogi cal functions. Further objectives and advantages of the present
invention wll becone apparent fromthe detail ed description and cl ai ns.

BRI EF DESCRI PTION OF THE DRAWNGS FIGURE 1 is a schematic illustration of a
m crof |l ui dic device having two fluid-flow paths. FIGJURE 2 is a phot ograph
of a m cthefprasiwiconttelafdeodhamiqatgtadenfs| and duahtdwapart bthe @edultmgaklli nt er est are
i ntroduced (or 5seeded") in either or both of the two flow paths, or
suspende®§ A e- gel scaffold. FIGURE 3 is a photograph of a microfluidic
devi ce hguMmMaiRyee fluid-flow paths. One or nore cell types of interest
are introduced (or "seeded") in any conbination of one or nore of the three
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chenotactically to the exterior flow paths. FIGURE 5 is a schematic
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or unpressuriz air ves cont ul ow I n one nore o
t he fl owhpaletaied EHsctiRiobandsclainsar gr aph showi ng the use of a mcrofluidic

device having three fl uidflow paths in chenot axi s assay for bacteria.
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of interest are introduced (or “seeded”) in either or both of the two flow paths, or suspended in
15  the gel scaffold.

FIGURE 3 is a photograph of a microfluidic device having three fluid-flow paths. One
or more cell types of interest are introduced (or “seeded”) in any combination of one or more
of the three flow paths, or suspended in the gel scaffold.

FIGURE 4A is a schematic illustration of a microfluidic device having three fluid-flow

20  paths. FIGURE 4B is a photograph of a microfluidic device having three fluid-flow paths.
Eukaryotic cells were introduced into the interior flow path and migrated chemotactically to
the exterior flow paths.

FIGURE 5 is a schematic illustration of a microfluidic device having three fluid-flow
paths and two transverse paths, and optionally providing inlets (such as for pressurized or

25  unpressurized air) and valves to control fluid flow in one or more of the flow paths.

FIGURE 6 is a bar graph showing the use of a microfluidic device having three fluid-
flow paths in a chemotaxis assay for bacteria. Bacteria were introduced (or “seeded”) into the
interior flow path, and the chemotactic migration of bacteria towards a stimulus (or
“condition”) placed in one exterior flow path was measured relative to bacterial migration

30  towards a control placed in the other exterior flow path.



assay. FIGURES 7B and 7C are depictions of how tube formation is cal cul ated
and differentiated fromsinple cell mgration. FIGURE 8 is a schematic

i |l ustratworoofi2tize use of a mcrofl uidic devi ce havi ngPCiseoiosd4d4 f | ow
paths in a cell co-culture assay. UB7MG cells are introduced into the
interior flow path, human epidermal growh factor ("hEGF") is introduced
into one exterior flow path, and primary cortical neurons are introduced
into the other exterior flow path. FIGURE 9A is a schematic illustration of
the use of a mcrofluidic device having two fluid-flow paths in a cell
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schematic illustration of a time-course of a MVEC-hepatocyte co-culture experiment.
Different combinations of cell types are introduced into the device in various embodiments of
20  the invention.

FIGURE 10 is a photograph of an embodiment of the invention in which microfluidic
devices are placed in adjacent wells of a multi-well tissue culture plate; further modifications
are provided to enable high-throughput uses of the device.

FIGURE 11A is a line graph demonstrating the formation of a gradient across the

25  scaffold. FIGURE 11B is a schematic illustration showing cell location in a portion of the
microfluidic device. Cells introduced into a fluid-flow path may adhere to the surface of the
scaffold or may invade the scaffold material. Alternatively, cells may adhere to the optically
transparent material (here a glass coverslip) that is in contact with the fluid-flow path.

FIGURE 11C is a schematic illustration demonstrating one embodiment of the invention in



FIGQURE 12A is a schematic cross-sectional illustration of a portion of a
m crofl uidic device denonstrating how tenperature and humdity are

control | esoi2zno%rres2devi ce. FI GURE 12B i s a phot ogr aph of paTniSeeooiobus4i c

devi ce and associ ated system for naintaining physiological conditions in a
m crofluidic device environnment. FIGJURE 13 is a photograph of a

m crofl ui dic device and associ ated system shown assenbled in FI GURE 12B.
FIGURE 14A is a schematic illustration of a portion of a mcrofluidic

devi ce denonstrating a staggered mcro-pillar array into which the scaffold
i s for medhickIfBURE fibdBniedia acssolaypdre entreefoc ebiant tt ideﬂcsﬂxyvdapij;latyh@tibomnhyi on
of a scaff?ld an assenbl}(/I of the mcr fL@g}g%M: de |ce FIGURE 14C is a
phot ogr afWIGFI PRSI (PR RUTR ¥ ArTd @ LPUF'system FIGURE 14D is a

phot ogr aph of FRGORE 120is0f scBemthisd &Bme@h&na@ AMUiseetidd duspdrabh HPa migeRhitRl d
containing collagen that is stained with Coomassi e Bl ue. Fluid-flow paths

are shomﬂ\eVaQe ddﬁ@%@@il@dw“b@ﬂm@mt@‘ﬁ anéhbuphbiyoge eptitollrd GURE desics SFEGYRE es of
phot ﬁ? of mtcrofhl mlcro \/llceG[se ] n%u?da bag rsestco uI tur a(ijmgndot hel i al
cel | s Wi Wﬂzl_%l}? VAP lH%ﬁochr ginoma e &y e %I i obl ast oma
cells or @mgicmsﬁdlaomhla&m(cﬁimlc dalaﬁﬁ&ohﬁﬁni_ are a tl me-| apse series
of phot ographs of endothelial cells that have forned tubules in the

scaf f ol d of aFIﬁ?EB@f 1Lis@irhotpeanbeof amnicifiglis davige aideasgodiatpdsysigsa shayet i es of
phot ogr aph gﬁlﬁﬁt'lﬁb cells that have forned tubules in the scaffold
of am cro evice. FIGURES 18A-C are a series of photographs of
endot hel i al cEI(EURtEthA avehématieid ustebivhed aiportidneofacaictafluddiofdeaice

mcroflw dic device. FIQJRE.19A.js a sche tlc cro ectio aI il lustration
of althor §RMNSHRIRE HPtagasredmifre: p&l@e;?%y HEO) gthtg? mffmi]p d(y dfPee)
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15  at the top and bottom of the photograph

FIGURE 15 is a series of photographs of microfluidic devices into which are co-
cultured endothelial cells with MTLn3 rat mammary adenocarcinoma cells, U87MG human
glioblastoma cells or smooth muscle cells (SMCs).

FIGURES 16A-L are a time-lapse series of photographs of endothelial cells that have

20  formed tubules in the scaffold of a microfluidic device.

FIGURES 17A-K are a time-lapse series of photographs of endothelial cells that have
formed tubules in the scaffold of a microfluidic device.

FIGURES 18A-C are a series of photographs of endothelial cells that have formed
tubules in the scaffold of a microfluidic device.

25 FIGURE 19A is a schematic cross-sectional illustration of a portion of a microfluidic
device demonstrating multiple (e.g., three) fluid-flow paths and scaffolds. FIGURE 19B is a
photograph of a scaffold of a microfluidic device. FIGURES 19C-D are line graphs showing
solute diffusion through scaffolds over time.

FIGURES 20A-C are a series of photographs showing a portion of a microfluidic
30  device demonstrating multiple fluid-flow paths and scaffolds. FIGURES 20D-G are a series



FI GURES 21A-D are a series of photographs showi ng endothelial cells

m grating through a 0.2% col | agen scaffold to differentiate into

| unen- beaworrgosyubizhes. Fl GURE 22A depi cts a denonstrat i eaTafS2@oast4ent
across gel "cage." Fluorescent dextran (40 kDa) was used to denonstrate the
capability of generation gradients in the nFD. Shown are the tine-course of
fluorescent intensity and concentration of dextran (used to sinulate
nonreactive solute within that size range) across the gel "cage." The plot
shows representative experinental curves plotted for over 40 hours. FlIGURE
22B depi cftisnegpragsahawving dfecedickll cugtatior thassdyssaffoldppvdE@nspmaonsponse @ssay .
Cells are cy ltu ed 3- dinensional gel with physiol ogical relevant
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fixed | om@tasanstwequ)bﬂmgﬁhl aflﬁgas(.p’nottesldbr dvdridfdsuar FIGURE @2Bclpicpraedi cti ons
and shapenarkers (eillr Ies (op sol i d- near_si nk channel ) and

squattes $GFmatieahs tawswée?tpg] Ep@yﬁn%iéﬁ%t cllscge cribeRe an ar3ésul ts for
the evol ghiagoRdl g’ép&zﬁﬁlph ﬁglo Tc&Sre &t oi rﬁ%'re 'daie) Qﬁ%ngfﬁm%hmfl 9§sa§le@€1rl§‘t' ng

interstitial flow throug ee-di nen catfold 1n DFD, values in
i ndi cat earesiispeadledonebsgrl @ndi alfeflemahy sfajarat@d fEREaIB o‘dhepl (dnbttommlémgratlne nt aI

rotocol for crofl idic a evel FlI GURE 23a a.

P ooor ocrpiueC B PHE gl Sl R Y o AR O b e Tap %Wthm GURE
23b depi gt§1 Mafckihl r&%bm?CFiGOﬂlﬂE tah gL vaRol&i1BERAEW o qq Fyeen
t he channel s. FI GURE epicts nedia (left, right, and center ) filling
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ce o PR 2R 98 FOSIT o AALC HLOP EPSH R R AP
medi um aiboshgpreslircfgasdiaitcrob Qefﬂc@gﬁ d&f@emiaaﬁeﬁhlgm oﬁﬂlhulldﬁbﬁvcﬁ@l’ (3 to
avoi d evaporation of nediumfromthe channels. Medium can be replaced with
capil | ar 1¢rgflpidic platform. Schematic of platform used for generating physiological levels of shear
stress in micro channels. FIGURE 22D depicts plots representing values of normalized
20  intensity at fixed locations in the gel region, solid lines are theoretical predictions and shape-
markers (circles (open-middle, solid-near sink channel) and squares for exemplary devices.
FIGURE 22E depicts experimental results for the evolution of normalized pressure differential
(dP/dPmax) for generating interstitial flow through three-dimensional scaffold in DFD, values
in Pa indicate initial pressure differential.
25 FIGURE 23 depicts an experimental protocol for the microfluidic assay development.
FIGURE 23a shows a prepared PDMS device made by soft lithography and surface treatment.
FIGURE 23b depicts a filled gel scaffold (shaded) in the scaffold channel between the
channels. FIGURE 23c¢ depicts media (left, right, and center) filling both channels. FIGURE
23d depicts cell seeding (spheres) in the central cell channel. FIGURE 23e depicts chemical

30  factors (right) applied in the condition channel. FIGURE 23f depicts microfluidic device after



generated by sinply aspirating the existing droplets and addi ng new ones.

FI GURE 23g depicts a schematic for mcrofluidic cell mgration assay

enabl i ng wpree12622apari son of cell mgration behavi or beCmaseowa4sondi tion
and control sides. FIGURE 24 depicts (a) G aph of normalized relative
perinmeter of mgrated cells in the 0.2% (2.0 ng/nL) coll agen gel scaffold
polynerized at pH 7.4. 'No VEGF serves as the negative control w thout
VEG- gradient. 'VEGF at day n' nmeans that VEGF was first applied n days
after cell seeding and continued to the end of the experinent (b) G aph of
nor mal i zBingelf ateidwen andecheoficalifgntars e Dro@ets srd placddeoncdl inkgportgelaverlaf f ol d (c
and d) Graphs .of nornalized relative perineter and area of mgrated cells
" the corpagenn gbmeduat fomdhe elpn S MR PEuRbedita M el B oA 8
(8 scaf f ghidpatedoyam irh@fg BaekiseRNdiohlc® andEHdHRE RM Shek EPIGERHK 234 andar d
devi ati o%é. FI GUF%E g?ﬁﬁ?ﬁi ct sg m gr at?%n gf HWEC cgl I's in response féo

si gnal s depaets asehemagie for migpebiidicRTlilmigmifemassay arbiing ylirpei compaiismtdfsallwi t h a
VEGF é;rarqlii %nttidntg:haglglg qf erne{haetci V&iti”r?%r%'cén%reo(ij area of HWEC cultured in the
cel | chantefl, vvlc[hﬁ |P? Feht ocal Pypes 't Re“tondi ti on channel (UB7TMG

cells, MILn3 EBGURBAR4 fepiits {2 Gaph seedinafzaiemBitivy paiveletd Bt rhigRate@bdlB)in Nl y
control nedia without cells (control nedia), and control nmedia wth 20

ng/ nL VEGRY( Qetamg/mlp) sadlagen gel veadold polymichizebat b7 dm MAYB@IC N3 cel | s seeded
at high i t I whi i I and
G ce e ety bR V0P et Vo 17 Bkt i Pe R

t ended t firsnygpi@ti@ dags bfie cebntedinhg &iddentifaaitopiad a1td ofelx egenhenan(bi Gesdge
with n A8 scaf f ol ds; devi ces), for each conditjon. Error._bar

r epr]é)sen?org’gaﬁﬁ?fg‘i"h“éféﬂe&ﬂ?&ﬁg@ﬁ iige gelect 8k Selolc rd muPE s e ¢ ur e
pl at f or m§ar b herckaise &551%%@51&@%9&&ﬁﬁ%&b&[&hﬁ‘ﬁ&é&ﬁg&?@éfswﬁlés E

Ah
Schemati ¢ di agram and di nensi on of the mcrofluidic device made of PDMS

Two par apdied repiesends druindiragechiinmel & (Sasce b ols e debetsivene icach ¢rindrtopa thresr heid PDVS
device and a cover S| |(§ tGeI scaffold {e.g., type I collagen) is |ocated
bet ween TRESHSFSAIGid @@ annel s with a mechani cal support of PDVS posts.

B) Pictures OFIGURETiswéﬁ%ryhﬁ%rﬁti&?élﬁ BENaEE CaIsa respafde t8 ks fidnebthtr &nd
0

flow (right) conditions. ets of culturenediumare placed on each

out | Bt ofypes (/MG MiTdind, EhakRein dosbinationivitlcaVEGTegrafeste ihongs ofiictative
comnect b hEL LSS DORDEA By ko ULV LAm S SR RT AR
condition channel (US7MG cells, MTLn3 cells with different seeding density and 10T 1/2
cells), only control media without cells (control media), and control media with 20 ng/mL
VEGF (VEGF, 20 ng/mL). VEGF containing medium and MTLn3 cells seeded at high density
20  attracted HMVEC strongly, while low density MTLn3 cells and US7MG cells did not. With
10T 1/2 cells in the condition channel, HMVEC tended to migrate to the control side. Each
point represents an average with n % 8 (8 scaffolds; 4 devices) for each condition. Error bars
represent standard deviation.
FIGURE 26 depicts the microfluidic coculture platform for the vascularization of
25  tissue-engineered constructs. A) Schematic diagram and dimension of the microfluidic device
made of PDMS. Two parallel microfluidic channels are formed between a micropatterned
PDMS device and a coverslip. Gel scaffold (e.g., type I collagen) is located between the

microfluidic channels with a mechanical support of PDMS posts. B) Pictures of the

microfluidic device cultured under static (left) and flow (right) conditions. Droplets of culture



pressure difference between two m crofluidic channels. The perneability of
col l agen gel with hepatocytes was determ ned by neasuring di spl acenent of

t he medi uwol2ewel2632a reservoirs and vel ocity was cal cul area/usa@en3ass t he gel
perneability and anal ytical solutions. The velocity decreases over tine but
is restored by changing the culture nedium FIGURE 28 depicts the effect of
interstitial flow direction on the formation of 3D tissue-like structures
by hepatocytes. A) Correspondi ng phase-contrast inages of hepatocytes
cultured in forward flow (arrows, day 0) foll owed by reverse flow (arrows,
>day 1) .mdidiuen arhatachdpatabydudst gfradicadflydiorchamiel &ut stant culddet Resareoits dce
structures. B{) Cor r espandi B?Iggtlfa%egontr st i mages of hepatocytes cultured
in rever SENEFEH0 BIaTPIluIdic %8 SBPERdYSn t he microfluidic channel on day

2 (arrowheadsFIGBREZ)7 dépict§ BltdrStitiil Aodt RebsQthd 18 stiffl Phéndt At Lo hannalH,coel |
structures becane thin. FI GQURE 29 depicts C) antification of hepatocyte
mor phogepiesivge dififettaye Betwaee avomitefat scynercls pFleairmgatohityto eohagsnge] withi ¢
channel yas, JIEASULEdo AR NRLTRLL A8 LK SR ARET R i BS L elQh kiotofes and
chanrel . "B Dard “S gEIW(? LY q@ﬁ) PAGMOE Vs Forwar d thenrever $&¢ D)
Actin filasaEntwaselcilatdbdsedon srdsel psinakilihagemaleicel odktidns bYhaveedifyocal
| aser-scanni ng m croscope at the z-plane of bottom (near coverslip), 10 nm
and 40 n¥§cE3aserAvicHHEC bAF sdgriend dyichenging Besyljercapedigpat ocyt e ti ssue-1i ke
structures. Rf]fi t.hi . . i r f by
reverse fl othPL(gﬁ t ogsr%éﬁléntp]?h%\l%gegi&ﬁlﬁ%%/\slﬁg?i%dev? d{{?@éﬁé@&é gj\g%llag{ngg
angi ogengsus-likodelctarce by dcpatorytdse AyiCoraspandihigephakatdmran imhpeColi epstooytds ng
phase- contrast. i mages .of hMVECs, cul tured ynder static conditions. Cells
benetl at S 9 TPRETE SPPHGEA™ galey it Mot W (ERKUrdRy $hridgiedhat
(ar r owhegdsiocday gﬂa)duaﬂ%p&%ﬁz%fnw@@isa&qiﬁe%m@@résam)ld&fexpéﬂdﬁfg guct ur es
(arrowheads, days 2 and . B) Correspondi ng phase-contrast and fl uorescent
i mages. ¢Egsmagesofficpatdcydes daturdsl iamevessedilovedCeldy startdd tn spichdpetites and

g Lz

nucl ei . Cross-.gection.i es showed .t hat ECs, forned. capillary-|like
ot uct ur QTR DGR Of A5 GOV B oh et FsclierSed 6 Meaniilin (ur) .
C) Corregpandi £d1 PhRELCRREHAREnI mages of rWECs cul tured under static
conditions. Cells mgrated into the gel scaffold as a sheet-like structure

(ar r Bwheads) . FEyUBH 2%dgniisi On Q uphiziecation of hepatagiitd membegonesinon dandedrea gVECs

o 2 . . A | ’ nges.
shoved + TP B Yort AR o SR RER e b b BRI o R PR i bR 0P
depi cts ihepat@elyidc cMEE. Errdtibhtsr-esaM(z=he, Mpr o Fd aiodive. Pivadrll eicmrerse.

D) Actin filaments were stained, and z-stack images were taken by a confocal laser-scanning
microscope at the z-plane of bottom (near coverslip), 10 pm, and 40 pum elevations.

