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WO 20081005035PCT/US2006/035610 POROUS POLYMERIC
ARTICLES FIELD OF INVENTION  The present invention relates
generally to porous polymeric articles, and more specifically, to porous
palypmenesaticles for tissue engineering and organ replacement;s2006/635610
BACKGROUND Tissue engineeringland organ transplantation are
principally concerned wiith the 10replacement of tissue and organs that
have lost function due to injury or disease. In one approach toward this
goal, organs are transplanted |nto a atlent However, the side effects of
transplantation can-b€ @RI HCOTPFEH qise the health of the
organ recipient. In anoth uItured in vitro on
biodegradable polymerlcelétlc%a%[H Sto orm 8llﬁes or neo organs that are
then Thplaeted intentfren b@d@%ﬁ@@d@ﬁé@@%&pmmmﬂeﬁ@m more
speGYEraleshpigues VG barrIBioposedfonJoIming Seabiolds iprUssa:.
growth. For'instance, U.S..Patent Publication No. 2002/0182241, entitled
"Tlssue Engineering of Three-Dimensional Vascularized Using
Microfabricated Polymer AssBmbiy@rouipgy,” by Borenstein et al.,
descyj es two dlmen5|onal te lates t are 20fa {
high-re Softfic lllé%naéldpcr) essaelssellaﬁese)ltelfﬁ ate Eg?e%t%n%&ﬁ%}tgmg e
retdmmﬁr@eﬁdmmﬂmweﬁf%l@mﬂ@etnﬁ@égtmmﬁ@@swwmeﬁge@sln one
apr S 88H Qa0 IO B4R o Q%ﬁtt}éaa%t@&ze@oﬂ%ﬁu%ewat@@ side

Matrices Formed So Id Free Form. Fabrication Tec % y, Vacanti
ellpely. oﬁféeant?egagaﬂawg O EREHAA SRR B | Wi
radeﬂmeslfomldhmumﬁmwm@:ganemmaxmdttﬁ@meedmgl%a@ﬂmbw‘nmlﬁriting

SR g gs%@% AL EQRANGRISL R sfAIRBL RYAlIGaLon

entitled "Design Methodology for Tissue Engineering
nEeHFBIdSAoN BioHiaterial Implants,” by Hollister et al., describes
anatorpicaliy-shanac saaéfoldn @f@b@@@tﬁe@mtﬁg@eﬁeﬂmgemw@mmm
ertles nterconnecti spi e.above efforts
T e B e B tech oA PR ey Sdinat Bhgeajoe of
Tbtﬂgdﬂtmegpbﬁﬁﬂylm@se%ﬁmﬂﬁwﬁmmﬁé’@é)t@?géﬁ@nﬁdﬁ been

ﬂé@%@%@m}y HPIOYEENSS ats-Nsades.- Badisuatlyengwenathags for

fabricating articles having small and uniform b@ore S|zes for tissue

TebpigiRb e AR S rgH b TRRE R R bEPER HEErafcs are then bonded to

form three-dimensional scaffold structures with closed lumens. U.S. Patent No.

6,176,874, entitled “Vascularized Tissue Regeneration Matrices Formed by Solid Free
Form Fabrication Techniques,” by Vacanti et al., describes solid free-form fabrication
methods used to manufacture devices for allowing tissue regeneration and for seeding
and implanting cells to form organ and structural components. U.S. Patent Publication
No. 2003/0069718, entitled “Design Methodology for Tissue Engineering Scaffolds and
Biomaterial Implants,” by Hollister et al., describes anatomically shaped scaffold
architectures with heterogeneous material properties, including interconnecting pores.
Despite the above efforts, significant developments in connection with many
internal, physical structures, especially those of hollow and epithelial organs, has been
limited, and improvements are needed. Particularly, new methods for fabricating articles
having small and uniform pore sizes for tissue engineering and organ replacement would

be beneficial.
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WO 2008/00503$PCT/US2006/035610 2 SUMMARY OF THE
INVENTION Porous polymeric articles, and more specifically, porous
polymeric articles for tissue engineering and organ replacement are
providedbsiinsone aspect, a series of methods of fabricating acstrisiiueg/é8$610
use as a template for cell growth are provided. In 5 one embodiment, the
method comprises dissolving at least first and second polymer
components in a precursor solvent to form a structure precursor material,

shaping the structur8 PHIARS AHRTHERIINIGEANIHONure suitable for use

as apempaia Rk aehaawtineressipking.tne, frstRobnetERMpRNRS Th:
_and removing at |least a portion of the precuigsgr solvent from the structure,
S PRSP TS A PR AT SR PR SHPu CtPBS P AribHveP
memlediment;Aimetbod-nffabricating ssilacttre foi gssvisaee tenplate for

ool growth is t%%onv}igﬁgd Ior}gﬂ%%ghﬁgo HiSESPEMIGING A SIS or

49
precursor material comprising at least first, second, and third coniponents,
COSRIRRYITIS thie? DIRTEAIPE JNERRISOP e SHAT P SHeRt PR StitatiiPior Uise

stﬁr%tﬁr&%ﬁé@@ﬁ@rfﬁ’fa&@iLHEQMV&QtﬁEQﬁﬁ|§ﬂhﬁl%tfdﬁ lsteamppntntor cell growth,
preci 1tatingé£he s%é:,onq component in a preci il%eltion 150?91895 eand
CHSFHBNARG R ERiRY &ﬁb%%gnﬁrgmmf éeg{?r’ﬁ%; fe |%a%h%ppre0|plig%on
pmfﬁwmlﬁmtﬁhmfmﬁﬁmgcamlqhai@ydbmm nltmdistrefarares imtemdthepre.
embqgiment, a methad,of fabricating: sl fatuseras e ariate iy

cell growth is provided. The method comprisés mixing at least first and
foseselb sep panimEP et oHsRs oS SorariTetr SBi s A S TT i GPrecursor
rRRMOGSRABALS SHUGH E1Racuss0r:20 hiatetambereihihn ditist sndture
second polymer components the precursor sol is¢ible at 25
PG e CEE A A B s ST L e et
cfmsinkithrée-dishersipmahs prrsiniietngithb RITIURENRS I Teih PRI R IAEET
RN AN demaYINadbe BessneabigREfImthe Siruethiaitheiehy
fooning a plurality of pores in the structure. 25In another embodiment, a
55EEHb W&%%%Wﬁgp@%@et%ss%%%%late for cell growth is
providesholike eneihtishaanprisbsifof faingaicel growthetbmplate pracoisor
£ TS, FOIDRIN NG A gl sk apd aecenth RN fempaneiisAnd a
i rrier, c oss1|nk|ng the first polymer component thereby forming a
PObIRSLYBAITOR St BIRHRSEINE SRAYRBVIN 6 R e BTG G5B BT SBF HESFRITRF WSO
nRACHET ramthe selfssurpeding fstuctnedhens bydarepngasplusalieyiafie

ores in the structuy suitabI?f rtemlgat%%%?llgrowth wherein the .
a

P
BRSBTS TR BT o B L fials & or templated cefl growth.

form a three-dimensional structure suitable for use as a template for cell growth, and
removing the precursor solvent from the structure, thereby forming a plurality of pores in
the structure.

In another embodiment, a method of fabricating a structure for use as a template
for cell growth is provided. The method comprises forming a cell growth template
precursor structure comprising at least first and second polymer components and a fluid
carrier, crosslinking the first polymer component thereby forming a self~supp61’cing
structure, and removing at least a portion of the fluid carrier from the self-supporting
structure, thereby forming a plurality of pores in the structure suitable for templated cell
growth, wherein the porous structure is formed in a shape suitable for templated cell

growth.
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WO 2008/005035P 1/US2006/035610 3 In another embodiment, a
method of fabricating a structure for use as a template for cell growth is
provided. The method comprises dissolving at least first and second
padyimsrocarzponents in a precursor solvent to form a structgeer oSN 10
material, shaping the structure precursor material into a structure suitable
for use as a template for 5 cell growth, exposing the structure precursor
material to UV radiation, and removing at least a portion of the precursor
solventfrahethestricture § thetteidyo fdrmingingpl sraliiisiipores dhakranplate

ﬁ%&l?%g&%m is PR aRgtheRAsRaGkaRARISIE IRLstasadampiate.ioeelt

growth is provided. The article comprises a. structure comprising@ﬁ least
PRI SITEROMATIIG A TRARYISREPH AW 1SIERRG CPEOFESIAVNY A& Rrage
sleere sizeeldess thamesreaualiivi20 micronsdonnbit fvatdeast epoltorfoof
e wall, wherein no more than about 5% of all. pores.deviate in size.from
Ryl e e N R S
londh e reiriithe Stha ogratkotemstni Stet Badiarehrg dertenubersia haelvpliteo!
plsGRILgraWLR,Other advantages and novel features of the present
invention will become 15apparent from the followin detall(gd descrépélot}
%l\%ﬁ 18 proyided, .1he

of vaHot HEna iRy GBS RHBIHES S TR IR RLIEH WIS ESHETed in
2RI daskeiscwitbrirewre compamdny! figtres vinl béefesnghemy tlyespdesent

piRSAGANAN A0 A dackment inorpeaRdIciRleLaneR alude saniing
and/or in onssten? Isclosure, the present specification shall control. If
inwdesstmpreigpobihe ntalinthein Ay tere AR AR RURTIRSTR I
sBDg/ar incansisienbrOgisdosiwrawithyrespesk teyerab ntherbiherothe
document having,the later ég;\%%ﬁve dat%§h_all contr%)l. BRIEF 1l orowih
BEEE RIS FON OFPREY RIEEES T IR fimiting embodintents of

the presenidraengiorwitheldesorised by wespofizBakemiple wipme
afeg%%%é%%%wmgeaaﬁgagié@ﬂg%@nwhmar%m%magg anshargdnetor
Mtended t n

e 0 be drawn to scale. In the figures, each identical.or neayly
thedtraEPE STAPbA RTINS RSN (BHPSSURRAT BB &g '™ ¢25°
v etabERnpuRases 6f aldritjonoieveryocampatientdtlabeledlinievery
figure, nor is every co nent of each | ' ti
S e R e S R
ointhie dettonemielaretandathd ivelatroae inctheefgorbeing andley incepdiah
dUas&ss femiRmisa Adesrdimensianab sirsiuievagcorling e fiiteive date

embodiment of the invention;
shall control.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting embodiments of the present invention will be described by way of
example with reference to the accompanying figures, which are schematic and are not
intended to be drawn to scale. In the figures, each identical or nearly identical
component illustrated is typically represented by a single numeral. For purposes of
clarity, not every component is labeled in every figure, nor is every component of each
embodiment of the invention shown where illustration is not necessary to allow those of
ordinary skill in the art to understand the invention. In the figures:

FIG. 1 shows a process for forming a three-dimensional structure according to

one embodiment of the invention;
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WO 20081005035PCTAIS20061035610 4 FIGS. 2A and 2B show
schematic diagrams of a three-dimensional printing process for forming
three-dimensional structures, according to one embodiment of the
WWeentigmisoss FIG. 3 shows a. schematic diagram of a phaseieyRaiss 10
process for forming a 5porous structure, according to one embodiment of
the invention; FIG. 4 shows a schematic diagram of a filtration process
for characterizing pore size and molecular weight cutoff of a porous

structbifeSatcrdiRg tbuneckentssdifrsitos the ihesriinsiongt |@ingshows

proldad Rf wateh - saiunetion RRRIESSUE SUINAKPHS: RIS ment of the
.membranes, according to one embodiment of the invention; FIG.

BRERShows SEM micrographs of porous PS-FC membranes, according
to on&Embeldimentdttivei inlieptiony - Ghadcshows A s aafettidnratinges
pi9ni06 ROIQUS @3‘8@3(%%%%9&%%%&11@&' 135.@dingiion of PEG molecular

weight, according to one embodiment of the invention; .15FIG. 8A shows

MDCKEessheitictseh o dil e Sitersraar mibiniisrapie sHthon £ iregigaziig pore

sAdRASIPBIREAIR RS ACcaIsHng i erRLmbagisnetafithaddvertitidansht of
FIGS. 8B-8C show MDCK cells adhered to a PS-FC membrane without

tlifﬁéniﬁ’%%tlfﬂ‘l’adhesion proteins, according to one embodiment of the
inventiti. DET bBDIDESGR MKIGN funciRorolis polyeferivasidiclesyand

0k SRECIHGAlNAG A RBIYIMELE SFURIGS/[KsSue engineering and

organ replacement, are described. In some embodiments, methods
descriféu HeihAeroeN 88 B SO PhereBREHE SR RES:, JsFdEe to

oifwersiemhiagsmesatespanasity in a structure, The process may include
formajipn of & Sreiure Zaprecursor ?Iiﬁﬁa%tr'%%d“sclﬁgﬁ%%és'ré% fragsinkapie

component and a Second componen m be precipitated ina

adreclisitatiOPER auilerilar ieeislhl erscadine do ps cmbadiiint Rl isd sirap e
into athteg dimesnsipnakshanRe M SWiteRISIeeHIGHSSHE 38thout the use

three-dimensional printing. Upon shaping oféhe structure precursor
PrAHRAFEAN ALY ACEOIBR B SRR CBI ShENHRTES 58 cfssslinked. The
structbit&$nay-tieshbe kiNi&ctetswithesepre aipidtio menddinenwithoeniiovese

o?g?iﬁgngr S{eﬁl%!‘é%E‘&rﬂ%’é‘t&%é@éﬂ%&‘é‘i&e‘ﬁ@ﬂ?%&%&%ﬁ? the second

ymer component to precipitate and form a porous structure containing
a network of uniform pores. In some embodiments, the porous structure is
constructed and arrangepiEfPA s RDESGRPPAEEONT ultrafiltration, cell

grOthb%ngéooc)rl}tg{er}/cva(%tlzc 69,8 3/.199 gl%%? Is%%c:]iﬁgglzs)gg'/gus polymeric articles for
tissue engineering and organ replacement, are described. In some embodiments,
methods described herein include use of a polymer-solvent system (e.g., phase inversion)
to generate porosity in a structure. The process may include formation of a structure
precursor material including a first crosslinkable component and a second component
that can be precipitated in a precipitation medium. The structure precursor material may
be shaped into a three-dimensional shape by a suitable technique such as three-
dimensional printing, Upon shaping of the structure precursor material, at least a portion
of the first component may be crosslinked. The structure may then be contacted with a
precipitation medium to remove the precursor solvent from the structure, which can
cause the second polymer component to precipitate and form a porous structure
containing a_network of uniform pores. In some embodiments, the porous structure is

constructed and arranged for use as a template for ultrafiltration, cell growth, and/or for
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forming complex, biomimetic, porous biohybrid organs, where living cells
can be immobilized and perform their normal physiological functions.
Advantageously, structures described herein may have attractive
biofuogtiosnas characteristics such as uniform pores having sharaoos/3seio
molecular weight cut-off (MWCO), 5high filtration and diffusion fluxes, and
good mechanical strength, biocompatibility and formability. - Although
much of the description herein involves an exemplary application, of the
fosraioEROmp LRI RIIRAEY ROTASHTY BBPd e mEREAitiBIE Al sembolds
ifendissueiengingringRRdienogan sepigecenantidhe invention and its
uses &rdg nc%t SO Iimitetd, ?nd it, tosk %LA|%be unde stoodtthatlt th{)a.i vertltionl
can afed BEEERE Hr SR S ARG e St e B SH SR CARISRCAH.
chaperatitnsprotessesotm somelemhpdivhentwostruktune i besdrie MBI,
nEANHIE, AR RGeS Andlor.seanned Jaing A VKR of eals»inciHgings
computer-aided design (CAD) tools, high-resolution multi-section
fospapilited tomography (CT) scans, and/or three-dimensional 15scanners.
For instanegh iangtiityestahpubedifonlissee angnesanopppitiaioargahe
replacement, a an of a tissue and/or organ of a patient.can be
p&%gﬁr\%elﬁ\éﬁllh%rg\%p%(? p%é FHle format ',p g’i}g d'red ?ﬁ%gl & @ssfgaﬁtofégaﬁcragﬁ Sf)lgoduce
etfzinstrugtardérAnganistyl wkteahnibpioy chivbendse s formotrie Smitstlirss, it
sRSLHESCHREIIINALE ARl DalVcal DRSS MBIIGHS G IR SABREAFES

control compositions and micro-architectures of the 20structures.
BRI Y e BrARRPHA LA RIAEE YOY fabricating structures for tissue
engingesing: anttalasgansteptassnientind bdejbuharednotinmtegkto and/or
three-dimension i -dimensi | lti-phaton
e o TSP
reaetiap mubhsestmstepRrat o msmrRCGrd §om e My piisadarsnjeee!
saaRuagtyFingand fusion depasiionsudeling{cRIkcihserain preferred
embodiments, structures are formed by three-dimensional printing. Other
ri’@%ﬁﬁﬁﬁﬂ’é&éﬁ%ﬁé)gﬁﬁ’jsélﬁﬁ%f%regr a}rg |S§L?§tgﬁtgfﬁréeﬁﬁarg/ﬁr grggf)gaan
preptacdnfentaamadlsd beouswdieBubht teoimitgues tbapibetesmbineaiviitial

SRREQRALE mAISrAlS And/ae steRa I fabHcaispPIOUR A S Ieseribad.

herein. In one embodiment, a three-dimensional printin%‘?technif%ue is used
g6 hapFiEatel A SO GTHES SHHIER CTRBOMIGRS AR SHSIBRLIPISHtRG Rdhfique
stRRYutRs]udpptbpridsespfiartont suchnguiiddr den2GagRapitiRolatyising
GEO.iOIeé%E ; (-:l-/gle O%da%Qeég%e%EnI ilﬁc'cﬁllce‘:ob/u a?r% %&3&%%890? %%%1@5&5?&1 1

p it ro%le‘%s of a%)oly. er precursor material and, if desired, a sacrificia
patiogi&s, Listhigcadpieroelat taresiad) atedthphoiie likpsrriortaselEhestavbe-
(WQ)?QQ&Q@@@@@%&EM@%FIQQa@lation, ballistic particle manufacturing
(BPM), laminated object manufacturing, and fusion deposition modeling (FDM). In
certain preferred embodiments, structures are formed by three~-dimensional printing.
Other techniques for fabricating structures for tissue engineering and/or organ
replacement can also be used. Such techniques can be combined with appropriate
materials and/or steps to fabricate porous articles described herein.

In one embodiment, a three-dimensional printing technique is used to fabricate a

porous article. The three-dimensional printing technique may include the use of a tool

- such as the Eden 260 Rapid Prototyping Tool (RPT). The Eden 260 RPT is a polymer

dispensing system that can print droplets of a polymer precursor material and, if desired,

a sacrificial material, using a piezoelectric-actuated nozzle, Using such tools, a three-
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dimensional image file can be processed and the image may be sliced
into many layers. Each layer can then printed on top of each other, and at
least a portion of the polymer precursor material can be polymerized
aruliossaissdinked. An example of a process for forming a pcr/us2006/0356160
three-dimensional structure is showm in 5 FIG. 1. As shown in process 6,
structure precursor material 16 to be shaped (e.g., into a template for cell
growth) may include first component 8 comprising a monomer (e.g.,:a UV
dergssimibivhean Srorme br ard secbimd donipatremel bedingtisingrany layers.
HRANrBesRalunss: that sanberpieciniiatedd hrdist sReor 850D ymer
components may be dissolved in solvent %EZ%E%G% a third component or a
PR A h B e B H R O 5 B TR 6¥10 combining (e.g., mixing)
the firsharshseeofid pompofefiieniithuthecsoliventsinmayl farmnae is shown in
ogenequs solution. The structure . ial ¢ e... .
R s B e A L B g
tRfroVth el e e cupo RS CRIFeCoTIO P Sipop BT B aranspt (6.2 a
'nﬁ?uﬁémﬁam@g%@émf&}&é@%&ﬁ@ %@Mﬁhﬁe@%ﬂio@a@@@_ l‘)l ﬁlﬁ%iﬂ@i}@m&»‘gplglymcr
illustrated in | 2Aa ,.0r by anpther suitable technique. or
R AR e e b g
1preqursonindatenpd{andeaghddifiviatmn dtestaneitabsitedntanttreldishensed
AhanleL by drogiet Andhlayay by laety Lol AG RN AAURARIJERERSForm a

droplets 44 of the same or different materials using one or more nozzles
hegopreslatsiutiomy e Priviee rersrmrrsiplGistirabachirsy, step 18
isuRrades Ry sehstrierholdentl. s sbawelip&Weh RApflinsts2épreeursor
strq[cturerﬁo gan be fp
sﬁxom ure [ 12%%%%0% i

imed By.a vertical print ”éi %&39&%% ﬁﬁ@ {,?2 B hows
Fizontal prin first précursor structure 20. B/tlona y, after each
diayersiohahatviakhasiBewn dispdice o2 A rollePriayphengdsd To shivsiivae.
ihesuracen thediish eaBRaneit.of thersionire PresurslRalRriabie oy
the crosslinkable monomer) ma‘g/ be olyne%gri ed (ar%?/or Er sslinked) i%
Seratiatniisais G e
15&611bl;ur@mefummm@?admocﬁiyenadih_ﬁplptmmanglthuistabbeosdi_ff@erthat
SRS ANPGRS RN AN FRSAUNINGA 3L 5asta RIArel he
materlaﬁ IS process may be repeated until the formation of second

nipeEEPs GiratustaPe SPAPGVisE Ry e iolHe B ol uBIia BiCsermii&stid
PRI 8tk SoBeD SRl inBHBARIN GBI UGHIR ) iRtRIR BFRBIDITBIEBsisaveral
or all layers of the structure precursor mat ri?l mag/ b%giggﬁqgeg of material
1@6‘5%%%@88‘%8%55%8&9% FHGEEiifKkingP o At Téaat Bné Component of
Hiebstruditpraereeurdor matbrakefitsemmetbase thevereconlecrisomentent
Slogsnatspbstantiallv.pelumerize AN/ ERRSHINK ARG MRESW SI9hbhzed

radiation. The structure can then be contacted with a precipitation medium

rdpossired R alsp 2ot &f ihepraguiRgpdgyér example, exposure of
{RO0B/00RRBREHIS2H06{03564Aifisaventysay.be temaved itthause

pn&edw;éjr@ét%rggxpc{gg %rsos S(E%E]éc]éa L0J gt EQz;estSaeccg)rgg Cgf‘{@()ln gtg}g? plrl%%llgrlct)%ggs may
arP’dj orm porous structure containing a network of uniform pores.

 haltepritivelyilithe Smesgmbddirenitscirssprevinsor Stridiidenzo hedy be

£ontaetediith a precipitation.medium dnsiep.eRifoUeweddy In other

polymerization and/or crosslinking of a 5component of the precursor

Shinciets TEPRP OGS SHEALIE I8 T HE DIETBUS stiEiliranay be dispensed

before polymerization and/or crosslinking of at least one component of the structure
precursor material, In some cases, the second component does not substantially
polymerize and/or crosslink upon exposure to UV radiation. The structure can then be

contacted with a precipitation medium in step 26 and at least a portion of the precursor
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may be formed in a shape suitable for templated cell growth. In some
cases, porous structure 28 may be designed to include open areas (e.g.,
pores and/or cavities). During fabrication, the open areas may be filled
with@sasuficial material. The sacrificial material and the pregug®oos/03s610
material may be dispensed by toseparate nozzles of a three-dimensional
printer. After printing, the sacrificial material may he removed, for
example, by dissolving the material in a solvent. Typically, a suitable

sosaarifieiabemateriatincibeesdne. tHiidpoohsb kerireansoltiorr e LR AB!

to ﬂ%%g%ﬁe%%wﬁ%&m&%% MasTiahin Some GRS saerificial

aterial is not polymerizable and/or crosslinkable; however, in oth

er .
Alergesls/dpiel B ACTH GRIDRTABRTAY i€" t@ﬁ%ﬂ%ﬁ%ﬁ%ﬁ%ﬁ%%P&scéﬁﬁ%é%c{ém a
prévifurihex desrriptionef 1bephass bvessiorrprocessigmnow dbsdibedaAs

described herein, in some embogdiments, fabrication of a structyre.can
COW%W@&%S%SI fﬁ%mgﬁresor}%%?gocgrrn% %rgﬁ%sb {é“’g‘&% f??st elmtg/or a secorlfg
mgobgrfremed mpotient, switdble fnipiriiecpioieriars and/or polymers) in an

appropriate HIeCUrSRiS QMRRLI0 B, 3 LOSH3HEIES RERGIY SpESQUAN0Ag I

one particular embodiment, the first and second corgl?%ﬂggl%t re misgibl?

