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POROUS POLYMERI C ARTI CLES FI ELD OF | NVENTI ON The
present invention relates generally to porous
woabogresizs articles, and nore specifically, toPODUSHBG6/035610
polymeric articles for tissue engineering and organ
repl acenent. BACKGROUND Ti ssue engi neering and organ
transpl antation are principally concerned with the
repl acenent of tissue and organs t hat have | ost
function due tg e approach
toward this goz C ed into a
patient. However, transpl antation
can be unpl easant, %&ﬁ@cﬁﬁ’ &%&mﬁe the heal th of
t hef]ffé rpg@é%nf 1?1%&10%%121’(6'5 Qeﬁ"éi‘&ﬁ}h@r RORIRAEReri CAtiEISs, @h€ more
cul tu In vitro on |odegradable polymeric scaf f ol ds
spedificdlly; tn pdresusdyerihaticles farissudrngingedng mrechongap reptacagent.
into the body at the necessary anatom cal site.
Several techni ques have been proposed for formng
scaffolds for tissue mmmmd@Rﬁﬂmanstance U.S. Patent
Publ i cati on No. 2002/0182241, entitled Tlssu
Engiissechgigeeringmnd sy trnsplapiption geguipcipally é%m%l}eﬁgmh the
M crofa
replgpshil PEftREpE PR B ORI kiR ANOR! Ay or Blesc Inone
appidadh tawaed tidb podadrgahsuse rgndplaphedriatod patieon Iﬁmlv«duenqhe side
processes. These te | at es ar&ﬁthen bonde

ofTepie 8 S BV Gh R S CRp G S04 Gt CHRRroql e Rl p the organ
recdptéﬂ?nﬁx anblher gﬁﬁ‘&fc‘ﬁt caNg arPeutilfedBifditr& Bh biddegtadable polgmemc

ascul ar1 zed "Ti ssue Regeneration Mtrices Forned
scaﬁuilds th formeisFoasor Babotigent theharF durimgplessed intpythe/hedinatithet
descrlﬁ solid free-form fabrication nethods
fw0ﬁ§@a€P6°HH ﬁg%ture devices for allow ng tissue

I egeRefAtdcaRiqasthde lbeaﬁlﬁdp@@dmdfohﬂmgasﬁaﬂfms fb@ltilsslet growth.
form organ and structural

ForpugsiriceatliSo Ratest Pm@w@ég A0 Rer4l, saritedsgi 1§He & Bhgincering of
Thrg? ?Odr?sl,l a \;agcf lar zt%a lﬂﬁn@&%?@ﬁh%ﬁ?ﬁ@&ﬁﬁgf g§sg:ﬁﬂﬁiy

ster et a escri bes
Technalogyii’ Q)aﬂBQteﬁsta@ eichl s dedctibécitvardiniensiohal tersphates that are

het er ogeneous terlal roperties,.includj
fabrierte BoMHBETHY pPeeclBEgpessn ThSETRD e arg en bonded o
forrﬁ'tgx%b fd&xﬁéﬁb& HeVah qamtcﬁuégwﬁpeﬂag&t TufeniV UI%. PBRMt No.

erna yS|ca structures, especially those of
6 171@87@Wn’aﬁeﬂ ‘é‘fbasbtnlehzeaﬁl Tlsﬂugd?chndratgorbM@mqeq? Fomead bya$rlid Free

rovenen are nged Par t | ar. Iﬂﬁ
FOI’f‘fggth]é}g{l?rh echniques, eEy Sﬂé‘\g?rﬁbet%a?scgh%s Sﬁﬁg rec-It 1%12 ?agmc%on
meﬁﬁ'oé@ﬁseﬁ% nldnS SR ENGI 8 €61 NDvanetisye ddpehapli @ aiEl seeding