20  Arrowheads indicate edge of hepatocyte tissue-like structures. Cells formed thicker structures
in forward flow followed by reverse flow than those in reverse flow alone.

FIGURE 30 depicts 3D angiogenesis model created in the microfluidic platform. A)
Corresponding phase-contrast images of hMVECs cultured under static conditions. Cells
penetrated into the collagen gel scaffold and formed vascular sprouts (arrowheads, day 1).

25  Spouts extended and formed capillary-like structures (arrowheads, days 2 and 3). B)
Corresponding phase-contrast and fluorescent images. h(MVECs were fixed on day 5 and
stained for actin filaments and nuclei. Cross-section images showed that hMVECSs formed
capillary-like structures with lumens (i, ii), whereas the tip cells formed no lumen (iii). C)
Corresponding phase-contrast images of rMVECs cultured under static conditions. Cells

30  migrated into the gel scaffold as a sheet-like structure (arrowheads). D) Corresponding phase-



Experimental protocol for coculture. B) Correspondi ng phase-contrast

i mges. Hepatocytes were seeded on the sidewall of a collagen gel scaffold,
and i nt erwOi200%l262how was applied (arrows, day 0). Fl owPdirsea0osn4das
reversed on day 1 (arrows, day 1). Interstitial flow was stopped and r WECs
were added to the other side of the gel scaffold on day 2 (day 2-0).

Hepat ocytes forned 3D tissue-like structures (day 3-1). Sonme rMWECs started
to formvascul ar sprouts on day 4-2 (arrowheads, day 4-2). Vascul ar sprouts
extended across the gel scaffold and approached the hepatocyte tissue-like
st r uct ur estiastrandihieamisnt i1Sagrs. MPECe eyereSxal oday harak edne¢divarndcint Alments.

capillary-like structur Cs rro 5 and. 8-6). FlI GURE 32
Gopi ct o GRAETHREATRE Do Mot b BuBRLE St SRS ‘Dhe r el at 1 on

bet ween t he “FIGER'EZ?ﬂd@}ﬁ&@héﬁl@dc?ﬁeSm‘e\E@ RoERe il fﬁ%trﬁﬁrdﬂ'ﬁfdi@? Rfofn~A) of the
mgrating rMWECs on day n. In cocCulture, the data represent |arger P ~n and

smal | er rineptal uomftg@lé@r w@celontr &) C@ampwlélng@éww @ﬂnmastrlé@g% diapstociies

val u on _each, da esent.s atocytes a d day 1 of
s, B Raroisd e Syl S SRR B Suih Db PR AR R 1
N=3 for (’aMdE@, &yl G)uFe)w diPe@ionves rSMderdagsq@ﬂdwa AHaphas exteetitidl dby wagd

fl uorescent imag) s of hepatocyte tissue-like structures. Left panels:

net abol i $tepred app Bt werciadees BEhe athevvifealtey gﬂrﬁCh@@étO@éWe?s(d@h%%y 13-1 1
f | f\ h 8 of
cocurt ur e efSBlm ARSI AELIA b ) NERAC ARGERR Bl otf © ©
hepat ocytmeulM/ﬁﬁbu:tm onl Idayuné (aﬁyw%eais,ed@mat) a\éztsculangﬁomﬁ extvivsdsacrass deagel t ur e.
B t illary-|jke st ined with
Phoadhi BRGNP ivatisst the Femr e Lk TR SHOm D aS TSRS xed
on day 1@1501911@5&9@&%&%@@ fphmﬁké g@&&u&%fmmma&&m‘ﬂ%@ﬂsfah@@%)' nA.

C) Cross-sectional imge of capillarylike structures along the direction of
t he struct ur eFIGORE 3hdapiothMEDS f:mtmnem:f rMVE@mmphcgenms uprph ahavrothgh no
| umen was,found at the ti pendi cul ar. cr oss;se %I onal i mages

of capi | 1K OPPgen dby %“ga}rﬁa ’é}cr éF‘Ed BIPESHBNEFaPS” adt P ISHEE n

B. Scal erNagEE s on2My Wik &oult%{% 0B daba replekSadRtEgSdrdand shslldiaAf theh absapph ysi s
in a gel scaffold.”A) D stri bution of 40-kDa fluorescent dextran across the

gel bxaf ¢atigl puiturpeEpdharloftepicands i aelues am sacholay s "Dand-130cpresents day 3 of
B) Exper | ﬁ%’éfo%yteﬁﬁ&'h 71 bPdleRdY sibibhesH & d() —?8%%’{09 %%@agﬁﬁ‘cf'}r'éé‘-ﬁw% rical

sinmulatio enS| ty was normal i 0 conpare
exper i mesdoaltutees+l 3, V=81 fohrM ViRl @il tuey)s Pldtﬁfagﬁﬁawacfcﬁresﬁ@wﬁng aseroomteadst areid

concentr fallfloir(e)snc'ent images of hepatocyte tissue-like structures. Left panels: metabolite of FD
secreted into BC (arrowheads) in hepatocytes on day 13-11 of coculture. Right panels: EROD
20  activity of hepatocytes on day 10-8 of coculture.
FIGURE 33 depicts tube formation process of rMVECs in hepatocyte-rMVEC
coculture. A) Phase-contrast image of rIMVECS in coculture. B) A z-projection image of a
capillary-like structure stained with rhodamine-phalloidin. Cells were cultured under static
conditions and fixed on day 12-10 of coculture. Image field corresponds to dotted frame in A4.
25  O) Cross-sectional image of capillarylike structures along the direction of the structure. Note
that rIMVECs formed a luminal structure, although no lumen was found at the tip region. D)
Perpendicular cross-sectional images of capillary-like structures in B. Numbers correspond to
dotted lines in B. Scale bars = 50 um (B); 20 um (C).
FIGURE 34 depicts diffusion analysis in a gel scaffold. A) Distribution of 40-kDa

30  fluorescent dextran across the gel scaffold in the microfluidic platform at 0, 5, and 30 min. B)



DETAI LED DESCRI PTI ON Unl ess explicitly defined herein, all technical and
scientific terns have the sane neaning as comonly understood by one of
ordi nary WRIi2009/12652he arts to which this invention bel org3/USWL0894a4t erm i s
provided in the singular, the inventor also contenplates the plural of that
term One aspect of the present invention is directed to a device or
system particularly a nulti-path mcrofluidic device. "Mcrofluidic
device," as used herein, refers to a device, apparatus or system i ncl uding
at least one fluid-flow path having a dinmension (e.g., height, length or
dept h) oExpeemsentdl aesultdimstedslyrsidtd (lcr&)ta&lldszofrmpondﬁgnmmhlcgd sithelafibmu(rezht). ow pat h
vm'II have a width of l ess than 1 "Fluid-flow path," " at h"

") ow paictsii NS sl EET 9 MR Fu iR ochar Berng bl ey Bisk SieBhs,
pat hway Hﬁag@%ﬁels%whh@ﬂﬁf?ﬁlahm%abeﬂm'usﬂ a fluid, including a liquid or a
gas, nmay pass. ‘fluid fl ow passageway” i ncl udes a portion of a fluidflow

path. | nDEﬁémmPﬂw m crof | uidic deV| ce incl udes a substrate,
wher e. di spose n. or t strat t l.east i | ow. pat hs.
?e f}nf)ess ecﬁphaltl ({a.éﬁm Fer in, l?tetcfml a4 anfj gl ntlftl errns Haveﬁca? AP

The vice al SO terialy I'S” coupl ed
to the smb&hﬁ@a@corﬁrhsnlglema@tow by I’(bﬁé of @ﬁh@@ﬁﬁ(lﬂ um@fah@ kélwhhvatthie aidteatiés (for
exanple, by filling the space between) the substrate and the optically

t r anspar eHengFatERqrap fergeindraifed inithmiigward Biciipetoradionentsmplaies Beviwe ofThi s
scaf f ol dygengral Iy has mininal orthogonal height, |ength and depth

di rensi ons of at |east about 1 mm As used herein, the phrase "in three

di mensi onal sanespectedfeheSprte@enlnaWen@oﬁ Beliguad itd y deficheai sygtemhpatiediartpasi onal ,

as these dj i ans _ex|. i.n three-di SI onal |dean eonetry. However,
non- Blicl 4 5Hat§aaef@§lu <a o eylamélug{m e\il%?%ﬁdé@ag ?ﬁ‘fet%e rﬁ&%fimﬁe

Opti onal Jyabdhes (Q% bt@l% 1H@lﬁd1§1g fat RAG i&ng kl‘didjﬁd)\g\éﬂa@iq{agm%rh dllﬂleﬁ&oﬁg é heeifheui d

path, and an outl fromth urd path substrate 1's generally a solid
mat er i al lengtheh dapth]boﬂ‘ lysﬂhaneﬂ(hylt 5 snlhme&me (roPDVSenerhldy thedlusy-flavswith will have

| it hograph r i.n_whi, ,d“ I at hs,are channel

subst s o BVYREPESS fisnit o Fllid Bucnh 55 PaBlor "0 Bn" BAS Cuepdris,

these fl{digh fch@r\lﬁell)&ﬁtkks rédiéh, %pkib%’fo@?ﬁﬂhwa&br pédtish klf&re@tﬁ&@gglﬂbvhicﬁ%sﬂm@a” of
their |engt Each fluid-flow path may containa fluid rnlet and a fluid

out | Bt . mlclmdlgu alietd ong gash vlagasse Hanfelddlopy passigswarpmebdepe partion gt d fidkh as
cel | culhgr dia to be conducted fromoutside the device into the
fluid-flow E)a Fluid outlets are also holes, channels or other neans for

a fluid such Bsoreamthodirnagcdhe mivvadtlicédvice includes a substrate, where disposed on or
in the substrate are at least two fluid-flow paths. The device also includes an optically
transparent material that is coupled to the substrate. The device further includes a scaffold that

20  contacts (for example, by filling the space between) the substrate and the optically transparent
material, generally within a defined region of the device. This scaffold generally has minimal
orthogonal height, length and depth dimensions of at least about 1 um. As used herein, the
phrase “in three dimensional space” refers to having the quality of being three-dimensional, as
these dimensions exist in three-dimensional Euclidean geometry. However, non-Euclidean

25  spaces and shapes are also included in the invention. Optionally the device has for each fluid-
flow path an inlet to the fluid path, and an outlet from the fluid path.

The substrate is generally a solid material, such as poly-dimethyl siloxane (PDMS),
formed by a soft lithography process, in which the fluid-flow paths are channels in the
substrate. Where two fluid-flow paths are present in the same substrate, these fluid-flow paths

30  are substantially parallel along at least part of their lengths. Each fluid-flow path may contain
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culture nedia to be conducted away fromthe device. One of skill in the art
w Il recognize that other materials used in mcrofabrication or

m cr of | uiwocsoYizedzds are useful in producing the substr &Ce/uskoowioso434

i nvention. For exanple, a substrate may be forned fromor contain silicon
gl ass, quartz, or plastic (e.g. , any synthetic or sem -synthetic polyner
havi ng the necessary structural attributes to function as a substrate).
Useful plastics are known to those skilled in the art. The fluid-flow paths
can be varied in any dinension (e.g., length, width or depth) so as to
produce afldelsinlceand 4 Guidroasliecss tEnicenlesare bolastphanetshe oflcomenas for tifhuadigivha

g adi ot S GuL e B Ssriauflen HPm e be gEigp o ARt ol i hidray
functi ono@ftPark @Rb %bfé@,%aﬁlgbliﬁ&eétherrfﬁ@dﬁ's m& 4 fhall sbdifasidorifohéP¥Yr Wakdcdlas

increased resistance to a fluid flow, either continuous or discontinuous
(pul sat i twddur¢ megiatte pe corRusicd aaay drosh el isc e 0o piiHiimthefast widkgeqaneze that
Lor L uouS, GUF 8y B | OUNRTIEANELELS, SORTR AL HGE SASERRN H ob§She v 1Y
In certaln enbodi rents, The i nventt on provi des a i cr of1'Gi af QO Vs c'é

cont ai ni aks@atpoeFRUARNtIBIUFaL @famphs alsBdrafemey Be fmRE ERSUS e kifiteN,

i ncl udes any nechani cal, chem cal or other systemthat allows for the

regul at | BiAsSofluasire obPlatisr(e oAy ActtBeticsqrisei-synthctio RARTAe tavingdhy aeegssary
pressur egar. ¥ a%ﬁ)htesgel) fl{n‘éﬁ&%sea %d% 18} AscFbidshEd Ad %ngf&g itcgfhtogégélvﬁ%é@h‘gﬁé The

that create pressure erenti al between t or nore
scaf f ol dartont ai ned within the device separates the fluid-flow paths and

provjdes a nultifunctional support.ypon which cells can m grate,
prol {Ferate, Bhe éPlﬂffL}%ﬁi‘ 64 bed‘é%’éadl‘? Ay dPSRSIBR{sE 0 eB%ﬁhcﬁ’I“{tE‘BFn diRthigiess

provi dedyl fodiie adRYFGP0W 'I’{%lfs%dé@.t F6r S@hdpe, FM&W‘ ki@ tﬂ?@&éh?a[ hé‘w?%& dai%luded,

as are eukaryotic cells. re than one cell type may be I ntroduced into the

scaf f ol dregelatdders adomaipnrod thd lyydoosta mrsessuitei gradignt aGesearainlat and ke osttetf Ooled
contains a solid,ar sem -sol d biol ogical or ,bioconpat.i bl.e terial (or

bi omat or PSS SRR hPRe Fiseaiare BB B bl s Ry AT fe et
pol ymer hax is@th@e8istaMal 6ha MM sl SdithbieotiTBORMRIdigchtthudad (Hul @13 Rfindigre.
polynerized in situ to formthe scaffold. Scaffolds containing collagen or

ot het5 poRgsiance chprhebpniperitaiy, ot bramplorfpéwatcyrvealor olyct gronitfid (psms thad f
biologic&kﬁgagh&i?aﬁ%gﬂmelI as directedmgration of bacteria and ani nmal
cells. For exaone, |0ngical entities are cells or sub-cellular

conponent s, shcdertath @ipiiferdtach®hsentint @Evidesa migofipidesdevidicob@ihigsa or
enzynmes. Growth factors or other biological entities may be distributed
uni f or m Rregyurg weplgipry dsjused ]@qrg}ai dpKessUre raggkator includes any mechanical, chemical or

other system that allows for the regulation of one or more characteristics of a flowing fluid
20  (e.g., pressure or volume). A pressure regulator can include one or more valves that create
pressure differential between two or more fluid-flow paths.

The scaffold contained within the device separates the fluid-flow paths and provides a
multifunctional support upon which cells can migrate, proliferate, or differentiate, depending
upon physiological conditions provided in the device. Prokaryotic cells including bacteria are

25  included, as are eukaryotic cells. More than one cell type may be introduced into the scaffold,
either concurrently or consecutively. Generally, the scaffold contains a solid or semi-solid
biological or biocompatible material (or biomaterial), often which is in the form of a polymer.
An advantageous polymer is collagen, which may exist in a monomer-rich solution and be
polymerized in situ to form the scaffold. Scaffolds containing collagen or other polymers, and

30  optionally other components, allow the diffusion of biological entities as well as directed
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scaffold, or may be tethered to the scaffold. Scaffolds allow the diffusion
of drugs and other small nolecules that may interact with cells contained
wi t hi n t wof2bavided2bow pat hs. The devi ces descri bed her eiPoTaS2000984434 f or

cal cul ating diffusion coefficients of test conmpounds, in addition to
measuring cell nonol ayer or scaffold perneability of drugs and ot her
conpounds. In certain enbodinents, the scaffold may be used to assess the
interaction of the scaffold material with a variety of cells. Various
scaffold materials nmay be used. The binding affinity of various biol ogical
ent it i esmigra@onvalrhaeteyia @hd swiafal odllh. et exdnapls, melpgivel dnéisitede cblits gromb-cellular

enbodi nents, the scaffold nt ai ns trigel (t D Bi osci ences, San, Jose,
Cry -1 RS B RN E T S B A T oS Hg OB
phot ocur alldes R NERiSlogitiChtiass fhTBE BRETD0RL BhifoR8R, §rah 86ftollc@lgralients in the
Biomaterials 28 (32): 4826-4835 (2007). In certain enbodi ments, the

scaf f ol dscetptdapnmap be tashdred toetbic peadioldp epraliabds allpw the difhisioneridodismedothet he
scaf fol d _captajns, o, is forned froma syntheti.c.pgl L, Such asPEG . Thus,
the i or SRl tsgyed B hORE KOG R RING wy RRs TH eB e TR oBh o

the scaf fi@kdbedaieit el férhaldulding diffiamwniate Fci@teoesntebatpetndsnint ddition
substrate by |ithography, which also provides a transverse path into which

the conp®riespa)e efll mprolaxar sqadfold perpieakibity, of| dipescandptharicpmpgungls. ot her wi se
inserted. Wiep éeﬁgingegel%%;ﬁn&ﬂg'tﬂé}’&%ff%m A&y BL u&'a][t§«‘ 8%%%9 s e QUeRA Sgn@nd

therefore two or po nore i nterveni‘hg sca one, two or nore
t r ansver saffpht hstcaslevitpi vamal by cgisoWadieds soaffoliemalerials enaybetusadisVies siedipgt h

may jnclude a fluid inlet, a transverse passageway that extends fromthe
Rt ot PRI QIBEiEH ENLUEGRA TG P aﬁarﬁﬂag%faa}éﬁ? fegicd out | et .
The transver sg PAINSERIMBRs, TRAG FBI CARER MEARWMT™MIBD BloQWeRaL Kanh8te,

exanpl e, a transverse path can function as an Integrated valve or punp. The
i nt eri or Caur fracetaof erhielimelys theasceffotd yeobeinswd i foeded fromrpho chizibhd prdy mérs,

scaffold thereon or therein. . For examl.e, a.c ing . - sine (PDL)
hor easedieis A0t BtV ACoPoF RsrBhd GerieACEAR 28(afk S E GRbYSuBe:  ate
Q her noglirfaiC@hbQIichtS, thd Scaffl EERLin S if @&_ﬁleﬁffrotrﬁ‘ﬁelﬁi&%.t Iedctadl dnfodirhers

ei ther increase or decrease) the hydrophobicity, hydrophilicity, scaffold

adheli onthgrsedéld ceraing pr wdpimesk frgm jatsynibetic palywabsuehaasd’EGn certain

enbodi nent s, e pnteri .sur,f ace of, the . strate i s _exposedq to nma
T e T, btk HASE bl MSViRRET { B oridy S A tysich BRI

of the sslagbldat@r ckamgles thailnidei®e hatie AtSgentfged iRty dubktrad b it gafphihe
substrate i s exposed to poly-D-lysine. The space within the device into
whi ch t hehisBaispgirevides 4 transy erserpdth ante avhidhnhg camperengs) of the scaffold are placed,

injected, filled or otherwise inserted. When the device includes three or more fluid-flow paths

20 and therefore two or possibly more intervening scaffolds, one, two or more transverse paths are
optionally provided in the device. A transverse path may include a fluid inlet, a transverse
passageway that extends from the first fluid-flow path to the second fluid-flow path, and a fluid
outlet. The transverse paths can be made to control flow in a flow path. For example, a
transverse path can function as an integrated valve or pump.