Poge 5 Hegredd el SHEA T St THE WAt BReC B5°ER

reorsiutdn canbe
meRkape driteathie delined st uatite, franexamplejdhnonee dibsdivkeb the
Suucture PIECHISLSOION,5, 635145 2 AREMIANS D olow Sl
SeRRSther am o'oﬁment, he structure precursor sqlutlén is shaped into a
miyreerefiraedsionakanote e DSBlyias AR TeE HhGIRs e ypically, 2
sdiuse-dimensionakRintinadQprtienallys allpastone BompOABHideng:, a first
polymer comcgonent) of the structure can be polymerized andior. . ..
disoNE R SEIEI° B RRShEIRG e COIMBBRERt 1o ultraviolet {‘ﬁ@ﬁ radiation.
pRalymeragiahioancdolickebslmking may tdies plerse thftercallictn POHIOHS of

pép(%n%%%%%r%m; &ggﬂﬁ@@g@_d: _In s.onic cases, polymerization and/or
crosslinking can cause 30solidification of portions, of the stru, tléreAThe

structhFerBisn deRSHIO AR TR SEBSHH FrEtIATR FhetiiR e § < & Solvent,

J@sacaliedia nebrsovertdidriheribrivnobadiquithoree gasithdtecdssolving

recipitate at least one compone o} YIRS Repent of
Oﬁﬁié) rs‘ﬁﬁrgtﬁ?len.y.’oﬁ%fgsp eo%e%@%gﬁn é}agﬁ(ge%scg%ir%?t%%%ﬁ%he prggg?gor L
isfndetumeimteraasbiidpoly o) 0810 GBYSBHRP R SHEES 38 S Py MRET &nd a

stiguidselventphase daciding jheRiecyrsensalug e Atdeass a@adion of
the precursor solvent may be rem%\?/,ed in t?et%regfjkpitag[iocrgmngedeig&ps,o}lvhich

CRBROBANIS B SERISRE pORRHEFS TR BreChSitate ShartGn &
sParRUSSioikpeaomtaininig drattmorkrof Hoiforamplssés OBPardN TR, (gt

stal!gc g;[ethre csl}rrsl?l)CtuOrl%t?orhdi. %y %&t&%ﬁe%b%ﬁed&%m%tﬁ%lwﬁ EB%émude the
compogition o the precipitation media, the component concentrations, the
evibedisityoftheproearsse HRtRBITRHCHART 4o MiblPadpRATgRRtEUctre
vnetheshisedhipshaneifasmihedsiiustivre) piteirglalyve glass tdasitior
emperature and the viscosity ratio (or molecular Weight ratiol)ngl]‘.}gg .
st X b ed and/o
CEEPHIAE (g PR EEIA R P A B S S andcr
crosslinked, e.g., by exposing the component to ultraviolet (UV) radiation.
Polymerization and/or crosslinking may take place after all, or portions, of the structure
has been shaped. In some cases, polymerization and/or crosslinking can cause
solidification of portions of the structure. The structure can then be immersed in a
precipitation medium (e.g., a solvent, also called a “non-solvent”, in the form of a liquid

or a gas) that can precipitate at least one component (e.g., 2 second polymer component}

of the structure. This process can cause separation of the precursor structure into a solid



10

15

20

30

10more than one components), the temperature of the structure precursor
material and/or precipitation medium, component molecular weight and
solubility parameters (of the component(s), solvent, and precipitation
medidsnnsasyd the amount and type of precursor solvent. Thespdestissssio
can be varied to produce structures svith, for example, a large range of
pore sizes (e.g., from 0.01 to 20 microns), and, in some embodiments,
with no 15more than about 5% of all pores deviating in size from the
palieraEpa e sig sobyerhohesthapluboetipovscusassbispedihlpagre ngatiall of
tReleWursor fiffarentymethods ef precpiationcanhaiksediadndicause the

recipitation of a component of a structure precursor material. In some
o G SUEREh P L BRSO o e HroRCHCGH i ATHEREhn be

neawrsédbyndhanginegsthe _concentrqtion of the 20(_:omponent in the
PrecupSOl SHLC IS, QL INSANEE N 0N SIRRAITREN 1B RLESHIR ke may

_structure or precursor solution comprising a polymer component and a
insede e caBRAsHtoa the BrsIRIRERR G eiatdles GoRPPanEPEERptstiGH ARediiim.
vitieasbapopienebtiemprrcuksahsaivent ean difusenutwardsiatesties
recjpitatipn mediu nd at least a portion of the precipitation mediym .
B R L e T DR e R R e
(of timlesulhevestehiane of thecpramwmess Gavehithardepreoipitativialivetlidem
538 GAHSEL eI RUISORRITUGBYE{SRIUEOR @-Recepedhermadnamically

unstable, As a result, demixing can occur and the polymer component can

PRI RS R S UM H SRRIG PR IR GRG0 P EB R aederpgf the
cpregipdalisohedimdpayipast gasdeign) aindnicegemnoxyd emearigrecursor
<SARon 'é’sé"%'a?flo%é“o’ SYareration %%%F%Eﬁ?o‘é{%os&%%%‘%év%%l%aPe,cgié[%ee
preC|p|ta Ion or a po?ymer compo?ner]t. n anot (f.‘l‘ empo |men , a po Y er
reegp popERtHiEsElgedomd S0 (e sasrgsiidini by screerfyeiediursréhangeno

kBr8th PR GOPING L1 THis MY At perfarmeds o Sxamplebyireducingthe
erature of the WO 2008/098%3 FE}PCT/USZOO61035610 9 precursor

tem
AR RO A RO TE BETOR RS UR&ition temperature or the melting
point dfifleezpohathedcoippoipdatito be precipitatediuce pptateodf a

BIESIRLALGY of QG LOMRAREALLThe BIclVieRIRCUrSL pRIgHRLMAY be

controlled by choosing appropriate compositions and/or conditions of the
COBRIHAR PRERALH! FERIRETLARSiEFERASWAPATSI A G GRacsREpAtion of the
eappanent is gaused tomprecipitate itbeardisgnisihartisparsion efdhesor
recipitating phase..High rates.of precipitation may occur, by exposing,the
B R R S S el B TN ATl RO
osolbb iy paratn stetatiari thapistibicedompehent. Fhisdgngiradespdsure of

Jheconpenenti e esipiationnedipmansheempe A lcast a

portion of the precipitation medium can diffuse into the structure or precursor solution. .
After a given period of time, the exchange of the precursor solvent and precipitation
medium can cause the precursor structure/solution to become thermodynamically
unstable. As aresult, demixing can occur and the polymer component can precipitate to
form a solid network. Alternatively, in some cases the precipitation medivm may be a
gas (e.g., air, nitrogen, oxygen, and carbon dioxide) and evaporation of the precursor
solvent can cause precipitation of a polymer component. In another embodiment, a
polymer component dissolved in a solvent can solidify by a temperature change (e.g.,

upon cooling). This may be performed, for example, by reducing the temperature of the
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10 difference between the two may also change the rate of precipitation.
Accordingly, structural integrity and morphological properties of the final
porous structure can be varied by controlling such parameters. Materials
suitaligdnosse as a precipitation medium include, for examgple digids 8510
gases that can cause at least one camponent of the structure precursor
material to 1.5precipitate upon exposure to the medium. For example, a
structure precursor material comprising polysulfone can be precipitated by
prexpasunencfithadzterialtdonater glattichisdisrasarstitatylerphe cipitatiopoint

Apedi ' ) ipitatior dium for a structure precursor material
of g %gmgf %}188!@ PIssiniaLenma

chosen based on the Solubility of the component to be precipitated
in the it aeipREBSAPHEHNRT WG TSR RhRAHE SERASIRPHOBMES BTthe
mey YA %ﬁfi@i&@ﬁpm&i%l@%eaﬁgﬁai@@fim@mﬁi&@itﬁﬁ% dxnsxazrbmﬁhdsmubﬂftwe
parameters (e.g., Hildebrand parameter, s described in Barton
oo B ol b Pt (o e s FobS o pe s aihes?
todm@giptthﬂe theﬂﬂ_@e ﬁhtﬁ@@ﬂb}ﬁ@éﬁ%ﬂﬁﬂl_@@m@ﬁ@ﬁm@h@ﬁn ﬁﬁ%ﬁ@t%?.f
ord¥picaily, ShegusalsARRAnENts Brving different-yalides af pelybiliton

parameter are not soluble in one another. In certain embodiments, ag
mggiet vy 08 3y OF TR EBMBBIR AR IS HAN TEAARRCRiRY, ARE
lepaCiTiRIRSUPONIexXanstecto (atheeetoltatitinmedium isdttefermedrature
Accordingly, a structure precursor material nd\ g pregipisation
dl?heer iy angtavf‘i%ng dﬁf?é@e%?%% lies of %eo%%{ﬁg(ggﬁgr%%tggor%a%bce cho%g’n.

stiebzal dftegtinand skitbhvlosical peensaieirE Hisdiebrp gy FHpFRNE StAR%ure

vRIESHISLmAteYal.aepanenest and/or precipitation medium by a simple
30screening test. Cri)ne simple screening test may in Iucple ixinglt € quid
strucMF‘éeBP%ScW?@ B At P RSO O  Th  FS i S e AR a8

odetexminingnvhetherlthe convpopentsiretibe wmta_rﬂjpmcqu_e@m@l to

RS 'eod’pmnaeéé]%hgeogp%% NEO I PEG RUALRy Y AN &0 RAILORS Shabrias

temperatures concentrations of materials' may be used in WO
CEUPEINO USRI eSO 06To PSSPt RRASEGRE T ARG OOTASH SifipRe
adBSis Lamhacandpeiachbychose of oidivianakiitinishenadium foAavarietyrof
materials can be used.to fal?erica e structyres. f the present inyenion.
pﬁé@ﬂﬁﬁaﬁeggé%%%ﬁﬁhg ructires orH}?sSs(')ule1 engineering an %or organ
prepigcementmaychs!Shiv coipatisle, asdckrr e Rodibr meapiise of the
SYRihetic oy nathalpelyrars: dnoigRnG Rt HAS O campesites of,
‘inorganic materials with polymers. A dgﬁécng%ﬁé%})%\ﬁe, IP some
HaRbEn RIS Lt s RS B S T 4 foi ety B A str it IRe ™
CEquEsqromterial thatdidctutiesraidedst fikstiznd séodnbilpplyhvee
GOMBANENE: RS St AR, SERaRTPRLITIBH AATHIPHE HERAY PRalObs
example, monomer .
solubility parameter are not soluble in one another. In certain embodiments, a structure
precursor material component that is non reactive with, and precipitates upon exposure
to, a precipitation medium is preferred. Accordingly, a structure precursor material
component and a precipitation medium having different values of solubility parameter
may be chosen. Those of ordinary skill in the art can also choose an appropriate
structure precursor material component and/or precipitation medium by a simple
screening test. One simple screening test may include mixing the structure precursor
material component with the precipitation medium and determining whether the

components react with and/or causes the precursor material component to precipitate.

Varying conditions such as temperatures and concentrations of materials may be used in
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10 that can be or a polym.erized and/or crosslinked, or polymers that can
be fluffier polymerized and/or crosslinked by any suitable means.
Sometimes, the first polymer component can be dissolved in the second
RadyImRloegzponent (or in a solvent compatible; with both pelyfehoos/ozssie
components) such that the componeamt molecules interpenetrate one
another. The structure precursor material may not stable
15thermodynamically, meaning that a demixing process may occur in the
TichersrrrEmsaraine MbsERRly 96Sondn wadsssdiyd piphradizery skill

erasslink or precipitate one or both polymer components. Accordingly, in
f a structure precursor material

one embodiment, a polymer component Q : !
o SUbAANTa S A ORSh CORERT Bt SUS A ARy T SO B
M?ﬁf»@_’e}pna’cﬂm foed imtsusihitsat leastearpertiod @folper2@pbmponenty be
RERGIRFAIER, URAR LORIAGIWALD g%grﬁ[%ﬁgﬂ%ﬁgﬁp ey rél %{%%t,hﬁérganio

embodiment, a polymer comp; of a structure prec rcan

B ASrEP RRATEFCPO LTARRA Byierialsituidie tdemATEue, such as exposure
to UV sadiatidbshetmiygndsoma emsdlinking ageniddded:anathtin are

8 [ olymer components (and/or, a precursor solvent) are
B e T O R R B Ty

WS BRN Fp Sstabilibpoerdmeliissoiotheosontpone hts r byasiphpleonomers
ExneBestatian harinsianee cRMRILY BRIBYEIGESHE: 0 Hildghrgnd

I%%ramete 221 ?s described in Barton, Handbook of Solubility Parameters,
BB 74 8B L 5 TR RS AR RO MRSt o SRR of
@n@@mmpmnémdﬁiasammemhwmmmghﬂnﬁmmmmems Jodwamg similar
e SAIBIBAMEIEIBIE.RG PR i oe angibst, Thase,of 30

ordinary skill in the art can also cho0se an appropriate polymer and/or
BBRASAERTC 81, AR ik elifoBr SrieBIeEvIty aiEis hntie =Y Fipirents and
tHoenslyenhi @l edayifSitnle seraeRingdesOne Simpls serasmingiiest
B b e e R TR,

precursor so ermining Whetherthe o
2GoBH0EIITRPOTIIS2 00608 B8 011 dneaubuvithane anhther @ndlarcfortia

ANANOPRAGAUSSAIOR s SEHRIR, SRILAd IS DS o0 SEREHY But

compaonents that form a miscible gf?@%” homogeneous) solution at 25
YBYPBLE & MISARD iR A RARAIPHAS BT ER, Rt estagriamabihe
contuctedrbythasewpbordinacyvakilkiie theattadn sednee mbadiments, a
RHelymer component includes one or more photocurable (e.g., . .
GRSt s S o
FeIHETS Mgy Hehleedmigugicrshios vigibrert ghLolradifsigolyenersd or a
cRartiaulag makeralSnehdR RSO ARI AGRIUCINANRES AP IS recursor
glolé/r%ers, V curﬂtﬁ)le monag r%rs, herépalic rable monomers, polymer
SCALAS STRI R RN B PONHERS BRAVEF SHBBHHEr BOSBRATGHE, pbhyine
Imhwbm@ﬂhammie@omm my_tpbmmts behyg @iﬂ:_zypll@ buienecpolivathylene
iRNEE LRI BCIMIORRCL Y R SIRARIRNG, O AL IUPR NG O
more polyimides, and monomers of such polymers. In'some cases,
Hehatd- b livtsr st Ediare LRSS oney OF irfere coimoiverits
1x4TRoas af SERSiZE6 YR, @mamMineiRheIRItAer AR dﬁ_éﬂ%ﬁf@&ﬁg%@ﬁs
lat . le, t itol, 15 tri late (=IA
0 kAR G R Do RO L 1 one Grotcr. i
ordinary skill in the art can also choose an appropriate polymer and/or solvent by, e.g.,
the likelihood of reactivity between the components and the solvent, and/or by a simple
screening test. One simple screening test may include mixing the polymer components

together, optionally with a precursor solvent, and determining whether the components
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rnethyldiethanolamine (MDEA) can be used as a photo-initiator, and Eosin
y (2-, 4-, 7-tetrabromofluorescein disodium salt) can be used as a
sensitizer dye. This system | particularly sensitive in the spectral region
womedb@4es550 nm, and can be used, for instance, in two-plates2o06/035610
lithography involving a 1028 itm laset. In another example, an 20,
organic-inorganic hybrid such as ORMOCER(c) (Micro Resist
Technology) can be used to fabricate structures described herein, This
IoRR i PRSP S HGHARY Y dIAspAPENEFFPIRE BN AmacHE S SHRtetrents,
nbaRgRSiveBSEIHAIR thhighiy arassitikable, asgaricnneiyoiiiaiat 25 degrees
incorporate inorganic components that may lead to high optical quality and
R R o i, e B S R
oukrtairskypestiof aells and/or cellular components. In yet another example,

acrylate avd sRoserRalymessisteh s sihoxiaied LinethviiR GRANS rable

triacryl ate. ester and alkoxylated trifunctional acrylate ester can be used
(46 fGFRT SRR RO e (T RIRY BrER UrSSr PARS RS SRS 2B BRNEIR 2y
inclolddetonadstmoraipholginitatols prigiorcrdsslinkersnfoerpddynokization
d/ar crosslinking. Additional e structure preclirsor material may
P %%ﬁ%uﬁg%% %%ryglllfurtrg)él fn one or %co%ggg \é:éer?é} in oar% er%% ec%%se the

cyistlosignengie Rehtearelyt o makasitsling BRFoCBrpcRI BT

SEARBISo I AR BIEanMesRaRisMisyBRAs IakaR IMRRSIONA RIRRhe
WO 20081005035PCT/U 2%06/035(‘31 12 Indcertain embodiments,

ORGSO TS BTG RaNA R SR T AL ATE SRS comBatBTS ghgere
potpbeidsslalencantbe ustudo foymstubtares fostis sy btrghsstingtand/or

pggﬁggsf@m%&na@%M%Q%H@%ﬁ%@wﬁ dngludes;palyethylens alyeok.

“tetraacrylate, which can be photopolymerized with an argon laser under
ifistogieaty SeGHESHER SRR RS BT SiRGCARPRIf RGP SERPHE
tirethaielarming) Mn vimpierelitone, ENbkeosimyt. rSimobis N-

0 lyrnerizabl its having a poly(ethylene glycol) centrakplgck, -
T e B P A R S 5-
Tetigatylyodlivmeidin divddmminiatedh hithsadpylarsipbepshihalbesykey is
pRRLRYmenizabieRRgler arasRlinkehla ol Fxer s ahPOMBeHZe, a5

_crosslink, for example, toupon expasure togleat and/ cherlnical !
IRyARaTiRiTE RGRIS HRAFERY BY USRS 2ATARBRAM S aMRL ST SERE: 2
cegmipanepiaithateansbe us@RMAORR StivitorBs sieStxibed degyeim inchade

QHhAe DOHIIEA O Roliiod210Noh RONY MM b BRVHIRMRHION the
pqalyvmy pyrrolidone, polyvinyl acetate, acrylonitrile butadiene styrene
vinPsnénmpidnBapd mnere subteisitrmisily, cersrinkaRlitkgaadp network, can
iRQiyRidane iR RBEb AthelyRebisacadanise (pRéel aelHaies Kgg., alkyl

acrylMes, glycol acrylates, polyglycol acrylates, ethylene ethyl acrylate
RN N SRt H DL A G 0B (B RARCAST s bbas
anitfilecblithd ienepoublrer (NBRIpcbetainafhpdecgsoyeirers] epoxy polymers such
as ethoxylated trimethylolpropane triacrylate ester and alkoxylated trifunctional acrylate
ester can be used to form structures.

Structure precursor materials may additionally include one or more

photoinitiators and/or crosslinkers for polymerization and/or crosslinking. Additionally,
the structure precursor material may optionally be diluted in one or more solvents in

order to decrease the viscosity of the material and to make it suitable for application, for

example, in an ejection mechanism such as a three-dimensional printer.
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silicone rubber, polyisoprene, ethylene vinyl acetate (EVA), chlorosulfonyl
rubber, flourinatedpoly(arylene ether) (FPAE), polyether ketones,
poly-sulfones, polyether 20 imides,,diepo)ddes, diisocyanates,
disoitiocysnates, formaldehyde resins, amino resins, plyunethanesis/o3ss1o
unsaturated polyethers, polyglycol vihyl ethers, poly:glycol divinyl ethers,
poly(anhydrides), polyorthoesters, polyphosphazenes, polybutylenes,
polycapralactones, polycarbonates, and protein polymers such as
albunicEGimgRROAmIbINRAceRRisE NS srH AR IRErE G sand
bloanomess ehsuakepalyiniersH Boastain enbegimenisioa 25pobpietering
gomnonentis.chosen hased on i, compatibiity with 2 trae: dimensiona
prin ingg%ec nicpe.  ‘Inone par%ular Smbodiment, a struc ugeyprecursor
tetiageriitcomistises thelvrulrabiszadnylib mongmérseompeishint Obiéy
chliGiie ToRiprinting Riid mataral which i3 availabiaftam Objet

Geometries Inc. Upon exposure of a structure precursar material, 30

VESTREHEHT the LR ih dte R O RRALEBT 1 Z3P e Hatts RS A LSy lene
ghenllicamen o s:rayapiimhenzeoandity cigssknkstefasnls@lid@tic acid)
semi--splid,precursar.structure, In.this embodiment, the structu

o G T D B S
PpUEARksteA oA ALpspiagk b ediRiteepin thrferoly mstec soIveptinkUen eeraple,
ualﬁpé)@bl ; Is%rﬁto Nélléaa%@;?ﬁ/@féﬁﬁéﬁ%@ﬂ%%g@gé%ﬁﬁ%ﬂa_ blﬂs% B%iqa@ap_mpyél
alco thanol, and/or met ano,oranyot er sult e splvent, In order to
oo A RSB TR o ORRaTy ks et 1P deTtabIapes
damm]b@aﬂmrnirﬁ@céxmt@mmmﬁajéctﬂim méyﬁamlgﬁncéul:lpds\énylbutryl,_
pHeS: W&Sﬁ,‘l%ﬁkﬁm U SONS 559651 A RANMEL AT RGHS AL Tpterial

includes a polymer that can Sprecipitate upon exposure to a precipitation
styreerUmB i R pasrteoricar bbb eRERND- foifnietetnipdrebietlyisne
(peiysuifenacRelysulferesipelidefRrexampiaspalysties, silfongsylates,
lyaryl sulfones (e.q., polyphenyl su , polyalkyl sullones, polyaralkyl
it Ea i S e e R e S SR

redtw RS pRatie s ediban, 10tHabriadidre 1dber SBRStesetirelpraepaborers,

sARBIRANENL IR6Y e, RHE REGMQL Mg ddQaRelAmINe S (8GRl H(Biylene
imine) and polypropylene iming (PPI)); polyamldesﬁfe. .. polyamide
oty as@@y&aﬁraﬁ%ﬁaﬁﬁmﬁ&my NepsRRAEka &ﬁ&?&ﬁ% BRfifsHffdc)
ixﬂit%d@miﬁ@){iﬁ@_ﬂi@&dﬁ&@g.dﬁm&imyma{mb&i‘tﬁﬁd@&d? resilns, amino resins,
0 romellitimider1.4- m r) (K Vi IS (e
G e R T B
PpBKATRELH ) R9bHEReSEErs p i RthsREyzaRs adigidtaly lenes, polycapralactones,
pnglya(%Béllséy,fﬁfa@?sy&t%)?mt?&i%ylwa%ﬂ(@wﬁ%@m %QJX{MW?&%Q@{@%.@),
poly (vinyl alcopol), poly(vinyl chloride), poly(vinyl fluoride), poly(2-viny
B
ppbiyEsoheryleynachesyldte)) politacetalstipblyolefirstfegdipehsbutkner

p;li)ﬂtglglye((gﬁggﬁggne-Z), polypropylene, polytetrafluoroethylenc); polyesters
(e.g., polycarbonate, polybutylene terephthalate, polyh.ydroxyb'utyrate[);

polyelers gooigtatniiesiaitle} (EOY purgBTOpYIRTE bsaaeyen Ay, UV
CQQIMGQB@MQHM&H@ euialR)s(R O R ringliee Mes DINARESABIE material, which
ERlEshyens, po(meti syrenc), polmetyimethacryate) (PMIIA)
comprising the build material to UV radiation, at least a portion of the acrylic monomers
may polymerize and/or crosslink to form a solid or semi-solid precursor structure. In this
embodiment, the structure precursor material may additionally comprise a photoinitiator

for polymerization, and may be diluted in one or more solvents, such as an alcohol, e.g.,
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25fluoride)); polyaramides (e.g., poly,-(imino-1,3-phenylene
iminoisophithaloyl) and poly(imino-1,4-phenylene iminoterephthaloyl));
polyheteroaromatic compounds (e.g., polyhenzimitlawle (FBI),
palybenmetisoxazole (PBO) and polybenzobisthiazole (Kt 19¢1/0S2006/035610
polyhete,rocyclic compounds (e.g., polypyrrolc); polyurethanes; phenolic
polymers (e, g,, phenol-formaldehyde); polyalkynespolyacetylene);
polydienes1,2- 30polybutadiene, cis or trans-1,4polybutadiene);
isopolysiluiates (s ghapahairemsiiokaeRirBRrSY Bb falEeh Bt &)
1(RRER: BolvdiphenyisioxansRRPak and-pelymetyinbenyisienaneor
(PMI'S)); and inorganijc polymeys ée.%;, WO . ogint
SXIDDSADSOISPET RRSIITETISH 0 A SOy ISHEL AR
polyphesphonates palysilapesypotysiiazahes)idmononersiohsueh
olymers, as well as other s [ in. ¢
R e
polyehopshalsiecstis eDebS iR b P RIVSR R RYIRIBHEH I By tiding,

su%é%?ﬁgﬁ;ﬁ'f?psﬁ@foﬁ&od& praRyigRenRalmaYlidenailyibsidenpolyaihyidne,
olyvinylidene fluoride, .poly(tetralluoroethylene). In some cases, at least
S“ffoﬁﬁ?ti?)‘ﬁiél?%hll@drophobic can be made hydrophilic, e.g., by Surface
mod'[t)'df&ﬁi(pnlmmdmmwmwméﬂ@mw&mmeusmfaémﬁéﬂEi@(ﬂhﬁ@rein.
thh} B%g@;%ggr%gggB@ﬁ&&ﬁ@@é&ﬁ@pgg@g&iﬁg{%@@a sihirdegnadakiade.g.