woul d be beneficial . SUMVARY OF THE | NVENT| ON
and 1mp1ant1ng 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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Porous polyneric articles, and nore specifically,
porous polyneric articles for tissue engineering and
wono@nosespl acenent are provided. I n one aspect PC&US2006/035610
series of nethods of fabricating a structure for use
as a tenplate for cell growmh are provided. In one
enbodi nent, the nethod conprises dissolving at | east
first and seco precursor
solvent to for %ﬁ&‘%ﬁygﬁéﬂgﬁg@%@%ﬁb@t erial,
shapioig pbliendrcr dititle, anP reedspeoificathy, gorals plomm)srﬂ; articles for
structuie suitable for use as a t&nﬁ%ate for cel]
tissugrepginering ARk eplicERENtar Bovissfly FPneasppdrsities 8hd
e £BY QELESREh SelpYRMed. In
meﬂ?ordélrzﬁ\f 1c§t£1 %E?@Cﬁe #sé%g‘a?é I|S'n ng a pLgurr al i tylpo
one p@bedinient, ttlhaemstkmdcbmpasesldmsakvmgm leagtriitstiandesecondpolymer
met hod, of fabrlcaln structyre for use
COmPERFIING IEFUEY| T V§P€RR¢ R 8 S&S?%Wd’é%"“r% e shoring the
strult rééﬁ%r@ﬁaﬁe\!ﬂlzﬁ'lﬁ@ a%tﬁ&tﬁ%‘ﬁﬁﬁe P66 s afteriplbRrfoatell growth,
conprising at least first, second, and third

crosskmipum hetisst mhﬂpclr@mm@e@t wicrpmp@mﬁraé teaptsportipn af th

into g str ct re.suita
prec&gqo"r s@y e S&r%l'c# ?( Ikﬂheef‘e n#ﬁlgsat n{%ﬁé@ﬁ?{%ﬁn&ﬁg structure.
pr ggiaRbthat érﬁﬁodlﬁhents @ﬁwﬂﬁ)daﬁ‘ feivatihg & Btra:mneéoﬂ Hetaa itemplate
medi um and renoving the third conponent framthe

for eedir grewil is providers Hreanrippd SRPBRSCRBETUHIE FREPEBT RN %g
matgrﬁﬁogm%em{[n% 1 el r@ts séc;a {lrégzd%‘hfd‘&ﬁ ShrentsNs1! ?Qﬁghﬁé structure

rrcatin astruc ure
predisor agateridl &t |aatxﬁc1ﬂmsr suiteble fgrisemha n@nmim\fod@(ﬂl grtFWGh

Crosggfﬂ?lgg th Cegfgfpﬁ{géﬁ%ﬁggﬁgnﬁx Iﬁln g pgtﬁg%&lgg?goég%t\?gﬁfn)g?% g Pfjecgntauon

mec;lﬂlrﬁogﬁp tHQ EHHdecoB{p%ﬁéHﬁﬂﬁn Rtsgiit@te invhepRmpithiien
P&t and sec f/rrer conmponents and the precursor
me&omyénrebarfernmg @i pdﬂhre itytof pEred dgythestuCtIsi us and 1 atm

tp Llrlg\t L P%ché}%% RO C‘;ﬁcﬁf LS c{atlggta%ﬁé@thret 3r L&r e@a‘%mplate

e Sul r use as

for E&[TEﬂo@&l‘?lsfﬁ}bvﬁ@dl | TBE @eihod comprisesmixiont ldust ﬁmsewsomnd
solvent fromthe structure,

thereby form
polphesr mmnoyle@ﬁ upépé@ursm sqhens o i%%l@rlg)mngngﬂlr%tsﬁggture precursor
og Péolvent
maﬁgbl IR q}the% jrtar g$091f€:1 o F}J?%%rga Blﬂgﬁsp%%c{/ t}lﬂiébiﬁércﬁglgb olvent are
mlsﬁﬂilé'lﬂdlSCdb@IfHeB Sebsidsomdi Ingmapeeldg the simd’uurteepmwueaoe material to
precursQr structure co ast fi.rst.,and

fordora- YRR SBHBONTIS E e 11 &GP £/l Bt and
renfoér?%sthé Bi’%’cﬁ&o# bavddt toh B8 lsH iR ireC MRRBIFOEmihp apRlXlity of pores in

ng-a selt-supporting structure, and renovi ng at
thelseasitirea portion of the fluid carrier fromthe

s f
of | Horodier sondraperhet of Rtk Py R epibtate
for%l‘?‘é%d%th‘ﬁ"ﬁlroeidédt IIﬁe BRI ofphiges forings dedlrgm\dth tamalate

shape suitable for tenplated cell
precursor structure comprising at least first and second polymer components and a fluid

carrier, crosslinking the first polymer component thereby forming a self—supportlng
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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grow h. I n anot her enbodi nent, a nethod of fabricating
a structure for use as a tenplate for cell growth is
wonosiodsds The nmet hod conprises dissolving at Peasgis2006/035610

first and second pol ynmer cosponents in a precursor

solvent to forma structure precursor nateri al

shaping the structure precursor nmaterial into a

structure suitable for.,u .