25 The interior surface of the substrate may be modified prior to forming the scaffold
thereon or therein. For example, a coating of poly-D-lysine (PDL) increases the strength of the
bond between the scaffold and the substrate. Other modifications to the interior surface of the
substrate alter (i.e., either increase or decrease) the hydrophobicity, hydrophilicity, scaffold
adhesion properties, or cell affinity of the substrate. In certain embodiments, the interior

30  surface of the substrate is exposed to plasma, thereby increasing the hydrophilicity of the

12



nore "mcro-pillars,” which are structures fornmed in the |ithography
process that inprove the nechanical stability of the scaffold. For exanple,
t he m cr owpi2bévansszisncr ease surface tension of the nateripalr/uss@d/osw3f ormt he
scaffold; thus, flow of the scaffold material into the fluid-flow paths is
reduced. The presence of nultiple mcro-pillars in a pattern visually
suggests that the scaffold is in the formof a "gel cage." See Figure 1.
The shape of the micro-pillars may be nodified to provide better scaffold
stability. For exanple, a hexagonal shape may provide the scaffold material
with a ssurtiegef thsunttaeesurfansofthe silseater ds eatain ambodinents theahtsoomkiurfact efd t o

met hods usef ul n the anal i f.cell behavior. In an enbodi nent, a nethod
is provig@&u?%W$%%8XW§5§g?&ﬁ%ﬁ%gﬁﬂwdirected mgration of a cell in a

mi crof | ui di ¢ gRvige witBREhabMc@ink@hvhichShd QarBRURFoHALRyaISd dostaif bad & f 1 ow
path and nmay attach to at |east one of the surfaces in the flow path. The
cel | maymares anigehpitlerst ovhibe ascafufiores. fomediarthalitho grapkapiocessteattimproyelthe i s

i ntroduced .into, the. fir flu d-flow path or a different tinme,. a.biological
ent1 0y 1 SoRIGLGARH! diihe SoetoB, e BRMS, RS epdim R et g iRt £
may be atheehdtertil usddrodeinh theakafs16POOS Tow ML Hehifdld aewWhhinfedt Olusd-flow

cyt oki nes, hornones, antibodies, and enzynes, as well as drugs and ot her
smal | nop#kuisaeduced. Bheyprgagnoe phmupilgmicrpmelask inenpatiem vigealkyisyeegstsdhatdhe t he
cell, e.g. e Q o> ' Vi ond fil ui d- £l ow

pat h, is&ﬁgggﬁ%gﬁﬁﬁﬁgéﬁgﬁéé%%c .Ogﬁggﬁﬁg%La;h§§§g§Egﬁ§§ﬁ8§§pﬁg§p$wﬁ%

endot hel matlifedltd pvetelregor scafolditabilityc €dr éxaingld, hchek agmmil $hape chal lpowigathh and
i nst ead ofﬁngﬁsuang cell mgration, the formation of new bl ood vessels is
meastt edScaitRK! MACHHAE! IbF STHET MFEATEIBNPncl ude the di agnosis and

char act er i zat {0, Qb irfRAGSSis 2Tt bRY & foBYuiTIUR thd HRRINTE cc@BeliBldr. as
the identification of potential therapeutic conpounds. For exanple a

neut r ophln ani @nbadimedus edthodtiopmvided $or the micdsurtromtpddirgcteththigranomof agelrinof
endothelial. cells is.introduced into. ecqnd fluidsflow path or the

scaf f o ¢t TP RE Aty Cnel creel eBndEEderoe 1y g AERbbAR moh ety ne
neut r ophigl at |chBoR&IFKEORIMaked i tROHG PEG. ThRrceBXRRTHI R, adhERMD h RATEI! #ither
subj ect having or at risk of devel oping an i mmune di sease or di sorder

(i.el5 aatithgsamqtinedic)cellas intiodnecd interthafiisaAuisifiyw opthmsta difeenigine, anot  at
ri sk of devel opi n | ne.di seas .dizsorder {i..e. . a control subject).
Veasur enRCRE ROy PP b aRaemgThufrRe R bhis Blotofedd SR Sl F o
test subggticdrsubrellgianidngdohehy, Belhiglingg@ndwiofaerid, altokihes,apeubns, aoibpaidsdmdcan
be tested for efficacy. In another enbodinment, cells are isolated from
di abet i cEhon Vollasekies apdithee small malepuleseAts avesn thae peihitierxtent ohthe
Hﬁc”lgf' | ag; SR eS e PAY NG ifiRNHELcar®ld N opiBhARS Atd fhe Qo8 TR HER (R, G

20  measured. In certain embodiments, an endothelial cell or endothelial cell precursor is

introduced into the first fluid-flow path and instead of measuring cell migration, the formation
of new blood vessels is measured. The methods of the invention include the diagnosis and
characterization of diseases involving altered immune response, as well as the identification of
potential therapeutic compounds. For example a neutrophil is introduced into a first fluid-flow
25  path, and a monolayer of endothelial cells is introduced into a second fluid-flow path or the
scaffold, either concurrent with or consecutive to the introduction of the neutrophil. The
neutrophil is obtained, for example, from a mammalian subject having or at risk of developing
an immune disease or disorder (i.e., a test subject), or from a mammalian subject not having or
not at risk of developing an immune disease or disorder (i.e., a control subject). Measurement

30  of neutrophil migration dynamics is measured in the device for test subjects and control
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conditions such that the netastatic potential of a given subject's cancer
can be determ ned using the devices of the invention. Cells isolated from
subj ect s wot2odvanzb3rzg cancer function as control cells. | RCTAISR@9039434
enbodi nents, an endothelial cell may be introduced into the first
fluid-flow path. A tunor cell may then be introduced into the first
fluid-flow path, the second fluid-flow path, or the scaffold. The tunor
cell and the endothelial cell may be obtained fromthe same subject or

di fferent subjects. These enbodi nents enable testing the capacity of a
conpound or bsubnsktsgend potttiall deragastc tdepainds canybotestad farmbiicace! In smwthEass

t hrough th ndot heliumtp enter circul ation, (jntravasat or exit from

it oul ot PORREREr St Rt o ARbeice Bt de SHESEn dbwr FoR Bebe o
useful i guthiRed geReh@hhRNa®futfattd haif Gabdr, EMRE nRtRRAL OF hah-tctddteikUlnden 1 N
vitro and in vivo systens such as tissue engineering. The devices described

her ei n asandifgmd seeh thaight owtastabic obsgiidall agr v soblsapacdnstiecapdealcicaninet hat

contain two or nmore types qof..eukaryoti | | s. . These, devices, containing
one of b RS MR i Bhid U T BplyofP R TEr BRLY Bl PRRH T

capabl e edntloet&lg. t ranspl anted or otherwi se introduced into a |iving ani mal
for diagnostic or therapeutic purposes. Further, in vitro systens described

herei n repl i cBt@rigiemindinentygincafothelind cplh ey de intredigeding thg fgst{ludd-Slowns,

§ L O o . f
Fost conpittoAdampblell fuy IR TR Ee B hert AL M LA {LoRERERIMAY ©
rel at es paharihescafbld. dite tdewr ol andahpendoithedial chl ropt beabthiied fransthakand

materjal; a substrate coupled to the optically transparent terial; and a
scaf Kbl cubiEst ﬂ@gléﬁe%h&%@%- oﬂ‘eé? CBAMCRts AR t9SHP @ B RPN 0b A AP MPRRREOT

wher ei n {3&oRkARID Ab& LR ABIRS oF aRﬁli%)B/i cdilg g%ﬁ’f&ﬂgﬁ tEOHBHeRMNE enter

substrate, the post, and the optica transparent ‘material; the substrate

conpr i sesraildtiongintfalvasath) bt exit framtrimnidtian sextrenabafel) o bethl ow path; the first

fluid-flowp oes n i.ntersect with e second fluid-f]o t h; andt he
scaf ol d'1's’ arSsOSasBR e BIEERE o1 1t er oG ale ot Pl R eime

f1ui d-fl gwnRakals, heereeh ia)noarBosl B Risemd AR hiaDighkicARnb&iRL emetlRvRRBY one
of the aforenentioned devices, wherein the first fluid-flow path and the

secohd f descdbdd ksreiparchusad éo talbeeate binlogical pe bipgpmpatdtlematerials that contain two or

more types of eukaryotic cells. These devices, containing one or more cell types (e.g., two,
three, four or more cell types) are capable of being transplanted or otherwise introduced into a
living animal for diagnostic or therapeutic purposes. Further, in vitro systems described herein
replicate the physiological functions of tissues or organ systems, and are thus useful in, for
20  example, drug testing or toxicity screening of test compounds.
Exemplary Devices
In certain embodiments, the invention relates to a microfluidic device, comprising;:
an optically transparent material;
a substrate coupled to the optically transparent material; and
25 a scaffold having dimensions of at least 1 um in three-dimensional space;
wherein
the substrate comprises a post;
the scaffold contacts the substrate, the post, and the optically transparent material;
the substrate comprises a first fluid-flow path and a second fluid-flow path;

30 the first fluid-flow path does not intersect with the second fluid-flow path; and
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In certain enbodi nents, the invention relates to any one of the

af orenenti oned devices, wherein the first fluid-flow path and the second
fluid-fl owmopasdizes2e substantially parallel. In certain ecibaseemenss3sthe
invention relates to any one of the aforenenti oned devices, wherein the
substrate conprises plastic. In certain enbodi nents, the invention rel ates
to any one of the aforenentioned devices, wherein the substrate conprises
PDVS. In certain enbodinents, the invention relates to any one of the

af orenenti oned devi ces, wherein the substrate is tenporarily or permanently
nmodi fi ed. |n thestafold enbsmhisakbdteeert the firstfend-flow pagh atdethe savoad yluahBowfpathhe

af orenenti oned devi ces, wherein the nodified substr is a result  of
exposure of 't Fe<absriadinEs B P eraeinis e fibein By = rdiRtd diiewo

pl asnma, Qhesi thatiest PRIE-B6WIpAth £ld thE&coRPaLIRAGY phih SEELANAs RMBedlBRALS, the
invention relates to any one of the aforenentioned devices, wherein the

substrate is Inegepemaambodiments fthedventpngelatesite aendiodeitbe lorenénsiopedségyi¢esn
rel ates to any,one of .the afore t i oned.devices,  wherei . su rate i s
per menent R ORn® e i 16 R kSRS AR S TR TR Pl PRREY o any

one of the afpr&meiitdnbiriineey ittemhveniigr@iatesttheny Silcesfithe afordnhagionef ddvies,
substrate is tenporarily or permanently nodified. In certain enbodi nents,

the i nvebfrst thepehstrgtercomprijesatiastior I ptait embadimensnde ievliericlatarerayn t he
scaf f ol dorfeoémﬁé §1%§erﬁen2§lé%&’d&iriﬁe§?\%{§ﬁ!thé?’s&'tsf?é@ %@@{&%e%fpﬂ%\'a@?ormat | bl e

polymer. In certain e I me e inventionr es to any one of the
af or enent i onehh @einceshodmhertgithe inkenttmatfaadsdo aonprid cfebe efokdnageibncddariase,

gelatin, fibronectin, fibrin, |amnin, or a peptide. In certajn
embol] meWpereIn the substratsds tnogardy egp?ralaaﬁg}ly(fﬁeglﬁﬁd-t Fecexteiy %ﬂw’eme%&he

devi ces, ;BRI BlaldiGo SHA6RLANE HTRIhSfdned W&e@%&%’%@i‘ﬁ'tfﬁe Hi%hbfﬁﬁ_rsubétﬂollteci@ tain

enbodi nents, the invention relates to any one o e aforenenti one
devi ces, roghiepBéxposire of tafshibitaitcomply-bdgsine, fekpeturdofitho gilsahtedaplasya, dm

certain enpodi ments e invention relates to any, one of the aforenentioned
Govi ces. SURET BTk of MEep RGN, <R stE ot ot e atios TS LS T T
certai n gghegdtiBitiched UBACENWRBIPRC KEbHaRSs t@nfMil9 Mo dRficd. N| Bft@henent i oned
devi ces, further conprising a pressure regulator. In certain enbodi nents,

t he Inveembeshmertsdhe snvieotienielaeseto gty pheobihe eéarementoned dendgdsceberciunibeei n t he
Preos oy iAo I SR AL g o
the aforementioned devices, wherein the interior surface of the substrate is temporarily or
permanently modified.
In certain embodiments, the invention relates to any one of the aforementioned devices,
20  wherein the scaffold comprises a solid or semi-solid biological or biocompatible polymer.
In certain embodiments, the invention relates to any one of the aforementioned devices,
wherein the scaffold comprises collagen, agarose, gelatin, fibronectin, fibrin, laminin, or a
peptide.
In certain embodiments, the invention relates to any one of the aforementioned devices,
25  wherein the scaffold comprises a photo-curable polymer.
In certain embodiments, the invention relates to any one of the aforementioned devices,
wherein the scaffold comprises a first biological entity.
In certain embodiments, the invention relates to any one of the aforementioned devices,

wherein the scaffold is substantially adhered to the substrate.
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fluids are introduced into the fluid-flow paths. In certain enbodi nents,
the invention relates to any one of the aforenentioned devices, wherein the
pressure wogolsaRes24i s a val ve that creates a differencePCh/USb@wosate
between the first fluid-flow path and the second fluid-flow path when
fluids are introduced into the fluid flow paths. In certain enbodi nents,
the invention relates to any one of the aforenentioned devices, wherein the
first fluid-flow path or the second fluid-flow path conprises a resistance
channel. In certain enbodinents, the invention relates to any one of the

af or enent i onebh @etaincashodwhentgitie 'tnlvent[dnrrstatdsltm Ry dhcond tbaaﬁmrdlwtidhéd dmém

di mensi o t han the second fl wfj I? %fath' n certgtbn.enbodl rr?

i nventio “ihST RTINS RS BHeSH 4 %e hE QUMERS B fBEation iy att??etP any
conpri si g ¢ thé hdterhdniofed Mdvides ORERraaltNe ﬁt‘éﬁkﬂ@&ﬁe@glaﬁcﬁ’ i$ Heallé trat CIfehtk!!; g-flow
path. In certain enbodinents, the invention relates to any one of the

af or emenpicsmedidiffevangekhetweant the ﬁr&t @Wﬂgwmgthaanﬂ|th@$609n®ﬂmddlqw mthmd@nabl y
connected t,0 the fi W erta enbdrrents
vernt 1 o BB b Hdnlis AERR, hReih SRR PRSI i o

conpri si &gy @e&ﬂ‘@lwwfofdnwndondal ®tvicepertadatiy tﬁ@ﬁl@@@f&@gﬁ@mﬁr ke Seomat drbatbdla f | ow
path. In certain enbodi nents, the invention relates to any one of the

af or emendifisrrage gellow sxe betgicen dic féréh%mriélormpaéh ged hsdesandi fbn@nﬁlpmaﬂwé%m y
connect eﬁultdg) }eqﬁtr&ﬁ&%ﬂlt& hfé'fﬁu{ihgﬁgﬁ@# In certain enbodi nents, the
0

inventionre at es one 0 orenenti oned devi ces, furt her
conpri SI ng a cresthmre&s‘tmdwneﬂts ,apeimabhtioncohnscsd edy diee dfitke ﬁforesneﬁftilouédjdédimsg

pat h erta e od' nts, the invention relates to any one of the
P or WhenvhgRed éﬁ"?@gl Pefer thorsprd bw& -flov gr raMPBE Ry A5 P aB s haBNg)
connected to fﬂ'&rﬁﬁc&ﬁ%dﬁﬁl&ﬁtg 'tflé &Welﬁ?&n%la{ég t§ 86 S o RNP LR M Sned @@Vlces

invention relates to any one of the aforenentioned devices, wherein t he’
scaf f ol dwbawprths ésst dlugbflow path lm i Herohti ddmbisoerorthat thblsecopd Iﬂsambﬂow path. t he

solid or sem:solid bi,oco tipble polyner allows the econd

b ol 01 cal - ent g e B BiaE aeS i aty s o Aordroar 08 S8R one
of the afi@henBHhh ﬂf’s‘tfﬂﬁﬁisinlev\b%ﬁr@dlﬁ chMRcRadd ﬁﬁe' fﬂs@ﬂlﬁ@fﬂo%ﬁaﬂ@m | agen,
agarose, gelatin, fibronectin, fibrin, |amnin, Eeptlde and t he

secohd bi ol oglwrta@rﬂmhqﬂlramrth@@s'e@tlc@unhttefé@ pRYy @@ of the pfogemqngioned devices,

enbodi nept i nven rel a ny on f nt| ned devi ces,
wher ei n uhﬁzlbrsca TOTtP ¢ c%rsg)ﬁ}uéieoslﬁl%g He%b;il Xonnegte?to %he%(g%n % Vvopg:a%:al entity

is selected ffrwﬂthﬂﬁergjd@llﬂﬁerﬁ@ﬁﬁé mwbﬂﬁgamlaaesgdseﬂgtbné @h@ hfordn@iioakd ddrices,
hor none, an anti body, and an enfz% . In certain enbodi nents, the invention
rel ates fothghgoreniesinga sasandifluiddpishepcsshin corngried 4o the second fluid-flow path.

In certain embodiments, the invention relates to any one of the aforementioned devices,

20  further comprising a second fluid outlet operably connected to the second fluid-flow path.

In certain embodiments, the invention relates to any one of the aforementioned devices,
further comprising a first reservoir operably connected to the first fluid-flow path.

In certain embodiments, the invention relates to any one of the aforementioned devices,
further comprising a second reservoir operably connected to the second fluid-flow path.