via ysis or enzymatic cleavage), In some embodiments, .
pobierirdabl ePBRELIEIS BRe SRINTRIRIEHSRGR dolfdle, RN BHAER
(e%lpbéll%\fﬁli@t@wﬁiﬁb?ﬁﬂﬂ@e?bﬁﬂ@rfﬂgpﬂfvm@we&(WWWMﬁhe. |
monomer ratios, for example, in lactide/glyc £oRolymers, physica
BB G T AR T B Dy SbA Tt Por
pahstanoes itlyidethdtiditsiey | PhE (Tariopdl iyceniz Beit (PG A) exhibit a

BB Sl A e ey sy, e copoymers

s, are amorphous and rapidly degrade In
P@&@W@%&@%ﬁl%&ﬁtﬁbQﬂﬁ@%&?%?%gﬁ%@g %\X/(%nggﬂﬁ% Oe%r%r ﬁé% ures are
palesikedlgankaitngemiypley inctude) potlydthyiéae iy o (PEGYU00
-(melting temperature. = 4-80 G), P| ' b EnfoRi&R01c
dﬁt%%‘%&%f&%“(’me%?ﬁ%%&%r%pggé}g%@ﬁ ?;gig %)EQ%%%@ %ggricﬁz; id o
etfimieftinanbpapeistire leypocagrylate) i pebrrs Bln B R (Bp B iR ene-
1)9%%@' gerﬁg&eﬂﬁa{o@g@rkﬁ@@ mmﬁﬂi;mmﬂ%mbeﬂab{dw&(mﬁing )
examples of s aterials include organic and inorga ials suc
p‘ﬁ§°@é‘?8ﬁ%¥8§?ﬁi’§§§'ﬁ]?ﬂfdt%§&%%%ﬁ%,pé)gl?g (#Inoc}gbr%{g%%@ Bl!)%}}f%}eﬁhé%r agents

(sl as douald REEY penfere, wids) Mtidelnt sesstiiiag Byjde
@ﬁgwt@lﬂgﬂh% %%%ﬁsé&%.Pﬁﬁwgﬁﬁxtylene[rﬂ)&?(ﬁéﬂiﬁ@@me nts,

és can be added to a structure precursor m teriadI.P],g‘lch{gilgiﬁl S may,
chemic

P (inetanes tirerdae s RO i TSy SR GEHY A &P ical property

fluoride)); polyaramides (e.g., poly(imino-1,3-phenylene iminoisophthaloyl) and
poly(imino-1,4-phenylene iminoterephthaloyD); polyheteroaromatic compounds (e.g.,
polybenzimidazole (PBI), polybenzobisoxazole (PBO) and polybenzobisthiazole (PBT));
polyheterocyclic compounds (e.g., polypyrrole); polyurethanes; phenolic polymers (e.g.,
phenol-formaldehyde); polyalkynes (e.g., polyacetylene); polydienes (e.g., 1,2~
polybutadiene, cis or trans-1,4-polybutadiene); polysiloxanes (e.g.,
poly(dimethylsiloxane) (PDMS), poly(diethylsiloxane) (PDES), polydiphenylsiloxane
(PDPS), and polymethylphenylsiloxane (PMPS)); and inorganic polymers (¢.g.,
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(e.g., hydrophilicity/hydrophobicity) of the material in which the structure is
formed, Additives can be dispersed throughout the structure precursor
material and/or can be 30incorporated within certain region(s) of a
stougiorgosessome cases, additives can be incorporated durkegAQvmatiags1o
of the structure by a three-dimensiomal fabrication process; in other cases,
additives can be incorporated into the structure after the overall shape of
the structure has been formed. Additives can also be incorporated into
SRRREF DD 08 oD peis el gleneHossrloraneohacacsaus fra ey
atgospsjan wslbys ciemiealiiceasing the addiiigioatactbe surface of the
polymgr, i.e., by coating or printing the .additive onto the structure. i
o T ST P AL e Bl R Shye LR (g ophobic
shertapsgte bgomsedorblaihsrmbipeptidess mgbldingabidsopbiysateharides,

ﬁ%ﬁiﬁﬁ&i@%@%d&ﬂi@&;éW@,%@%t@@ﬂé@é}}?ﬁ%%&a{a%&ﬁ&’é’

antimicrobial compounds, anti-cancer compounds, antivirais, hormones,
RN HARRECERARRR DRI S2 3R e RSy St ThR RIS PhARIGiFRY: be made
lagenisliandeparyicletict dedifiestj additpdesphiy fieyprasessedsnte padicles
déﬁéﬁ%e%ﬂ[@%ig,ryin% atomization, grinding, or other standard techniques. In
some cases, additives can be formed into emulsifications, micro- or
nano-Pateicies! fiposersesnay brenpaatetsylthin adiedaetnslihisoiporaied
Hﬁ&@omﬁsrﬂﬁéﬁﬁb?ﬂaﬂﬁ@cgﬁ‘g@éwglﬂ BRI BHRAdIN &N e SAMPR By esters
structurgls for. (§ISSU e glneerln%aand/or rgﬁg replacement can be formed
By AR TRoT A ARG oFBAAIECB IR REE ST FrdBrAGrArg
samcadditiVigycanyha/doanouscsizessforrexamghe ipbrticleglpealideavedy mers,
dERassaelonal dinansion SR NA%L MDERR4180 400 iGN, less

microns, less than 30 microns, less than 10 microns, 15less
shferaric teikUdr srician; abss iRan 4 Bl rarshidterhighrdesscthan 10
daROMRiesd deglitisame easasHilisdesirbleviadelease anadditive from
ﬁctr]:[]&%ns 81; r%oStrﬁjo%%Jg% dvgglt?qtfé% %%Je«"?ture is in its environment of use (e.g.,
imp anted n aimammalian . Reléase of anadditive may include
hydrokpsienameliess.dagrerdatidnicafoliierpro haviene 207 orpliimg thepstrdotsrareThe
Jeleasevaiainhiine addiine rRMRSHSIHNINRGIRFAME INHIRARESPY the

degradation, rate of the p(él@gmer.,The release rate of the additive can be

EOREFAIEE DY e GistrtiAth GiHRe SRR A o agHou the o (aRs
thytpeaniation 4486 HOlyane steaitr asiduoteitinfecpnpaensity: 66 . polymer)
such r iQn.r [ ith. certain porti he structure.
o s AR B R BRI SR PR RS, LIS TS
Réeity R HRKEE esvmplesnicUrinateid e latHeheiaHys falieersenic
ﬂ@fégﬁ@@?_@eﬂa%t ﬁlﬁmlgggbsnﬁ9m§@wd§%$&%@t&h&ﬂxf%ao@%ﬁggggéﬁf@ as
material is between 1-1,000, centipaise (cps), en 1,000-2, ps,
NN BRES B0 GbL BeRiBbt BI00GTIH B0 5. RRUefon of o
al0:800-4 006 cps, between 15,000-20,000 cps, between 20,000-
3025,800.6Rs, REMESR:42 AA0AR. 000, RFa RERVEEN. AR 00032000 5B a1

between 35,000- ,
Additives may, for instance, increase a physical (e.g., strength) and/or chemical property

(e.g., hydrophilicity/hydrophobicity) of the material in which the structure is formed.
Additives can be dispersed throughout the structure precursor material and/or can be
incorporated within certain region(s) of a structure. In some cases, additives can be
incorporated during formation of the structure by a three-dimensional fabrication
process; in other cases, additives can be incorporated into the structure after the overall

shape of the structure has been formed. Additives can also be incorporated into and/or
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40,000 cps, between 40,000-45,000 cps, or between 45,000-50,000 cps.
En certain embodiments, the viscosity of the precursor structure material
is greater than 10,000 cps, greater than 20,000 cps, greater than 30,000
ops2@samtessthan 40,000 cps, greater than WO PCT/US2006/035610
2008/005035PCT1US200610356118 16 50,000 cps, or greater than
60,000 cps. Viscosity of the structure precursor material may be
decreased by various means such as my adding a diluent to the material
onénafbrinoreasidgoting tempersherdcel Teagtiagetigiadhavgisatssity B thes of
thé’b%ﬁ%kél,@?é.‘}&%%%{@a&%ﬂimngaﬁ@mmmmh@&w@mﬁg@m@r
(e.q., particles) or a_ viscous fluid to S?tRe ma%erlal atnd/or Qecre?5|rgg(il]t51e
exgapRse AR BTt Thdfepigrotive 28 uBMPEn N B A StiiTUre BBreCUT S0
pematalialdeseribegpbereinmaychareleinyduitablblivdie culbdingight: In
._§ome cases, a component has i =100:Wind.,
R OO 0D I Bk L Gb0E 000 i etvcen So00
hatR@BE gifivsidpesyeianied Wokers aubYasRieash SHNRLA 5 BS80S
R ean 30-000:35,000 oyl petiveen 36,000.40,000 /el heseen
etween 30,000-35, maql, between - )|, hetween
RO GUO B AT BEILE A DU S0 G0 ol B e
fohavirigta smoleidistaiogreaterchams®;000ighn dincarrs e belies dartialey that
ca%%‘é%% r?})%%:&qﬁro% A LA Ph Q[QI!M{HI%r izaRisier Qﬁ%lib'al?ﬁm%,%f%posite
precipitating components can be used in structure precursor, aterlgjs,
stlsbrbE HErsiPDBrsnE RAMY 6T EHE TRBRSCAAT (e ]EOF&%F&E%&% fne
ineRlymerizahie.andion sresslinkali compeoetinipaa seticndepréaipitatings
.component qreater han or eq’ual t0 0.0 :%bggpﬁ%

. t g t 5:1,
g A08 FEARR GrReH AT Y1 GrSater than o equé]lg}ggo(%l:%?g?in@?e%@fan

lesy gl onlcds, dreaiemthdmisroaaUasstené A mireate L 4dh 8 r € duiaT4e

ze%%n greienhan.oneaalia.L lsgreaienthanaiaauakind. 2k greater
than or equal to 201.5:1, greater than or equal to 2:1, greater than or

DERELEE3:1, greater than or equal to 5:1, greater than or equal to 10:1, or
greatpr dhan@ERgual tes2@tle to ressdeseriticdefeveipoitiguriga structure

mbodiments, structur, terials.are designed 19 haye 6erain
V&/eerllé%% Sr%%%uér%fsé?i #sst %ﬁ%ﬁ%ﬁgﬁ% gé’s%zﬁwéd component. The firsta%

Rebmpohientddiivomay imatedmb Rt s epe Golwrstasien FriardebrSElinked
ranf2 BtheseeendisR MR REMAYLbad imatesiabhiatsampdenipitate upon
_exposure to a precjpitation medium. ‘The rafio_of the two

S S R
csttiuidted ey Adifforinliyoirn s tmedddbed teaghors biyaobimse M4 RErsIgtion
0%%%;1;[0 ry%l%?ﬁ&?cél%@gr%{/e@,%géﬂg thensaio,alcthecammpOneats:Adafion

instance, In some embodiments, structure precursor materials including

QAR iPFCTE AP EDPRENERADR TR PG sulfone precipitating component

relative d@8ture precursor material described herein may have any suitable viscosity
to make it compatible with a three-dimensional fabrication technique. In some
embodiments, the viscosity of the precursor structure material is between 1-1,000,
centipoise (cps), between 1,000-2,000 cps, between 2,000-5,000 cps, between 5,000~
10,000 cps, between 10,000-15,000 cps, between 15,000-20,000 cps, between 20,000~
25,000 cps, between 25,000-30,000 cps, between 30,000-35,000 cps, between 35,000~
40,000 cps, between 40,000-45,000 cps, or between 45,000-50,000 ¢ps. In certain
embodiments, the viscosity of the precursor structure material is greater than 10,000 cps,

greater than 20,000 cps, greater than 30,000 cps, greater than 40,000 cps, greater than
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FullCurelm polymerizableicrosslinkable component can result in smaller
pore sizes. Accordingly, the weight ratio of a precipitating component to a
polymerizable/crosslinkable component in a structure precursor material
mayneigsdskO 2008/005035PCT/US2006/035610 17 dependifg ©DooiiBses10
desired pore size in the final porouststructure, and may be, for example,
greater than or equal to 0,2:1, greater than or equal to 0.4:1, greater than
or equal to 0,6:1, greater than or equal to 0.8:1, greater than or equal to
P08 rester st oh ey H&ORP £ 1V resiisfithn SR ey R P somgisilapay
Bhasepequalieidik gteateidhaney amal iadutngratenthamoiaayal to
5:1, greater.than or equal to 8:1, greater than.or equal to 10:1, greater
e R R T A ST e R e
ipfraaserlietuiesivefersaosthisiendthadfiheadhibntést limer(slgs) crassssectifnalto
dlimensionhaaialiel o swface of the Stugtre.connecting two points

around the circumference of a pore and passing through the geometric
center T¥RBOPERES peHiye aracglf%map%éea@eéﬁ%ﬁ?éﬂ%ﬁghﬂe any
@ﬁcﬁ%ﬁﬁqmﬁ&s}aeh@ghﬂsihleohginmh;mepw@aﬁmmgoeéeawmﬁgﬁwmy
{25, A litation pefhieds, asidesgioed inBedatal el T 6o,
cross-sectional shape (circuldr, oval, triangular, ifregular, Square or
Yo e0rpuelr bepiebra 000 Ol Pttt 2awd. diveassi b UF WD Yo edmddabebieeen
2@0@%@0@@%&@%&@3@2?}@@?1@@%0,gml&DSeR@iE&i&gﬁO(ﬁlﬂﬂggﬁiﬁlﬁﬂbﬂhe
ores have an essentially circular cross-sectional profile. In some cases
Rt T O NS0 s R e 1 arlloep 000
grosds-Sectponaltsimengiomokanspecies:thwhiold the/stal cturelsndy hred:
exposgfl, SHERR RRIES AR AMRIS, PIRYEAL BASSAgR abE JPecies

across the pore, e.g., from a first side to a’second side of a porous ‘
HHRHIHB LI BP0 CAB S Wive Povie sives Righi e dBiéialy tssehsiliapcin.

HargRLtHas) BeSRERIGSA0WRIEN Ahe SEUGHIreoRa DR 8¥RASRE crosslinkable
Furtherqg re, in s%me instgrtlces, the s attial Qisttrkilbut(i)on ofltkt]eoo&r_qs ma%/
BeBoONtrolfed> " addftidn 1o thetmethsds destiived aliove regarding
thabrication ofHords byatentovadofgpad dntpbhentétonthanstrgatmtdqieclrsor
snaterial,Qihermeihods of crealing 42pRfEs Hsa SHUSU RGP0 alraike

used. In some embodiments, more than one technique for introducing
birogisrirr hettrctansl dan besire eormEEHdE, | potoSiRFER R BEomUliebl
115 4, sirecttteab yiraeihbid 2 Sy gieatsy faanecasmplep Bhpsecivelisian: shdtion
SENG SAMISION, A31Ng. £1d RONGLPIENdINg Py fnstance, pores can
¢ fabricate _ |reqct?y_ by a thre&-dimensional tabrication technique used to
fabricAtedefer bt dripd, 1ot RROSIHAIEsSEE SUp B sah B cdnic
&@igh@dsgaaeg@&m%g@etghtqaﬁb@ mrﬁig;s c}ﬂfg@@ﬁt 35&%&1&@%&%@%@
rgan. In other words, the pores can be fabricated using the same
TR COmRRFR A Hsba T L LB BT LY s btdachn
the sdesid ned@ndnp rirtetewithagmi dffsetcad daitipnattyvand opattematively, if
S@&Hﬁ‘&zo% RRIAYR. rﬁ%tc:eﬂﬂlo%@?wo components can change the physical
properties (e.g., hardness) of the final porous structure. Additionally, in some cases the
pore size of the final porous structure can be varied by changing the ratio of the
components, For instance, in some embodiments, structure precursor materials including
an increasing concentration of a polysulfone precipitating component relative to a
FullCure™ polymerizable/crosslinkable component can result in smaller pore sizes.
Accordingly, the weight ratio of a precipitating component to a

polymerizable/crosslinkable component in a structure precursor material may vary
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WO 2008/005035PCT/US2006/035610 18 used to coat a surface of the
structure. The porous material may include, for instance, more than one
component having different solubility in certain solvents. For example, a
fwstesmposent may include the polymer in which the structurenisfosmned;o
and a second component may include particles that are not soluble in the
polymer, but which can be 5 subsequently dissolved in a solvent that
dissolves the particles. After the structure is coated with the porous
AR BRI Ea B d s SakEE IACACSD Rt Hrat eSBBISS Tl
esenplRfcampanant, €u:gl todeach eukiirseceqthtamponent famiher
B0 maeral. v Accordindlyssirctires deseribed harsinmay ., o
omprise p esehavmg a Wide range of pore sizes. e poOres ofa
catplbeure: mayeer Ghifornydrasizel - o neaspiza fain asigeualgifdbsiredel theonre
e&l@lbc‘é@im,eg?ééte?%ﬁtklf%aﬁﬁ*&%i.@?gr&%{e{ﬂaﬁ@ G&Ebw&g.t?%{@a%‘{&@or

relatively homogeneous pore size distribution, for exampfe such that no
BN il ABE 59 OF SN BbHR HoTE RIS BBt Buirdge pore
Size hetgredkbas afautr2doe ivfSometieakagihyf e shoredhar ahgytross-

S40%: A0, OUAPE 5083, DX GOSN, BROUL Y. Fhe R Siee o
structure may be’less than or equal to 1 mm, less than or equal to Is

thaéronsiessahbn R etdaratyiBe wivtehsdeseirtls ety ndiths aore
oﬁé:iﬁﬂgn SPF@&&E@&QI &Qié@éf%@hg&l '@bii@fg?fé@hl 12§ $RaEM Ak Qf&ﬂlﬁé ‘l‘i):%ﬂto_
microns, less than or equal to 5 micr es n or equal 10 ICrQn, or
SR ST BAURIE S0 AR T BT R BN B e
iporeesiegyilcbelombination of pore sizes such as those described above,

can beyncluded in 3 UGS ZRASIESRIRR ISR ST Fﬁ{éﬁa&%@us

structures described herein may have sg?érfp molecular weight cutoffs
IQRARECEEY). t Sied fedn pisn bet 1 8BS A OB IoPERE PSR Srearshrutatird vy iave
p@;}tﬁdﬂ%@@@fdfﬁﬁalth?dm&{ Raal ? 149 &n&diﬁ?ﬁtlhmzo kaoneequeé rfﬁ &ﬁdﬁ@alk@lss

t‘a or equa ( ess thanore to ess than.or ual 10
o R e B R S AR
thibidin wrdlgudletoesBridpsiesessigptondqiab e S0 skesisthiarnbckegwal to

Prolarless fhar.90 auatiQ SR nessithanahrauRM A G &R desshar et
equal to 70 RD, less than or. equal to 75 kD, less than or equal to 80 Id),
GRS SRR Sréed (R to TG .0aS@@&ﬁéﬁﬂeﬁémw%{ﬁ?@g@rj&eﬁﬁéd

cheseihemene biecablg te stetudachenpohdatschiiving sparios o sidesh fhor
e !%a%&%%ﬁ%?e%‘f/%%@nli’o%?ﬁm%ﬁé%‘s‘t%ﬁ&%‘i %é‘léﬁ%ﬁa@"ﬂi@til%g&& of the

exclude components having a size of greater than. or equal to 1 mm,
Pg?%sd’f@ryt%?%‘if@lﬁgal to 100 microns, greater than or equal to 50 microns,

greatey famQf |auahiarAsnistensd greatecihameradalita sOBIsens,

reater than or e uaéto 10 microns, greater WO :

OGS GIE b S2000IOS 0 56 B Sl TS S WO e
pthenior equaltocimalerdn, veedqgréatemthanborieguty, toot@hmmrintsbmeue for
hﬁm&%}@g%@%%realx@%%tayg&uﬁeo% ERANR, PHePAre s AVt in

inherent properties that are suitable for use as Hohybrid organs )
aSHAFONG H@j nptlgsisgch as, for example, phase inversion, solution casting, emulsion
casting, and polymer blending. For instance, pores can be fabricated directly by a three-
dimensional fabrication technique used to fabricate the structure. E.g., arrays of holes or
pores can be drawn onto a scanned image to form a porous skeleton of the imaged tissue
or organ. In other words, the pores can be fabricated using the same fabrication

technique used to form the structure. In some cases, pores can be designed and printed

with an offset. Additionally and/or alternatively, if desired, a porous material can be
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5 cases, structure precursor materials can be casted as flat sheet
separation membranes and/or hollow fibers. The materials may have
permeation properties ranging from the ultrafiltration to microfiltration
vanges/ddeese properties can allow the membranes to sepakaifrs2006/035610
substances having different molecular weights. In certain embodiments,
the membranes can serve as bioactive membranes without further
praocessing (e.g., further 10 modification of the membrane surface), for
USRI SR R TS S AL sHBARGER BIRicERhBsaiy dindogastance,
ragheencasvihpuheaxtiacaljulBrereat 6 (EGHstHfiacescRatingFol b CRHAN) a
gg@odlrgen S structl%esﬂsuch as flat membranes or hollow fibers.can be

ent.may in e er i w
fabricated Using-polystllone ?Bgl & precipitating Commponant argfd & second

ceupweaﬁetrmay@mswmwep@t er%méeﬂhﬂaé&ﬂle%em@ment)ﬂﬁeoh can be
sﬂE@éﬂQ&ﬁﬂ?&@%@é@& Bolloyw flaersicandiged mpiepaed \%H%ﬂ}feoﬂ%ﬁg{lﬂ@k

é:O of between, for example, 5-100 kDa, which may allow the

i S SRR TR A AR WHASHE PrOBBEE iprorimBoth el
ttceddnd strugtures, mayibisdeinctiohalkizechanchwpogifictohy tweeiansk diverial,
surfac 23,4l ecific anda can.be covalently
bound%?g%wg (ﬁlg%t rgelq'gur acg%%é%ge%ﬁn%ﬁﬁg att: cr?ﬁgﬁ ﬁé‘?mnctlon
rpraeaheg e pithelidhesnsco plorE wiecsrakidomifur tardzand tonrhie vesize
Jﬂ&BQCiﬁhle m@&ﬂ&%&i&ﬂ&%&ﬁst%@{a@@&@@ﬁ%ﬁwx siderotthesinatiy galt o
15 ertles cannot be co ed mgne stru ture replacement can be

B RIS O S BBORTH RS AL GG B HORgADou:
%efgll pOl@I@@W@mﬁm@@Me afea Reatasyfonfaliicet g ROk s

sSHEcHEsYp e fum,af m&@%@nﬁﬁdﬁ: oTRRWRIR B?ﬁagm&%qﬁgi?%out 5%, .