or Bh B e R HUE Y AP Cb Bt 8 €5 o femplate
for deY gk @thas pmidedn dThe emed d@ngiristedisdoldng ot legirstfand kecond

precursor solvent fromthe structure, thereby form ng
polyanep compenenis ipf Ryequssorisptvendo §rmye pipcure Pﬁe%ﬁiy?f Fggerial,

a . | i | late for
O TGS i B eI e i arbionpl
cell gevph, pogngthel stasturopecwadd matedialrio by radésdiont 3nd gmeving at

lurality_ of pores havi an average..pone size of
oo ok 5 S T U R30S Bl B8y or
poregqﬁg{ﬂecgﬁu&(mt.he wal |, wherein no nore than about 5% of

alT pores deviate in size fromthe average paore siz

of It heothénaspddttan asticlp dprase by 2 irsrrdate If@rnceéltﬁia‘f\’thz@q?&OVlged- The
.wherein the, structure.i t g f
iS50t RS LSl A b st e

plurdi§ JTPY¥RE hh@iap uheve@be phre spees tist thanwve atuadto 2 kiicrons formed
become apparent fromthe follo

[ i ng . detaijl ed L
in atileass miporticarpidhe wall Wb@rewm-m?rﬁ;@fm?&o BT Al motes evigidn
. invent] consi i | iR ik Bbsd1©0%,
sz 08 Ml ol eGSR} By SRS hiole s
hegaehd itaptureos nstractebadrenngddioo npoasa iemplaje fasfcell & -
v include conflicting /or ingonsistent c{i scl ur.e
{ hedpreimaggsemby el e AT Remet B Y P
app%hﬁr&ﬁ%’é %ﬁ!%%é%@&&éipéaf@s&q)ﬁw of 9he61RMa-liiting denbodiments of
confTrcting and/or inconsistent disclosure with
the irvepdat when emshlerdrieconjuheiontwigh the @osrsmRany g figjiresy dn cases

| ater effective date shall contr | I:
ook U SRR R 0 LR B B e oo
con@lﬁc?r‘ﬁg Rhd/oPHRBAdi @BntWisdloste, dRgeedehegpebificaion dikblleraimgl éf two
W

h“reference to the acconpanying figures, i.ch are
or B ieaNTIEntS MEOMOBatpdbY FHPTEMEAATIES pRTHp g AndlpT dpcqnglstent
. In the.figur chy. | [ ' | FRlctive date
cisq Gt RihrAPPfie eFAfdyes Bt PR lochineAOR ML b RL ool
shallicegtrgl. nunmer al . For purposes of clarity, not every
conponent is |abeled in every figure, nor is every
conponent of each enbodi nent of the invention shown

where il | UsBRgFOHrsERIPYTORGP JHE DIAWINGS t hose of
ordi nary sk?ﬁ In the art to understand _the invention.

| n Nbe-linitog embodin@ntsiofdhroprsseat weritaswilbhe deseipaspyavay of
exatrr?prlee \eN-it irerzrfgrne%i:g Poatlhe Satcéolilr%a%glﬁg%cg%?ers%ﬂghtai)e 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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one enbodi nent of the invention;FIGS. 2A and 2B show
schemati c diagrans of a three-di nensional printing
wonroesassi3for form ng three-di nensi onal struct uPEE/US2006/035610
according to one enbodi nent4of the invention; FIG 3
shows a schematic di agram of a phase inversion process
for formng a porous structure, according to one
o . £ ofet . e .
A R R e S
progxas forsomeing tideevdineansioanl stmictyings, eecoafifig tof ore eparodirsent of the
., Structure, according to one enbodi nent of the
InVerliPBitj on; FIG 5 shows a plot of water flux as a
fungig, aRneks REQR1ANE dlaRfan( BF h PHe RfeRidn ?@U@Js&ﬁﬁﬁyrming a
according to one enbodinent of the invention; FIG
porGus BEcing wecoBHRE id encoembphmentof iy wyentes; FC menbr anes,

[ t nhadi f-.the i L QN . .
TG R U
sizddridmoleAffweéghtaeutofnef 4 porots stRctarsicesdingrto wae ghbodiment of

according to one enbodi nent of the invention; FIG 8A
the #1eWEOINDCK cel | s adhered to a commercial nenbrane

i : L :
ooy mend e B B pACR TRk A8 o RS PR RO LK e R B
menbtanss, ackvediag td oncer®dE@enterfithameemionhout t he use of

adhesj o tei accordin 0 one di ment of the.