25 In certain embodiments, the invention relates to any one of the aforementioned devices,
wherein the scaffold comprises a solid or semi-solid biocompatible polymer; and the solid or
semi-solid biocompatible polymer allows the passage of a second biological entity. In certain
embodiments, the invention relates to any one of the aforementioned devices, wherein the
scaffold comprises collagen, agarose, gelatin, fibronectin, fibrin, laminin, or a peptide; and the

30  second biological entity comprises a eukaryotic cell. In certain embodiments, the invention
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further conprising a conpartnment in the substrate, thereby providing an
area for the placenent of a third biological entity. In certain

enbodi mrerwe,20ade6izavent i on rel ates to any one of the af @CensSne90sd4

devi ces, further conprising a conpartnent in the substrate, thereby
providing an area for the placenent of tissue or a biopsy specinen. In
certain enbodi nents, the invention relates to any one of the aforenentioned
devices, wherein the optically transparent nmaterial conprises glass. In
certain enbodi nents, the invention relates to any one of the aforenentioned
devi ces, refatest theny onm)f ths iafq];eraenttdmedi déviadsgdwhemwin thastnffodd cdmprases kollagen;dndt |
andath rd flyid outlet; rei.n ui.d.inle he third fluid
out | et al" eI PEPRLSHIPUROR SR AUEHBUPE bR e afargw%p%ftﬂ, % certain

enbodi Megfiskiné, hendrMY BN ah ARtib&IyAhEPart éhzgmy. one of the af orenmenti oned
devi ces, wherein the scaffold occupi es substantially all of the third

f1uid-flow palihcertpin Qr@:rqdanmtsﬁb@mvmmnsrelatdﬁéo py e ¢fche ploremesioned devices,

m cr Iu dIC devi ce ri transpar ent

Substt at Sy S e ERERETIIEn 00 MR E el TR RN T £l Bler By
havi ng dbfrwmafdm()gtalz&m{yeaﬁtcerialﬁmnbadﬁqwnesethél iRdhSion Relhte§ RAGE; onoldERI N t he
substrate conprises a post; the scaffold contacts the substrate or the

opticall %foferf%ﬁ%lﬁlé?de‘ilﬁm%tféﬁh%ﬂ cogPrisEt: coptpartgeaf nshesustetacthsrcbnargedeg t he
subsprat%}&gmrtﬁgﬁla ls[alp gsluglopl?i)oﬁ%&@%tcﬂn £ second fluid-flow path, and

athird uid sca rises a first solid or
sem -solid bi hc@mtpmtanlﬂioehrpaity,m 1nde]$tpnﬂeutdse<b weeond ¢tehé hfosdmdnitionett ddvaswspat h
and the s cond fluid- fI ow path, and a second solid or sem solid

bi ocdhpatheicw Herphiel yafagﬁ@g%%%éwwwsgé%nd fluid-flow path and the
third f I w df | pWeP@ i imiasnthe tﬁévin'veimﬁ{n I%ﬁfes S 9hy Qné%fQﬁQ gﬁa{ﬂéﬂl&ﬁﬁnmm

al l ow the passage of one or nore biological entities.In certain
enbodi mefurther d;dmrlsm@mthnrdrﬂmd}lﬂammth @ thing florenist, ante thifdflewdenitlicto médrein

a1 cat " (e P PELEERG it GRS ab U TERSHRGrRepb e S R hur IRE- Byice.
In cert af?aﬁh enpediaesthiSodihbfs, tRY BREARh RtAUE Iny Ond@HHthe BRr&hertid@ed devices,
af or enen i oned devi ces,
wherein the scaffold occupies substantially all of the third fluid-flow path.
In certain embodiments, the invention relates to a microfluidic device, comprising;:
an optically transparent material;
a substrate coupled to the optically transparent material; and
a scaffold having dimensions of at least 1 um in three dimensional space;
20 wherein
the substrate comprises a post;
the scaffold contacts the substrate or the optically transparent material or both; the
scaffold contacts the post; the substrate comprises a first fluid-flow path, a second fluid-flow
path, and a third fluid-flow path;

25 the scaffold comprises a first solid or semi-solid biocompatible polymer disposed
between the first fluid-flow path and the second fluid-flow path, and a second solid or semi-
solid biocompatible polymer disposed between the second fluid-flow path and the third fluid-
flow path; and

the solid or semi-solid biocompatible polymers allow the passage of one or more

30  biological entities.
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wherein the substrate conprises a plurality of posts. In certain

enbodi nents, the invention relates to any one of the aforenentioned

devi ces, wben®/neizhe substrate conprises a plurality of ppodaissocnsanged in a
regul ar fashion. In certain enbodinents, the invention relates to any one
of the aforenentioned devices, wherein the substrate conprises a plurality
of posts arranged in a random fashion. In certain enbodi nents, the
invention relates to any one of the aforenentioned devices, wherein the
post is hexagonal, circular, square, rectangular, or irregular. In certain
enbodi nent s, hfr@rﬁammmwdmentelthﬁ mycttenaniatasne awy onchaf thé afoemeetionerbdevices,
devi ces, ere nsi ons of the post are _fromabout 0.01 mm? to
about 1riBSTeIH eé%?&kﬂfl@r%@a?m% leaﬁth?eumn@telﬁ%tém érgaa S 4y, %t?!wbﬁémbprt he
af or enent.i di rensi ons of the post are about 0.01
me, abou‘jt1t 1%&830 ﬁﬁblh%%e d%%{]%lnnn%ggabout 0.5 mm®, about 1.0 mm, about 5.0
mm , about 10Inceftdin, enatiaalitherf . the ﬁantloalh@latGSS@aﬁ)yﬁffﬂof thb efoterd@Bionad devadagut
250 er about 500 mm®, about 1000 M2, about 2500 er about 5, 000 nme,
about> 107bIe e SubsascopprioT: PRl tagaRstso In setrinABbodipsats: BS DDty
about 50 ut
0.5 m?t, Ye?aggsat%%’ Oﬁl@ngrg&l © gn%r%ggl%tg?lﬁ%d g%%& V%%e%%e EHB%F rﬁ%&%ﬁpg%esgae at élé}a?g a
system f posthargingedhmougiaplat faahahy $i scrtaamerpbochmﬁgtsahp inveation selavds tarmyy ofic bhe
aforerren%i %EOS{OI devi cga In c rtaln enbodj nent t he mvenflon rel at(gs to a
met hod of'CHEASTIFRHECHIPEES ﬁlieg}%}ﬁ.s T OmAEPS 4 RBFNY S PRI NSRS of
a) provi ghienmFageyH. ce corrprl sing: i) an optically transparent nateri al
coupled to a substrate conprising a first fluid-flow path and a second
fluidflow pameﬁaimobmbO)diraeIstsahef imIVdntmmhg:sdfi) aengiorishe ffosmdngiaged devigesi n
t hree derﬁ tF T??ﬁ contacts f etsubuztrate an]] the optically
transpar‘é’ ?re]rl?a %PP 6B‘)ag? (5185 fngauage P FE N ot WEEY st 1 uid-f1 ow pat h;
c) introduci np @rtainqirﬂ@d@ﬁém@nhé tnyehtidnOrelabts t6 eEPoisk dflthé dfofdratipathdevacdd)
measuring the directed mgration of the cell into the scaffold. In certain
enbodi newherein the dimensions ehthedrostase from abayt GAE HBY te Heousf Greimelitdcthiad

et hods, i I

consi st T TSPaiar yRFaaBhft G2y b bPnaSRErEREETAIOR, SR e

cyt oki nedimehsibnakise pasttaidaidiues. quitrﬁgtboutah@is emzwtmto 1 um?, about 0.5 um?, about

1.0 um?, about 5.0 pm?, about 10.0 pm?, about 25.0 pm?, about 50.0 um?, about 100 pm?, about
250 pm?, about 500 um?, about 1000 pm?, about 2500 um®, about 5,000 pm?, about 10,000
um?, about 20,000 um®, about 22,500 pm?, about 25,000 um®, about 50,000 pm?, about 62,500

urnz, about 75,000 urnz, about 0.1 mm?, about 0.5 mm?, to about 1 mm?.
20 In certain embodiments, the invention relates to a system for high-throughput analysis,
comprising a plurality of any of the aforementioned devices.
In certain embodiments, the invention relates to a method of measuring directed
migration of a cell, comprising the steps of:
a) providing a device comprising:
25 1) an optically transparent material coupled to a substrate comprising a first
fluid-flow path and a second fluid-flow path; and
i1) a scaffold having dimensions of at least 1 pm in three dimensional space that
contacts the substrate and the optically transparent material;
b) introducing a cell into the first fluid-flow path;

30 ¢) introducing a biological entity into the second fluid-flow path; and
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In certain enbodi nents, the invention relates to any one of the

af orenenti oned net hods, wherein the cell is a neutrophil, and the

bi ol ogi cavoeny2gs2es an endothelial cell. In certain enpodiuseews3ssshe
invention relates to any one of the aforenenti oned nethods, wherein the
cell is obtained froma human subject having di abetes, and the bi ol ogi cal
entity is obtained froma human subject not having diabetes. In certain
enbodi ments, the invention relates to any one of the aforenentioned

met hods, wherein the cell is obtained froma human subject not having

di abet es, anddxteasbiing tgid@kted migtayion sf thetcall med the waffaldhuman subj ect havi ng

di abet es. ertal n nbodl i nvention rel s to any. one of the
af orenent i onelg1 dRREhe &e Flﬁglﬁt‘)é“lrlel ?t%ﬁ?%?%‘gfttg? %%ﬁ%ﬁsubj ect
havi ng capgeHs, v@fé?mﬁﬂ%tﬁbl@lgfégl éh@ﬂty BREletdtd 'ﬁ%rrpi%%kd‘l%o‘hﬁl@tﬁﬂéo gl@d?%rétibbj ect

not having cancer. In certain enbodiments, the invention rel at 0 any one
of the atdisesrkaniotiacellsrardvdlSactametyetkinashkorownts, iastibstsicsi drags.fandenayrhasnan

subj ect not havin t he l0|0 entit bt ai ned froma
umar sub) ect Ty A DEeRloh RS RERLdr bf B RalBiel Tel at es

to any ometholls, WiRrdh eicad¥ing b aneebphi! faidse biari@ll Bntithes &etddotitliancell.
endot hel i al cel | ; the biological entity is a second cell; the second cell

is a tunor celncertpin qehadamente o mvaiangclagasdo pryein ofdhe ploremesioped any one
of t .he {h%H? He?é}l? ﬂle%hqggﬁal \9{1] oﬁf a{'hﬁrﬂﬁl ﬁﬁ)%éct ﬁ‘%ﬂql}é Hﬁib?tgsc gﬂﬁj tlféedlé)lo

obt ai ned from’the sanme subject. In certain enbodi ne € 1nventio
rel ates émltﬁ[swtmmmcbﬂ‘romhdwﬂianrsahpnﬁnommedngatafbems wherein the biol ogl cal

entity obtained from uman subj ect  havj ng cancer ‘hé fsl ngl e. ce
sphelthi d bodi Bscertgin ¢ m?li‘%é@‘émVF‘i‘P%F L5150 ampoRs Mfdhe atorgmgntion nt| on

rel ates &ch%dmﬂé?éin e d€ﬁQ§HISth1‘ﬁ9d RoRLANYASSGlbjdP BTl A, di SRAR! ki (Yt he

steps of: a) providing a device conprising: |) an optically transparent
mat eri al bmmgpiabdltttmlseptsﬂb@i frame fummqmrsubjenghaezutg dighetés. ui d-f1 ow pat h and a
second fl uid- scaff o havi n ons %& | east 1

LRI R, T TR
mmin three dnncé’ SARTOUPENY PR U S S © AY WYt PR r%ﬁ“?ﬂ optically
transpar ﬁi@{hoﬂﬁtvﬁ{ekéiﬁ thoMRE8bMatnbe 6] hdthsh &b #@'t RPAREEREL WeehelthSlofitcalst

fluid-flow path and the second fluid-flow pat
15  entity is obtained from a human subject not having cancer.

In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the cell is obtained from a human subject not having cancer, and the
biological entity is obtained from a human subject having cancer.

In certain embodiments, the invention relates to any one of the aforementioned

20  methods, wherein the cell is an endothelial cell; the biological entity is a second cell; the
second cell is a tumor cell. In certain embodiments, the invention relates to any one of the
aforementioned methods, wherein the cell and the second cell are obtained from the same
subject.

In certain embodiments, the invention relates to any one of the aforementioned

25  methods, wherein the biological entity obtained from a human subject having cancer is a single
cell, spheroid bodies, or tumor tissue.

In certain embodiments, the invention relates to a method of measuring blood vessel
formation, comprising the steps of:

a) providing a device comprising:
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b) introducing an endothelial cell or endothelial cell precursor into the
first fluid-flow path; c¢) introducing a biological entity into the second
fl ui d-fl owmopasdi2ezzad d) neasuring the formation of a bl @cu/Use@wdBbossn t he
scaffold. In certain enbodinents, the invention relates to any one of the
af orenenti oned net hods, wherein the biological entity is selected fromthe
group consisting of prokaryotic cells, eukaryotic cells, growmh factors,
cyt oki nes, hornones, antibodies, drugs, and enzynmes. |In certain

enbodi ments, the invention relates to any one of the aforenentioned

met hods, wherei n t hendeticadly tfanspdrent ncadenml icogdeditat hsubstrdtt vompfisiogva pasth; and

a second scaffol havi i mensi s.qf at least 1 mmin three di nensional
space that co ?Qg®§NPﬁB%§gB§?%) gﬂﬁ%goWH@ﬂﬁﬁP cally transparent naterial

wherein the Seconqié)sé@cfaﬁgldjhévﬁlgddiﬁﬁﬁ§§ﬁjs ek 1R8N fif6n bireS binfdnWioHall sg% Rt "
and the third fluidflow path. I'n certain enbodi nents, the invention relates

to any one of catwetsatho selmtmate andelde optcabbyl srandparenhmateciohhiesdimthetshaffadtd ep of

i ntroduci ng a,second biolqgical.entjty into,the first .fluid-flow path. In
certaln e nbod?%%?g ,gett“i‘?gn ﬂ%\fgﬁtt ffhﬂad’)@r patand &‘eéﬁ?’_n{}ﬁh’%ﬂoi’vﬁ@ﬂbf or ement i oned
met hods, wher gy b i HIBtHALl @8lor cRItBOAPEAElcalrsahlo tRE BEMFIBRLEflbW

i ntroduced as ‘a heterogeneous mxture in a co-culture. In certain

embodi mepitk;, the invention relates to any one of the aforenmentioned

met hods, further, c risi.ng the step of, introduci a bl ood vessel fragment
Mto the first rroRanasyBReliett B e tmeEu R s, Woenti on
relates to a @phbading tHrrashution® R sRAkRsidl ivtheeafRild.si ng the steps of a)
provi ding a device conprising: i) an optically transparent material coupled

to albubstratl Q?&Prﬁlr%b%@n@mf,ith%%tl_vmtiﬂnprﬁlrareé\xp pax pnepidhaaibespmgionsdi d- f 1 ow
gt 20l 86 AP IDRLBE o8\ S T RADESE,
mat er i al ¢ells, eukaryotic cells, growth factors, cytokines, hormones, antibodies, drugs, and enzymes.
In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the device further comprises
15 a third fluid-flow path; and
a second scaffold having dimensions of at least 1 um in three dimensional space that
contacts the substrate and the optically transparent material,
wherein the second scaffold is disposed between the first fluid-flow path and the third fluid-
flow path.
20 In certain embodiments, the invention relates to any one of the aforementioned
methods, further comprising the step of introducing a second biological entity into the first
fluid-flow path.
In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the endothelial cell or endothelial cell precursor is introduced as a
25  heterogeneous mixture in a co-culture.
In certain embodiments, the invention relates to any one of the aforementioned
methods, further comprising the step of introducing a blood vessel fragment into the first fluid-
flow path.
In certain embodiments, the invention relates to a method of measuring permeability,

30  comprising the steps of
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b) introducing a first substance into the first fluid-flow path; and c)
measuring the perneability of the first substance into the scaffold. In
certain ewbadivenizg, the invention relates to any one ofCrhs2@bosmaenti oned
met hods, wherein the first substance is a fluid or a small nolecule. In
certain enbodi nents, the invention relates to any one of the aforenentioned
nmet hods, wherein the scaffold conprises a cell nonolayer. In certain

enbodi ments, the invention relates to any one of the aforenentioned

met hods, wherein the first substance conprises a cell. In certain

enbodi nent s, a)rmoizidingratde@tcerceh@tieiagto any one of the aforenentioned

nmet hods, V\/nerel n the cel. an en elia . In certain.enbodi nents,
The i nvent fon r el abes Spicalyyranes o Rig il Pondbin ShsGHEoRBASTE ANSTel n t he
scaf fol d conpfiigefovdpSBeAAd s6@nl fluidLI6®Hal; Angbodi ment's, the invention
relates to any one o? the af orenmenti oned nethods, wherein the second cell

is a tunor cell. Ih) g snatfaldhaymyodinersiomss, oftah&astnlvmmtlndnee: dinzmnesnalepaseythane
of t aforerrentl vvhere %rhe fi 8? subst ance conprises a

cell ;> the cel foR& Sa eéﬁ@%‘fa‘?‘i’e‘?\nﬁé e%@’rola ARSPELeRt P8I onpri ses a second

cell; the secyﬂqtrs@dclmg@ﬁ@stgmﬁle@ﬁl&dtheqﬁgﬂlﬁ@ﬂ%m&m%ual cell and the
tunor cell are obtained fromthe sane subject. In certain enbodinents, the

i nvention r el etreeastiongthewetrochbdity vk thsdirbimybgenavanloithé spffolbnpr | SI ng t he
steps of a) providin devi.ce, co an o rent
eori ol apunf el B ERYE InS AR R osd o fPb Wt GRRERR" Sty 4
second fingihddd, vehargatiy; fisnibstancedis 8 Faild & dsth@vinbicdicmensi ons of at least 1
mmin three dimensional space that contacts the substrate and the optically

trankbar ent nixcsFRE Smbpdiments.diuiivarfion relafesto gumanaMdBe peranamtientd r st
flurd- flﬁ’l‘é’th%ﬁ% %e&?ua't tc&’ﬁ&a'cﬂ&aﬁgﬁeac&ﬂ%é&agal ognce into the first

fluid-flow pa neasur | e perneabr’lity of the second substance
into the scaf Inodegtainl eimigeliheants) tegrinodhtimnthtestthieny owvesttthoaforahaitiesed 0 any one

of the aforenentione tho s, wherein the first substance is a first cell.
In cert alMft h@%dﬁ}eﬁ%f S HWORAYRSROMBRISF et St lentcsﬁ%lﬁfﬂ}?ﬁglr%qm% invention

af or e,”enEélé?é‘secQmﬂﬁ%ﬁ@@?vhe‘éﬁﬁérﬁbﬁloﬁl@&’nfekﬂoﬁ% Wilrbinltfe &l 1§'élﬂ%{lﬁefhél?all cQell. In

certain enbodi the invention relates to any one of af orenent i oned
15 In certain embodiments, the invention relates to any one of the aforementioned

methods, wherein the scaffold comprises a second cell. In certain embodiments, the invention
relates to any one of the aforementioned methods, wherein the second cell is a tumor cell.
In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the first substance comprises a cell; the cell is an endothelial cell; the
20  scaffold comprises a second cell; the second cell is a tumor cell; and the endothelial cell and
the tumor cell are obtained from the same subject.
In certain embodiments, the invention relates to a method of measuring permeability,
comprising the steps of
a) providing a device comprising:
25 1) an optically transparent material coupled to a substrate comprising a first
fluid-flow path and a second fluid-flow path; and
i1) a scaffold having dimensions of at least 1 um in three dimensional space that
contacts the substrate and the optically transparent material;
b) introducing a first substance into the first fluid-flow path;