illustrated in FIG. 3, first componeént 54 (e.g., a solu

eipethranfohesemmabsdre Ry eo&ﬁh@tﬁ%%éﬁé?ﬁmé)oaﬁﬁlual to
199@ﬂnﬁbﬁ@nw9ﬂﬁﬁfo56q@lgo, Foutesoad MsE0Rmenemer) nanyibemixed ton

form t%cture or materl'cinl Trbe structu e recursor n]ateglal 60
or ngtllét) micro CSS 1 mufrons { a]nf) %? MICTons,
e poure and sandwic Hetween two glass plates 62 separate

lesy Biae orasidshateiEey tbﬁatth@mrcﬂgtﬂiéqﬁ@@nbmaﬁe ¢hiekdiosstsThe
1&%@1@%@1@% ea0thenibe suhiastadde I ¥sosadiatien .asindigaied by

grrows 66, lt‘(é%can cause polymerization and/or crosslinking of one
'8f

Shipdtte SHRFeHlRs % cursor material (e.g., FulleureTM 700). The
structdredpsethird bemiatesiadimayone semoveditoribtiéassemiylandiien
&&Q&ﬁ%@&%}ﬁ Bﬂgﬁ? &W@?nﬂ%@& 1760 a%’YQa%{% &t lésg(r%%c S eef a structure

precursor material Is placed in a preci itation medium 7 g., water) to

o radibifatioatdts e anspudnt dnlsssthrare prd do rgbk%éﬁeﬁh@n
o(e@amlyemerewm)@@aﬂé@wemmkej AKOPROREN of Khe mataraby

vent t enerat tructure 74. The anes can
T e e S e T G e e e
e(watte &8 khalpr S @@ yaria iﬁagb;iess@ss bighufiltratiorkAnidsdiffasion
eﬁb’?ﬂqg @%hﬁz%ﬁg&g)@ %%Qﬂ%”/'(‘?ﬁbsﬁre%é‘ %Qﬂ pxl%ﬁggf'%@ 1@/ IQEEQhan or

formability. Such structures may be’used in applications involving, for
cgyelifie, Pastdsiifanwesitbin 9By purification.  In some
|nstartceseu@@tﬁeoﬁbzae;aﬂaﬁuma%ﬁm&arp&aymeaww&ma&emeﬂmd
%/ a f||tra(§|on %ggu as sho t% % tAllustratefd in th% embodi rlmts
flgé/ s Lisosreservow}fftﬁngau’l ump a f/eed SR frd Ay Y5t may be able
t@mbdﬁnmcgﬁnﬁ@ pper compégresat 88uthregeh todrous, grestdthaed0.
RRITEAE ME6RE FURCARH I DR RPSS FAmARIMAN: hefumaIng And

pressure of the sofution can be controiled by pumping system

THFES féeé%ﬁwm cqaglgacivaigtwsiByaacHE SYIIA Ind ik ergeater
solution through the membranes can be measured under steady-state
flow. The passing of different 15solutions containing solutes of known
molecular weights (and/or sizes) can cause changes in. the flux through
the membrane, and the different concentrations of feed solution and
permeate solution can be used to determined the pore size and/or
molecular weight cutoff of the membrane, as described in more detail in
the Examples.
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In some embodiments, articles of the invention can be used as
biocompatible 90structures for tissue engineering and/or organ
replacement. Such structures may be formed, for example, by
theepwdionansional fabrication techniques. In some embodinentesiieso3ss1o
bioconapatible structures are scaffolds for cells that can be used as tissue
engineering templates and/or as artificial organs. The structures may be
three-dimensional and can mimic the shapes and dimensions of tissues
RAOP B dhs MESaRLIgdHE thenthcratéhiteritirt-aiEssiadhernehy to
1igsues and organs. For instance, certain embodiments of the invention
can b fabricated fo nelude very smal features (6 g Jess than 80, vim
mICI’OI’ISS), SacH A SHTAIrpoTe Sizes, Small tavities, and/or Structures
ifmvintyptiresred 12T e swifeldt fesisres particoriariy soetl ssuffeld ifar. Structures
Jpvolvinghaliow aod epithelieb 9198081 SOMe Fases A StciaTImed

by three-dimensional 30 fabrication comprises a wall defining a cavity and
B PRI O pBFes e SAGHA 2B ASH RIF G HOAIP TPt s8 reaggyrom the
upemeatentheniabfitidaasiaisselatied poiions ofihdéiwvathe raththseegbout
the wall,.and enable exchange of.a compenent {e.gd.,.a molecule and/or a
Rk e R S
e otV YV 00 8100508 5RO PES L UG08 S8 It dpeting £ pofadimay
rlancaliveryehmolineHies: kel Mg tation And araensialiRnyofeanaretive
tissue between the structure and its host environment. Advantageously,
DR EtRR R R AR Y NS B LHBPHY ?i?&%ﬁ%&%ﬁé&%&%ﬁ%&ﬁ%&ﬁﬂg&
descrlbedrhéreinbdomexiapsplenporesmaylhaverainane ragelpordisizecof
HERSIARALEANAIR AR ARIENEy RS0 DAMAIENANM RA0L 2R Al

pores deviate in size from the average pore size of the plurality of pores
meRpesiefivan GRSUOETYS. SSuelGres SheHBMDERED ANEAR BelpitpiRAteerints
Repassnraah LEAkSInBYRIWaTHion addiio el bk-eaid e- USRHETRY Wiviehasay
aﬁioar fig‘rial assis{.de}/ices. In some c%ses structures %anntf)de fabricated
O 2 '

ow the fransport,of certam iauns, nutrients, waste products, pro{éin-bound foxins, et
O hctade stibstructhres  For msfanc’e, a large veseel may be brlcafe to

Thekidetsrermihycss Slsaiithiliztdeatdrpedifisd by Seirfadatofstisstrbenisey
STAY A0 b madifiatl.gs dih adashienifiescriRest ahevedreRxample, i

one embodiment, a wall of the large vessel may be modified with a first

SYPBARHIR RIS ARG RO F I RFE ERADEIGH cetF O BR8 Si8I°8Hhe large
sviesset, anthaasklef thesimathveasekividyy be thotlified withaisesdadS the

Jrowth fﬁ%O{htS%r'“%y&e% 9&&%93@%%&% bvpe cﬁﬁ#fz@pi@ce wall of the
Small vessel. u%pstructures may Inc ucfe Qores t.at allow excehange of a
agbisisorveribbennlisatiarrirerrsilialihg potiisn driae subetertdirerand a
pogiomgxmi%gm@xamré@%cés@lﬁob@wg@a@ panits a@ﬁm@mm{;
substructure and a ca |ty pol’t on of a larger, structure. Ide variety o
R LT i SO LA B A StE o PR o St S ignent
Ft(agtuseslusing melyotisrddferibadlhdiren sinvsonie gndbodimentsrthi)

SHUCIHIES GA0REHSEE. 25 @m&)@m&w 6l growth, which may, be.applied
n or organ replacement. For structures to be

towards tissue engineeri ggand r
StrEERTPIRFETSCE M iEE] o T8 SHESHIB 8T8 b NA BH L st are pYisH tthe
ssHuiies beingdmplapied pialiersativaly thestsicise maxhepositioned
cﬁﬁ’ﬁtgg{%{?:%o%{%%%r}%ﬁf%gs?y %I}?erg/}% 6? ggsglgg?}g 021?%}/6?1 gee L;ll%b?eaé lélcria%g)bv
radiation, as indicated by arrows 66, which can cause polymerization and/or crosslinking

of one component of the structure precursor material (e.g., Fulleure™ 700). The
structure precursor material may be removed from the assembly and then subjected to a

phase inversion process 70, whereby the structure precursor material is placed in a
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In some particular embodiments, structures may be formed in the shape
of organs that include a cavity portion, For instance, structures including a
cavity portion may include hollow organs and/or epithelial organs such as
wasselsodsing, liver, kidney, pancreas, gut, bladder, and ureterr/as2006/035610
described in more detail below. A cavity of a sostructure, as used herein,
refers to a substantially enclosed space defined by a wall of the structure,
in WhICh a p %f%e positioned to intersect at least one point within the
IR A B it LA e whERD AL SETS RHAUSI AR OROFRBHRgERA! of the
Surmg@m{)mmrfﬁh@ gavityyatheroafoing, eleBed-andptns Fosexaraples
[ %
%8@8%%1?3§ %%%gﬁ% GI% 561gef§r8e mecf tbyt e |g%r%?%83aggsv%?fh
highBeamsissad magdnyp aiethe Embsdionambarasivisiipay peadshined

lbmttte))h @J@N@Qﬁ%@@%@) @I@@eiﬂﬂ%%ﬁﬁi&% gaviiesmaybaysia variety

meaﬁ Pe§;€1 z S.As ?‘%elwnh' t[ is ref rred to as an interior
Cavity portion Sand 5 Space Sutsigs gﬁ éynt éﬁéjr?%ﬁetson?g Bep5radn
@n@a@m@ Im@l&a\gt)fosaﬂampavwmayabetfdmewttmmdd paiifiatiother
COMPERERS. iSRS FARSS,R SAYIVHRAYPedned }9{&&&9&% T Sicasurcd

layers of cells or tissués. The layers of cells or tissues m % form,

B Qe 85 By 47 8RO I G Pehd sidssieatse dnghm embe qﬁﬁ%ﬂ&eé‘;

therlisingpeha avity cad @ammsa)mmihaﬁ@uﬁm&ps@aaw@péf ompartment
ent hetwee a&oggorig interior to the cavit portion extenor

£
ot Oug \})OI‘OLIS "dfes edin rﬁgrrlg E.daéal? 60 5 e(?mt X lg)\}j%r C(fng)a riment.

a ty as descri
Serintmngs aydvaegsinsolthmedrdnray u@pm@llw évcvmemmstammsmc&ﬁ tihe

15&%%@&@5%@6@6@&%91@ SHUCTUIEHRIEDIESy TiHe YIRS oL Ihe SRV, h
‘Fg %;‘ﬁ& for inst nce less than 1L, less than 500 naL, less than 100 m
5

FA% FAL Fe%%ﬂ&ﬁdf‘ﬂﬁlﬁr TERdRET 100 midrohterwa el diffurnio
wiigiofitersitdessgbalntiswidtalitermdss: b thaphtOQmbnoliters con ass:than

&%&@Q&%ﬁ’éﬁu‘!&’ﬁﬁ&%@@ Hmeﬁm@%;ﬂea&f\e@wﬁ@ dhatporionofthe;

structure that is enclosed wall of a structure de INning a cavity portion
CAHIOBAP I SHRIE e S UE AR TiRbearsd Hefsitabadies pesuasraofderminlccular

whiehditefstet e MIRIGS alniaRMR Casas:dbitk Wals(examaegater than
500 nycrons thl%k) mathem%u tabIF for certain strL}DCture

bladder) PHhat may, for ex amp e, req}llﬁrléws OW OF Te |vea %‘Q‘tt}%)%%ﬂ%}%ﬁé of
dowipehEnttishetwegincpongond/intenden eptigsortionSexietivrtodhaadvity .

fl;memi%&mlée&ﬁtm@&cﬁgéwm@%aﬁwsﬁammﬁqw"ﬁagaﬁléo some

structures (eg alveoli) that may, for example, require quick’ exch%‘é‘%ﬁ@ of
BPRpGHER AR o SRR raTa B opreceitdR .
fimm@&t@m@ﬂ@dmﬂm& aadhalhofra il mgéﬁﬁarhbedeaﬁmaﬁagz b2%hram

dhick.less 59@”&5319 &%C{ ) sshth'%iéhlcﬁsmteh%% 20(% pglcrons hick, less than

100 microns th ess t mlcrons ess mlc?oné thick,
lr&%dtﬁaﬁlwmwhgemﬁ apeckgomaﬁes oA @mwmd@ tass thanstamicron

dhiek dnBaMEINSIENRS SR AW MMAY RS defingddy.an Janerdigmatesof

ce talnh
€.g., less than 20 microns), such as small pore sizes, small cavities, and/or structures

having thin walls. These features are particularly well-suited for structures involving
hollow and epithelial organs. In some cases, a structure formed by three-dimensional
fabrication comprises a wall defining a cavity and a plurality of pores in at least a portion
of the wall. The pores may permeate the wall, at least at selected portions of the wall or
all throughout the wall, and enable exchange of a component (e.g., a molecule and/or a

cell) between a portion interior to the cavity and a portion exterior to the cavity. For
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distance. "Inner diameter", as used herein, means the distance between
any two opposed 30 points of a surface, or surfaces, of a cavity. For
example, the inner diameter of a blood vessel may be defined by the
gistans@daeiyveen two opposing points of the inner wall. of thewessehosssio
inner diameters may also be used teidescribe non-spherical and
non-tubular cavities. A cavity may have an inner diameter of, for example,
less than 10 em, less than WO 20081005035P C T/ US 006/0356 10 23 1
inghmdegotttanay alavy kil ehael 500elesor] Teissatinan 2O MRITALO IS

SRARARQ; BicTORs 8B RANRAL MR RN B 4L S8y RAMN3A: MiGrAR dessIihan
10 microns, less than 5 microns, or less than 1 micron.

| ] In some . .
SIS PSRBT THEkide a"éawﬁ}%%aeﬁhs% R Sfiderein:
Fmdimﬂsj @memmplewa firsangea sectrec Lavityhporicuaiay Bemicrons,
wiigisannecied wlanalowP.A SHBSIRNES.D, Bass HRal: heuee RN . of
cavity portions. |t|ona?ly or dlternatively, the structure may include

thephealiae Dirscs vt qéhan abelt 8% wheTR Bl AR CalaT 3R be

iHMBRERNRRCISMIMAN, IBSIABERLIR I9RE RSN bedioeily actaviyielia:stivctye
may include at least a first and a second portion, the first portion of the

DA ATE St G§EfifRd by a first inner diameter and the second portion
beinduwefinechiny, astsedord iambe Hiameterid inahdtmbeimpbotimeit, iastance,

azggg%gﬁe%iﬂgﬂgﬁ&éﬁ% cavity-Ravingasfirstimnarciamaterand a

ond cavity haying a second inner diameter. The second cavity may be
Sueirrs@f ROPHSEAEE MY fhit b BolBRdriEn et ORI SHEVELHERE; fie
irstanehsecendianasdjamatess teay: bediferenl femedifieplejthefiatio of
the first jnner. diameter 15tq.t cond inner diam r
T S o I T A R e o
vthianf 26 $iglleaterithan BOmModfiedteithitarscrod:arogrddtstomaridon eroyth

Freaterinan 2000 ARSI UetHEamBURNRE CRIAINESSaSy Makfaye
first cavity g%rtlon having the same inner,. diameter, as that of }gtgéacond

e gH) B ExfomEcST HQTRAGSE PR RTRER dATHRTSRY 6F BRE ifst’and second
sPeHanscaay Heottibn AdditionakiROexampies of sbeltwstructaray peeion of
described in mqre 1 o, mimicking tissues and/or organs of
t%ﬁéu%%%%/&udﬁ?f%?%ﬁt%%ggp %?%%féé%r e arra%lﬁgjj%d proximate a structure in
sophidtividedarnttolahied tirasrnd arerrespp RSB CH S LR Blex
duncinns oftbeiissum erREaR. dFhuscaterostnetes havidgrdimensions
and. arrangemenis closely related to the.natural conditions.of the ti r
SRR PO BT RS St A Lh ATl IS
cogliswithimther stgaoteme acamatiofofuetibned ipferphad betivecs Fefadarit

16U rﬁag-bggéx%hﬂ?&?eékﬁuwﬂy _{%ﬁ{e thessliushineApdipase.efdhe host

environment. These factors may also enable appropriate host responses,
sdegnatiisk oD BITHE RIS Y, DeRgstines i eRibteHa P ABTBAAAB ﬁ?’%ﬂ% whete
tROFNBE healingrwhprimplastedsimiotadenammalian system.

In some particular embodiments, structures may be formed in the shape of organs
that include a cavity portion. For instance, structures including a cavity portion may
include hollow organs and/or epithelial organs such as vessels, lung, liver, kidney,
pancreas, gut, bladder, and ureter, as described in more detail below. A cavity of a
structure, as used herein, refers to a substantially enclosed space defined by a wall of the
structure, in which a plane can be positioned to intersect at least one point within the
cavity and the structure, where it intersects the plane, completely surrounds that pc‘;into

The cavity and can be closed or open. For example, in one embodiment, a cavity may be
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30The present inventors have realized the importance of addressing
geometry, mechanical properties, and bioresponscs in fabricating
structures for tissue engineering and organ replacement, especially for
stogiessipyolving hollow and epithelial organs, as describgerigsiresss1o
detail below. WO 2008/1105035PCRUS2006/035610 24 In one
aspect of the invention, issues and organs of interest include those of the
circulatory system. The circulatory system includes the heart (coronary
dshogrhbivhy Hetstopacressling ttene{ syestisssicUintoriica e thdinmgs

dpLManAbyY CHatoMe RBRGHE IOy &Y SRR N HIDRREO ARG may have
oxe}/ge%n%mlt(rllegt oleg:ul%,,s arggl hgi{\mqnes.to ,the_ 5 bodé%land _tot remove
Chibon dicKEE HnRSHia and Sther MEEL O A H EhihEHE SR h &2Vt
mmn and @ erarranyttitc ofdhioreretfe s tdetihel mosemenivofesioda thrbughvity.
He dssyas oo NEas 90 ER3ER-ROMRRALING E@ﬂétcgge%?%]@vg%y

diseased. For instance, heart tissue may no receive a normal supp
TSP LD SR RS SrER A Fe RS RSHTing A& SHeRdreYBientisgues
heafbval¥aSnsaayd el-hiaper atinginamalisdn thelatier Basemavhembaart
alves are functioning properly, the fl also,called leaflets or cysps) of
R G o T e Co L e
nariEn thisnetltetelenvitt openpendutrisridoindtcleréhoagiebitbetilomore
dhroughy this condition is called stenos-is. When the valves do not close
properly, blood may leak into places where it shouldn't: is this condition is
called e R ATRCBIS S SR OR&aE Trtdieand iR sery ARt tiny
aetid tissteorepiacdd whi dnkenmbadieneii; anethods ldesarihied daettgimaabe,
Beinsedlofebiicatenead avas (0. ghpidoRHMenan, i), andior

aortic valves) that are coate m§ of additives known to prevent
thidddiotisrghim Afberercliptoliming HhneinktersvisRrehamy micerpisraless

tagldities: S8168ra%ARtIRHC S WhishGan.peeyent:2Q endosarditis, @ithin that
infectio?ﬁgf the heagfgs Ijning or \éalves. In some cases, an artificial valve
BiALH

VRS p?igéu%m§8 [on°8f additives, such as the ones mentioned
aboveAThédl hbastrveivesicamnpe esely priivo dtanrepjaicsididgeasedndesry also

AR PRI Y-85 @ SHATRICL emRlaE.once ! ReeHingad aRRING s

embodiment, three-dimensional fabrication techniques can be used to
(formestAlicttiras 8? tRisBRIBIYELBaE e iR hIsdRMT G fHE R GRiRe,
Wapiiaries, and fyrephatie, essietsiThetoad vedset systenkebasbloed:s

oving around the body inside the circulatory system. Arteries carry hlood
B A R R S B R A R
Heviciehehinkbypdydm apdipabe tothepeginshial 6.2 vhisrl Bl aameriderturn
dpieFacapiliarias the smalesthlanchvrsselsWhichigns iR IRt thSortions

tissues. Here, the blood in the capillaries gives oxygen to the cells and
BIEKSUB e St DA AR BRI, 8! thé LB PRat AN 8T dre
raonhedtdestolhesve nitesy thid ckriadledty eiitsniicthes oy, lessditheveins

&%EQ@%?%I?%EQ%&%%@&Q'81?& backfowardsine R (Ehecapiiaries
WO 2008/005035PC TMS20061035610

microns thick, less than 5 microns thick, or less than 1 micron thick,

In some instances, a cavity may be defined by an inner diameter of a certain
distance. “Inner diameter”, as used herein, means the distance between any two opposed
points of a surface, or surfaces, of a cavity. For example, the inner diameter of a blood
vessel may be defined by the distance between two opposing points of the inner wall of
the vessel. Inner diameters may also be used to describe non-spherical and non-tubular

cavities. A cavity may have an inner diameter of, for example, less than 10 cm, less than
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25 are the points of exchange between the blood and surrounding tissues.
Components can cross in and out of the capillaries, for instance, by
passing through or between the cells that line the capillary, Structures for
wagassieaaptates for cell growth can be designed to mimic a@ii€iyos/o3ssio
5structures of the blood vessel system. In some embodiments, structures
can serve as templates for triggering controlled in-growth of vascular

structures or complete artificial vessel replacements. Such structures may
1 e, Isedhfor thenintgection Bilvasyels.ifesiveriplenivesdiaseriivad Aerein

mlRYPEIomedinthesharenlaiuhedosldingdnterioneavity Reytiom and
a portion exterior to the cavity. The structure may have a first 10 end

missehoakeE $8RLHNA"®Rd portion, which may be opened or closed. In
SOm@rﬁm“sﬁéeﬁhﬁcﬁﬁﬂrmﬁlﬁﬂ&mayrbmdmchmy:hm&gmhe dtaucture to

cts of a atl enS|ons \kh rucur gxy@o%g&pgq}qﬂglon
p%#é’%at((r)) CL)JJ?)ar &y paFratnt Eésgtor%%%ﬁrae frﬁrﬁé hbreyre tehe structure will be

allsositionbelancere proaiicehebsireeet hrecpaiicAeriites FofdlarmpPledthe

ARIMERAE MRkhRESRIDRRN diamete rRARMY Quigsdiameater aflesadhane
1510 mm, less than 5 mm, less than 2.5 mm, Igsglthan 1.5 mm r Ies§t
IRto &

CRFILFS FIRRGT TFEEIRCE og?ﬁérﬁfg‘n?ﬁ’el%f) Rt RO B H AN ISt
mﬁ‘jaﬁwnah atl&aty faschndaysérane aoﬂ&wgﬂhdaﬁtvv@ewqm%ﬁw amdtt OGimam,

de%’Pe eeg&i%mm%@@&m@*%s&o%@ wmbntbadga@m@m%w@m@fé

out 0.5mm, and the outer diameter may have a length of
dla@@m 1Isﬁﬁﬁthwwﬂék%saéfrﬁéw&&wf16?@%&@6&?@%%&%% A by
inthe Z0eifference sié@éﬂtﬁ@i%t@ﬂﬁﬁzﬂﬂgda @w@rcumteiemetmm@ssemﬁm

mmrai;l é%@eglfrom 2 ‘? o? Lgps%rh&f?ew e” ovglpqg%ge{ﬁetm%(and

sfruc F& can have a plura ty o] pores in at least a
sqeortiGnnef marmmmmwebaﬁléf@r@résf@ra@xwm@z@mf ihefarcenpygameter

1 PBLES (6,9 mILeatendhan. A0 misranhinay berskitahle for @i@w&mﬂ@fgq
vessels through the pores, and/or for facilitating hi Q] ot
Sermm it At e Th s
20ty Seasdt paresd(el g Sdesssthamddsmicionsfamayedsel suitgble fon first
RO SR MESRE R UOP AR AEK 62 u AT O R IRV RO ARIAIE e

ange o components across the wall of the structure. S
rastpudtineimaagisecteapis e diistiand rAeARRRATIRHESRY 1S Vitro 961088 me

cERSFSs SHAIMERSRRY Iehide BBeambBaRy aewmamal substructures. For
instance, a tuhule.m %gabrlcated 118 r\?'? ructu shlch as a
vessep %lg}gggélf?ﬂ%ﬂ SSrioned iy at é’asi a port N within an mterior
aﬁaxvge;d postionaef 2 eudiivine, sophnsmaVCb@posmommt@mfeﬂm s tREPeatity

fo %0”&%1 3880 élflgng%?%ﬁ! {@%B%ggéﬁ/ Cthus m1crostructuxes having
2008/005035PC 1/US2006/035610 26 across a pore of the tﬁ%lgi, or the

d%@éﬁé@l@h@%Wﬂ%@%ﬁé&ﬁ%&é&%ﬁﬁ@%%&ﬁ@oﬁ% fi of
otuhnlemaydinshadaias deash affitat cawity ¢eugl tiarinteriarccavitysiionishiofe

structure can allow functional interplay between relevant cells, e.g., between cells
cultured on the structure and those of the host environment. These factors may also
enable appropriate host responses, e.g., lack of blood clotting, resistance to bacterial
colonization, and normal healing, when implanted into a2 mammalian system.