R A S e rbA bR B0 B RO B ackBing
one¥nihddlifiont oRRR iARERioAPeci fically, porous polymeric

articles for tissue engineering and organ repl acenent,

ar eFlfbJohpiye 8EGI mjestore cavbror thermosouspatribrasesfdd5Shad-oF as

her.ei n.incl ude use of, .a | yer - sl . . s
o OB P e S A on

Thers. GResvwWIBYDURCEclid @dheredras 4 edin@érciul slehitedns without the use

precursor material including a first crossl nkaple

of aslbpgiomaieteing 4ceerding thencapbrsivagt of fhg ingeiiogean
Pregidy LAl &d gy fbp@éﬁ%gé Bﬁi]e'rc%nt TS PO meand WHBb tRe use
precursor maler| a may be s apeg into a

of ddhesien gionis acrvading hapes dybalisentebheinyedioni que such
as threedinmensional printing. Upon shaping of the
structure precursor material, at |least a portion of

the first conponeygTRYLPD BESERIPTKON. The structure
may then be contacted with a precipitation mediumto

r enBueus halymesc artistas, ansl merstspecifeallyhporons pelymesc agfslestfor
tissﬁ% gngﬁggq%%gtagg roﬁg?@%gﬂ?%%{l r[gaﬁre SQIRENLTh sbRe REDS 'df%ﬁén?g, €
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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contai ning a network of uniformpores. In sone

enbodi nents, the porous structure is constructed and
weano@ngsdsf or use as a tenplate for ultrafiltracTms2006/035610

cell growth, and/or forfornmsng conpl ex, bioniinetic,

porous bi ohybrid organs, where living cells can be

i mobi | i zed and performtheir normal physiol ogica

i . | . g i in

b L S R S Bt S S
imrasbilizddf amdmepforme sheiandrmgl physidogicahfimetiohar wei ght

t- of f 5 high filtration.and diffuysi |
oA QRO e PR D B By ety bighiictional
chaf REIBAES ducH as AhirBRUSReMMDOL siS nd@s 6Tk Rici A clXES 8 (MW CO),

i nvol ves an exenpl ary application of the present =
high filtegttoinend dififizsi aufluxss.asidegop sreshanierd syensth. diegompetibdity and
fori fl af fol ds for tissue engi neering and/ or organ
IP%B ¢cenent, the invention and its uses are not so
| i- M ttReughangch df thd@ascption henelaisiddasg ahlkatmplaey application of the
i nvention can al so, be used in ofher setti n%s s%ch, as
pregegt ifveptiomiciasel topisinemorusinah ek Erielphastcalialds for tissue

' i i16ebd, and it
o558 850r L ASERORCITA AR LB FRTCO IR o
shouhrr beaindecstoddobhtshe invehticoh qag atsorbeutsed inadtbierdetlimgs guch as for

D) tgols, highresalution multi-section conmputed

CA [ h
ﬂl“i(ag%gﬁ”é‘gﬁﬁtl((“ﬁf‘f‘?g SPATFLON PEREPEFS t hr ee- di mensi onal

SCapN@htt enidirh s, 3068 urds Aescibed GbielEsntR RewhlSegédand/or
ti ssue engi neering and/ or organ replacenent, a CT scan

scanfiedausirigss varieandf toplsoingladingfcompyiariagded design Ke AEY ioads.thigh-
i.nt. r file f i nt .
e Bl SR SO TP A5k By R A

scafiddts. DBolingEndeQ for @tritthiee te be vt foedssuasnginsting bad/or brgan
nore detail bel ow. These net hods can, in sone cascﬁ],zﬁoa

replagpew) 2 £dnisa Pt # BifYe ARdONPIERB OhR BRISIEEINREONYFTE
pro?éargi}rﬂ:égglt[n?a%' arfdlRd AR h@&s%?xﬁ ik SH’FBI%@HCQI (€ BRLGHES. Kgxfa(r)iﬁty of

n’g structures or tissue engl neeri ng an
teclaiigads dae e aseherforn thel stdeturdsyas daseribedtin mare tietdil below. These