30 ¢) introducing a second substance into the first fluid-flow path; and
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met hods, wherein the second substance is a second cell. In certain

enbodi nents, the invention relates to any one of the aforenentioned

nmet hods, wben@neéizhe second cell is a tunor cell. |In cePCaUS2@0HEBHENL S,
the invention relates to any one of the aforenentioned nethods, wherein the
first cell and the second cell are obtained fromthe sane subject. In
certain enbodinents, the invention relates to a nethod for evaluating a
cell tracking agent, conprising the steps of a) providing a device
conprising: i) an optically transparent material coupled to a substrate
conpri sing a ¢)mstsufihgiihd-petroeubpey lof tredceonslsnbstendelintiodhd $caffolsiat h; and ii) a
scaffold havipg dinensions of at.least 1 nmin three.di nensional space that
contact s 1 he BUBCH P EC ARG PN 5 dh B (it BRagriopyT

i nt r oducCinR@hods, G@lckeih FROKLNGALIARRL s b THrQ cbhend édrgatn EhbbdimbA@WhO aRvBati@nd )
measuring the diffusion of the cell tracking agent into the scaffold. In

cert ai n whiserdorenss of the afmvmentionad methadsswhascianlye Brsecdf istanenddtbelaheelt-i oned
nethgys, furtfer cONpI.d Si.nag .t st epn. of ni.torin araneter. |In certain
Trbod ot o (er@RURR Rt L1 BERicH <R 8% Ot & AEABTEAGHiondd

et hods, mktholl§)evheehipid sebdidl SubStasdedipa @¢coRBREN.OTH digtadt crhiRASheAtWRhPRIVAMRIES S.
In certain enbodinents, the invention relates to any one of the

af or enentladeide apE PRG AEthe whspaeniongd Methodnetqreindhasgepnd eelkinadpmet ¢edls s
. RS . ! . ; . | |
interstitial fj &pﬁa@gjﬂb@ﬂnéﬁg tgefgzlfvgx,ﬂtoglrre%e%% &0\ Snd &F tHORY E{r‘ﬁé‘nfn'o}{@d sol utes

properties of ce re sca properties of a ce n real-tine.
| n cert amothedhedicrantis, firsthelli and elnt scoond edlladre sbtamed fisonothe saie ttigect.
af orenent i oned net hods, mherei&athe device is any one of the afogenentioned

devitbs. In cBricspm Eninsdgnanitae nvariqnglafasite A npedhod fog cyalualing agsd tgekipge

aforenen&%gﬂ%gmgﬁgggq§aﬁﬂgqﬁein the scaffold has dinensions at |east 2 mm
at | east mm at | east mm at least 5 nm or at least 10 nmin three

di mensi onal spavevidmgeetavaicwompbsdignent s, the invention relates to a nethod
of fabricating a device,. rising the.ste : a)_contacti.ng a.iquid
scaf ol d materi a arenotcdGHBRs et g srhe St Shet R PR A Sh . &
second fl ui d- fihi@WiRaphth a8l d sdcoR@Ftuid-A0H gath; @Rer ably connecting to the

substrate an optically transparent material.
15 i1) a scaffold having dimensions of at least 1 um in three dimensional space that

contacts the substrate and the optically transparent material;
b) introducing a cell tracking agent into the first fluid-flow path; and
¢) measuring the diffusion of the cell tracking agent into the scaffold.
In certain embodiments, the invention relates to any one of the aforementioned
20  methods, further comprising the step of monitoring a parameter. In certain embodiments, the
invention relates to any one of the aforementioned methods, further comprising the step of
monitoring at least two parameters. In certain embodiments, the invention relates to any one of
the aforementioned methods, wherein the parameter is surface shear stress, interstitial flow
through the scaffold, gradients in non-reactive solutes, properties of cell-culture scaffold, or
25  properties of a cell in real-time.
In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the device is any one of the aforementioned devices.
In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the scaffold has dimensions at least 2 um, at least 3 um, at least 4 um, at

30  least 5 um, or at least 10 um in three dimensional space.
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In certain enbodi nents, the invention relates to any one of the

af orenenti oned net hods, wherein the device is any one of the aforenentioned
devi ces. W0 20@reizn enbodi ments, the invention rel at es POTAISg009089484 t he

af orenenti oned net hods, wherein the liquid scaffold material conprises
nmononeric collagen. In certain enbodi nents, the invention relates to any
one of the aforenentioned nethods, further conprising the step of nodifying
the substrate before contacting the substrate with the liquid scaffold
material, thereby altering the hydrophobicity, hydrophilicity, cell
affinity, or Boaftol antadiresitenhpmoperdn rektwsfto & hectisubstfrlaiating a deece,ai n
enbodi nents, .the_ inventjon relates to any one of the aforenentioned

met hods, C%@?Séri‘gnh’?ﬁ@p%tp of modifying the substrate conprises exposing the
substrate to moﬁta@nﬁ%’ 8 llﬂ@ld s@é‘fﬂﬁ§ 'rr[h%ﬂa'ﬂ%ntﬁ%bs%bﬁ?ét@cérﬁptﬁﬁl Mrst QhidASW Er ni ng
the substrate. In certain enbodi nents, the invention relates to any one of
t he af or patlrit seorestiflwdtftrydpathisindraepost; tdhé substrate is tenporarily or

per ently d|f| before cantaskh the st.rate W|thth liquid
ea ot mat o onertiy 8Bl R REGMPYe by SpTAR Ryt e

hydr ophobi ci t s ceﬁ}iﬂlr@wddhm&itﬁ Ythe ﬁ@bﬂm@%lawsw an}%nes@f&flé ffotenachiogédn
properties of the substrate. In certain enbodinents, the invention relates
to any omethefls.pHeTaR Sreadrsiseiiprpioneel Heigforopmrationss davicesubstrate i s

tenporaril
scarford mt o iamsEheC e ATLARA Lifes SRR SRS ML b Guphe! ¢
hydr ophi icthiotly, ,wheedih ttaf1fquid $opffohfmsteaﬁlf<mhﬂ>md§men@nemf@ﬂ)legdsn es of the

substrate. In certain errbodlrre ts, the inpvention relates_to any ope of the
af or Bhent i onet? GrERFARD Odeme}t%.t 5 tnwsntwagﬁﬁeétt%ali%o?feqfra#}é %ﬁ%qrv%sa# i ed

bef ore Cﬁ?i@{h%% i dr REm: }?Hg’iﬁéﬁ ttrﬁoch@@n%{hgléhgsn%%éf&le@oﬁﬁh%{g @k sudngreby

permanently al'tering t rop bicit ydrophilicity, cel finity, or
scaf f ol dwabl ttesliqnd macﬁﬁohtmaegabtheterbef adtabsg thathydrdpholieity,diydrophfimaynestlt s, t he
i nvention..rel ates any one of ti nedrre ein the
e A R N A i e ST
i nvent i oRl4t& BlaB$ oh®oPiRY aRFEMStidnBE nRtIRdS eRréia NEdst BB b NRd8ify e lcauBstidie
step of contacting the liquid scaffold material with the su rateconprises

i nj ebY i nepraprésch expostgsbasubsirete m@peyr%lysmd@moweé@mbsw@@ﬁam iohed regi on
of the s aR? E']n ﬁé ﬁletsﬂgéthate ”c%ﬁéu% bao n%ltso rhe B%ntgﬁqgﬁte\é\nt t(n yt ohnee off4 tr st and

second f n cartam PO Yéfhtes to
any one @fbrdrﬂmnaﬁarme@hﬁﬂs @uleﬁblmﬁiefmblﬁratev\tseérﬁpd“taltﬂlye)r@eeﬁa@hﬂﬁ afodetdivagort he

liquid scaffold material with the substrate conprises mcroinjection of the
i qui d seaptgcting thessubptrate with the liquid scaffold material, thereby temporarily or permanently
altering the hydrophobicity, hydrophilicity, cell affinity, or scaffold adhesion properties of the
20  substrate. In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the substrate is temporarily modified before contacting the substrate with the
liquid scaffold material, thereby temporarily altering the hydrophobicity, hydrophilicity, cell
affinity, or scaffold adhesion properties of the substrate. In certain embodiments, the invention
relates to any one of the aforementioned methods, wherein the substrate is permanently
25  modified before contacting the substrate with the liquid scaffold material, thereby permanently
altering the hydrophobicity, hydrophilicity, cell affinity, or scaffold adhesion properties of the
substrate. In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the interior surface of the substrate is modified.

In certain embodiments, the invention relates to any one of the aforementioned

30  methods, wherein the step of contacting the liquid scaffold material with the substrate
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In certain enbodi nents, the invention relates to any one of the

af orenenti oned net hods, wherein the step of contacting the liquid scaffold
mat eri al wiDt2bowizes2substrate conprises introduction of tIReTSqu9M3BIAl f Ol d
material into the first fluid-flow path or the second fluid-flow path. In
certain enbodi nents, the invention relates to any one of the aforenentioned
met hods, wherein the scaffold has dinensions of at least 1 mm at |east 2
mm at least 3 mMm at least 4 mm at least 5 nm or at least 10 mmin three
di mensi onal space. EXEMPLI FI CATI ON The invention, having been generally
descri bechmprisgs begcatmnp ¢ha lequdd bsafiohtimastielodhdoy preefuer mie & defmnedhregiboof twi ng

exanpl es, .whi c re included nerel.y for .pu ses of illustration. of certain
nepect s iR ehten T eE R Eduns RV BRERS RS soram s HE ew Bhirended o

limt the i nvenddam dnbRite@the MvbntitRadiaRgso ahEodOsf thOgfos@mM@Bhence of the
reader and should not be used to |imt the meaning of the text that foll ows

t he headimgiiodunthesan g ssqreddi copagtingshamgris staffoldanasénialivdibcthe ewhistratcabr i cat i on
and sstjrface nstgéji fiircoz%teicgan 'IO'Fﬁ\1 qles%(pnaﬁio thg\t rg’llcrofl ui di c network was created
in Au oC?ﬂH(lI?I} ST Rare Pﬂxu 0desSK 1 84n Har?agli , CA) with the dinensions of
the m crof | ui Bi &rthindntbddirawtpabdhmvéfion ' reheRNEehsy dnec ¢he afoagecntianel
mcro-pillars as provided in Table 1. One of skill in the art wll

recogni z@ctheds. vdichein gicaiep efiranisrtpete dnuidienfeld myeren tvidr the pebsialgi ce can be
specifie el . i I; h 4 i 10 shei | d

e penc MBI AR RS TR SRAl 0 BRRANE Ao

r ect anguscaond fluidefldvapathr var i ous ot her shapes capabl e of being fabricated.

The di mensions of the gel cage can be specified fromseveral nmor less to
sevethl nm or Igreaatnembadiaenfsithgingentian RS Lo 8y 0% %Jdﬁ% gfgrﬁlwﬂa@ or ot her

structur 5%185’%%%%%5%% it%ﬁs}c&‘%{ld%@%&ﬁxmﬁn%ﬂﬁ Hf'éltcléafsﬁi E?J?%ta?legﬁ‘gg}hﬁ,' at TROF 'J.g'{, et er

(such as and are ate rect angul ar,

ci rcul arlepdt 4aihett I&hePam) or dttleashed ght inahret Aen@RIonabgacéray be equal to,
greater than, or less than the height of a given channel. The scaffold may

al so conEXEMBREFKAARON ni crofluidic channel's. A transparency mask was
created 11 om ey ERAL Lol b AR SSAISLLIG ARG Shtss gy
( Pagedor fessreidd)to that followingrsampfes mabiks arriaclpbas@eshy fot puEpoks, of didtiatioRosi on
P ?g;glpi'if’ hoar a@?ﬁg%’qls ag&ag&gr’npgt% o\%\?hlel prgssentlvi?nsflentfao?l?arir aZreS Ing‘c igtae?lﬁesd to-liprhi% the
invention in any way. All headings are for the convenience of the reader and should not be
used to limit the meaning of the text that follows the heading, unless so specified.
Example 1: Microfluidic device fabrication and surface modification
20 The design of the microfluidic network was created in AutoCAD® software (Autodesk,
San Rafael, CA) with the dimensions of the microfluidic fluid-flow paths (or “channels”), gel

“cage” and micro-pillars as provided in Table 1.

Channel width Channel height Gel cage dimension | Gel cage height
500 um - 1 mm 50-300 um; or Approximately 450- | 50-300 um,; or
100-200 um 1000 pm wide by | 100-200 um
450-1000 um long

One of skill in the art will recognize that dimensions and shapes of each component of
25  the device can be specified for a given application. The channel width and height could

independently be several microns (um) to several mm, and can be rectangular, circular or
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phot ol i t hography of SU-8 photoresist to create a silicon wafer nmaster.

M crofl uidic devices were nmade by replica nolding 18 poly dinethyl sil oxane
(PDVB) (Dyv@o2@wmb3zg, USA) and curing the degassed el ast @c@EUSa02/089464 1,
base: curing agent) against the silicon nmaster in an 80 OC oven for 2
hours. PDMS is bioconpatible and has excel |l ent optical transparency.

Pol ynmeri zed PDMS appar atuses were peeled off the silicon nmaster, individual
bi oreact or apparatuses (35-nmdianeter, 0.8-1 cmheight) cut out and inlets
and outlets cored down to individual fluid-flow paths using a sharpened

f | at - endeatiol ogrugepaeegpable odPbeing faloicesd] ThaldimemsidAbbbtlepphcakusedbe wer e

cl eaned and,fstefri lized at 120 OC for 20 m nutes . n1 wet .cydcl.e f ol | owed by
a dry cy¥iceifisfl frospseyeral yim afgesita evesal o onfrater dpelpingor ghadditioniopogsy ) |
Next, th f S pt I il 0,.al | asma
to faci Iﬁtﬂglgéw&soztg rfsgl%gtu}l%'r rlilgﬁ? g%.e %%lty}e}%{?%ei z(})euﬂ p! ﬁS%%@%fﬁalﬁ%coéy%aﬁ&t rays

in pl asnguet @A i HesOr i Kor 288)ure habiaes fabfadté @advestaslenl D }ircudartdpred own
cycle (~ 2 mnutes) was initiated followed by irradiation for 2 m nutes
wi t h i nthapesas e hgght efdbe geleageman bp anenl i @scaiis teans poleatithpm the height pf @
cont ai ney. d wi .t hi LD - | |_a T nt.. Foll ow ng
pol yneri 15%? glha%g glatwﬁﬁﬁ}é%é}gr ¥ catlasé ‘%P ]Eea 4135/%\;\%%%%@%@&“%@ aglglﬁ]itsbi t poor
wet abi lity; sgafdhepdericpjreskivan crdatal fusth tieaC AD MPMBthappatiautsgdneticefature
resulted in fqel s that exuded into the fluid-flow paths and often_di d not
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det ergm neglyfbaied MBMY SpaRndse SRERBIREIcH DEThE GilieOminabter, staVideilbispicadi ng and
filling was sufficient to pronote bonding to glass and therefore no further
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The syst PDMQipareiks wiertcdlehed and p@iiliadd at 120 °C for 20 minutes in a wet cycle
followed by a dry cycle at 120 °C for 35 minutes (20 min sterilization/15 min dry). Next, the
20  PDMS surface was rendered hydrophilic by exposure to air plasma to facilitate scaffold
formation. Sterilized devices were placed on trays in plasma cleaner (Harrick, CA) chamber
(pattern side up). A pump-down cycle (~ 2 minutes) was initiated followed by irradiation for 2
minutes with pink plasma. Surface treated apparatuses were stored in a sterile container and
used within 0.5 — 2 h following plasma treatment. Following polymerization flat PDMS
25  surfaces are hydrophobic and may exhibit poor wetability; scaffold injection into untreated
PDMS apparatuses often resulted in gels that exuded into the fluid-flow paths and often did not
fill the gel cage, resulting in small bubbles adjacent to the micro-pillars. The hydrophobicity of
PDMS is tunable and PDMS surfaces can be temporarily rendered hydrophilic by exposure to
air plasma'. Subsequent to plasma treatment, hydrophobic recovery time is dependent upon

30  the method of preparation and storage. For example, thermal aging, longer oxidation time and
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m cromani pulator (M1 5 1 Joystick M cromani pulator with H 7 Pipette

Hol der, NARISHI GE, NY), mcroliter syringe (Hamlton, 62RNR, 2.5 nL SYR
22s/ 2" 3,WoMR)9/12682gi t al m croscope (Bi g Blue QX5 COVPUYCBOR20DBI4IX) (al l
housed in a | am nar flow hood) and a nonitor for visual guidance. The M\-15
1 joystick feature provided control of mcro-scale adjustnment in the XY

pl ane with additional coarse adjustnents along the X, Y and Z axes.
Scaffold Mcroinjection. Sterilized PDVS devices with their surfaces
rendered hydrophilic as described above are positioned on the m croscope
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intensity was visualized with a Ni kon TE300 m croscg{pe (Ni kon I nstruments
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anal ysi shydroftges ay\@dserigdadess e@ positiohéhomtht meicolespgstagt Mpdtetiaisaracy
intensity across the gel at each time point. |Inmage processing of tinme-I|apse
f I uor escemvari g shaves! greet By Hed Vi Ag the ddea amitor. The tip of the'microliter

syringe (pre-loaded with pre-polymer solution), attached to the micromanipulator, is positioned

20  a few microns above of the “gel cage” and a small droplet of the pre-polymer solution is
created manually and lowered until the droplet first makes contact with the micro-pillars.
Droplet size is controlled such that its diameter is approximately equal to half the width of the
gel cage. Small droplets are created just above the gel cage, lowered and dispensed; this
process is repeated until the gel cage is full.

25 Scaffold Loading and Device Assembly. Gel pre-polymer solution (collagen type I,
rat tail in these experiments) is microinjected into the gel cage; fluidic channels are sealed with
a clean glass cover slip (35 mm, VWR) and secured with a mechanical clamp. This is repeated
for multiple apparatuses at a time. After scaffold injection, assembled PDMS apparatuses are
placed in a secondary humidified container, to prevent the gels from drying out. Gels are

30 allowed to polymerize for 30 min at 37 °C in a humidified incubator.
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witten MATLAB (Mat hWorks, MA) code. Briefly, each fluorescent inmage of the
gel region was divided into rectangular sections that excluded the PDVS

m Cro- p| Iwer809/Rs3e@l i ntensities and correspondi ng | ocaPCcomskeoomsdsbe
"source" channel were recorded for these rectangul ar sections. Average
fluorescent intensities were calculated for pixels at the same di stances
fromthe dextran channel for all pixels across the length of the gel. At
each time point a plot of the normalized average intensity profile across
the gel was generated. Experinental diffusion curves were fitted to
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Description of device and scaffold formation. A dual fluid-flow path device

was Fabr ih@aheétdarr chammpbive: Ligikelg a@rpamfdiaﬂ@gﬂmﬁtht gclh dyreaghhymapdint e plat o4 the
mol di ng 'ﬁaecﬁ'l a?vseraar%% 1&%&“ ' 89 le a%rp% Pwaéj e at??,'cf’ G paell(‘)lrzntseglt%ﬁ] dlaf}:]\%o%ar allel

flow pat

i nj ect abh&véy wtroditealkd med@hba/leﬂms osmﬁtebeidnca ﬁﬁﬁé El@hﬂn( hed& gemersell in
hydrogel ) for cell culture. Using the device as described herein, one is
abl e to EBMLAd$ ({ampsol, USA).