The present inventors have realized the importance of addressing geometry, size,
mechanical properties, and bioresponses in fabricating structures for tissue engineering
and organ replacement, especially for structures involving hollow and epithelial organs,

as described in more detail below.
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the tubule) and a second cavity (e.g., a cavity portion of the vessel). The
ratio of the inner diameter of the first cavity to the inner diameter of the
second cavity may be, for 5example, greater than 1:1, greater than 2:1,
greates/thenss: 1, greater than 10:1, greater than 20:1, greateg-thanvodse1o
greater than 100:1, greater than 20041, or greater than. 500:1.. In
some embodiments, structures described herein can be used to replace a
section of a blood vessel in a patient. Such a structure may include an
interiol QRGRFRFSHRSHER AVTRBAR fivsessdiahnaeans fTisieisH telafivthrytied the
davibyory fistendTandaseeond ead iddelsinue kue Cabralssy e d8 on), the

ections that can be used as interconnecting lumens for connecting the
o o AR B R B o e ol e
dessigived il Gdstop tvaliljvef suchsectitis riiecsestiodsmayeachthe
slefinachby caity batfionaiadng.a,certaininner diamsker, 1 same Sases

he ratio of the inner diameter of a first cavity portion to the inner diameter
18 8°¢¥cond cavity 15portion can be equal to 1:1, greater than 1:1, greater
than 2Chrgresterdhianon: kfgeaathe thavehonl o greaie ikaphl0sligreatene
ftban 0.1, ar areater than 1. The wall of the.structure may have a
T R R b e B R R
D% PRSI GHeNeaR I gHRP BrabBYiragtosowstbi etriabnstettasaforming the

KBieKRe3S9hehR MANedME9MG 688685HhE WalhARY hedfeimed dnan, lastic

mlaterial Othat allows stretching, recoiling, and/or absorption of pressure
TR YESHS ALt 18R BeRH e B (RS e FieHEAE S RY RERPIMPEIigh
dhen strdictorefuflgeBixgd; Detoieiof lantividvthenalr vetuecavinto thepatienido not

SO IS ﬁ@l&{q@aﬁgmwmomoadg@ ﬁﬁmg&mfiéquvevcﬁgﬁgot;a&

structure. These muscle cells may contract'and expand to contro
Yin dter 25158 IR a8 RS Sre B Hlobld omAt Uk tlacs ibRipd t @gpldn t;
tRboontiactancanciexpansienefomuseieicabnny Gause dAe:si Ul €:10:;

&%‘%%%’1% é’%ﬁ&ﬁ%&af SRRecivalyl, In Some,cases, an additional outer 'g%%r
of‘connective tissue may be grown onto]t%e S ruc%ure. ﬁayer 0] elaa%??
Hbdesteiagrbilely bre(gmviticosrid, the s reitolgme/irgedte v diasiding ait

Seriredalmeame LMRoMRINE (NS UMBISR CARhE. MRAYE M Bbodiment,
blodgi%(adable polymer that d;fg}é’ades, for example, after healthy tissues

PRI RGO RWAYEREC AT s ST G TARUDIFS: Whigh ik vent

eerhbadine atsingotictuse shidimmed Inyinpethatle ddscribedherein areficial valve
igned. to mimic. capillaries,.which. can allow exchange of companents

e e e

Bletcanbesisadimdiyioveo e dBeesUsH CANes 2006 035600y scaffold
ienyiEenment] dhkeaisgrrounding environment may include, for example, the

inters 'tiarllfllﬁiGd ang/glr surro ndiny gssueﬁ, The a};rtificiaﬁtructure may
inciudl 27843y BOPHHEEOBHEG A VR0 At RRLE Gyl b
fexamiplep@ofithe bloany othbsystitabtethicknessicwhichscarnp blerlizedhwith
1%199&“@ I&'f@és%ﬁ“sTH% §%?V%§S%?§ys§cmq§%e?}fstﬂgod moving around the body inside
the circulatory system.

Arteries carry blood that is full of oxygen from the heart to all parts of the body. As the
arteries get further away from the heart, they get smaller. Eventually, arteries turn into
capillaries, the smallest blood vessels, which go right into the tissues. Here, the blood in
the capillaries gives oxygen to the cells and picks up the waste gas, carbon dioxide, from
the cells. The capillaries are connected to the venules, the smallest veins in the body,

and the veins get bigger as they carry the blood back towards the heart. The capillaries
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5capillary has a thickness of a single cell. In one embodiment, capillary
structures may include small pores or holes that may be less than 50
microns, less than 10 microns (e.g., about 1 micron) in size between the

eedlsoottheyeapillary wall, allowing certain components to passrigand/eiskio
of capillaries, e.g., between an interisr cavity portion and a portion exterior
to the cavity (e.g., the surrounding tissues). ThHe pores may allow

10certain small components such as certain dissolved molecules (e.g.,
il RS B85 prebiangerbue et e rheodindraaromklisg lavgiss-cormizRehtscan
sushiasnprateishk eailassing Aekeske) Byanater erobadineatexchands
%Iagﬁ@%%nc%nﬁaacross a capillary wall can occur by vesicles in the cells of
the capi arypwaﬁythat pick up components from the blood (e.g., in the
interiobeeriitgpontion of trendapilfaryr!teamsorttiemesigreds dhaoapilianety
walsmand heexRel them e theRuruBdingitissie (BgmInle.4 RATioR

exterior to the cavity of the capillary). In yet other embodiment, o
ORISR RS SR bR £ TAtEHBT LERAty povtisrarRieatificial
postibrpdetiaitio shehcanityuvia papsagethioughitidedeth bingsdtomn vivo.
instan nepts may diffuse from the blood into the, cells of the
capilla%%%‘%%ﬁ%gfﬁ d %%Jﬁhfr%éntﬁlgy&?%%e w% é&) gs‘% & eAor{i1 |é?afé%%ﬁ%rrlf%s
wagoayiberdeiin aad ae ondtudeadop relsrontie Dramehintrstroasthees a first
Whish i sieAIe Snll@RISH SIvHaRE Al e doLah WhiERItha exchange.of;,

tggrg onents cag OCCL%. In another aspect of the invention, structures
c
e

QEACABLRS MRS HSSH &% SRBTET BT GHRL P iR tiGeth Bottetti. Fhe
digestive mgmmmpmesaﬂyeiameaidaag/my x}@whagmsb@ip mcfhslsm&ﬂure
andlarge ntestines. LRGN, AR AN S HING diffgrent %%Q%E% IgRSHVE,.

tract may display a similar histo-arehitecture, I.e., each part may comprise
LORfeiamRGER HAETE e SR ERYBY T PhHCESACIREPT Cufratirnsfsinélrss than
oeltsn These.arpans tas dendffected by diseasessUehi@s caRGahnNBCoN:

etc. Diseased organs of the digestjve track typically require operations
RIS TECUIRS o R ICBAAD AN BN FALCE PEaUR ey e e
seginbrivecoahObemapid ded withcatifivkensibustoms 3 thenZopresbntn); the

nvention(psnicemiesdimepthoatiishie s cambeufabiicaiad tanimic 2

diseased section. The structure may be used as a scaffold for the

IRgPorb ARy B miithal hedki&achorh e ity tbrs Brstpa b fransdatoie
didifarthentbevisapiante dnidtariheljpaiient. Mhakesesabotiiment]] this apgr aasha

I8 lj éi t@ so-called El) ouches to replace WO
26%%?%% 0 glf’%cﬁﬁéalgsg %5%&16 eﬁétl%‘i]%ecco'ntinence function of the gut.
Like aHifiefed srpabtihiesiorine earciistsrwpdiemi serattnmdeasithportion of
wigestivadragle garbeaformeshinbiagiedtasiab enelymes s i arathi&han 100
asgjec of thg invgrll);ic?, structuris are fabric%ted tQ( mimic gut- /associated
ISR B S SYER AT G GBS BRI T SBRVER, BE i /LY and
teliGpaptieasxAlitheed onganscarebpiacke ap iofespe cializech epitheliglcets
é&'ﬁ@]&qggg\;mﬁ andy pores (e.g., less than 100 microns) may be suitable for growing
small vessels through the pores, and/or for facilitating relatively low exchange of
components across the wall of the structure. Such structures may be implanted into a
mammal, or used in vitro.

In some cases, structures may include one or more additional substructures. For
instance, a tubule may be fabricated to include a substructure such as a vessel. The

vessel may be positioned in at least a portion within an interior cavity portion of the

tubule, or it may be positioned exterior to the cavity. In some cases, the vessel may pass
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exocrine functions. In one embodiment, structures can be fabricated to
mimic portions of the liver. The liver is comprised mainly of lobules
containing hepatocytes that are arranged in plates. In between the
hepaigayeplates, blood-containing sinusoids can be foundedhescantessof
the lobule is the central vein, and th#s vessel receives blood. :atm 10the
sinusoids. In some embodiments, artificial structures in the shape of liver
lobules can be fabricated. The structure may include a scaffold for platin
agiogsraRvery thepehailsy fadha st Y G e vashg e higics epdesitrbule.
AR &f&g&ﬁ@h%ﬂ@f@}h@ﬁlaéi@w_f’zeﬁ@ta%ﬁils@@m[@l @fgth @ﬁaﬁdim?ﬁ@eﬂ@nﬂ;h%f
tructyre may also jnclude sinusoidal stryctures, which.can function.as
R 5 BR e TR AN S LA B i LA BB e
iimehddmaer spediof theischaffotdnand aptiteolait sctjonéetvatcentebedmb

eg%}ﬁg_yl@ﬁ&,%@hﬁjgk&&&%ﬁh %%}%7 Lmpogiments, thediverdabylesgan

have dimensions of approximately 0.7 mm x 2 nun, The structure can be
thap AL aof R A pore it RFITALitats BRE ARG bt ESTREENEAR F6r -
exampleoexchangeeha, canpasettsiydhauintanieresbatwaticdhe

blaod tained in the sinusojdal structures 20 (e.q.,. an interior cavity
e i e R S
piv1é kit Poy dgeadidses ferb riparantoxkrine @ tharfetjinf sizeserdermstally,
slopfiyerdobyles-RaRscmayshe-fablicatad 10 HAvR AR QRS 88 GliaRBhnecting
dimension in the micron range. In another embodiment, strrfc ures fo

C

st B ARSHRG A ST BG4 P8 RIHEER FSH AP B P it o HRimic
spactionsafihdcpianeieascline pahcrigsdssachixetibexothnesenoocninesach
%'@&%éﬁ%gB&%%%aihgﬁ%%?&%gw%g@erz@, IHCAgONS. AsEl as, e

bpa_ncreat_l enz es that ‘e P |gest acm[s anc.macromolecular nu'grlents
the ignepebeeipisT pAR HACATCPY PR HBPHBRRAHBEISERIG cetrRpd @ Vity
Regseoated indhedsletsphlangarhans-Rancealic, isteitanscatigrester

hroughout the pancreas. Like all endpcrine 30glands, pancreatic islets
¢ %Ib}ueo?g ﬁéﬁeﬁéﬁ?ﬁofr@s FRE8'the %rfo%dgt?éﬁfﬁag’%ﬁ Ao %ft)g tubes or ducts.
Becaule ohthef Heatitotsroratehthein Horknossexf Intd tthe blood kacha, | mm
@F%” gealinisietssaisawrmnded by.smal bloegnsesels, @ G carilatiasle

e islets are also highly vascularized, fagilitating the exchange of .
T A RS e ik e TS RORCAAEF th g/ 288y By Tormed inan elastic material
BR800 50D LT EH20R6 1NBHEMEO 2B s ystenssire detaprembodiments
of the invention, structures i > i - ru SE .
B T A e or
igtplatiing shealise esigrnationhavoallspeeie selie eareh atrarenthatcan
mt %@, @ﬁ%ﬁ%ﬁ@%@g&&%&&gﬂéeeﬁe& lﬁtﬁé&f@éﬁb@.ﬁa@s@&ﬁ(& atiﬁ@ ex?@@eif o
structures that are designed to guide e capillarigs. Like the structures
YaLelibEdiamsis, %i?&%{ﬁ rt§§ ’EﬁtSt"L#gFﬁ?g ég%%%%gﬁ E’ée SEHEHERE Em, be
darmedainhidclegradablépelyimers i desived® Iaew_tacttﬁaiahfpaa_ndr@amﬂtrict,
rg%%%%wé j'%.”}%%é%ﬁe%?%}%%ﬁ%ﬂ%? il ﬁyé‘ahof‘%oﬂ}?&ﬁlf%@%'%rd@

er aspect of the invention, structures are fabricated to mimic

satoEifethe structure. A layer of elastic fibers may also be grown onto the structure

to give it greater elasticity, if desired. In some embodiments, the structure can be made
from a biodegradable polymer that degrades, for example, after healthy tissues have re-
grown and have integrated into the body.

In some exﬁbodiments, structures formed by methods described herein are
designed to mimic capillaries, which can allow exchange of components such as

nutrients, wastes, hormones, and white blood cells, between the blood and surrounding
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organs. The endocrine organs include the adrenals, thyroid, parathyroid,
and pineal 10gland. These organs are made up of endocrine (i.e..,
hormone-producing) cells that are located very close to the capillaries, as
dessribess@sove for the islets of Langerhans. The close praxitiiity-06d083¢o
organs to the capillaries allows the kfood circulating factors to leave the
capillaries and become bound to cell receptors on the endocrine cells,
triggering the release of hormones. The released hormones diffuse into
enttiewapilafibs samolading Ssvibswaers miy distbe i famelh o/ e pirdalvith
AHEAGERIOF %dﬂd?l'iﬁlﬁﬁ%@?éﬁ%- nSmeemiadinenisy eRULRING AR IHIeS

can be fabricated to have a specific micro-architecture that allows the
coBREiiAg DF RIS Withi HerRsH FockiiGnE st the SRR AIEYATIRERY BRdocrine
thiargans wiayh henfabtlicatedto-hédwbediflighldefreerofoasscalari atiomrethat
facilitates the exchange.of co ent
ol oo p e T e e L preaD Ane e
g&%@ﬁbmm&r@ﬁ%ﬁ‘e@»
bR i GHIaN A5 gRRL tehe Steuciw es Hesepined ahayaustugtuesithat
mimic endocrine organs can he formed in biode%a(xj)?bje [go‘IA/megs iign d
GO&&@’P@H@A‘?WE?&P@H%BBW%W AHEnTr ggt\gﬁeﬁiiedf SH RSP A
a preating:irsisfficidrteprtgetortbofshormotiestissgian dheabieematidoaspect
ccILiE IDVENNION, SYCHITSS Are-fARHERIoth D IMIGROFIARS.AG IR o pass

respiratory system. The respiratory system includes the trachea and the
ackigRRjiel posefe R TBBHIARENL [ S GRIPRIEAN BITAP RIS R pravas across

In@ﬁ&?@?&rﬁfodﬁﬁ@ﬁg@&%@@&ﬁ&&ﬁmgﬁwg@@sﬁmmh ealis:an occur by
cartilaginous . an empranous-li . tube where al S t g
SRR e Merhmio S IGeL e MIsis A amsren s s
thmiainsterm@Opporichi cAtificialltrachsansrayt Bistatstiestds toTREIds St
e)%%qwgﬁt%% and mechanicalpropgring o thabalkhralho tiachesy 5omhe

instance, the artificial structure may include--like portions made from an
cegidiae pBiyiTict T PBeRHBRCS RRRABEYS IYGHTE WaSS8  Eatifiye cefls
cd@ pdvidlinacapiage efrerivhealibydvaghéapesmadoaiseagietic Wlining. For
. 2008/005035PCT/US2006/ ' Afigialyaits, and
o TR A A o po o R AT e S ol o
theerivbforeliagertesg A dUisR o HEaRAY SOOI ARS Stap Dt of

o1Be.1ungs HinRAB EMbadineRhieh SN civie carcherfabricatedatrepiactich
diseased or damaged

-the exchange of components can occur.

In another aspect of the invention, structures are fabricatéd to mimic tissues
and/or organs of the digestive track. The digestive tract encompasses the oral cavity,
esophagus, stomach, small and large intestines, rectum, and anus. The different parts of
the digestive tract may display a similar histo-architecture, i.e., each part may comprise a
muscle wall that is covered by the mucosa, which contains epithelial cells. These organs
can be affected by diseases such as cancer, infection, etc. Diseased organs of the
digestive track typically require operations that include resections of the diseased
segment. These removed segments can be replaced with artificial structures of the
present invention. In some embodiments, structures can be fabricated to mimic a
diseased section. The structure may be used as a scaffold for the in-growing of natural
mucosa from healthy cells of a patient. This scaffold can then be implanted into the

patient. In one embodiment, this approach is applied to so-called gut pouches to replace
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5portions of the lung. The lungs include air-conducting segments such as
the bronchioles, numerous small tubes that branch from each bronchus (a
branch of the trachea) into the lungs, The lungs also include the alveaoli,
tho tespisaieyy portions where gas exchange takes place. Ther/us2006/035610
air-conducting portions include a wals that is lined by respiratory
epithelium, which is responsible for producing mucous fluid. In some
cases, structures 10 are fabricated to mimic portions of the air-conducting
183 GPRERTECE BRI AE e i drliarraiicinbiaacas? Bé thatsircatelaribshdve.a
sthicknessfafdesgetian dQimam, tessrtand b mmd@tle f5muR), or less
than 0.pmm, and eélcgio eter ogtless %hap about. ﬁg mm,dltess than about 5
mm (€., 2 mm)~ o 1ess than about 2 mm: The icimess AHt Gidheter of
ahedricachiotar Strrerareisill depénicbiletr seiomythipbsitiot ef the! the
pkstetdrenithin.the daliagnihe size. E&Eh@i%twp%tﬁ-d’és'fs%mﬂ%%%rﬂiégﬁd
air-conducting paqrtion can be formed as the artific

: ial interposed segments
BPELEIHIIARE O W gmRerincb SHECHs 6. fFHﬂ‘i%fﬁ‘ﬁé@%%é@Fﬁ@m

oddbeBythe Brtificiali staratuie nayrigrod latstaftolok{ongravyngsenneative
Adssueandsme cle.cells within the walls of the, structure, The walls
ma;g also%e[%igr?g}jl‘1 y\%ﬁ%eé%% |§f\éc¥:% Vs{}\}/f\)/altg qé%r?{g)%lbarl%relg[ﬁlr%ués i/ﬁecsago#e

feund: Tbeirenisn ddhs lelove dnthecsniedlgchnansabi wsiel meeivendlpedtioutar

tBERbRiRENTS soattaim illicalSuelre s RieR 49 ORI MIM Ik bules can
btee {?Ca[[ bc{oiﬁhloles, can be fabricated té? ?:?Ch{fe' artificial alyeoli in the
ARG e 0% SRS Mk BEHAE BBERIRERRGA A0 a5 aRE PRSI
‘Toersrinticl dleeadiiy @s&g@ﬂavémﬂciﬁﬂmwmmmmmmhm;lcmismm the
Sdebiheonehiolr ranshes-naving.apaiosrisRalonal dimensials.on

the order of 200 microns. Proximate the alveolar walls are pulmonary
PRI HeRe Y ikt frargrreeter Bl prtwabnas d4n 1R kebitidhies
hapstdnjtadad @i imtaerabeaglihchoiitoriance tutoaeah thpdlact-ary/aen be
Silupeniuonan e aheqalepinem, & NMDISRIIRIRRA0e, a0 the
capillary endothelium; carbon dioxide follows the reverse colifse 1o reach
dimeenrivos [l rrperianatembddimentsohthEhgSinvantion betflibiaesaldeotare

pebdaiisres caR Radabricated with natbrahdimensions and-with porus walls

for gas exchange. Pores in the walls of the alveoli may allow exchange of

CLRBMRBIRHL (ECT, Vi FREF BERIER S R ABRHOROR B RV Firasgres
(ap.jntengrr taviyifygrtiooh pad. tthaiptesstitta) shrberayrise lnndiag dhepalvieali
¢ e%r%%%%';}ny"%%9~9c%%%Qﬁeﬁéﬁeﬂé%%%o%%%%ﬂ 31 eXeNnr 9,
the cavity portion). Artificial alveolar structures may be formed in an &fastic
livptobslahaegivesths SlesictiediaRit sTestatsiprehdinsneianrig the micron

rgxgansion and contraction of the structures. In some cases, the artificial

alveolar structure ay form scaffolds for growing cells, j.e., the structures
may L8 TR RS TR ar BT SUR A eI g g e
remasmonttes bAftificiated|weningapbéused te helprinerddseptheraxyigen

LopteRbinRatgns with res m@ggm%g HISNCIES: such 0L ARGHNSLASRESLALS,

the invention, structures are fa |cated tQ mimic portions of urinary
28yt A PPRE Gt SR EYstaha 6 FiIsES e Rithepe omelRsd et RELIRIHALS-¢
paleddetaanddherothra: insane tasesnaelivsiii@aapke falricated io
ﬂg@&ﬁgng'sﬁa%%?&% islets are scattered throughout the pancreas. Like all endocrine
glands, pancreatic islets secrete their hormones into the bloodstream and not into tubes or
ducts. Because of the need to secrete their hormones into the blood stream, pancreatic
islets are surrounded by small blood vessels (e.g., capillaries). The islets are also highly

vascularized, facilitating the exchange of hormones between the islets and the vessel
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10damaged portions of the kidney. The kidney is formed from a plurality of
nephrons, which include the glomerulus and the proximal and distal
convoluted tubules. The glomerulus represent the filtration stations, which
comtaig/budissof capillaries where the ultrafiltrate is pressed Qutr SO Bs610
embodiments, a structure can be fabricated in the form of a porous looped
superstructure. In one embodiment, the structure can be used as 15an
artificial glomerulus. In another embodiment, the structure can be used. as
Sitiffial brSramardadisteaisel bemvetiter tibthess i dsmpaseislapblike
stogoirseneafatinchidiensiptucalityqoéd densibadicheganipe atfithe.samedarke
iRt dmenelons, e SN S At e At e e Al el
a cavity (e.g., a tubular portion). The cawliy can have the same Inner
eidniehsrsasret Ghpieenasstiaettires. 6.9, nefrabootas-Bo0amideotesdd tormide
20emboediment. ombetwesn.50:100 Migrons iR RARINSELMAAAIMEN s of the

Alternativelg, first portjon of the cavity may have an inner diameter )
RftffEranhTh AR o RedsHaBBitiB G T ity ThESRERHEY Brtrgatic
siratitcan map e vied exanap sduomsatioat disb@©smieldns (e.g., 2-500

microng), LatQQMicr3ps; o 35&9&,%@%3 m@favg%!!a@é%orefh%%" ocrine

include a plurality of pores that ena ange of a component (e.g.,
WeRET A foAeystRigars BPuiadis rtshos B baemaeid puitsel
Qxﬁ@riQﬂlB_@etb%ﬁ@\ﬂ%-rﬂaa@ m@&%mﬁh‘iﬁéuﬁv& %ﬁﬁ&@%ﬂﬂ%@ﬁ@j&éﬂsﬁ@&%@
etyween interior and exterior portions, of the cayity, e.g,, based on size,
R e S S e s W e ety The
watk Hiterisrofyneiibreretegaes itre rethiiickise sl Thawe filndscoan fonmfactors to

RelRGHYe.PREMEARIE RESRRBNGS 7loWing GRsIaith SoMPAR&IS dA1RaSS sering

between interior 30 and exterior portions of the cavity. The structure may
e 16588F (o ProRsRs uitrtiffrate T SRR S WA AR thid g SRl S stant s
{ebeeqgiubosetaba ainminbeacids } ddao mghreabgorbadehadRecwastes:{(e.g.,

urea).get discarded as urine. In certain.e diments, the structure WO
s e e o,
Adedinyhathlostribaursdan Ye et toreplace epatitos aidhhetfilttation
Mﬁﬁ@ﬁ[‘e@fiﬁ@ﬁﬂﬁ' gfgﬁf)ﬂs %%%%Q@Qi@ﬁfﬁ%fam%wﬁﬁ%%m %%@ﬁ&gﬁon
ormation of a plurality of cavities within a structure. For example, in the
%?ﬁ a&éﬁﬁ%ﬁfﬁ eéﬁ%%i%‘?@%%%t%%%‘é%"fﬁegfﬁg UgAB A ARt Hhay
jocleicieca, wallithd edéfimes grghnsdﬁﬁn@ﬁea@ﬂiéégmmésfwmmrp@m may have -
SUHRIYS- DAY Be separaiedn aem&ﬁ%gg&mﬁﬂ@hg@H&%M@sae(e?c%bed above,

interconnected in other embodiments. Cavities within the structure may
FrRgB iR s et AiferveEnt s s befarerdimbindisiidableralyreghiving
@ pradalityetpavitivs eanobetsedy e pstan ey IasimpsONV IR treating

isr‘,lléllgg}g}céhtto-}{)(gllllljr;trilenra%i}(l?oirgn g\ngsegnom}lr@tion system, 0 e.g., for higher rate of
rea sOrptPon of electro yﬁes Stch&s ngcose and other metabolic products.