mellagefihd) SORTSES SR FOTOPHOR L oG b BR TR O By
str a%ﬁg' : Aﬁﬁlogfg%tF \EsidASSid t%:blﬁili&lfés 78 falicakin® strh@8R% for tissue

tio Istic particle manufactu'rl.ng (BPM, . i
engigawringtaed/oobjges teplansmeatingludedut arechot ligiiisa teldhrseidimensional

ol S her RS0, PUBL G PRREFTS R oo

(SIANs8ledtBeNea siatrihg (ST rilgat iFlatict, balistic patitlemadnusauging

engi neering and/ or organ repl acement can alsg b sed.
(BRMiHamisetad Pirss n@aﬁfaﬁf@r@&rﬁ@iﬂﬁw%ﬁmwﬁ@aﬁwfeﬁag GEOND. In
' f ' ! £ ol .
ool sk e FESehRs A8 b RREOU bl i
Otlidh texhnitjuse s fabrhtipg stnictures foe tbstieguginesringsed/drergan

fabricate : . . .
replacement can a?so 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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porous article. The three-di nensional printing

techni que may include the use of a tool such as the
wadens/08685 Rapi d Prot ot ypi ng Tool (RPT). The Ededatr288006/035610

RPT is a pol yner di spensingésystemthat can print

droplets of a polyner precursor material and, if

desired, a sacrificial material, using a

B EERL s B bl B REPORA] e iHpEPBap 8E LThE iy Jayers
Eachrimge camtheh @rmtadcrmdop of eachrather,| eyl et EastEapdrtibmyLthe palymer
then printed on ach ot he nd at |east a
Pre¢pRqringFerial Cﬁﬂg %}?&‘Fﬂ%@éﬁﬁ%ﬁs erial can be
POl XARLBEE o} Q?fr&resﬁo? $ctrli @%eﬂin@ﬂ@ﬂﬁhﬁtr‘aﬁw@e is shown in
process for mng a three- d| mensi onal structure is

FIGs Hovés shnWﬁllﬁiprqcessd(s strheune precupon @@é,@laé 16 4o beighaped (e.g., into a

Pl R LRy e Ra HRORER ittt B e o

UV&r6RMRkdbi MGnémeBHAAEIcohE c@npo@nULO corapssihg k atinemer/polymer
nmononer) and second conponent 10 conprisin

thatasn et egpitaeds r Thast @éfpr@@coaﬁ@ewpmtway %ﬁ dispplved in solvent
/
12 y’(@&‘&ﬁ%@?ﬁ?@@%z@%nen% yor agﬁs dalcarefrlt?esﬁ Ms&t ,
conslﬁﬂiﬁnga‘gQ @huﬁgigb the f&gtemd 3&contl compbnentmg/ﬁheh@slo,lvam mayn g()rm a
the first and second conponents wi t vent
hom‘aﬁeﬁ?%lsr?@%’@é‘nJ§E§tf§6P@EH¥?fHTSOTH@t§P? Gt e %5 Skt épfiep 18

intdBhEk Ff’écufs@f‘ sttt 28, \%ﬁl@@ %y'b@ adefl %rék%th' t@ltn lafe ﬁﬂe&&&or

precur sor structure , may be a cel ?
stricenpl| Ahesippewoisbe pmcmmeturmteghhmﬁ tpkeflach &y three—

RSBSOS S8 LR Pl e

ForedxdmpB, ittheRntianhdie illstrhted i EIGS%QJM&IQLEB thostnexaspteeyrsor
in the enbodinment illustrated in

matsripl@ngd ﬂéaw’@a@lrrg@em}ar desigr) ¢arke CHSP:?&W @rpehebgy dropl&t and
o PHERGE gt 473 BT 000 GBI it

maﬂarﬁls;&fsﬁ@ (ﬂfecmlnﬁadrs néZrlasfiot lﬂrop]atmlékmasdbé pented to form first

e et e SR SRR B RS 2 e
pre?ﬁk@@rosrtltrﬁglrQQO ShDBE FRfed B?h@@r‘tlcﬂlgprl g%ﬂ@é’é@s 'F‘]!GFi]@sh@ﬁ)
irst precursor structure can or med by

horizntal pahtmg of]ﬁrsngrepumm@mlptufa 9. ngmﬁusafm ﬁadblﬂY%IOf material

rintin first cu r str r.e 20 0
ol B, LR B BEOEER s THRUTHUER GPepnlhgaRl biaponcn
of ﬂh@ lstr8étuFEBte QR sdiS8Aterid) (S HD e RrRWlin bR BUfdAES maYte polymerized
first conponent of the structure precursor materi al