A typical time course of the concentration profile in the gel cage following the

20  introduction of a fluorescent dextran to one channel is shown in Figure 11A. Normalized
florescence intensity (C-Ciin)/ (Ciar-Cuin) in the gel is plotted as a function of normalized
distance (xX/Xuq) from the dextran (40 kDa) “source” fluid path. A steady state concentration
profile was reached within 40 minutes. In this study, 40 kDa dextran was chosen because it is
similar in size to several growth factors of interest including VEGF, bFGF and IGF*.

25 The steady state experimental data were compared to results from a finite element
model assuming a diffusion coefficient of 1 x 10° cm”s™. This value agrees well with the

range of values reported in the literature™ **

. The ability to generate gradients of soluble
factors across a three-dimensional matrix provides the potential to simulate physiologically
relevant mechanisms during directional migration including sprouting angiogenesis, tumor

30  metastasis and immune response. The dynamic motility of migratory cells can be probed in a
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surface shear stress, (2) interstitial flow through the matrix (3)
gradients in chenpattractants or chenorepellants, (4) properties of the
scaf f ol d,wO2posgizpazht aneously nonitor cells in real-tinmepcans$2¢8p3ats ects of
co-cultured cells. A staggered array of mcro-pillars was incorporated into
the gel cage to provide nechanical stabilization for the scaffolds,
allowing the scaffold to sustain pressure differentials in excess of

several centinmeters (cm of water. Wth the scaffold in place the two flow
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cell culture nedium and i ncubate hours. enonstrate the effects
of bi ochérminwatpellants o¢ s propettics ol scafitnld. (b psimuttamously aargtoc oelthi in iraatginw, t h
conpl ete ia.(contro or dia enriched with pro-angiogenic factors

( bFGF, @@%;ﬁﬁém%ﬂ'?&%‘feds%ﬁﬁg m. 1) . Cells maintained in cultures for
several days Ant£ge8RHakay BBRHidoilldre FainzoRietREERICHhe Wek dhob kF/oViEH PVA
cocktail which were replenished at 24 hour ti mefp0| nts. Sanples were fixed,
taggkd winephanicabstelibesitonrfar the seaffoids. phegied thaweflalddoshdain psessesdliftespls
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endot hel aralesatislby @olatcddromm tdchagh@fin tHaens Gahill kel meet ®cfwacimedt @odlay pitessur e
differential (50 Pa) was inposed across the scaffold by varyi n? t he
di f f er enb@VEVET.tthedifiasigRior pnveglieruplesokbis tactoss thiaugh the porous scaffold from one

flow path to the other is not restrained. All cell cultures were maintained in a humidified

20  incubator at 5% CO; and 37 °C. Human adult dermal microvascular endothelial cells
(HMVEC-ad, LONZA, USA) were propagated in EGM-2MV media system with 5 % fetal
bovine serum. Cells were expanded on collagen-coated flasks and used at passages 6-8. Cells
well suspended at 1 x 10° cells mL™ in ice-cold liquid type I rat tail collagen with a final gel
concentration of 2 mg mL™. Liquid collagen was prepared by adding collagen stock solution

25  to a mixture of 10X PBS, 1 M NaOH and tissue culture grade water to obtain a 2.5 mg mL™
solution. A predetermined volume of high density cell suspension was then mixed with the
collagen solution to obtain the required seeding density. The collagen/cell mixture was loaded
in a microliter syringe and gels cast as described herein. The microinjection protocol provided
the ability to load minute volumes of scaffold material, with or without cells, directly in the

30  designated space. Alternatively, perfusion loading of the scaffold is provided. Following
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reservoir columms. Endothelial cell nonolayer formation. Two different cell
seedi ng protocols were used to control the substrate on which endotheli al
cel | s i niwpabdwi2bz2zamed confl uent nonol ayers, nanely 2D aou/u3RnsobsBs at e
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the rigid glass or compliant scaffold surface as they settle out of suspension by gravity.

20  Endothelial cells were cultured for 24 — 48 hours on the rigid (2D monolayer seeding) or
compliant (3D monolayer seeding) surfaces before further treatment. Pro-angiogenic factors
were either presented as a gradient or at uniform concentration. For this assay VEGF (10 — 50
ng mL™") and SIP (250 nM) were used to promote morphogenesis.

Characterization of capillary morphogenesis and tube-like structures. The primary
25 mechanism by which new blood vessels or capillaries are formed in vivo, angiogenesis™,

involves a series of well-delineated steps including matrix degradation, cell migration,

proliferation and lumen formation. This is a tightly regulated process that is affected by

27,28 29-31

metabolic stress”” >*, mechanical stresses® ™", soluble factors®” and ECM matrix components™
34 . . . .
. Phase-contrast, epifluoresence and confocal microscopy were used to characterize capillary

30  morphogenesis and the three-dimensional morphology of endothelial cell structures.
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remain viable for a period of several days. Wthin a few hours foll ow ng
cell seeding endothelial cells forma nonol ayer on col |l agen gel s.
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m crof |l ui dic devices to characterize and study cellular nechani snms during
sprout formation. In traditional sprouting nodels this capability is
limted, since cells are viewed through a nonol ayer. Using mcrofluidic
devi ces of the present invention, the directional sprouting and mgration
occur in the mcroscopic viewi ng plane. Tinme-I|apse i magi ng shows a
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macr o-scal e systens35 but not yet in a microscale device. Isolated cells

cul tUx edmpﬁelathlwaeo@bﬂmﬁdmtmﬂ, sigeaddlislas Yiowpd threnghtd meedlpydratstigor ds and
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difference in the norp hology conpared to control sanples. In control
sanpl e, eidderlying 3D collagen mafrix. In case of single sprout formation; the lead-cell extends
filopodial projections into the underlying matrix while the neighboring endothelial cells on the
20  monolayer remain non-invasive. Cell invasion follows a period of dynamic projection and
retraction of filopodia while maintaining contact with the monolayer and remain highly
polarized. An initial root-like structure is formed in the direction of migration that persists for
several minutes with more dynamic smaller extensions. Subsequent morphological changes
included increased penetration depth, filopodial diameter and translocation of cell from
25  monolayer (evident by movement of nucleus) followed by conical structure (onset of lumen
formation). The invading cells subsequently form sprouts with open lumen structures. With
this system, all the sequential cellular mechanisms that occur during sprouting angiogenesis in
vivo were observed and demonstrated. Endothelial cells maintained in cultured for several

days form multi-cellular capillary-like structures. Endpoint F-actin and DAPI labeling shows

30  the organization and the complexity of these structures. However, capillaries maintained under
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m grate and organize to formisolated nmulti-cellular ring-like structures.
Cells stimulated with pro-angi ogenic factors renodel to form conpl ex

i nt er conneotze@/1red2tti - cel | ul ar capill ary-1ike structuresPCrrstéve/oprsesence of
interstitial flow endothelial cells formnmulti-cellular structures within
the gel and the nonol ayer at the gel/liquid interface. M crovascul ar
endothelial cells cultured in a mcrofluidic device experienced extensive
nor phogenesi s. Endothelial cells on the fbronectin coated channel retain
their characteristic cobbl estone phenotype while a remarkable difference in
nor phol ogytimesdeiond espresatand Itusse g&ﬁr ®nné@me.to Brei nondlayes hOst oﬁthethaﬂmarks of
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nnnoh?yer was forned on collaﬁen gel scaffold as described herein
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To minimze evaporation during the course of tThe experinent, nedia
r eser voi po-qngidganizdacgoetmbdel dh forerntpled m)ermmectc@mubc C@Ullzdl crapld;latwllleﬁt each

i nl et tl et Th t ai
wth a AR dathorangnol miaia M ateRud et ble iRGSIIRh b iaES fom
for visugithiahé gél an@"thegﬂﬂbncflh@r@t th@%gﬁﬁqlﬁ@ﬁrﬁeﬂfﬁ!éen Wi t h t he AX' oCam MRm
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Axi oM si on | rrb(fg@rowqwlnasm ogreligbtcl gniburedyt vakespBeidiv danircNuperEincst aftensing
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net wor k or ures were assesse a S culture

devi ce. &b@fdstdﬁe@ﬁdldﬁy@ whilesd RiniirledloEirferapes fm&@dol@fgpexrasfemaﬁﬂ Dhanidl h 4. 0%
PFA (30 mnutes). The fixed sanples were rinsed twice with IX J[ohosphat e
buf f er edSWHCE- nBrqu:thileetlof e dermygtion, the cells migrated as a contiguous structure into the

gel region with a prominent increase in vacuoles and blebs. These structures were highly
20  dynamic but eventually evolved into more stable sheets and tubes. Serial sections of fixed
samples obtained from confocal imaging and subsequent 3D reconstruction of endothelial cell
networks confirm the presence of circular and flattened lumen-like structures which extend
throughout the length of the vessel. The existence of continuous lumens is further
demonstrated by flowing beads through the vessels under a small pressure drop. Some can be
25  observed flowing all the way across the gel cage and others collect at necked-down regions in
the vascular structure.
Microvascular Endothelial Cells Sprouting Video. To demonstrate the capability to
monitor cells in real-time, time-lapse video images were recorded of endothelial cells during
sprouting angiogenesis. An endothelial monolayer was formed on collagen gel scaffold as

30 described herein. The microfluidic device was kept in a custom built environmental control
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0.1% Triton-X (1-2 mnutes), rinsed with I X PBS foll owed by the infusion of
a mxture of DAPlI and rhodam ne phalloidin (30 m nutes) and a final wash
step w t wDXo®PB36s2Exanpl e 4: Study of cell mgration i nPAT/US2009/039434

mul tiplefluid-flow path device PDVS microfluidic assay preparation.

M crofluidic assay was nmade of PDVS (pol y-di nethyl siloxane, Silgard 184,
Dow Chem cal, M) by general soft |ithography process with SU-8 patterned
wafers. 4-inch silicon wafer was dehydrated on 200 OC hot plate for 5

m nutes, and then coated by SU 8 2050 photoresist (McroChem M. The
coat ed wetfaerbenats3 6T andbi% €tD,cmdlvolls yiblaatlized witp@sbadissbyvmdmhibgmmpe( HYG oup,

AZ) and bakedaaln tern wer e devel oped b ﬁfI\!ﬂacetate g} nﬁ W th
S0 pr opHt BpotasorbydiedRe s HaHS 0BT B rBH L FtSRaY (g e T
1,1,2,2, di&f@lcernﬁbwwe&%nhectéd difdcah Iapééeﬁhﬂﬂa@ﬁldtdmleﬁk&t the &wi&%f% Iﬁacsedl

det achabl e fromthe wafer. PDVB curing kit was m xed and poured on the
waf er, wii actecoudary paviainerrveith ¢ humh?eﬁ@i/lenalfe@mrcznrh@ﬁ rgd gut-@0 2bes mnd@“cmrte@l

PDIVS S}, hedf omth trlrmed e and
outl ets oq?m it Sualigilion HWEI STtk i e &8 ge\%xaogtagln gfflétaﬂ tRs)

coversl i @t wWage oputflGllapek ﬁﬁdlufﬂé’sl 1%Naﬂw@ﬂd6f(k16Vlsﬁﬁl itfagOuQUNIGHT sofithey. were
then plasma treated for 40 seconds by plasma cleaner (Harrick, CA) in air

envi ronnent , GhtpskeltearndNuelpicytaindng. oF etin disgbationied srmbarof eclisiareleed The
bonded dﬁ‘l\“c e}ﬁllﬁ\%s llﬂgemrﬁ'wgork%? ttﬁ)\é%ﬂru re%QNquagsgsrsP&'%tép ??%@%&uﬂuﬁeﬁgqg e the

bondi ng str an en coatl ng uti on was annels to
make t hedofian rfeactmeanslumbhbj;tmningrwﬁe Ipbrfelemdll afgr fiXidondeith ¢ ©WBBAt(B@minutes).

aspi atedadvvashdvmth sterile water e ed devi S then. dried
T tHE ovhsd WO ek rasecaseth (lJXrPéIF?%qua e ne (e e ged Wthobi .
Scaf f ol dy, 'T%t'ﬁrlﬂoﬁlX a3 rﬁlﬁﬁt@s)f hhéeﬁ%ﬂtlﬂlk%ﬂollﬁ@gﬁ QﬁtﬁeClnﬁ@foﬁlog‘ﬁlmﬁﬁﬁ‘é fpld. In
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copt |1 n PHEULAC oS el B ng e d o CRRAGE: TRy r an i 1 ust on
experiments appM$ M@mhdle atda9Ppregdi@tioh! Mo @asBEWadmige kEPDMESS
droplets on inlets and outlets to avoid evaporation of the nedia.
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medi a | n nne ear stres
mechani Cfmhnmg hiDRoh eoétaﬁbpse S0 @vtdrtsistdVEtroaheral Me9s The cpites ere was

g e tofLbiked on hot plate, exposed by DV alner (EVroup Ag) il Baked aghin. Paitemms C o

were developed by PM acetate and rinsed with iso-propyl alcohol. The wafer was then coated

20  with tridecafluoro-1,1,2,2,-tetrahydrooctyl-1-trichlorosilane to make the cured PDMS easily
detachable from the wafer. PDMS curing kit was mixed and poured on the wafer, which was
then cured in the oven for 2 hours at 80 °C. The cured PDMS was detached from the wafer,
trimmed and punched to define inlets and outlets of microfluidic channels. Fabricated PDMS
device and glass coverslip were autoclaved and dried in oven at 80 °C overnight. They were

25  then plasma treated for 40 seconds by plasma cleaner (Harrick, CA) in air environment, and
bonded together to form a closed microfluidic channel. The bonded device was kept in the
oven of 80 °C for 10 minutes to enhance the bonding strength and then coating solution was
filled in the channels to make the channel be suitable for cell seeding. The device was then

aspirated and washed with sterile water. The coated device was then dried in the oven of 80 °C

30  for 24 hours, to make the channel surface hydrophobic. Scaffold material was then filled in the
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outlets of the device to apply precisely controlled flow To visualize

di ffusion of biochem cal factors fromcondition channel to cell channel,
dext ran wvOlroeml2e2ul ar wei ght of 40 kDa was mi xed with ecdatshelioad43gr owmt h
nmedia to a final concentration of 0.5 ng/nL and added to condition channel.
The diffusion profile was taken by fluorescence m croscope (N kon

I nstrunents, NY) and anal yzed by Matlab to get the intensity graph from

i mges. Tinme-lapse diffusion of fluorescent dextran into the collagen gel
scaffold was neasured. Stable and |inear gradient was achi eved and
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| mmunof | uorescence staining was performed to visualize the final cell
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a-m ni mjg?)p?ﬁilslg gg)it?aln rg&c@ia lrjnrgdl(aai;l‘l\o/Etll\l/é condition channel. The molecular weight of dextran

was 40 kDa, molecular weight on the order of VEGF. The collagen scaffold used had 2.0

20  mg/mL concentration polymerized at pH 7.4. Transient diffusion curves of dextran into
collagen gel scaffold show dextran travels from one fluid-flow path through the scaffold into
another fluid-flow path in 30 minutes.

Endothelial cell culture. The cell suspension media was prepared with 2x10° cells/mL

and filled into the cell culturing channel. After filling, the device was kept in the incubator for

25 30 minutes for cells to settle down and attach on the substrate before the medium was replaced.
The cell attachments duration ranges from 30 minutes to several hours depending on the cell
types. Human dermal microvascular endothelial cells (HMVEC) were commercially obtained
(Lonza, NJ) and expanded with endothelial growth media (EGM-2MV; Lonza, NJ) on regular
culture flasks pre-coated with collagen I (BD Biosciences, MA) for no more than 9 passages.

30  Recombinant human vascular endothelial growth factor (VEGF; R&D Systems, MN) was
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I nvitrogen, CA) supplenented with 5%fetal bovine serum (FBS), |nM Na(HCCO3)
2, 4 "M Lglutam ne, and penicillin/streptomycin. Human gli obl astoma cell
i ne (USAWD20avaIz6iaowWn i n Dul becco's Modified Eagl e MediPamiuSBMNgo434

suppl emented with 10% FBS, I mM Na(HCO3) 2, 4 nM L-glutam n, and
penicillin/streptonycin. The U87M5 cel |l suspensions was prepared at the
concentration of 1x106 cells/m and filled into the condition channel.
MILn3 cell suspension for high density was at the concentration of 1x106
cells/nL and that for |low was at the concentration of 0.5 x106 cells/niL.
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or US7MG cell seeding. The cell culturing channel was filled with endothelial growth media

20  and control/condition channels were filled with MTLn3 or U87MG growth media described
above. Medium was changed everyday. Actin filaments and nuclei were stained with
Rhodamine-Phalloidin and DAPI, respectively, and GFP-expressing MTLn3 and U887MG cells
were used to distinguish from HMVEC. Smooth muscle cells (SMCs) were grown in HMVEC
media described above and suspension was prepared at the concentration of 0.5x10° cells/mL.