In sonfie:cades asprch Sttbeiarestivmytbetsombnbdwitsbthermmbpodiments
@f th& InYSHUgRFOMINSIRRRE SHGH SIYEIHIRE CAR R £oMPINGE With 0N ne

or more artificial . ,
embodiment, a structure can be fabricated to replace diseased or damaged portions of the

trachea. The trachea is a cartilaginous and membranous-ringed tube where air passes to
the lungs from the nose and mouth. The trachea bifurcates into right and left mainstem
bronchi. Artificial trachea may be fabricated to include similar architecture and
mechanical properties to that of healthy trachea. For instance, the artificial structure may
include ring-like portions made from an elastic polymer that resembles cartilage. In

some cases, cartilage cells (e.g., hyaline cartilage) from healthy trachea can be seeded
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glomeruli to replace the main renal function with an extracorporeal
module. In other instances, such structures can be combined with one or
more artificial &mend" as an. isimplantable device to replace the main
reoabfgmetien in a mammalian system. In some cases, $raisHRS/035610
including a plurality of cavities may #eclude one or more additional
substructures. For instance, such a structure may be fabricated to include
ubstructure such as a vessel. The substructure may be positioned in at
%gﬁ%dﬁﬁnﬁ%?%f&%t%‘r‘%ﬁ% stRfAtiHCigh st Supstra e fasAayithsiliated
psitionkd exteriofdeiten2itagiity, dnssaioe casasyaysiustiustyaay: be
ant ven between more than one cavities of the structure. As such, the
structire may include at least a first cavity and a second cavity (e.g., a
cavity pORfoEPdleapb SsElCcThe qaties dilttieaipthr igmetbsoftherfishaged

saviysteriine 1trméerrdr@mager&t&@@aaesaﬂqc@aglBémé}{@@ucm@efe%'&mores
reater tha lébJgigrea er than 2:1, greater than qlreater than 1

SERISAHIAERE YrARTaph S8 GoEh DEpyieatsie tteaaégea tﬁfaﬁhe
126085.1 Toe reatdsthariugehad alveolin them@ﬁataeﬁpamartl figialestty GhtbiuGan

She ST R

and/or bladder. The urete organs that hel

Rimelivad iR i narnstile &itiedurinedativinyiidaViQroetiancs, structures
mtm%tdhmp@bﬁiw&maamm@yegma Fomicaled QiR

Such a diseas er essa wherehy portrons of
W“C S ER r%éogl(e?j g Used' i % % %7‘33 aif iRt Gl mm

(blad@lérmm)theietmblmﬁxf@mmmmmemﬂmm%m tases, lthisthan

RRESIMIE CausashHaliR bR AfRgied Y RIRGHIANEAAING 100 the

urethra stenosis. To circumvent these complications, diseased portions of
BraaHekE S S 00 BB sP CTIIS 20657035620 ahmithe Bt sy
rmegmmamecbﬂmmmﬂﬂml stiushuressfdh@darensiancAigificiabatoustires

e SRR RO, O e B Sl QRSP RI IR et
COI’] Itlons such as urinary incontinence C ures 1or E)

demBersiTRIcRtisao Aase HhpIBE delv b usetap @reptai\;effﬂbfﬂtfgns

b TheSIRISi 08 ﬁrﬁma@d@aamme%em@x%%@m% SHRRRY, The
bladders. T hb ritru\gturﬁ b{e u E Qr tissue engineerin nd/or organ
R AR IR SR SR ORI e BN b AREHE 6 FSE ARS8 58 ised

casmd catlifj cia-bihadécétis) Ladébeaalrtalrs bhd‘;omeljbmmlﬁmrléﬁﬁidmrnents certain
SORNSING L ayr%teras@%awt'%tt%ﬁ%@@&% ingt to he tgéa sdthe

structure may include a wall defining a cavity portion of’ e marn
inidrdenrtdigal alvaet dathe okt e Essimge portion of the inlet (e.g., a
secor m&y@w@w@mmamawa@f thenpuitlel(8od:, Althisd savity

| avit rtions ma e in eters g|n from, for
B e B AP e S e e S e ey
cportimgtingy Havesamirmene rametér?ﬂﬁhtncsodﬁffe?mtrﬁmmhmmmr walls are
pouﬁraetarcq{)mgt@%rh@@efgys ROEHAN, OF LB SHUGHAE, FQY 38X g]ﬁl\?femﬁd

ratio between inner diameters of 'fhe second caV|ty pOI’tIOI’] and the first

el POt #hay el GrdatEntRai rarhghedierdnar en diffaate hanaaishe,

agr@ﬂ;te eihaelidiQ; b, toneaterstian Pack, @f@a@ra@amﬁ@nao%ma@wban
wall of the structur d as an artrfrc% Iadde may

0 1de follo shge TeVerse. cou{‘so (e)tlghett)%g r%}/) 6%u?16gt1611e %r} HY 1h§

ave at I ness ranging 1r
npﬁmp@[@p@wénmg Orethas v@pgmscfan be fabncated with natural dzmensxons and

with porous walls for gas exchange. Pores in the walls of the alveoli may allow
exchange of a component (e.g., a gas) between an interior portion of the alveoli (e.g., an

interior cavity portion) and the interstitial space surrounding the alveoli (e.g., a portion
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* structure.during fabrication), as described herein. Surfaces m
Paiitapie

20liquid in the artificial bladder, and may be formed in a flexible material to
allow expansion and contraction of the bladder. In some cases, the wall is
lined with cells and/or tissues before implanting the structure into a
padienk foosizinstance, the structure may serve as a templatepter, gilfgrenteio
layers of tissues that form the bladder, e.g., the mucosa, submucosa, and
muscularis layers. The mucosa includes the transitional 25epithelium
layer, which can serve as a selective barrier between the organ an
expMoAe TP ERYaGETe) Y bgah AU ikl gserepibsdhums dapen chtic
mifsiide theibasamenmaminana asingledayenoswells-spparatingithe
epithelial ISXrer from the submucous | er&llsmigﬁ‘prx ria), The .
QB RS 15 B TE R0 CEHREER S TS e tRaE IS rite PACEl Rithrthe ™
sqafitisdul far goatinghelsybmubostsudyes cary behitain Witogvedselsslls such as
Ti{%?%ﬁ%}ﬁ%‘é DLSOME RIS Hands.4n Same &J&P&q{%ﬂﬁ? RSkt the

ructure can include such micro-architectures. Muscle cells defining the
O eGPt BDRNISY HE TSI UARIEIRBSHE the submucous layei% WO

20081005035PSMIBA0061935610, 3ductureS i aibir desesibedibeteinmay
be capable of pr modified fo permit the adhering of various species fo.the
O B e ST 7 0 L AT BOMURE S En e B R DA
alkbthexanthple, [oelisandior bittodizalkandie felidsatucle eplorotditesseinet the
aliks A RRSRmE I mARIIZe L EG SPRELICNRTIRYS RGNS Alelfifons,

structure, including, for example, areas along the side walls of the pores,
Wt g s el R B S uh R SRR SPth et e S AYBESon tp of
glblﬁe@g[&&eprese;ﬁtﬁh&&iﬁfﬁﬂ@ﬂﬂﬁﬁ'cdss%b'ﬁcbmmimuﬁﬂﬁyf@epﬂpmm afher'e the
ui%%%‘?%\’&é“%%é%'o%‘%.'e{%tsec%}oe%(gé [entially attracl.and/or Bind. adarigylar

species, SUTH as a cell or other bio ogical species that is attached to,

famnedbilizeatwRppredspeestBicBEdthR ARfsERedbe e i eH3CBR SRIB P! 25
aSHHEILER 0. LEHRIN embegitnents theadhesive-matesitbdsiggal artificial

adhesjve material, The term "ce|l adhesive material" as used herein may
vt S i P e
ph&&ﬁ@oﬁflhbpﬂinﬁéﬁ&asﬂ»efmﬁ@h@dhedﬁ@nﬂﬁtﬁﬂ@h@@nﬁ@@I@dﬂé@f@%ﬁ
n%% HingQuUs {ayetatachadda I’e'?%f acg of ableasi-one$ide Ot A Rl UsTWSe

ch a cell adhesive material layer may comprise, a%of 15 a wide
thaFisty BrepamEwABRrehy thE ety BE pabte b iinig BicEFsdiitaty
cRIbB@msREsificalyentembranesas bialegieatoelsioraomenenisiher dof
such as for example, collagen or mixtyres.of collagen,wit | ide,
PO AE SR it o e e Aol AR RO eRe EhAtl
ofelectingy babtehinkdenivéthaffinityamtieeulés sxrppis Pyprehor beHtotein

efgtyatvesshereabmixuesthersof Ao 6f siihe abave.assasiated
with a gel or other layer-forming material, such as collagen, ela}tln, ,
CRHerLE ngtrdRRIdE A RORGTSS CalSIACL BEREET At ST fBL2. water
aearrageenanceicoand therlikeo the cSutface propértiesteithe shructutes

~¢an be madified by various t [ : L SUr oS
T e B e e Bl tions
of Sprexiitateahbastasteire. thaorharcalewnrfitied canISE Rio A Ghated!

dtedhsmaterial waas Joioumihe StseturaRIGese MRESIRHNHEform

ay be .
SRt oS St H Y BroteiRg SRERPSHR Lt e teror
aatd réaeehmpdiﬁydmé ﬁb&aﬁces‘l‘iﬁmnammpieyd:@ll&g@m jbirbm!smdﬁnﬁamte in
sRcﬁR%»ng%hd%h%n%é% ofherextagellylar matrps (FCMYRIPLEIS L ARUARLY,
actors can be coated ' '
and the wastes (e.g., urea) get discarded as urine. In certain embodiments, the structure
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30 onto the structure, e.g., to elicit an appropriate biological response from
cells, including cell attachment, migration, proliferation, differentiation, and
gene expression. Cells can then be seeded onto surfaces of this structure.
menesasdaediment, cell adhesion proteins can be incorporateghiigos/osss10
certain channels and/or pores of a sizucture to facilitate ingrowth WO
20081005035PCT/US2006/035610 3$ of blood vessels in these channels
and/or pores. In another embodiment, ?rowth factors can be incorporated
SPRGTHE ehGRRrL R e Bp s rar daslg- i teehaitrendeaedrigagce
dealthydtias ditfeioratinaieitbinheeitaisy regions of the structure. In yet
another embodiment, a structure may c ise.an additive s c_[l%j,as cell
ad hes‘%(/)én ren%r{lgﬁg %ﬂcgssﬁslfg}ﬁ%l ?ﬁ{é&ﬁlelns?u?r?é%:%eo gnsaia(éno%ftﬁgp%l 8 e,
SuET Ry At ret ety Ior axstptturethimestieldiarembodirhentaa firSotypé in

10t gells 6an rdBersinhgiNek Savily i TRERRYS IR YhER he SIUGINE; o
IS exp]%ged to a medium containing cells. Ofgitxl‘ona , art outer portion of

TG BRSSP Y e PERRE A Lt E C RGBT I S0R# YPe of cell
inthenietstrirctuherisnexpidsedstoGaviiedivithtomtainingueesy havinigomee

i irable to modi Il or portions of a surface with a
B e E P ean
yselyEnineiaacglye smarmy by propéne dxierpihiath prermsibxidensiotkm,
COPRYMELS) f1o6iNe8RLEIH 628 QhAISIIGHHEWPRIS L innetdesitabla;for

cellular growth. cambe coated with such materials, e.9., to prevent
RSTRIE SRS UL S COE HEPRRF PRETERE S OCHRS repifents of

th&sneaim i gnisslaecdnmagmam od #mahmacbmu ﬂmerpmowhié”&iaf
dhe shuaiire caR e Mseddepasition %H?_aﬁt&%@é%o?é%?ﬂ‘é’&mén fh %ther

Structure. In'some embodiments, a combination of cell-adhering an
BRSNS TeiTBE e feR ScenBscHitB orsietmnts daHisind Poriund st
istplishdeetoesiteubianaaeshy fncilitaieanddnhibil celharonih sespectively.
20in spme. embodiments, 2 suiure an.be spaledwiha pofous maeria
(e.g., a polymer such'as a gerlg prior 16 being coatéd andror printed With a
g adeiinodi by seibsmnte. iFmies mbe, Sushecenbddifnrtatad to

iablesu eusabefelrigatedusing teslimensiona) iRisatior ehaneies
suitable techniqu&to form a bioartiticial kidney. In some instances, the

RHHREH Y CAM B RS Sty o LSBT o M e ARt RE stilfctelré the
@5itanlbedinstcesatecsvbithuatipe noag feakyrrenanddhverrmiibrathan one cavities

(?ﬂﬁgasqﬁiéﬂgg'fﬂg 9u§H,b[§Ea§?ﬁt%t %a?ﬁn%%@&ﬁfé’%ﬂ%ﬂs%% alid %%etc%nd
acilitate cell adhesion. Cells (e.g., vascular cells) can then be seeded into
AHEYSF-Ento e RsEiacr Stacairel) N serEcalsds imer sinmatsre ey first
dhetyaeapatherdaieiabealisstesdd araymal blule calia)icThe-feviee May
ipic the function ofa Kdney to.allow fipy ofbloog and ylracfitate iy,
greater than 100:1, greater than 200:1, or greater than 500:1.

In some cases, an artificial structure can be fabricated to replace diseased or
damaged portions of the ureter and/or bladder, The ureter and bladder are hollow organs
that include a wall, lined by a transitional epithelium, defining a cavity portion,
Sometimes, this epithelium can be affected by cancer. Typically, to treat such a disease,
a surgical operation is necessary whereby portions of the gut are removed and used to
replace the reservoir function of the bladder, or the conductive function of the ureters. In
some cases, this procedure causes the urethra to be affected by infection, leading to

urethra stenosis. To circumvent these complications, diseased portions of the ureter
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30structure. If desired, structures of the invention can be coated with
a porous polymer. \ porous polymer coating a structure can be used for a
variety of purposes. For example, a porous polymer may be used to form
sroallpeessée.g., having a cross sectional WO 2008/00503&R @ $2bd582610
1035610 36 dimension on the ordersaf 1-20 microns, or within the range of
porosity of the polymer) within a larger pore (e.g., having a cross sectional
dimension on the order of 20-200 microns) of the structure. In some
andasedadive pasois pdhsmibrsmayrtfion sustainsdTdleasecuian dctilieizigent
st DR ROMDEE QAR RIRGR ArawihandiRradfieRionors2

unction o tlme In other cases, the porous polymer can influence
cordifiepd et %ﬁﬁ‘ﬁ%éﬁﬁ@%@ﬁﬁ@ first to a second position of the structure.

In yegtﬁtb@f&&sﬁﬁe@@q@wm&m%a@wﬁ@@ﬁﬁmﬁuqﬁm@ﬂeauﬁei the

surface roughness of the stru ure, described b low, On Hp}tén
TR RO A fnb|fauéFeelpso()r{)llljlrset%rcz)afy mier 1% polysuffone. v “A \?‘é%%% of ¥
bleddbmicliesstsuttresthpse whed GoitidubeRminceHn o8 ArEs AR eRREESH In

vSPAPESIIst e deseibrtherain. Aftetosduingdhe @f@&eﬁmﬁ@@rymg
out such techniques, the structure may be expg(%sed to a%(g(:lplt

mﬁ%‘é%ﬁ‘ﬁ%?@ﬂ?ﬁd@ﬁ%\%ﬁ%ﬁfﬂ&f@%?m@ﬁﬁ% RIS 2 AL AR S Tinitorm
cPREesnd Jncsmmﬁl -emhotimentsiustetuiresudesoriidedehenain angifaboitated
m2lieast gpaﬁl('s%us'g%xs?e& ity /%Srﬁo?xé Stég{?u?rr&&?%ﬁ%%tﬁélﬁﬁe@& fE;th‘lgk

Brocesses, nciuding thermal and/or piezo jetting, such as by use of
sqemd@aloé' portmarapie mVﬁﬁ@%‘?ﬂéﬁI&e@Hl%éﬁrﬁe AthE bR P s HHiIque

THSINGiB BB%T@I{s'%é‘ysﬁQvKm&ﬁﬁ&t&méﬁgnﬁgfﬂ@ﬂﬁ fel7 @k&&ﬁp@tw&nﬁt@n thsin,
two-dimensional ("2D") layers. A comButer is.used t genera

eSO EHA PRABAIS OIS 2 B By B Sori fier dfameter

orin |g| al
thee iy dfdntatiGoofih mmemr@@emamﬁmmmemmy oAtboaipater-althed

e}ga?n;é nat 9%’8%&&%@%'%% 'Hﬁﬂféta%tw% 'CAMIseltware: i thenesed to

ioh the digital representation of the structure into multiple, separate
cority|pgisien magrhstercaierdhans dnarRiet PARte:; R R riestees Per
l@flsé%%fﬁé?{ egursekdnRatasiakfor, eagﬁd&y%&em[bmed by the software,

onto a flat sglr?ée or s sC IDpo %Elgg rrghg 2) M@fggﬁ{?@;@g%@mgg

struc I’ ma erla may eint mora |q dora pOW er

reaxgmgrfayrbéorroxzemm ploua Ceramisy, m&éﬂﬁdryméﬁeer&%%&%n@um of

haa%%'ale I e SITIGHIS, REAGHIS @k Matrdahis fltheferie.al aopmder a
liquid binder is selectlveﬁi;ﬁdeposned on the owder m terlal gﬁ?l

RN D CARE RS P & oS Br o RO R AR O B 81vevder
afigsicibineesefohithiktyipicaklysaupokgmecie pettmtofagustusectmposition,

s Applied n b RGOS frons: pecliavalpatamoiina L aver

e liqul I can, penetrate'gaps in the pOW er material and may

mwwnm@%mmpm@éé%e@re%@ BPS9E BOuARF ﬁet\%“aﬁméﬂsmns

%Qﬁﬁrﬁ%ﬁé jon praceadsyhe hindesialsenhendsteachisLeeessive 21)
ayer to a previously deposited 2D layer, Additional 21l lavers,arg. forme
ebvr@b}é%ﬁétcmgré? %g organ, Underne he epi ¥

basement membrane, a single layer of cells separating the epithelial layer from the
submucous layer (lamina propria). The submucous layer includes connective tissue that
is interlaced with the muscular coat. The submucous layer can contain blood vessels,
nerves, and in some regions, glands; in some embodiments, the structure can include
such micro-architectures. Muscle cells defining the muscular layer may be positioned

underneath the submucous layer.
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WO 2008/005035PCT/US2006/035611 37 of depositing additional
structure precursor material and applying the binder solution until the
desired number of layers is produced. Since the liquid binder is selectively
phied testhe powder material, only certain areas of the powgdergéesak o
are bound within the layer and onto tlne previous layer. After the 3D object
is formed, unbound 5powder is subsequently removed, e.g., by dissolving
the powder in an appropriate solvent. The precursor structure may then be
polymetizéarafeitaiberdussiiikady Androrexpbeenied egriscipimtichermbdiim

%p\fmmbst%se&e@{mm&a&tw@smcﬂﬁ 308 sMbedinents, SUHERY EBme
escripne

herein are f rmgd? a}%l,east in part using a multi-photon )
JitRSYrp Vsmf?z B HSEIR O AR5 2D RS R STAB TR P read the like
rphwt@noch agrapilyzsy stems spay tloe/_m'ﬁmd pMitiliirpbidionspodyme fizatiding, for
DA RVANE Y8 gafd@wﬁt;a@ﬁ@%t Dftared '%ﬁwa%@m@ fsuesecand . o
laser operating at a wavelength of 1028 mu?,w ich can be focused into
e entiise B RESAICRIN GRS AES8T material including a photosensitive
mbateri@d_m'EhﬁfdﬁQJwﬁ@{ciéﬁﬁl@@}%E@%gf@mﬁﬁs@ﬂﬂﬁé@&" : de}jﬁfl‘terim%lécted to
absorption within t cal volume. By mqving the focuse er.. . .
R e E B DL R TS SR G RSOz e
fedsifsabetlis attathedne anmivddiirengith tespephioton diteoyispdsgystewitant
Ipgused;at askinRaL 1B fabiaAle SIHAUIE SRR IS UG SRANGE NG 11

and/or organ replacement. In a two-photon lithography system, a
HRsbIhERTIRE AT R ARtRYS PHEt Ao 88 Mss U figHP R A TRFeto any
@xpoceditdislo dirflanedigserwiivioaphitons ahinbalreetighteaobenents,
apporbed by the 20resiichemicals,and a,singls photon ot lracviolet light
can be released. The releasedgpuﬁo n'can then be 4 §orgbe‘c3ﬁb§)/ the P oto
Fhitisormtosprotfuctridersadied]s witi chheain canisel P olymerivationrobtheny of
dNABOMEESy &‘@E&i@@@gﬁ%ﬁ%%@&ﬁ%% RESHErOSERERY L?éé@f%ﬁfﬁ@% _
for the release of sufficient UV light to induce free radical polymerization in
RS BREMTE als S RGBS ot RISt BhET S e BRI B HétR A d Yo the
chenlicably2biirerdasers Dhiw Bagrgyidensityacdulddosageetiategatthe
Joralpaint et adaseream iom.andliasTast (6.0, emipsacandd palss

laser. Two-photon-absorption only occurs at the focal point of the beam
BAETHEE AP th eI R5Er B M PEkiendaiiaiizey briepfvaitie ehegeot any of

ieratoktensetimanenes canhemelymerzedihmigihthe seleasgafdie ] atin,

radicals frolm the gheto initiatar. After the structure has been polymeriz e%’le

Bt A BIOCK O TasinGr In 304 Peth thSr 6 Moromer Sthe Unexpos
lgkremicals can be washed away with a suitable solvent, leaving behind the

final siyeure, JRM S HNIUE RANN.ER BisRddmtl Bvanrly:qlmatruals,

including acrylate and epoxy polymers such as ethoxylated =~
WiAMyToHFGIFane! tHefErsiate @arat BAt SR IatEns AR RIS gy fakdtive
esten astesentoed. Narein: Thiss,\AD 20800035 (Tt 1 520061 62616
32540l sanbesed. for instance, when siuctyres wih fine resglution
are desired. ?Esg in SOME cases, multi-photon }ﬁhogr y Can bé lsed to
Jorer sttdetare sTaivntg wabivicroA ledgyite sdditars ondmicrotsinesol(tiother
suitable surface-modifying substances. For example, collagen, fibronectin, an RGD
peptide, and/or other extracellular matrix (ECM) proteins or growth factors can be coated
onto the structure, e.g., to elicit an appropriate biological response from cells, including
cell attachment, migration, proliferation, differentiation, and gene expression. Cells can
then be seeded onto surfaces of this structure. In one embodiment, cell adhesion proteins

can be incorporated into certain channels and/or pores of a structure to facilitate ingrowth
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In one embodiment, stereolithography can be used at least in part to form
5structures for tissue engineering and/or organ replacement.
Stereolithography may involve the use of a focused ultra-violet laser
saannedogyrr the top of a reservoir containing a photopolyragetigabiedligsish
polymer. The UV laser can cause ths polymer to polymerize and/or
erosslink where the laser beam strikes the surface of the reservoir,
resulting in the formation of a solid or semi-solid polymer layer at the

o§hlpade wretdnidgng. crids Rady ePEan Werettersan hndirtsatasarbifasive

cme)@r@@&gsl san repeateshfanformation efthainextdayan sdigoplurality of
eri ed layers of the desired structure is obtained. This proces

AT RS OH S L iUy S BSR4
ebecekm@sed mtatprempyta@mnrme@] udﬁmvmnfw legpedleithestviphaterial

péE'iHSHéEP&%X'QQchQ%MQf&%@'{Qer 0 RAIES- ot ANPHE, EMROIMEN e ryre.

selective laser sintering (or laser ablatloné can be used at least in part to
PeiTeH R SE WRGRTSSHn PAREISTORRR M erf s sfadivie
v&aaemei aﬁeﬂm@emexpawadvedhemm obadpensediiasesiheany tansioterRigas
g F_.Ye%?atmtgdre ;[:(rae% ﬁﬁstl trggtvg%gfdr\% %rg stQCOBP Wder eﬁ%’f Iedtll1ayer
ayer or instance, a ayer of powder can rea even onto a
sfractorrfacapesyl fusimgiipient20intetsiianism. The powder can be

raSterB§§é’:HQ%Qsé§Si'ﬂgl®@@@eﬁ%&lﬂ%@ﬁ@ﬁéﬂbr 8i3feas Phire.PWHEr
materlal where the |laser beam was focu§ed can be fuse%yivhlle the_ other

mteral drah RS oot adhesinn drdbt At es R g el ? BbRléPEan
rbbtlepgsiie dxaddrdgterybeannett, ok onpdpnofran dtbven stamtik anvede sfred

sﬁ{ﬂ{ﬁ% (CHS. RS gl@&%emataéﬂ%gm gmﬁ%ﬁ h,5a0R8 Sintered, desnivis,

enough to it to the 2apreceding layer In some embodiments
eravécmfﬁ@v@m@eceﬁ%ﬁerﬁ@%ﬁ@ﬁf&%ﬂ@éﬁé&*ﬁ VEIRINOABP the Tusetinistaitye

sanglaniravessal §D§>@ﬁ%‘é@%@%@&ﬁ*ﬁé@oﬁ%%lﬁﬁﬁ@ﬁﬁlﬁﬂkﬁ@@ﬂﬁeStﬂdc)ﬁﬂit&lb@n
stru cture. In som cases, |sa lo ‘%%hn% Rro {tles fthe matg Ito

B BT LRGN 1 PRon o A L ion TR TS

€ structure. Varla IOh O asel’ a
cinténsitipanttel wrdhveisahn80sPeel btingaisbsvontsolathes degrperoffoosl

Wepsification within.the matetialikrb ingfanssniedipnsiierarthedager

intensity is high or the traversal speed is low can create areas of higher
fﬁs@ﬁ%‘i’t‘fﬁlwo 20081005035PCT/U52006/0 5610 39 The following
exampiesasededdred:tpaitistiate eartaitoembetingnisof thepieéent a

vention, but are.nat to be constr limiti N > ify the
T B o A T SR IR Ep P EAE IRl
5]:3@1@3@9#05@ ipsifieesdT Mg PSPENRAG M BiAaR—ES can be fabricated using three-

dimensional fabrication or another suitable technique to form a bioartificial kidney. In
some instances, the structure can be modified with a substance; for instance, the structure
can be first coated with a porous polymer, and then with a surface-modifying substance
such as collagen, which may be used to facilitate cell adhesion. Cells (e.g., vascular
cells) can then be seeded into and/or onto the modified structure. In some cases, the
structure may include another layer of cells (e.g., proximal tubule cells). The device may
mimic the function of a kidney to allow flow of blood and ultra-filtrate in and out of the
structure.