(angéor grosslmﬂ@dy\, iogen 2hwEHCe Lnthisheray inelyd dopmiapipis. exasure of
the( ﬁrgl Lpr%%r?r?grl rlngtk ﬁ%)to lUFV rsatd%'aog %r %fl}{ Edlﬁb e]soui[@g 'tﬁrﬂ cAi¥ause

exa exposure o TUC

pol@frt%ﬁ!zlditiiﬁrranﬂﬂire;lrd)ﬁhnmﬁ)g bi\/ét lendi @pdrtion of thenyatemialt ﬁlhisqarocess may
source that can caus %rrerl zation and/or

be ggpeaied pAt thy fepmakion p 35pn PISEHEOIGHIUGTUrE A SHhighs Py be in the
forﬁmisd Qe SEmITBYi PR RPERI LS Mt édppbﬂfig S%&%e’) OIh &Ber

econd precursor structure 24, may be in
embodlments several or all layers of the structure precursor material may 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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formof a solid or sem-solid structure (e.g., a

sel f-supporting structure). In other enbodi nents,
woeevmroaso3sr all |[ayers of the structure precur BOT/US2006/035610

mat eri al nmay be di spensed before pol ynerizati on and/ or

crosslinking of at |east one conponent of the

structure precursor material. In sone cases, the

t, d . t tial 1 7e
o b SRR i B bRt b PAL MABEA &yponent
to prodipiat M ELRAHIHR steedrs et ingiatieteoriref ainifotra poies.

mediumin step 26 and at |east a porti of the .
Altepmativdy Sosenr earpodimgnis rst SHsVEar SHICEHE ZHaRAY R Copfpeisd with a

£OCEessS . liRkingto®

preci e e B A SRAPoERRRERAD ahgob bRl g ofa

compichosNthp preearsofbtheturats foemyporous ssoamreddhobhaparpys structure

i rst pr.ecursor StBUCt ure may bewﬁ]gnt acted with a

may e dernpsic B @i P TREEDIM PHETPEF ST #oVoned by
o e e R i e i

pore¥ And/pocavities t PutbgifRbrisatjonb thefopemrareas may bsise vdih  sperificial
fo | at.ed.cell. gromth. In

matg . LR B8 e GRS kTS PGSy pE8L MR by

sepafe Hozzl RVTAThRBAUIMENGEEAL biigs). . Aferr privgin athe isaatficoal matdrel
open areas may be filled with a sacyjficial n?terlfll.

mayTHegesared, forsxampimbE dissolviagdhe matepabii i Kby rfral GFH)Y- 2

suite'ﬂﬁ%/ g%%&?fﬁé&%&%ﬁﬁn@ﬁdﬁ?@ze: tﬁ&tz? BAaB1E 85 a QbluBton Echﬁté does not

nsronal prrn ter printing, | o
dissSE thd dticaire pRUaTsbAMateEyl. e soreeoases), thé sacrifictlplateriabig not

di ssolving the material in a.solvent. i cakl. 1
polysudrizable @?18/8& ZESLSI lepbaveseR it Phgh tyed ¥%eﬁsé‘c¥lﬁ%1¥ll perial i
polﬁﬁér%%l% ahloR cRQiHidaBR, that does not dissolve the

sStructure precursor material. In some cases, the

sacx fifritet déscriptien phihe phaseduveptPy msceSdpnew sgerriped. As

crossl i nkabl e; however, i . ssolvi
s ST A LR B Bl e s
one G B5et botkpdleats (& o, W irbemde aGedaaidipolymdr dolgpopbriswhich may

i nversion process is now described. As descri ??df
inclnde miongmens agdive Pelysd) Ak At EPPTORIIG RICYSAT Vet fo form &
Sfructure can.inv ' Vi EntOthe MEEnd second