25  The suspension was filled into the condition channel in 1 day before HMVEC seeding into the
cell channel. Medium was changed everyday. Actin filaments and nuclei were stained with
Rhodamine-Phalloidin and DAPI. The same cell suspension described above was prepared and
filled into the cell channel for chemotaxis evaluation of US7MG cells. The control channel

was filled with the same media as cell channel and the condition channel was filled with the

30  medium supplemented with 20 ng/mL or 200 ng/mL hEGF. hEGF gradient was applied one
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bi ochem cal and nechani cal factors. Mechanical factors such as fluid shear
stress and interstitial flow produced by a pressure gradi ent can be applied
whi | e bi owbendxiabs2eues can be introduced either spatial PETAISR2600/08943¢ i n a
controlled gradient to study cell responses. The gel scaffold may al so be
functionalized to direct mgration toward a gradi ent of inmobilized |igands
or functionalized ECMs. Lastly, a second cell type can be suspended within
the gel region or cultured in an opposi ng channel to evaluate co-culture
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either sid u der reC| trol l.ed..condit of nmechani

bi ochen Blsr Ol Red Rk iR e TSR Ead BRPLGPerTT ey K Tsaeget o o
stiff nesmﬁeﬁisﬂlgef@i@l e&b@t@'{h@rﬂﬁ sveflf patasmalita pat2NbS1 O, mm&acé@faheﬁ ngEGF
SIP)). The three channel design has a unique feature that allows the

cont rol @madnkendistmgmlexper i rrents to be perfornmed sinul taneousl y on the

same sanpl e. e. of . outs cha nel s d| ti on, channe cont al ns t he
eat gont wnimepiputof R T PRI Ak RRORRT R R

Cel | m ghatithafollowaddladvagtagendi) tehnquaheifitidion @hd b k@aldaspectdn @hasinihe, 0qn be
directly conpared, mnim zi ng the chip-to-chip_errors due to sli ht
di f f er encesatisity ekl tpesi apricyl ur@épndlge@%ﬁw)@é%setcyntrﬁlézﬁeab@sh%@a 4nén and

other enyjpf gﬁ‘é‘?\'i‘éa%tnﬁ@'i‘dtél'lsoaﬂ% seddiRBAF LA Srm&fofﬁlﬂﬁ? bh0G

di ffusion an adi en eneration were eva uate usi ng uor esc nce t agged
dext r an. cHaantly,an dﬁéct@ﬁnﬂaaa»/mh)ﬂﬁcsudtféaldmdg lof E@A4-lils echtdrial. sCallusi iattke gpliowt h

factor di ffusion. Dextr was applied to the condjition ch and t he
resul n@harﬂaﬂr%@éwowaﬁ@‘ @wsqppgw&f elianch Rough thecscallpldiederile T sPect 1 egi on
was noni ;8keehias adhlSadBxtit AT dhE S NaRHadif SadidlS se& ds B@ORE} strdsh ‘cutld 8'

di ffusion of dextran to the central cell channel occurred wthi
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The “cell channel” is located in the center with gel scaffolds on both sides so that cells
can migrate to either side under precisely controlled conditions of mechanical and biochemical
20  factors (e.g., fluid shear stress, interstitial flow, scaffold stiffness and fixed gradients of
chemoattractants or growth factors (VEGF, S1P)). The three channel design has a unique
feature that allows the control and condition experiments to be performed simultaneously on
the same sample. One of the outside channels (“condition channel’) contains the test agent
while the other (“control channel”) contains control medium. Cell migration toward the
25  condition channel or the control channel can be directly compared, minimizing the chip-to-chip
errors due to slight differences of cell activity, cell seeding density, media composition and
other environmental conditions.
Characterizations of the biochemical diffusion and gradient generation were evaluated
using fluorescence tagged dextran. Dextran of 40 kDa molecular weight was used to simulate

30  growth factor diffusion. Dextran was applied to the condition channel and the resulting
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cell channel and the condition channel. The control channel was filled with
normal cell culture nmediumw thout VEGF as a control. Mediumdroplets (40
m.) wer e wbhao@di2eszer t he channel inlets and outlets to ®OmMUSEI0IWBE3IPr essur e
di fference al ong and between channels (i.e., to generate flow during nedia
change and cell seeding or maintain no flow conditions throughout the
course of the experinent), a technique previously shown by Wal ker et al.25
to generate stable flow strong enough to replenish nedia and at the sane
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various durations. 'VEG at day 1' ns that VEGF was first pplled 1 day
after celfctsauipuilts tveeﬁritthﬂarﬁsszﬂ%ﬁa rREa ANy ReELGEECH thagpelyfifited 2 or 3
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dlfferenefromthec nt r ol Figure is a graph normal i zed
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under onscatfolidiof digferent stiffness (pH 7.4 and pH 11) were observed and quantified over several
days. On the condition side, cells rapidly migrated into the scaffold, while significantly less
20  migration was observed on the control side.

As shown in Figures 20A-G, endothelial cells were stimulated to migrate into collagen
scaffolds. Figure 20A shows that one day after endothelial cell seeding a confluent monolayer
was formed in the cell channel and growth factor (20 ng/mL of VEGF) was then applied in the
condition channel. Figure 20B shows migration results of microvascular cells in collagen gel

25  scaffold polymerized at pH, 7.4 and (c) at pH 11.0. Cells were fixed after 6 days of culture
with 5 days of VEGF gradient application, and stained by Rhodamine-Phalloidin and DAPI.
White dotted lines indicate the outlines of gel scaffold and small rectangles in scaffold indicate
the PDMS posts of 150 um %150 um. “0.2%"” indicates a collagen concentration of 2.0

mg/mL. In both cases, it can be noticed that cells preferentially migrated into the gel on the

30  condition side toward VEGF gradient. Figure 20D is a graph of normalized relative length of
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To evaluate the sensitivity of this assay, VEGF was applied to the
condition channel 1, 2 or 3 days after cell seeding. Results are presented
in two wawe:20a9e632ar nal i zed val ues and the rel ative nor rariuseawadsaes. For
the normalized val ues, the neasured data were nornalized to their own
baseline data at the initial tinme point (Eq. 1). Relative normalized val ues
were assessed as the difference between the normalized data of the
condition side and the control side. (Eq. 2). [Fn]= (1) [L Fnl Lrelative
=[L Fnl Lat condition side - [ L Fnl Lat control side (v2) where O is val ue
at the inniigrhtad ctlisme tlp@éoitageﬂ:ﬁllsezsffcddpallymrizﬁhat\m{ 4 veith ¢cancentpiontof 3,0 and
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ar e brangaemry "R O el el Bhi R A5 oy FiayRigh
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VEG- added after 3 da‘xs did not. In collagen scaffolds polynerized at

pH
11. 0 ( st PHF7-4ywits pongeairatianef 2 medn] z Eigujen 0EengG @Wegrmq@ef RoERAITge rd¥BiRed
signi fi C%H% h%hpfa?ga ra?Jd PL @{EQB eﬁ%e%caﬁg‘fd' %ﬂéﬁﬂgﬁ apgﬂqtl% W;ﬁ?
relative |ze ues of “the are ange were,” however, too to
be det ectc&rdemtratﬁohe)facﬁ)l hgpen Aﬁ@fréghbdmnelbymeenagedf tht vplde 14 Gewm\aﬁh neS
normmpl iz vg u <§§5 vide i n5|dght s that were not apparent when studying
nor iz ﬂal/ i?gé T opp AENsi tivity coul d be achi eved by conparing
the control expeydiRPtheyRendifiGitPeiMisd8WyCOECH Wi Hlitd® GBBndifof MdRnel 1,
variability. Induced angi ogenesis by nméchani cal properties of collagen’
scaf f ol d2 oThdaplefer veltisceding. Results are presented in two ways: the normalized values and

h and

the relative normalized values. For the normalized values, the measured data were normalized
to their own baseline data at the initial time point (Eq. 1). Relative normalized values were

15  assessed as the difference between the normalized data of the condition side and the control

side. (Eq. 2).
F —F
F __»n 0 1
o (M
[F” ]relative - [F” ]at condition side a [F” ]at control side (2)

where Fy is value at the initial time point, F, basic value, F, value at time point n, and [F, ]

20  normalized value. F is either the length of the outer envelope of cells, L or the projected cell
area, S . No statically significant differences could be observed with only normalized values.
However, the relative normalized values yielded statically significant differences when
comparing the length and area changes of cell migration for different durations of VEGF
application. The relative normalized values of length and area change imply that, with

25  collagen gel polymerized at pH 7.4, VEGF applied at 1 day and 2 days after cell seeding
induced cell migration while VEGF added after 3 days did not. In collagen scaffolds
polymerized at pH 11.0 (stiff gels), relative normalized values of the length change showed
significant differences of cell migration at various time points. The relative normalized values

of the area change were, however, too small to be detected in the collagen scaffolds
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endothelial cell mgration patterns denonstrated here depend on the

col | agen gel stiffness. CGel stiffness can be controlled by adjusting the pH
of the coWvbagevi2shuti on before pol ynerization w th higirer/yskhovabues
resulting in stiffer gels5. Conparing initial gelling conditions of pH 7.4
and pH 11 gels revealed that stiffer collagen gels (polynerized at pH 11)
restrict endothelial cell population mgration, but pronote the generation
of tube-like structures with dianeters in the range of 20 - 30 nm Forned
structures resenbl ed tube-like capillaries observed in other in vivo assays
or 3D napslpmaszalyes p8l 1180.aRdativen@riadraheduasiprevifemsightsatbatsvdrs eqlkexpaﬂeyt
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wor t h no\t/zlw'}‘ gssﬁflsa(;r IR &&lysProparhd £8st0hccldra 18mah {ab dudshilapesnfidifd

positions of t nuclei. In the softer scaffold, nucleli of mgrated cells
wer e | ocly sxtkrodeang 2hen aBtrbbeadefintd e adtule mbdlummndtttaemng thoomguebtad hattiouel y
describe the_different nodes or structures. of m, rated ells, nor i zed

area is piig fleeresrgashRicrossPval Fordbisica UOE’)BIPW teragitial How s wp ers,
a (assungd CEH’ @Qlttlﬁn%fchﬁhlgsrl% ﬁl@ cbRditioR Hﬂdﬂn@le() ﬁgﬂtalﬁnﬁ Hfﬁ?tﬂe SiReicew dth of

m grated cell outline), as shown in Equat | ) assunpti ons,
t ubeld i kectytenudtures dmp@tsizalcamt@rl Aeme lhgpsepgmlciertmukmg of escriobsadwivtas t hr ee

boundaries,. K =50 3) Vario

appl i cat PEIRETSH bk JoRed AR \Qﬁa%&hepﬁug?% ¢ %ﬁmkurﬁ&e&g) asymaRgat e spieg
new desi @B chfillblySti@eRadbidrtihet © study cell migration through 3D matrices
and across endothelial |ayers. Cancer cell extravagation has previously

been shown toTdeipénel goh silfiness ga theotgictuire of migrated endothelial cells can also be

illustrated by the differences in the outlines of migrated cells. In softer scaffold the outline was

20  wide reaching both ends of the scaffold, while outline in the stiffer scaffold showed very
slender, tube-like structures. This observation implies the different modes of cell migration in
scaffold with different mechanical properties and the possibility to control the structure of
migrated cells and tube-like structures with different mechanical properties of the scaffold. It
is also worth noting that mechanical properties of the scaffold influence the positions of the

25  nuclei. In the softer scaffold, nuclei of migrated cells were located near the center of the cell.

In an attempt to quantitatively describe the different modes or structures of migrated

cells, normalized area is plotted against normalized length. Defined are two new parameters, a
(assumed length of migrated cell outline) and K (assumed sum of width of migrated cell

outline), as shown in Equation 3. Under the assumptions, tube-like structures are characterized

30 by experimental results with three boundaries, K =50, K =150 and [S,]=8.
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endot helial cells26'27. It is well established that cancer stromal cells
signal to endothelial cells for angiogenesis. In cancer therapy, inpeding
angi ogenesD200912632ut i cal al ong with chenot herapy and ot rer/use@asmnt s28. To
investigate these effects, the interaction of cancer cells and endot heli al
cells were studied by co-culturing the two cell types in a mcrofluidic
device. A rat mammary adenocarci nona cell line (MILn3) or human neur al
cancer cells (U87M5 were cultured in the condition channel and HWECs were
cultured in the cell channel. In prelininary observations, high density

MILn3 attract eflll IMIEC [, nt@athg%ioISLagﬂ@n sKaff , Byt f ﬁ m gratj.on rate
was significan slg wed™ ddilent (20 n@

i nduced HWEC mi grati’on, sﬁggestl ng Ethat f’he chenotdctic factors generat ed
by MILn3 cells are less stinulatory than the VEG- gradient. The extent of
mgration was positively correlated to the nunber of the MILn3 cells in the
condi ti oned cWaﬁnm applmmou%n%ﬂteylemmmotleidll@pl@tfgrmotA maiby @dvantageiof itoant
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col | asgenlaseraf t@haar célo eaptaervagatm ¥ brsdidislyl tseen !sBJ\moc@prﬁd Y (ritcri®@iods adthi ve
and readi mgrated,into the scaffolds. The chenptactic effect of vascular

smoot h ﬂ@héleqellls% SNEXS vl estrtbdis sl thafi capesr sgomakscedlp signaldrsndathelta aelfsy
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channe? K/bqggt Hﬁ%@&éﬂhgﬂg}( alhégﬁ%lg Itlsl %ﬁﬁgl‘%{ control gel
regi on delrmnﬁherqi}edldtdmersteabndntsf rigo xmzpﬁtgatel thyse@ffe&ibﬁhb ntefibii@ ofMagecat | on
of HWEC ) n condition sid respopnses of SMC to. HWEC or
FWEC t o°oinend patast E&? H@Vqrw@éwﬁ%atceowﬁaw ﬁwﬁw&ce {XREy I 4 FigrABUdift ur e,
thi sy 0- UL rt tf AL R a@l%cgrcl?@orﬁhg@e@l 2 (MG b8 RhBad RrhIQlaBc@lec M

recruitment to endothelial cells in stabilizing'newy forned capillaries29
32 . To i (WE&MGyate quiteradiiy that dooditop ebanmhanHYPY BCewerstcuttired8a ME el | s,
HVVECS re

d di h h di
omor ot charipgl s Bl gheoBSer s i A SURY RE b il LIt M

HWEC weg@ffldabecthé migiaore Aiehivhi 8BnicbanRallowsl@egsiéd e thitad VilEGaddhd not
attract UB7MG cel | s. %\hen a gradi glrllt |n1}ﬁdEGF was Eroduced by adding 20 or

200 ng/ n20HEGEL) dperst BYNAIG mogratemnnegesting Gebthc shenplaet Betotsgmaages iys of
e SO 95,495 T MRS Rk, AR B R e
diff usedp@G;t[\Q:iS}Scorrelated to the number of the MTLn3 cells in the conditioned channels. Low
density MTLn3 cells did not induce significant migration of HMVECs. US87MG cells appeared
not to attract HMVEC, in spite of high cell density in the condition channel and ability to
migrate into the collagen scaffold. Compared to MTLn3 cells, U87MG cells were more active
20 and readily migrated into the scaffolds.

The chemotactic effect of vascular smooth muscle cells (SMC) on endothelial cells was
also demonstrated by seeding human aortic SMC in the condition channel and HMVEC in the
cell channel. Monitoring HMVEC migration in the condition and the control gel region
demonstrated the stabilizing capability of SMC to HMVEC. Migration of HMVEC was

25  suppressed in condition side. The responses of SMC to HMVEC or HMVEC to SMC are now
being investigated for further study. In the future, this co-culture strategy could be used to
investigate the role of SMC recruitment to endothelial cells in stabilizing newly formed

capillaries® 7.
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the matrix and reached the cells not only on the condition side but also to
the control side and that the observed mgration speed difference was

per haps owe 2b@/ebeaoki nesi s as opposed to chenotaxis. APSDH/USk@ON$EA4 was an
ef fect of nechanical properties of the collagen scaffold on cell mgration.
In the higher concentration scaffolds (0.25%coll agen), the mgration speed
of UB7MG cells was suppressed requiring a longer tinme to show significant
chenokinetic differences in mgration speeds on the control and condition
sides. These results denonstrate the ability of the m crofl uidic devices
descri bed her &b mvestigatoths tigatien speed @hdl doplaoémetief BINVEG iccldd, HMVEQe micoal
properties of f ECMon cell mgratio or cancer cells, it S,.previ ously
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By i ntroghighinch SIS AVIGLceHS (vhe bRl vIRNIPVMEG wekcl f126& I the @sditidieshARE,
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attached and grew on l"ayer I's evidence denonstrates the
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cells into the.lumnal side of endothelial ceJl nonol r i ch hown
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provides a well-controlled cell culture environnent which can be observed
in real UBMEG ¢alistweesnppressed teqalringveslohgar tame forsheyrsagnifasanbéhemodpieyisi cal and

bi ochem ¢al factors, essential in mmckin hysi o] ogical condi,tion S
el | scondikirtrss paverganspiary B GGk Dl St orE st et
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physi ol ogi cal ‘and pat hophysi ol ogi cal phenonena such as angi ogenesi s,
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of the subject invention have been di scussed, )

arrangements, it is foreseeable that a model system of cancer progression can be developed
incorporating serial steps of angiogenesis, intravasation and extravasation’. In preliminary

20  experiments developing a cancer intravasation assay, US7MG cells were cultured in the
condition channel and HMVEC in the cell channel. Intravasation of US7MG cells, colored in
green with GFP, into the HMVEC monolayer was observed. Several US7MG cells passed
through the monolayer, and were subsequently either convected away by medium flow in the
cell channel or remained attached and grew on the HMVEC monolayer. This evidence

25  demonstrates the utility of this assay in studying and analyzing the migration of cancer cells
into the luminal side of endothelial cell monolayer which was shown in vivo™.

This microfluidic platform proves to be a versatile and powerful tool to study cell

migration for various biological applications. It provides a well-controlled cell culture

environment which can be observed in real time. Furthermore, it allows for an integration of

30  biophysical and biochemical factors, essential in mimicking physiological conditions as cells
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t he above specification is illustrative and not restrictive. Mny
variations of the invention wll becone apparent to those skilled in the
art upon wewo@vi2eif24t hi s specification. The full scope ofPCrhS2000989384 on
shoul d be determ ned by reference to the clainms, along with their full
scope of equivalents, and the specification, along with such variations.
Such equivalents are intended to be enconpassed by the foll ow ng cl ai ns.
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opti cal | 8t Farspa¥.eKerbehRe$.| Alizura 480¥72t4(2002pl ed to the optically

Ly oo ot naraPalainos budBRh g S inf . Sl el TE ORI E Ufibst o the T
scaf f ol d 300PhRCYS, ThEeYSHDBREALS W&ﬁg,ﬁ@.ﬁ, MABNY _ther s, ¢ald-y3 foy @oepar ent

material; the substrate conprises a Tirst flui d-fl ow path and a second
fluid-fl dw amtelict Re Natrded.f 6..388-30d30@At h does not intersect with the

secog)fjf }‘ Ig\%l %g%o%ﬁgﬁgﬁw;Cl%%eg-h‘f?‘f’%.ﬁz-f@h g%\(/kfo]&dl sposed between the first

flui t e 'second th. 2. The device of claim1l,

wher ei n 3BeHhiadgs ., Thgbed D EQWapathCang, 11e13@eo0s).f 1 ui d-fl ow path are
channel s in the substrate. 3. The device of claiml1 or 2, wherein the
subst r at 84cHpH Seddc Biwpiater.. 8, 41hd8 BPike of claim 1 or 2, wherein the

substratg:c ' T LGE 10 cl aj ein
The substral B Lt T O 1 U L s e (S P
subst r at &.iGavallaresul, Lisbhere Sp&sejenfE. thp. SubRes. 32, 680-P6T Y20D6).ysi ne, or
exposure_of the substragte t | as . Th evi ce of e | ai ms
B hner bt Wik e S dbhishe-dlisum B B e gy b b <a0BY:

bi oconpatd beguRokY RBHo, 18 MEBE MgV ives, of -RANVicREaA! VC kainiH, -5, Jhens), 9, t he
scaf fol d conprides coll agen, ‘agarose, gelatin, fibronectin, fibrin,

| am ni n, 26-27% (@9pP).de. 9. The device of any one of clainms 1-6, wherein the
scaf fol d3é:.0§g)({ol, ﬁ.e,SCh%nB,hgti)e_r\?alillrcoa}l% 1es, I. K., Vickerman, V., Toshimitsu, Y., Griffith, L. G.,

Kamm, R. D. The FASEB Journal, fj.08-122820, published online February 26, 2009.
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pol yner. 10. The device of any one of clains 1-9, wherein the scaffold
conprises a first biological entity. 11. The device of any one of clains
1-10, wheweiznodhreszgcaffold is substantially adhered to Phe/usabosase. 12.
The device of any one of clainms 1-1 1, further conprising a pressure

regul ator.13. The device of claim12, wherein the pressure regulator is a
val ve that creates a pressure differential between the first fluid-flow
path and the second fluid flow path when fluids are introduced into the
fluid-flow paths. 14. The device of claim 12, wherein the pressure

regul at oWeiGlamm:val ve that creates a difference in flow rate between the
first flgi d-fl ow E)Z.fh .a.r(ld the second fluid-flow path when fluids are

i ntroduckd i nfdMCHAMYIGAEVIFT- SRMBEPAE 15, The device of any one of clains
1-14, wher ei Ny Bijichily Shndpattnfmhicemt;pat h or the second fluid-flow path
conprises a resistance channel. 16. The device of any one of clains 1-15,
wher ei n t he f#pestrategpupled vihpaphicablygragpparent ematergilemdsi ons t han the second
flui Cg flow paf QCaféo? Jrilr%\ 1eveinclgnsogfa%g aStOPem()lIlt(:I‘l ea-idnrge ]s"_o%lg]is fagr't her
conprising a 7% CHILYI I nlet operably c%nnecl%gd O PFSE 1 ui d-f1ow
pat h. 18whddm devi ce of any one of clains 1-17, further conprising a first
fluid outlet operabl¥ connected to the first fluid-flow path. 19. The

devi ce of anyth§sebsgtcqoamisesia pst; f urt her conprising a second fluid inlet
operably conn 0 . ' .any one
of clainms 1- 1@93?%?&#@833&%%?%}%%2?%%%;&%&&3%%@Frtelrb&) t%%%}i %%1%8%@% ;ellq{i:lbnnect ed
t o t he secondthtlsubstrafd ammpatha figdt HuidHiew gethi and ackcanyfloddloof path;ai s 1- 20,
further conprisi first reservoir operably connected to the first

f1 ui ﬂ)-f | ow pa&hﬁ.fﬂgéﬁugrﬂ%@m Qs pt @%ﬁrseﬁh@ltgfthecﬁeawéﬁliﬁﬂqw PPt 4y

conpri sing 2 geenthis RELHREd bARELRM YirAMUEALE heliPartd i SEERA Hld b s phitow

path. 23. The device of any one of clains 1-6, erein the scaf
conpri sed a sbh¢ devore afatdimsioiwhdrdm tedmptaiuitifiewomitly aet the apabnt Heid-fbwdadr
sem -solid Bi oci)srgg?ﬁi b emﬁgl ymer allows the

are channé e subs
3. The device of claim 1 or 2, wherein the substrate comprises plastic.