If desired, structures of the invention can be coated with a porous polymer. A
porous polymer coating a structure can be used for a variety of purposes. For example, a

porous polymer may be used to form small pores (e.g., having a cross sectional
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PS-PC membranes were prepared from polysulfone (PS, Sigma Aldrich,
M,, 26,000 g/mol) and FullcureTM 700 monomer (Stratasys, USA) in
weight ratios indicated in Table 1, The solvent, N,N-dimethylacetamide

RMerSgyna Aldrich), was used as received. FIG. 3 illustiatesitb®is/ 035610
synthesis scheme for the membranespreparation. A solution of PS in

DMACc (10 wt%) and FulleureTm 700 monomer was poured and
sandwiched between two glass plates separated by a spacer that
dppriticentie meenbFary thietanesy. WiiHygthkisragseimolysigoofitronlihieR

wsmRianes el efabisated, cIhe dewhnlaiassamblyivasdten.subiesied
to UV curing for 30 mm, which fixed the s atiaiyarrangement of the

ST PRE P RS S S P B YRS SR SRS T e LR WAL Hlen
rifemerded ateravater hath de palyynaut.g. plabeilinversibiprabess/faadhesion

gq'xsmz&?9?9!}{8%&%&913948%%0%% uéﬁb@ si&%%ﬂ&%&gﬁ%gs(g;ggﬁo

non-solvent (precipitation medium)) thatled to the precipitation

CHBRERSHES A pBrdlishierdstendReTitee phEinBrarblSe g ANy RsH atierous
elasslatanthesmemby snawias washedowibugistiledwaterandsstared in

d%é%%g LW Ote'r t roop_éempergture before us Ta(l)ble 1. S:om osition and .
T ERAHIES OF P CE CUMB R RA™ 5 Al CorRBa AP Byt e
TC-0.2 PS-EC-1L25 PS(g) 2.02.0

A variety of techniques, such as those described below, can be used to fabricate
or shape structures described herein. After or during the process of carrying out such
techniques, the structure may be exposed to a precipitation medium to form cell growth
template structures having a network uniform pores.

In some embodiments, structures described herein are fabricated at least in part
by using one or more ejection processes, such as jetting processes, including thermal
and/or piezo jetting, such as by use of an ink jet device, for example. Ir one .partioular
embodiment, a printing technique using a printer is used to fabricate a three-dimensional
structure from thin, two-dimensional ("2D") layers. A computer is used to generate
cross-sectional patterns of the 2-D layers by storing a digital representation of the object
in a computer memory. A computer-aided design or computer-aided manufacture
("CAM") software is then used to section the digital representation of the structure into
multiple, separate 2D layers. A printer, such as an inkjet printer, is used to fabricate a
layer of structure precufsor material for each layer sectioned by the software, onto a flat
surface or support platform, optionally using a roller. The structure precursor material
may be in the form of a quﬁid or a powder and may be, for example, a ceramic, metal,
polymeric, or composite material. [f the structure precursor material is in the form of a
powder, a liquid binder is selectively deposited on the powder material using a printhead
of the inkjet printer to produce areas of bound powder. The liquid binder, which is
typically a polymeric resin or aqueous composition, is applied in the pattern of the cross-
sectional pattern of the 2D layer, The liquid binder can penetrate gaps in the powder
material and may react with the powder particles to create a layer bound in two
dimensions. As the reaction proceeds, the binder also bonds each successive 2D layer to

a previously deposited 2D layer. Additional 2D layers are formed by repeating the steps
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of depositing additional structure precursor material and applying the binder solution
until the desired number of layers is produced. Since the liquid binder is selectively
applied to the powder material, only certain areas of the powder material are bound
within the layer and onto the previous layer. After the 3D object is formed, unbound
powder is subsequently removed, e.g., by dissolving the powder in an appropriate
solvent. The precursor structure may then be polymerized and/or crosslinked, and/or
exposed to a precipitation medium to form the final porous structure.

In some embodiments, structures described herein are formed at least in part
using a multi-photon lithography system. For instance, two-photon lithography or three-
photon lithography systems may be used. Multi-photon polymerization may involve the
use of an ultra-fast infrared laser (e.g., a femtosecond laser operating at a wavelength of
1028 nm), which can be focused into the volume of a structure precursor material
including a photosensitive material. The polymerization process can be initiated by non- -
linear absorption within the focal volume. By moving the focused laser three-
dimensionally through the resin, three-dimensional structures can be fabricated.

In one embodiment, a two-photon lithography system can be used at least in part
to fabricate structures for tissue engineering and/or organ replacement. In a two-photon
lithography system, a monomer mixed with a photo initiator that absorbs UV light may
be exposed to an infra-red laser. Two photons of infra red light can be absorbed by the
resin/chemicals and a single photon of ultra-violet light can be released. The released
photon can then be absorbed by the photo initiator to produce free radicals which can
cause polymerization of the monomers. Since the two-photon absorption cross-section is
very small, for the release of sufficient UV light to induce free radical polymerization in
the chemicals, a large amount of energy (terawatt) can be delivered to the chemical by
the laser. This energy density could be generated at the focal point of a laser beam from
an ultra-fast (e.g., femtosecond) pulse laser. Twé~photon-a’bsorption only occurs at the
focal point of the beam and not at the laser beam path, hence a very small volume (e.g.,
femtoliter) of monomer can be polymerized through the release of free radicals from the
photo initiator. After the structure has been polymerized, e.g., from a block of resin or in
a petri dish of monomer, the unexposed chemicals can be washed away with a suitable
solvent, leaving behind the final structure. The technique can been used with a variety of
materials, including acrylate and epoxy polymers such as ethoxylated trimethylolpropane

triacrylate ester and alkoxylated trifunctional acrylate ester, as described herein. This
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system can be used, for instance, when structures with fine resolution are desired. E.g.,
in some cases, multi-photon lithography can be used to form structures having submicron
(e.g., less than one micron) resolution.

In one embodiment, stereolithography can be used at least in part to form
structures for tissue engineering and/or organ replacement. Stereolithography may
involve the use of a focused ultra-violet laser scanned over the top of a reservoir
containing a photopolymerizable liquid polymer. The UV laser can cause the polymer to
polymerize and/or crosslink where the laser beam strikes the surface of the reservoir,
resulting in the formation of a solid or semi-solid polymer layer at the surface of the
liquid. The solid layer can be lowered into the reservoir and the process can repeated for
formation of the next layer, until a plurality of superimposed layers of the desired
structure is obtained. This process may allow formation of various self-supporting
structures, which may then be exposed to a precipitation medium to form cell growth
template structures having a network uniform pores.

In another embodiment, selective laser sintering (or laser ablation) can be used at
least in part to form structures for tissue engineering and/or organ replacement. Selective
laser sintering may involve the use of a focused laser beam to sinter areas of a loosely-
compacted plastic powder, where the powder is applied layer by layer. For instance, a
thin layer of powder can be spread evenly onto a flat surface, e.g., using a roller
mechanism. The powder can be raster-scanned using a high-power laser beam. The
areas of the powder material where the laser beam was focused can be fused, while the
other areas of powder can remain dissociated. Successive layers of powder can be
deposited and raster-scanned, one on top of another, until an desired structure is
obtained. In this process, each layer can be sintered deeply enough to bond it to the
preceding layer,

In some embodiments involving three-dimensional fabrication, variation of the
laser intensity and/or traversal speed can be used to vary the crosslinking density within
a structure. In some cases, this allows the properties of the material to be varied from
position to position with the structure. Variation of the laser intensity and/or traversal
speed can also control the degree of local densification within the material. For instance,
regions where the laser intensity is high or the traversal speed is low can create areas of

higher density.
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3538 WO 2008/005035PCT/U82006/0 10 40 Storage
Modulus155019202100 BiocompatibilityYesYesYes 'Measured by SEM.
bMeasured by MWCO. 5SEXAMPLE 2 Characterization of PS-FC
MembsaneassThe PS-FC membranes of Example 1 were cha@gienzed Yo
scanning electron microscopy (JEOkJSM-7400F, 10 kV). The separation
properties of the membranes 10 were examined using the solute rejection
technique for ultrafiltration membranes. The membranes were cut into the
neces%ﬁ‘r%ﬁ‘i@?@r@i@@ﬁh&ﬁ@ iteafirfdtctusalite certdinenhedinbeases tvere
pswaiﬁ@iﬁélﬁa)ﬁl pressuls: of B0:Bskuand é@%‘f&%é’éﬁﬂ%{@ﬁ&@@&%@lﬂ%@m full
es was measured under steady-state flow using Eq.'1

W ere@ Tt 4ttty of permeate collected (L), 4, is the water flux
(L/rn2h), AT is the sampling time (h), and A is the membrane area (m2).
The pore size of the PS-PC memb Ias determined by the
ultrafiltration of polyeth Ienegl col P Wlth dlfferent molecular weights.
A standard , U § ) S ! $&

fracti rom 2 to 100 kDa The 20 molar masses of PEG were
ot a g%‘%ﬂ%?é&%ﬁ%ﬁ?ﬁ%&ﬁi@%ﬁ?“ﬂﬂ%%%%@ﬂé&%@% Wb
2p1&fegbaobtzadcBribent PN ofohonrtsh (ﬁmﬂam@ed}famtheﬁa@dt gk fdicated
ufRSRNIraHRNG Wae Yalfied SINee S e IERlS X I fecine Wi,

increasing feed corcéntration and a ect ejéc h performance.
roRiveD fuddl purdcs sheurabesisiberg er the membrane preparation. A

solution of PS in DMAc (10 wt%) and Fullcure™ 700 monomer was poured and

sandwiched between two glass plates separated by a spacer that controlled the membrane
thickness. Using this assembly, 80-micron-thick membranes were fabricated, The
whole assembly was then subjected to UV curing for 30 min, which fixed the spatial
arrangement of the polymer blend to form a free-standing structure. The structure was
then immersed in a water bath to carry out a phase inversion process (a solvent—non-
solvent treatment process, wherein water was used as the non-solvent (precipitation
medium)) that led to the precipitation of PS to generate a porous network. After the
membrane peeling away from the glass plate, the membrane was washed with distilled

water and stored in distilled water at room temperature before use.

Table 1. Composition and properties of PS-FC membranes.

Blend Composition PS-FC-0.15 PS-FC-0.2 PS-FC-0.25
PS (g) 2.0 2.0 2.0
FC (g) 0.15 0.20 0.25
Pore Diameter” (um) 10-15 6-12 5-10
Pore Diameter® (nm) 12.5 8.6 5.5
MWCO (kDa) 80 40 15
Pure Water Flux (L/m>h) 717 597 161
T (°C) 90, 195 95,198 97, 200

Contact Angle (°) 30 35 38
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C, %,3/2 - - ' x100(2) Cf where SR corresponds to 90% solute rejection
and Cf and Cp are the feed and permeate concentrations (nol/dm3),
respectively. The average pore radius r (A) of the membrane was
salculrieddrom he MWCO value of the PEG by EqQ. 3: r = O@3(MA3h3s610
where M is molecular weight of solute. WO
2008/005035PCT/US2006/0356 10 41 The properties of the PS-PC
membranes are summarized in Table I. PS-PC membranes prepared with
PS:FC weijght ratio smaller_than 2:0.25 poss d finer and less
|Fﬂrez}%%ﬁ?\§@t{§8 pores. The Fl’é%C membranes?glzgwed two Tg vafléd at -
BioGapgtdsBtCelsius and - 208 degrees Celsiug/eand high storage Yes

SEMr Meamernibiadith a higher FC content, which provided
a more elastic framework to the porous PS. The three membranes
showed similar water Contact anglesiriibe range of 30-38 degrees,

indicating that the m 1595% %sm%%%lgf é)_ﬁjgwogl%ra ely wettable surfaces
for the attachment a;gzpm%ercarrdn‘c%m?%‘fﬁ%n all of the PEG
rejectigy, SkIe SR distetmiming-ie P%e%@ﬁ%%@é%%\é\é%gt%é&&g

a

side was uniformlﬁg&%tated to glrevent concentration polarization and cake

TRTRRSHBH (R the P& ithhd Slitaddeimeiin GraRaics thenmeseres
wiltieatelincdhespartittanloeatfeteoh mﬁxﬁw&gaﬂamtamgnaﬁxﬁﬁb@%
Fehde2an0 ES-hG-0.a blend membrangs %}E%ﬁr%%cégﬁ% tois
water flux assessment at a pressure ofﬁ& psI, and compare to the

commereiaFBrSus Akt BPESS! S pieshbetied alicchsdhatishvisA)
tHAVNOIR: 3nane:fndsMisy R Siaed PR SIesPRatiMEalY Asshon in FIG. 5, a
lower water flux was observed for PS-PCO0,25, compared to PS-PC-0.15
and PS-K-0.20, which showed g steady-state flux of 717 and 5@i4 L/m2h,
respectively. The decrease in flux Wiﬁ?fncreasing EC could be attributed
RRtedhe dormation of sealer petesdn (hg pently anes.AMh@mihe) Q' is the

content was jn sed the SEM pore diameter was

cre rom 0.15 g t0 0,250,

SRR VRt o TOEb Eehum. FIG. 6 ahows SEM
microgieatesecizopfahdiird$sresantione viewdstomtinedbg g inelitbntiimeal
ﬂsng%{yfeﬂl@gﬁzgdﬁ%@ﬁvﬁ@mga@n@ Bdrass-secdianall shenimagesothe
PS-K-0.15; FIGS. 6C (top) and op (cross-sectional) show images _of
R 0135 A SRS SRR AACH T (LR dEER oAl ChERP The
mm@émm&%.oﬁmmb@ gibpeatersias datcudatgdpbasedl o PH3
SRS YVC D S Wers. e agalier thap Jese Ry RALNARRAEM

see lable T measurements from MWCO experiments mos

likel
gavenBatieEse aratdcd sinspiivatrsm it wREdsHiaERith increasing feed

dNRASHEAMENS o Fral the CRImerciad ismie M anes theREM @RI culated

diameter was also found to be
usmg q. .

o
%SR = [1 - J—} « 100 )
Cf

where SR corresponds to 90% solute rejection and Crand C,, are the feed and permeate
concentrations (mol/dm3), respectively. The average pore radius » (A) of the membrane

was calculated from the MWCO value of the PEG by Eq. 3:
r=0.33(0)"" (3)

where M is molecular weight of solute.

SO e
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30 different than the pore diameter measured by MWCO, In general, the
PS-PC membranes showed a transition in permeation properties from
microfiltration to ultrafiltration range with increasing PC content, Their

oL-alfsaseyes were sharper compared to that of the commespeiplBb&45610
and BTS-55 PS WO 20081005035PCET/US2006/0356 ID 42 membranes.

These findings indicated that the PS-1K membranes are promising
materials as porous separation membranes. The typical PEG rejection
curves for the PS-FC membranes as a function of PEG molecular weight

are sHBWSRCEIES. of teSclit- st ivarshats measareeritadaedlon. Jo4C

nfejeciion ptREQ ofia pagicdlacmolecsanyrighlnlD: gepekabetial eiHepfhd
leve| of the membrane, corresponded to its me ore size. The mean

e OO 0 SHPVAIL e e s A S

Cedjastiod fol0P Eeguars|Eclsios. aiHdigicymame indWE Ongitly Hecréasing PICO

veententindicatad-aninaRass BhRge sizendQThisexamRls showsthat

membranes havmg uniform pore sizes can be fabricated according to

CORSHoNRItearifed mEHIR A B T E Pt G PesElS: ohhpdresC
nitebrbrantsvidl similbhisaxarnpleishos ithat thede SFRG-psercades of

. I re compatible with living cells. For the hiocoinpatihility study,
S e R ol L Sl B B it s
aligremsnt soherdgthatinrepibirapreeilith cell adhesion proteins), and were

cultungdiinaduiprdited sneHRalnEYBh B MKk Jdie KOsl viabilityand
roliferation were examined with optical fluorescent microscopy using
R SR P HGHSRAIGEY BT B C R BN A0 SR MLt kRer 4

fotongs of WMMM@%E&GBME bk del Bie8lshows DikRiidtgithing of
p&%‘?ﬁ&k‘%%kﬂi&ﬂ?aﬂ\ﬁ"& g?@ék’fte EJ>%§12§-B and 8C shows that the MDCK cells

adhered to the membrane, and covered the 25membrane surface

homdgehedlsly s Hmoioag &8-Bs8 enblpsdtasatiaerarmap eubigged to

water flux assessment at a pressure of 20 psi, and compared to the commercial BTS-45
and BTS-55 PS membranes (Pall Corporation, USA) having 0.3 and 0.2 micron sized
pores, respectively. As shown in FIG. 5, a lower water flux was observed for PS-FC-
0.25, compared to PS-FC-0.15 and PS-FC-0.20, which showed a steady-state flux of 717
and 597 L/m’h, respectively. The decrease in flux with increasing FC could be attributed
to the formation of smaller pores in the membranes, When the FC content was increased
from 0.15 g to 0.25 g, the SEM pore diameter was significantly reduced from 1015 pm
to 5-10 pm. FIG. 6 shows SEM micrographs of top and cross-sectional views of the PS-
FC membranes. In particular, FIGS. 6A (top) and 6B (cross-sectional) show images of
PS-FC-0.15; FIGS. 6C (top) and 6D (cross-sectional) show images of PS-FC-0.20; and
FIGS. 6F (top) and 6F (cross-sectional) show images of PS-FC-0.25, The pore
diameters as calculated based on Eq. 3 in the MWCO study were much smaller than
those observed under SEM (see Table 1). The measurements from MWCO experiments
most likely gave a more accurate determination of pore size than SEM measurements.
For the commercial BTS membranes, the SEM pore diameter was also found to be
different than the pore diameter measured by MWCO.

In general, the PS-FC membranes showed a transition in permeation properties
from microfiltration to ultrafiltration range with increasing FC content. Their cut-off

curves were sharper compared to that of the commercial BTS-45 and BTS-55 PS
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cells, even without the use of cell adhesion proteins. In contrast, FIG. 8A
shows the adhesion of cells in the form of clusters on a commercial
polysulfone SUPOR_1200 membrane (Pall Corporation, USA) when the

wembsansyskid not include a layer of cell adhesion proteins.piussi0Wase 10
concluded that the PS-PC membrane provided a non- 30toxic substrate

for a better culture of a monolayer of IVIDCK cells, compared to the
SUPOR_1200 membrane. This example shows that PS-FC

membranes can.serve as bioactive me 215 nes without thrther, e
SRR S A MG R R Farcs TR GBI et GSion s el
af sy vepseserisrandmiprogyement compared to existing polymer surfaces

used fpr, YW 4098000080 G VN $0R03RE10. 43 higadlificial pUrposes
h ﬁaﬁﬁ

since many conventional polymer membranes fail to show ce erence

PRIRSE TS T aBevEbRiilgs. /TS sl wiswas crsgestheneP SnlP0 %

edesials Praydie suitieble iabRpElicationin iethdidisdlicisdrasdan s te
dev'hces. 5EXAMPL&E 4 .Fabrication of 3D Porous Structures In this

mem ﬁarie COITesS Ol’llde t% mean OI‘({ SIZ?. .

prophetic example; a 3D porous structure suitable for use as a template

for celllgrowth ivfatircatest AcCimssaivfailissue dhdlossorgaeasiad at 90%

BRlgM isrannyarted hintena AR fle.and/fed i athas:dirensiong

printer. A structure precursor material is prepared by mixing FullcureTm
6RO AB M FEFI SaH0HE- and N,Ndimethylacetamide solvent, to form a
homogeieaussekibern. tthenstnbeitee ipréap isifomaperiadi isdntode e iate

at&%r%lﬁ g(-)q'ﬁ)g 0 g%g%lrporégtggfe%g is a sacrificial material (e.g., FullcureTM

705 support) for forming open areas (e.g., cavities) in the structure. The
15structure precursor material an.d sacrificial material are dispensed
droplet by droplet and layer by xanepiqia substrate. After several layers

of the precursor structure are.deposited, recursor structure is
subjected to IN radiatior gOf § On%%"w & to cause
polymerizaliand@nslarerasslinkne: olne EulGuiemimenomer, g, .
resulting precursor structure Is immersed In a water gg’t , WaFIIC(}'I cguses
Wb dipivgtisHso 20 thsd iseRrapMenbtasy e ivBvek dMpadin-Darby kidney cells)
W imee thylecetantde:-s0vant framdhe siistiembsRrrsWi@lthis
ocess, a uniform network of pores is fqrmed in the structure, T )
R R e Lot b B TP A T e
oeiivabilisoludiorlifetitibe sacrificialredietad iasfbercsemovéd dsarpytheng
ISHBELIGEhe structure is then used as a template for cell growth where

living cells can be immobilized and 1perform 25their normal ?hysiological
functigll;}g_morphology of the MDCK cells was studied after 4 days of culture on a PS-

FC-0.25 membrane. FIG. 8 shows DAPI staining of the nuclei of the liviﬁg cells. FIGS.
8B and 8C shows that the MDCK cells adhered to the membrane, and covered the
membrane surface homogeneously as a monolayer, as is characteristic of renal tubule
cells, even without the use of cell adhesion proteins. In contrast, FIG. 8 A shows the
adhesion of cells in the form of clusters on a commercial polysulfone SUPOR_1200
membrane (Pall Corporation, USA) when the membrane did not include a layer of cell
adhesion proteins. Thus, it was concluded that the PS-FC membrane provided a non-
toxic substrate for a better culture of a monolayer of MDCK cells, compared to the
SUPOR_1200 membrane.

This example shows that PS-FC membranes can serve as bioactive membranes
without further processing, such as coating the membranes with cell adhesion proteins.