15 4 The device of claim 1 or 2, wherein the substrate comprises PDMS.
5. The device of any one of claims 1-4, wherein the substrate is modified.
6. The device of claim 5, wherein the modified substrate is a result of exposure of the

substrate to poly-D-lysine, or exposure of the substrate to plasma.
7. The device of any one of claims 1-6, wherein the scaffold comprises a solid or semi-
20  solid biological or biocompatible polymer.
8. The device of any one of claims 1-6, wherein the scaffold comprises collagen, agarose,
gelatin, fibronectin, fibrin, laminin, or a peptide.
9. The device of any one of claims 1-6, wherein the scaffold comprises a photo-curable
polymer.
25 10.  The device of any one of claims 1-9, wherein the scaffold comprises a first biological
entity.
11.  The device of any one of claims 1-10, wherein the scaffold is substantially adhered to
the substrate.

12. The device of any one of claims 1-11, further comprising a pressure regulator.
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passage of a second biological entity. 24. The device of claim 23, wherein
the scaffold conprises coll agen, agarose, gelatin, fibronectin, fibrin,

| ami ni n, WO 2009ept2itde; and the second bi ol ogi cal entityPCoOMSRI0O39434
eukaryotic cell.25. The device of claim 23, wherein the scaffold conprises
col l agen; and the second biological entity is selected fromthe group
consisting of a growh factor, a cytokine, a hornone, an anti body, and an
enzyme. 26. The device of any one of clains 1-25, wherein the optically
transparent material conprises glass. 27. The device of any one of clains
1- 26, fuil.her Thodpnéesofredpia 2hmherein thie grdsbowrgmidior ia atvialviedhdtlcrgatksiariressyreand

athird fluid.outlet: rein.the third fluid inlet, and the thiyd fluid
out et - atEeuaint bsser il R viskaw bt dehe bepnd P B P st The
devi ce ofntehadcmisté thihelieidv birgs.scaf fol d occupies substantially all of the
third fluid-flow path. 29. A mcrofluidic device, conprising: an optically

transpar &ht nhedévaee ofelamblst whewicbapresdure seguitonip rivebiclthaticraatsgar ent
et erd al g and 2y SaaL LAl dolad e HLRISIONS,h o8 S8R TILY Ll fifien

di nensi ohal” space; e scC hesubstr a

opti cal | fluids arsp@s@IREd (b Eel falid BowlRily. the substrate conprises a first
fluid-flow path, a second fluid-flow path, and a third fluid-flow path; the
scaf f ol dlTompFhedeyice 6fjgnyong of ¢laingy 1-dbrivhagnitke BisbBwidiaw itk opdrosseend

di sposed ;Fﬂgg LSt Wi, 0= f ath and the second fluid-flow path,
and a seg%?\ sop?thragrrnfpgé%ﬁas%%l%g eiécl)lgigﬁrf%ati bl e pol yner di sposed between the
second fl&i d- Thodevatdf aapdnt beclhimy 15| wihcdéihohe fiat finidaihely pird haobifftrant

sem -sol i d bioconpatible polyners allow the passage of one or nore
bi ol Bhi c&meanpns fhag thoggcond é‘i}gﬁéﬁiﬁa&tﬁ- hi gh-t hroughput anal ysi's, conprising
a plural ity of,dgwiGsst o §o|ﬁ@)$faaﬁnsof-16,|fﬁhﬁ& cbi %sin%]a];ﬁr'@t il e SerdbBRSUri ng

directed mgration of a Cell, conprising the steps of:
connected to the first fluid-flow path.

18.  The device of any one of claims 1-17, further comprising a first fluid outlet operably
connected to the first fluid-flow path.
15 19.  The device of any one of claims 1-18, further comprising a second fluid inlet operably
connected to the second fluid-flow path.
20.  The device of any one of claims 1-19, further comprising a second fluid outlet operably
connected to the second fluid-flow path.
21.  The device of any one of claims 1-20, further comprising a first reservoir operably
20  connected to the first fluid-flow path.
22.  The device of any one of claims 1-21, further comprising a second reservoir operably
connected to the second fluid-flow path.
23.  The device of any one of claims 1-6, wherein the scaffold comprises a solid or semi-
solid biocompatible polymer; and the solid or semi-solid biocompatible polymer allows the
25  passage of a second biological entity.
24.  The device of claim 23, wherein the scaffold comprises collagen, agarose, gelatin,
fibronectin, fibrin, laminin, or a peptide; and the second biological entity comprises a

cukaryotic cell.
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a) providing a device conprising: i) an optically transparent materi al
coupled to a substrate conprising a first fluid-flow path and a second
fluid-fl owmopasdi2eaeadi i) a scaffold havi ng di mensi ons of patr/use@so3®y3sm in
t hree di nensi onal space that contacts the substrate and the optically

transparent material; b) introducing a cell into the first fluid-flow path;
c) introducing a biological entity into the second fluid-flow path; and d)
measuring the directed mgration of the cell into the scaffold. 32. The

met hod of claim 31, wherein the biological entity is selected fromthe
group codsi st Thgdoficqufekamydt wbeceal ths scdtdtdcgmpiiss celligen; grdaht becbadt or s,

cyt oki nes, . hor es, antibadies, drugs, and epzynes, .33. The net hod of

o af m S10olarbRY ikl ot e it imifine Shé W SediropPeaR i sty i s an
endot hel h@nos8) dn andBeody! AR BRLRAGOf claim 31, wherein the cell is obtained
froma human subj ect having di abetes, and the biological entity is obtained

from a h¥fran Thbiedee ofeny Rae chgaiisabed .exheras therppicay tarspafentmaictiel3 1,

vvhereaj n éoqg rgzeelsllaiss obtai ned froma human subj ect not having di abetes, and
t he bi ol oglpca &N 'ty is obtained froma human subj ect having di abetes. 36.

The nmet horl of Thd édvikeXlf.anWaae ef Blainfiel -6 furthe cobipaisitgd thir® Musl-howgaths Wigjiart
havi ng cancer, and the bi olqggi cal entity is obtained froma human subject

not havi Ayiddalstepd agvrd fiyd opfethpdcrsin G dliird Buid iplgesnd the thed fhad putles aght ai ned
froma h i i e the biological entity is

obt ai ned%%&gﬂawhﬁc%lﬂ%%db?%% {h%réi\(;f?ﬁ%?lgg céﬁ?. 38. The nethod of claim 31,
wher ei n 2he cEhd déviceant cbtinhdthelhemlin the lstaffdlthecduiptds agbstaltiaptll oy theshad second
cell; thﬁ .sceﬁ:ond ell is a tunor cell. 39. The nethod of claim 38, wherein
the Hbl|TwddIeMBatBecond cel | are obtained fromthe sane subject. 40. A

et hod ofo, TeagufiAANMie agvikE s fiprligEmRL i on, conprising the steps of: a)
providing a device conprising: i) an optically transparent material coupl ed

to a subst rat & g@iply samgparenf matriak| ui d-f1 ow path and a second fluid-flow
8?;2;1 s ?gg a: i )S?)g é&?t%&g{lﬁeg ?ovtihg %pgci:arﬁ?lr%?ain(s)ﬂ’]a%en?fma%riall;ea%%it 1 mmin three
a scaffold having dimensions of at least 1 um in three dimensional space;

15 wherein the scaffold contacts the substrate or the optically transparent material or both;
the substrate comprises a first fluid-flow path, a second fluid-flow path, and a third fluid-flow
path;

the scaffold comprises a first solid or semi-solid biocompatible polymer disposed
between the first fluid-flow path and the second fluid-flow path, and a second solid or semi-

20  solid biocompatible polymer disposed between the second fluid-flow path and the third fluid-
flow path; and

the solid or semi-solid biocompatible polymers allow the passage of one or more
biological entities.
30. A system for high-throughput analysis, comprising a plurality of devices of any one of

25  claims 1-29.

31. A method of measuring directed migration of a cell, comprising the steps of:
a) providing a device comprising:
1) an optically transparent material coupled to a substrate comprising a first

fluid-flow path and a second fluid-flow path; and
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contacts the substrate and the optically transparent material, wherein the
scaffold is disposed between the first fluid-flow path and the second

fl ui d-fl owmopaedi2by24i nt roduci ng an endot helial cell or emdotusedoombossel |
precursor into the first fluid-flow path; c) introducing a biol ogical
entity into the second fluid-flow path; and d) neasuring the formation of a
bl ood vessel in the scaffold. 41. The nethod of claim40, wherein the

bi ol ogical entity is selected fromthe group consisting of prokaryotic
cells, eukaryotic cells, growmh factors, cytokines, hornones, antibodies,
drugs, and enzynesii) #&affohkhavetghbicheosiond cfiamedst lopm4d threddineinsiondlespalevthate
further conprises a. thir | ui,d-fl ow path; and a second scaffold having

di mensi ons of SHfagtLhE SuBst, a\nﬂtl?%?@@aﬁﬁf@?@ia@ﬁﬁma‘?ﬁﬁge that contacts the

substrat e andp}iigo@RiALCALIYintd ABERATRIM-fIGRI A al , wherein the second
scaffold i s disposed between the first fluid-flow path and the third

f 1 ui df | ow pat &.inggducmerebintegicof critip trite Hio ssgoral fudifoey patlsrapdi si ng the steps
of : contacting a.liquid scaff.old material .with a strate conprising a
et 11 ar o sl O esbl i @de B 5L AT oot “and by

oper abl y3Zonnggd mbghot @f thm SUbShéraineh@biolfplida ahtity i§ Jednepia@ntha@beyi al . 44,
The nmethod of claim43, wherein the liquid scaffold material conprises

nonomer i eonsisfinggeprokaryotiqrlspeikapmtis ek, grayyth Jacsers atokingsy hermogehpri si ng
the step i fyi strate before contacting the substrate with
the |i quai1 {bsog}a% f%r?{%ﬁgrr%(% gfr?ﬁyg#?' thereby altering the hydrophobicity,

hydr ophi 33.ci t Yhe method af tiaivh 8y, wikrcinahé €€l d aadhesploh apd thedridlogisalatityhie an
substrate. ﬁ%b The net hod of claim45, wherein the step of nodifying the
subst® at ede8igirl €8s exposing the substrate to poly-D-lysine, or exposing

the substs at eThOmpiHdd TR clafhd |-3 1 I\bﬁergﬁttﬂg ?el{)ifs 0B R hihih h@ﬁbj 4314GmgWherein

the step of contacting the liquid scaffold material wth the substrate
conpr i sediabeigwend thy tidlegicilgquiity is obfairmddramat dninah sulyde mophassgidiebdtet o a

def I ned 1201 ofy Of h8 SURSLLRC 8. Lhaty | 5. PHOBLAN ALY HISA S PR Y L
diabetes, and the biological entity is obtained from a human subject having diabetes.
15 36.  The method of claim 31, wherein the cell is obtained from a human subject having
cancer, and the biological entity is obtained from a human subject not having cancer.
37.  The method of claim 31, wherein the cell is obtained from a human subject not having
cancer, and the biological entity is obtained from a human subject having cancer.
38.  The method of claim 31, wherein the cell is an endothelial cell; the biological entity is a
20  second cell; the second cell is a tumor cell.
39, The method of claim 38, wherein the cell and the second cell are obtained from the
same subject.
40. A method of measuring blood vessel formation, comprising the steps of:
a) providing a device comprising:
25 1) an optically transparent material coupled to a substrate comprising a first
fluid-flow path and a second fluid-flow path; and
i1) a scaffold having dimensions of at least 1 um in three dimensional space that
contacts the substrate and the optically transparent material, wherein the scaffold is

disposed between the first fluid-flow path and the second fluid-flow path;
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48. A nethod of measuring perneability, conprising the steps of a)
providing a device conprising:i) an optically transparent material coupled
to a subswoar@/redrprising a first fluid-flow path and aPseaspe9fobusd- fl ow
path; and ii) a scaffold having dinensions of at least 1 mmin three

di nensi onal space that contacts the substrate and the optically transparent
material; b) introducing a first substance into the first fluid-flow path;
and c) nmeasuring the perneability of the first substance into the scaffold.
49. The nethod of claim48, wherein the first substance is a fluid or a
smal | nol ecul k). in0duciipametdotctlialf cetloaicndetBelmit celBprevdresranto thd &rss Clafd-Bdw
conpri ses cell nonol ayer. 51. The nethod of claim48, wherein the first
subst anck? @onpri ses a cell. 52. The method of claim51, wherein the cell is
an endot hel i af) 1ﬁ@6&1ucn%?a bibRiAEENRG iR tRY O Ql-wapdik, 43, S1, or 52,
wherein the scaffol onprises a second cell. 54. The nethod of claim53,
wherein the sé)c@ﬁ@u@@g thei fermationradie bbedd ves®s in fhhécqrféﬂd}od of clai m 48,

wherej n e fi u anee 460 rls e. ce an ..endot hel i al

cor > ¢ hlecal FEmatST PREE 60T BULRTRe Bioftidl RN ACSi ol R e o

cell; an@bxﬁﬁﬁngaﬂ@bﬁ@ybﬁ& cdlB| ¢ukan@titelld, lgfmﬁth(fﬁitd)rs,ady@olﬁbésah@ﬁd)néi,om t he
sarre subject. 56. A nethod for eval uati ng a cell tracking agent, conprising
t he st ep%ntﬂPPd@? délﬂ‘%ﬁv?@i fiyY&C8evi ce conprising: i) an optically transparent
mat eri al ;£oup [ ow path and a
second fI%l d- #Féjmtealgta ﬁﬂ!%ﬂ%@to 430‘2@% ? cgﬁegd%é‘%e: ﬁlﬁhdj ot gllségns of at least 1
mmin three daﬂmaisﬂlmd}dlowsmh:,emtihat contacts the subst rat e and the optically
transparent material; } ntroducing a cell tracking ent into the first
f1ui L f1 ow pat pecordacaipldrbaydng dimgnsines of 4tgwsi bAMgR ﬂinﬁ% agnsionplprehigatagent

into t heccﬁﬁaacftg t‘ﬂ% gubstrate and the optically transparent material,
P y Y
wherein the second scaffold is disposed between the first fluid-flow path and the third fluid-

flow path.
43. A method of fabricating a device, comprising the steps of:
15 a) contacting a liquid scaffold material with a substrate comprising a first fluid-flow

path, a second fluid-flow path, and a post; and

b) operably connecting to the substrate an optically transparent material.
44.  The method of claim 43, wherein the liquid scaffold material comprises monomeric
collagen.

20 45.  The method of claim 43 or 44, further comprising the step of modifying the substrate
before contacting the substrate with the liquid scaffold material, thereby altering the
hydrophobicity, hydrophilicity, cell affinity, or scaffold adhesion properties of the substrate.
46.  The method of claim 45, wherein the step of modifying the substrate comprises
exposing the substrate to poly-D-lysine, or exposing the substrate to plasma.

25 47.  The method of any one of claims 43-46, wherein the step of contacting the liquid
scaffold material with the substrate comprises injecting the liquid scaffold material under
pressure into a defined region of the substrate that is substantially non-contiguous with the first
and second fluid-flow paths.

48. A method of measuring permeability, comprising the steps of

30 a) providing a device comprising:
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49,
50.
51.
52.
53.
cell.
54.
55.

1) an optically transparent material coupled to a substrate comprising a first
fluid-flow path and a second fluid-flow path; and
i1) a scaffold having dimensions of at least 1 um in three dimensional space that
contacts the substrate and the optically transparent material;
b) introducing a first substance into the first fluid-flow path; and
¢) measuring the permeability of the first substance into the scaffold.
The method of claim 48, wherein the first substance is a fluid or a small molecule.
The method of claim 48 or 49, wherein the scaffold comprises a cell monolayer.
The method of claim 48, wherein the first substance comprises a cell.
The method of claim 51, wherein the cell is an endothelial cell.

The method of any one of claims 48, 51, or 52, wherein the scaffold comprises a second

The method of claim 53, wherein the second cell is a tumor cell.

The method of claim 48, wherein the first substance comprises a cell; the cell is an

endothelial cell; the scaffold comprises a second cell; the second cell is a tumor cell; and the

endothelial cell and the tumor cell are obtained from the same subject.

56.

A method for evaluating a cell tracking agent, comprising the steps of
a) providing a device comprising:

1) an optically transparent material coupled to a substrate comprising a first
fluid-flow path and a second fluid-flow path; and

i1) a scaffold having dimensions of at least 1 um in three dimensional space that
contacts the substrate and the optically transparent material;
b) introducing a cell tracking agent into the first fluid-flow path; and

¢) measuring the diffusion of the cell tracking agent into the scaffold.
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