This represents an improvement compared to existing polymer surfaces used for
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While several embodiments of the present invention have been described
and illustrated herein, those of ordinary skill in the art will readily envision
a variety of other means and/or structures for performing the functions
it/ eysebiaining the results and/or 30one or more of the advaR@@66s/035610
described herein, and each of such4sariations and/or modifications is
deemed to be within the scope of the present invention. More generally,
those skilled in the art will readily appreciate that all parameters,

bdiaqgtefnsi('l)ns, materials, and confi{r%l{rati?ns describe hereyﬁ,fitre eantl}o
SE EXEMPIAR, SR o that THE attliaT pardnteters: ditEnsidHs matérials™

adirdoccontigurBidhswiil dependsu g thesplecific swggests that PS-FC

PA0RH000RGUNS200603A1R 4 Raplicatianon papliations.for which
the teachings of the present invention is/are used. Those skilled in the art
will recognize, or be able to ascertain using no more than routine

experimentation, many equivalgxta®opthe gpecific embodiments of the

invention described h@gg;%at irsl,0 greﬁstgtgl% turécsierstood that the
foregoing embodimen‘rsare%mm%&gbvway%ﬁ’example only and that,
within ihe S6aRG-AE he.4R %%MW@&%@%%@'@%\H’@&?&%}?Me for

P
inventlon_mgg/ be practiced otherwise than as specifically described and
cellgrradh priebprasentirvE st direiaendsresstinhaatsntissqireted
iisystempafiticlad Raterns, kikcaddlastoaihpthaeseribad herpicltaddiiamn
. any combinatian 0 ofvmare such features, syste ticles,
R e A e o P S SR ke,
dimatbylabs it e apkitot redihious umageneautsaliyioncorsistalstuis etuden

nWithih) 1he,860Re LhibeRreReMINVRIION printh hogfinitionsiasdefingd. ¢,
_and usgd herein, should be.understood to control overﬁ%chonary
FHEfiHtiond) CRRRIBAS i HBICEBETHESFor SREd B e SLe il BF
siondinaryrseaningscahtheddefinédibmmsrial arF Hspndefinitepartictekdidttand
"an,. rein.in.the ificati n aims arly
e St 1 i o e e
deprsifsdsAkerispirer TS tsEs Tdiesteiine spedicaiiant andiremaciatins,
tishould-ne: wohersteach i mesn ceieikaighotheafihaelefmenisise. The
conjoined, i.e., elements thar;(12r0§({e con'%;ﬁr}llt%tiylgalxlﬁrcﬁsc%gt‘cig some. cases.
T B AR SRS AT 1R BT AL MiRipe eiehiente iated, with. ¢
tHapadionil e uld bencorstfithel iy \Hiinsdhmidetshidn shysrtdimaohermrectop.
ADg £lements 6 ANOINRHHNREAISMANYS M AKARIANANRE-RIGRE T he

other than the elements s&eciﬁcally identified by the "and/or" clause, |
SRSFRTS (BRI 8 2l o iHBNG Y ARARRIS Ju i (Habtplution
uktiUSe @88 MO -Himiing ex daplesmto el éfereneestiactirartiesBicwhénthen

w4SPL D COLNGHO0 I REMIENGRA IBNGNATE BUG S GAIRREINDE AR

refer, In"one embodintent, to A only {o%tlona y including elements other

thhan Bdhrano theyi ehibediaent, to B only (optionally including elements
other than A); in yet another embodiment, to both A and B (optionally

including other elements); etc. soAs used herein ir}lthe specjfication algjd in

the claTLe %\f@r%&d&g%&[} 18 Brgsent invention have been described an

illustrated herein, those of ordinary skill in the art will readily envision a variety of other
means and/or structures for performing the functions and/or obtaining the results and/or
one or more of the advantages described herein, and each of such variations and/or
modifications is deemed to be within the scope of the present invention. More generally,
those skilled in the art will readily appreciate that all parameters, dimensions, materials,
and configurations described herein are meant to be exemplary and that the actual

parameters, dimensions, materials, and/or configurations will depend upon the specific
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to have the same meaning as "and/or" as defined above. For example,
when separating items in a list, "or" or "and/or" shall be interpreted as
being inclusive, i.e., the inclusion of at least one, but also including more
thanoosigysedsa number or list of elements, and, WO PCT/US2006/035610
2008/005035PCMUS2006/035610 45 optionally, additional unlisted items.
Only terms clearly indicated to the contrary, such as "only one of' or
"exactly one of," or, when used in the claims, "consisting of," will refer to
the. inglusion of exactly.one element of a numpber or list of elements. In
T i e e
Therre alidly bidles vevallarsagivies 5(ibe 2tbnts esahieniothendut notbdtht Youtine
when-presesesh iy erms Rhexslusiviby Such Rz sithert fanefioenly
e.of," or "exactly one of" "Consisting essentially of', when used in the

n
dgﬁ% 84 DREh AL SR BrFRRlY RidaATYCd bt ere tinrcaosdtartiae
Psusatbiyerejmiitthespecificatiohgndtitiiie ctaipasfihe speaged dulpashd
eaa@t;'léﬂtg%ﬁ%a@c&&qn%éﬁ} of Qne.er.mare i'&ﬁz?mgé #hould be understood
t0 mean at easi one 10 element s ecteg rom any one or more o e

dsfshieAtanmdabngs: ofhsiarersatinsutipistitestshidyaritiodiviguat featstone

9leachand avenslementspaciicaliiisisdiwithin the Jishefelaments and
ex Iudirﬁ)an combin%%igns of elements in the list of elements, This

AR LR RO AP CFRBARS NS5 Bh ARy BR rake b than
ththeleifentd Spacificaliyiedentifietbsyithinrthe, kstspfrelemeets to mbhich the
PIARS (RLIRASLASQNE 8lR S atbstJg! %&%ﬂe?gryg;m k%%qt@?those

elements %Qe‘cjfically identified. Thus, as a non-limiting example, “at least
one of'R &ttt aiiiivedantysedtrasie shnaids wrpstend upvamimg:
diatideast asteiabAs andie &) eandefentines embovimast.de-atdeast one,
ggtional{ll)é includi g.mor tﬁqn one, A, with no B present (and optionally
ardinary mso? C aec SIS, . .

inc udzng elements ot er than ; in another embodiment, to at least one,
optiondiy/ipGimtudiightors andriaoncsBswittenon o pre spevi farttboptidathe
dJRghding-elementsRibardiamAeoinyst anathet snkRedineRt. 102t Jeast;
one, optionally including more than one, A, and at least one, optionally
“Heluding more than one, B (and optionally including other elements); etc.
It sholilet alsasbEanrdtbefsieasktHatciniets cteaificiridicaté chtthdhioanianyld
u0R%a8dNRIAAGR claiioes beieind halnlide el ian 9n° SieR 8L ack
the order of the steps or acts of the method Is not necessarily limited to
HREBYHRFHHCWHIEIT T Staps eserctat it pHEehopr eheatracotber casesn the

Mlaipis, cksnvel RedR e SpepiicationahovesAlldansitiapak RINAsSES suehye

as "(%g[%@g'singe,r"ngi&glyodig%,"."g rréé]i(ﬂ ,'éi‘havinq% "con,tainflp "invoIving,"
FoTding 30 CoNTPeSEd B At the Tike“RI& T By GRUSIS I R other
thgpetheentetachts. epetifimabandantificliriy et and/bniitdahte, Outiidhelttahsitional
wRRaReS, eansising.of Bodkconsising essentialy of Shal e cssmhor.
semi-closed, transitional phrases,

reference to “A and/or B”, when used in conjunction with open-ended language such as
“comprising” can refer, in one embodiment, to A only (optionally including elements
other than B); in another embodiment, to B only (optionally including elements other
than A); in yet another embodiment, to both A and B (optionally including other
elements); etc,

As used herein in the specification and in the claims, “or” should be understood

to have the same meaning as “and/or” as defined above. For example, when separating

149 23

~ items in a list, “or” or “and/or” shall be interpreted as being inclusive, i.e., the inclusion

of at least one, but also including more than one, of a number or list of elements, and,
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WO 2008/4)05035PCT/US2006/035610 46 respectively, as set forth in the
United States Patent Office Manual of Patent Examining Procedures,
Section 2111.03. What is claimed is: MCSLLP 47 CLAIMS |.A method of
Yabo@stingyss structure for use as a template for cell growth.reamRs®IOEEs610
5dissolving at least first and secondspolymer components in a precursor
solvent to form a structure precursor material; shaping the structure
precursor material into a structure suitable for use as a template for cell

rowth crossllnkl the first poly mer compo ent; and_10removing at least
o o G RE DR SoRv G R Bt I bRty CRLEG e
asemdmmpokgimefmmlpmmmf fooprebipitatel anthéalaings plurasityiod pOreslin

e Cle £ ttﬁ%c%ﬁgflgn Af @%@Bﬂoﬁé éﬂrﬁ@imfja I’\IQ{HI% ?'5‘1 ti'?ﬁ &Pé’lté%rﬂg thg general,

recur;sor solvent is removed 15b ContaCtlng the structure with a
the feeTpitation rrstiraraiBBriy kebh é‘%‘iﬁ“@fﬁFFéi BOMIBRSPhE pHsbifrgihprnatives
(180aBbintbetREEEIRIEALOBIMERHIMpreceded by terms of exclusivity, such as

“either,” “one of,” “only one of,” or “exactly one of.” “Consisting essentially of”’, when
used in the claims, shall have its ordinary meaning as used in the field of patent law.

As used herein in the specification and in the claims, the phrase “at least one,” in
reference to a list of one or more elements, should be understood to mean at least one
element selected from any one or more of the elements in the list of elements, but not
necessarily including at least one of each and every element specifically listed within the
list of elements and not excluding any combinations of elements in the list of elements.
This definition also allows that elements may optionally be present other than the
elements specifically identified within the list of elements to which the phrase “at least
one” refers, whether related or unrelated to those elements specifically identified. Thus,
as a non-limiting example, “at least one of A and B” (or, equivalently, “at least one of A
or B,” or, equivalently “at least one of A and/or B”) can refer, in one embodiment, to at
least one, optionally including more than one, A, with no B present (and optionally
including elements other than B); in another embodiment, to at least one, optionally
including more than one, B, with no A present (and optionally including elements other
than A); in yet another embodiment, to at least one, optionally including more than one,
A, and at least one, optionally including more than one, B (and optionally including other
elements); etc.

It should also be understood that, unless clearly indicated to the contrary, in any
methods claimed herein that include more than one step or act, the order of the steps or
acts of the method is not necessarily limited to the order in which the steps or acts of the
method are recited.

In the claims, as well as in the specification above, all transitional phrases such as

33 < 2% el

“comprising,” “including,” “carrying,” “having,” “containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-ended, i.e., to mean
including but not limited to. Only the transitional phrases “consisting of”” and

“consisting essentially of” shall be closed or semi-closed transitional phrases,



3. A method as in claim 2, wherein the precipitation medium is a solvent.
204.A method as in claim 2, wherein the precipitation medium is water. 5.
A method as in claim 2, wherein the precipitation medium is air. 6. A
wethogliasys claim |, wherein the precursor solvent is non-reaoiiseovsithse1o
the 25first and second polymer comfgonents. 7. A method as in claim 2,
wherein the second polymer component is substantially non-crosslinked
after the crosslinking step. MCS8LLP 48 9. A method as in claim 1,
whergin,the plurality .of pores haye an aver ore size qof less than or,
o R e R S RS G R St
ProcelueatRediens 3h1dl4in 1, wherein no more than about 5% of all pores
deviatgiin:5sizg framsthe average pore size of the plurality of pores by
more than about 20%. 11. A method as in claim 1, wherein no more than
about 5% of all pores deviate in size from the average pore size of the
plurality of pores by more than about 10%. 1012.A method as in claim 1,
wherein greater than 90% of the pores have a molecular weight cutoff of
about 80 kDa. 13.A method as in claim 1, wherein greater than 90% of the
pores have a molecular weight cutoff of about 40 kDa. 15 14. A method
as in claim 1, wherein greater than 90% of the pores have a molecular
weight cutoff of about 15 kDa. 15. A method as in claim 1, wherein
shaping the structure precursor material
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20comprises three-dimensional printing. 16. A method as in claim 1,
further comprising exposing the structure to an environment facilitating cell
growth onto the structure. 7517.A method as in claim 1, further comprising
exposing the structure to an environment facilitating cell ingrowth into gy p
pores of the structure. 18.A method agtin claim 16 or 17, further
comprising forming a tissue. 3019.A method as in claim 16 or 17, further
comprising forming an organ. 20.AGhM¥Pas in claim 1, wherein the first
polymer component is an acrylic-based monomer. MCSLIS 49 21. A

1 method asthd ¢ \aimbi hsaiRtie SRCANGROY NRHEAMP AEM ISR wth,
sulfonebased monomer. 22. A method of fabricating a structure for use as

CBHbi&te for cell growth, S5comprising:  providing a structure precursor

Mate g oNTHY s N ALeashirsécosePBHBAL I EORPRNEPIS ursor solvent to
shaping the structure precursor material into a structure suitable for use

fum 2 SRR RS REP gRARHA Ocrosslinking the first component;
precipiiaping the SacNE RBRNCOERatEr PHAGI RitARABSHitiMe theeYas a

for ingﬁa p‘llerality of pores in the structure; and removing the third
te‘é‘?)?%% A P structure in the precipitation medium. 1523.A method

as in claliRRiny ey girstpelfirsécamiponent: ima crosslinkable
removing at least a portion of the precursor solvent from the structure thereby
causing the second polymer component to precipitate and form a plurality of pores in the

structure.

2. A method as in claim 1, wherein the portion of the precursor solvent is removed
by contacting the structure with a precipitation medium thereby removing the portion of

the precursor solvent in the precipitation medium.

3. A method as in claim 2, wherein the precipitation medium is a solvent.

4. A method as in claim 2, wherein the precipitation medium is water.

5. A method as in claim 2, wherein the precipitation medium is air.

6. A method as in claim 1, wherein the precursor solvent is non-reactive with the

first and second polymer components.

7. A method as in claim 2, wherein the second polymer component is substantially

non-crosslinked after the crosslinking step.

8. A method as in claim 1, wherein the plurality of pores have an average pore size

of less than or equal to 20 microns formed in at least a portion of a wall of the structure.
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monomer. 24.A method as in claim 22, wherein the first component is an

acrylic-based monomer. 20 25. A method as in claim 22, wherein the

second component is non-crosslinked after the crosslinking step.  26. A

method as in claim 22, wherein the second component is a sulfone-biEed--F

25 monomer. 27. A method as in claift®2, wherein the third component is

a solvent. 28. A methad as in claim 22, wherein the first, second, and third .
O omp RS TorIGE e L L R S ERR R AREGE i
oBRsSthah cneifnabias nmclaivn 22rwvekieint shapingtherstfictuad pfebessorcture.

material comprises three-dimensional printing. 31. A method as in claim

22, further comprising exposing the structure to an 5environment
1facilitatimgthet isgroviaintovianemofdhesirhatuabod2Aahainmaeasiaviate in

.Clajm 31, furth isi [ di . 33, Amethod as i '
S RURI S rv A o £ g o B AR AR

structure for use as a template for cell growth, comprising; mixing at

east fjrst apd secon(ii POl mey comlrolonents ina recursor solvent {o fom% .
11 4 ethod 51?catm wherein no more. than about ooﬁa por sdev1a81n
ho gle ous structure precursor material, wherein the first'and secon

sipelfromertthe average pore size of the plurality of pores by more than about 10%.

12. A method as in claim 1, wherein greater than 90% of the pores have a molecular

weight cutoff of about 80 kDa.

13. A method as in claim 1, wherein greater than 90% of the pores have a molecular

weight cutoff of about 40 kDa.

14. A method as in claim 1, wherein greater than 90% of the pores have a molecular

weight cutoff of about 15 kDa.

15. A method as in claim 1, wherein shaping the structure precursor material

comprises three-dimensional printing.

16. A method as in claim 1, further comprising exposing the structure to an

environment facilitating cell growth onto the structure.

17. A method as in claim 1, further comprising exposing the structure to an

environment facilitating cell ingrowth into pores of the structure.
18. A method as in claim 16 or 17, further comprising forming a tissue.
19. A method as in claim 16 or 17, further comprising forming an organ.

20. A method as in claim 1, wherein the first polymer component is an acrylic-based

monomer.
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15components and the precursor solvent are miscible at 25 degrees
Celsius and 1 atm; printing the structure precursor material to form a
three-dimensional structure suitable for use as a template for cell growth;
and  removing the precursor solvent from the structure, thereby MCSLLP
causing the second polymer componéﬁt to precipitate and form a plurality
210]c POReS inl?;[hc? suuchure, 20 I§65 g 1% {Heg@:gg SE) %agngé g\{l%%{elisna sulfone-
remo iﬁlgett & ﬁrselcnu?saé?nsdl\%n{ from e Struéture comprises contacting
baitee stomokuee. with a precipitation medium. 36. A method as in claim 35,
wherein the precipitation medium is a liquid. 25 37. A method as in claim
34, further comprising crosslinking the first polymer component but not the
25 econdnpahrief Camipament SRiciuradthascas mtetaphat84ofudtgrowth,
Co%cl)nrllglrising exposing the structure to an 30environment facilitating cell
mé’row%‘ into pores of the structure. 51 39. A method as in claim 38,
furthereadipgisisgdormipgeatissumatOiaboonethoihg siteakiifir3Sehumbdeand
Heqm r%ision I]})Sr.ming an organ. 541.A method of fabricating a structure for
USe 28R emplate for cell growth, comprising: forming a cell growth

temptateipgetiur sonstrcectuceurson priseng lahte asttfirstuan sus@bbmid paly ser

teglorﬂ%o%?réts{lnar%g ‘@ﬁ[wd carrier; crossllnklng the fII‘S.t polymer _
componen reby forming a self-supporting 10structure; removing at

least agselitimefthiedifistidozapriserfrom the self-supporting structure thereby
causmlgcthe ﬁeco&% Qol mer com gr

Lt iRl f lurality.
of poPes IRRe &rlictire SUtabIR fo rrl}elpl b r%alfee(r: 1%%‘%%}1%?@” l,uv%é%}}%ﬁo&rgﬁ%ng a

emp growt
plpoiiy §poctuie thefstmedrin andhape suitable for templated cell

removing the third component from the structure in the precipitation medium.

23. A method as in claim 22, wherein the first component is a crosslinkable

monomer.

24. A method as in claim 22, wherein the first component is an acrylic-based

monomer.

25. A method as in claim 22, wherein the second component is non-crosslinked after

the crosslinking step.

26. A method as in claim 22, wherein the second component is a sulfone-based

monomer.
27. A method as in claim 22, wherein the third component is a solvent.

28. A method as in claim 22, wherein the first, second, and third components are

miscible at 25 degrees Celsius and 1 atm.

29. A method as in claim 22, wherein the precipitation medium is a liquid.
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15growth. 42.A method as in claim 41, wherein forming the cell growth

template precursor structure comprises three-dimensional printing. 2043.A
method as in claim 41; further comprising exposing the porous cell growth
template structure to an environment facilitating cell ingrowth into poM@%w
the structure. 44.A method as in clain®@3, further comprising forming a

tissue. 2545.A method as in claim 43, further comprising forming an .
Mrgarts RS RALAAETIT 26 S R E I U BTSS!
caipigibseleampnsing atdeastme wall defining a cavity; and a plurality of

pores having an average pore size of less than or equal to 20 30 microns

formed in at least a portion of the wall, wherein no more than about 5% of
3Bl poreméedviais In sizefranfiftaveiage poresioeiot the prucality wfan
ores by more.than abqut 20%, 52 wherein the structure is constructed
erﬁ’ﬁﬁ”%{ﬂ%ﬁ 88&6?1%08 ?%‘Fﬁg‘h@?&%gp r%\f/ﬂ%ui%%n article as in

claim 46, wherein no more than about 2% of all pores deviate in size from
he avera ore.size of tﬂ; lurality of pores py more than about 20%.
328, Aft g}fg}g% & Efﬁiﬁ% ,ﬁ%@%ﬁ/ﬁ)rﬁgeﬁﬁl&%}%gﬂn%aoﬁ%% of all pores
deviate in size from the average pore size of the plurality of pores by more
3 han gbout 10%. 10%%Ar§§rall}ic§|§éas in claim 4@, wherein greater than 90%
f th %’Fég%ailfellé Secatar %ﬁ?%ﬁfbﬁ%r SBBUEY KBE50.An article
as in claim 46, wherein greater than 90% of the pores have a molecular
34. A method of fabricating a structure for use as a template for cell growth,
comprising:
mixing at least first and second polymer components in a precursor solvent to
form a homogeneous structure precursor material, wherein the first and second polymer
components and the precursor solvent are miscible at 25 degrees Celsius and 1 atm;
printing the structure precursor material to form a three-dimensional structure
suitable for use as a template for cell growth; and
removing the precursor solvent from the structure, thereby causing the second

polymer component to precipitate and form a plurality of pores in the structure.

35. A method as in claim 34, wherein removing the precursor solvent from the

structure comprises contacting the structure with a precipitation medium.
36. A method as in claim 35, wherein the precipitation medium is a liquid.

37. A method as in claim 34, further comprising crosslinking the first polymer

component but not the second polymer component.

38. A method as in claim 34, further comprising exposing the structure to an

environment facilitating cell ingrowth into pores of the structure.
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weight cutoff of about 40 kDa. 15 51. An article as in claim 46, wherein
greater than 90% of the pores have a molecular weight cutoff of about 15

kDa. 52. An article as in claim 46, wherein the plurality of pores have an
average pore size 200f less than or equal to 10 microns formed in at |eﬁi§§i§l,i,ﬁ
a portion of a wall of the structure. 53>An article as in claim 46, wherein

he plyrality of t Il, thereb bli h f
ot BH R dBR & Borol HEH I EAV AR BbRion evtoror

to the cavity. 25 54. An article as in claim 46, wherein the cavity has an
inner diameter of Jess than 300 microns. .55. An article as in claim 46,
er G G By R RSO SRS RS a fret taner

diameter and a second cavity portion having a second inner diameter. 56.

4FompneP OO S 2 T o a0 SR CABDA ARG

caapipdmnents in a precursor solvent to form a structure precursor material;

shapipg the strucl Ué‘ﬁ) rg\?vurs}%r material into a structure sujtable for u

2o & dHBRER RS R RS HES S R O BREIS RGP BtbES and

sdddhiashdfias: entdponginavingfhlideastiarportion of the precursor solvent

o R A SRR BN B v

structure;

removing at least a portion of the fluid carrier from the self-supporting structure

thereby causing the second polymer component to precipitate and form a plurality of

pores in the structure suitable for templated cell growth,

wherein the porous structure is formed in a shape suitable for templated cell

growth.

42. A method as in'claim 41, wherein forming the cell growth template precursor

structure comprises three-dimensional printing.

43. A method as in claim 41, further comprising exposing the porous cell growth

template structure to an environment facilitating cell ingrowth into pores of the structure.

44. A method as in claim 43, further comprising forming a tissue.

45. A method as in claim 43, further comprising forming an organ.

46.  An article for use as a template for cell growth, comprising:

a structure comprising at least one wall defining a cavity; and

a plurality of pores having an average pore size of less than or equal to 20

microns formed in at least a portion of the wall, wherein no more than about 5% of all

pores deviate in size from the average pore size of the plurality of pores by more than
about 20%,
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1057.A method as in claim 56, wherein the exposing step takes place

after the shaping step. 58. A method as in claim 56, wherein the exposing
step causes polymerization of at least a portion of the first polymer

component. 15 59. A method as in claim 56, wherein the exposing steﬁ\’ms‘ww
causes crosslinking of at least a portiol? of the first polymer component.

wherein the structure is constructed and arranged for use as a template for cell

growth.

47.  Anarticle as in claim 46, wherein no more than about 2% of all pores deviate in

size from the average pore size of the plurality of pores by more than about 20%.

48.  Anarticle as in claim 46, wherein no more than about 5% of all pores deviate in

size from the average pore size of the plurality of pores by more than about 10%.

49.  Anarticle as in claim 46, wherein greater than 90% of the pores have a molecular

weight cutoff of about 80 kDa.

50.  Anarticle as in claim 46, wherein greater than 90% of the pores have a molecular

weight cutoff of about 40 kDa.

51.  Anarticle as in claim 46, wherein greater than 90% of the pores have a molecular

weight cutoff of about 15 kDa.

52.  Anarticle as in claim 46, wherein the plurality of pores have an average pore size

of less than or equal to 10 microns formed in at least a portion of a wall of the structure.

53.  Anarticle as in claim 46, wherein the plurality of pores permeate the wall,
thereby enabling exchange of a component between a portion interior to the cavity and a

portion exterior to the cavity.

54.  Anarticle as in claim 46, wherein the cavity has an inner diameter of less than

300 microns.

55.  Anarticle as in claim 46, wherein the structure comprises a first cavity portion

having a first inner diameter and a second cavity portion having a second inner diameter.

56. A method of fabricating a structure for use as a template for cell growth,

comprising:
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dissolving at least first and second polymer components in a precursor solvent to
form a structure precursor material;

shaping the structure precursor material into a structure suitable for use as a
template for cell growth;

exposing the structure precursor material to UV radiation; and

removing at least a portion of the precursor solvent from the structure thereby
causing the second polymer component to precipitate and form a plurality of pores in the

structure.

57. A method as in claim 56, wherein the exposing step takes place after the shaping

step.

58. A method as in claim 56, wherein the exposing step causes polymerization of at

least a portion of the first polymer component.

59. A method as in claim 56, wherein the exposing step causes crosslinking of at

least a portion of the first polymer component.