SUUCHEL B EHTP Y S()eq o (ﬂal\\ég? E%@élg%rdé/ or dgrﬂseéor?d pol yr?gr
conSORBRE et miswiblcCdt 25alegtens Ceidis and datm s Taa itertuig prgaesos)
i'n an appropriate pregg@sor solyent to.forma

solionsen e hied duipdbt ISP SRS ROLFEMIRAR(f Bfy gpoodiment, the
stru%{{gég g%?%@ért Sogl%ﬁ)é‘lf ik ok adhehenfpraehr HONBRITRRE SInddr@ther

egrees Celsius and 1 atm The |
embddimettythe spuetnuy ocursel solution icdapeskiniha feaes-flimegsiopyl structure

desi red struct . E | ' ' t
by SRl PR i e B1<Ge Qs r g el hufts SHRAE bt €
comireRefd. Refirst %@yﬁ@?&dﬂﬁﬁon@ﬂﬂ? aflingBatctutd@ndterpotymerezed and/or

ecursor solution is shaped into a thlrﬁ/z- dé,rrensi onal
crosdlinked, @re, Hyyexposing theomposeniny yliwviddeidH Vagadiation.

Pol%rpnre%%tgoinrgt%g? e %poaslsliﬁ{if.lé] }nia? Bhice PRick QR& 1Y, or BbrtioRAIf ¥ Rructure

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., a second polymer component)

of the structure. This process can cause separation of the precursor structure into a solid
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conmponent (e.g., a first polyner conponent) of the

structure can be polynerized and/or crosslinked, e.g.,
woyompsssng the conmponent to ultraviol et (UV)PCT/US2006/035610

radi ati on. Polynerization asd/ or crosslinking nmay take

pl ace after all, or portions, of the structure has

been shaped. In sone cases, polynerization and/ or

| 0 . r .

P R T B b Ul A R ol At 88 Bhrtion of
the prezoispt $avénd maybdiremoyel ig.the presipitetornt medibizy whidh @d cause the

"npn-solvent”", in the.formof.a |liquid or a.gas .I.hat
secpi} POIVRET fRRAngatlp PSR TOBRARERNE SpRcre CORtailiBE Ag
netRBHYSBMifeRAPERENt ) of the structure. This process can

cause separation of the precursor structure into a

sol Paipokipreshatafictth studtaresor weonertissof ghe desiredistrpturh enay
. 0l . . ' f
e QA e L S b AP B0 L A e B e

visodsitg bf @R preédisde niakediab Goliok, ip Ghri Mty depepdioanhe method used to
recipitate and forma porous structure contC?i ni ng

a, .
shagfape tee SHruGHic) Sharicive glasplrnRireeBPERAC 4R BeViopety ratio
(or BHEHEARGR) PRl dofipofin N PR AL s
motdthar onpameninents)) centematiatms pf mhstructsmqybctlysarfrnatb@l and/or

recursor .material (which, in turn .depend on th
preRipfiRGtn D, ounstl PofaiehBoih i St SRRy drts he
corBh@RA(})! HRnk, 288 phQIRRKBH WliRnd aﬁd@le\éhﬁﬁﬁﬁéﬂdyt{g@gf recursor

(or nol'ecul ar weight” ratio) of the conponents .,
solvéntt Wheserfaatons san bersaréad; talprodvet sigesiungs etht feasxanple, a large

fothe. . .
e BN T ——
moEOIHRR Biedl SOPbfRLidores duvi-gik iabide Sohlthe bivdrigdporasize @ snore

(of the component(s), solvent, and precipitation
thapebewi %, andescHbeckivguere dsiwdl kelaye of precursor sol vent.

Theprel 8600 RodsH pheinAlibe dad B RIAYYERISL PUEIEES of a

W th, Tor exanple, alarge range of pore Sizes (e.qg.,
corthipa@enOoGilstivoti2ZO preasansjterialn dn sdme sotrncesybodipi@tios of a

W th no nore than about 5%bof al | g%es.deﬁi atin j{] £t
cordponent e IHECUSAE SHYEUISSRE PEicawepY (FRe LT Capisifration of the
coraP0Rent tHESEEIBSHBHIRT BordBitaide, &N Wmbletinh@ht SMprecursor

met hods of " precipitation can be used to induce
strymtereiop preatisorsobiftion copmpisingrit pabymer eommesetiraad grrseqyrspg solvent

terial. In some instances. precipitafi f
carlBriaan@rint FoRee lE bR PERRL Atk e Bordmor s
preeiabBionent e & fraseenitivaids dito e pro€ipraiianeditmi andtahieast a

precursor structure., For instance, in one enbodi ment

poriop o therseripigation aradium san githie e feshnereeT REesHssIrsPigon. .
. BSitat;

L e
meldms tanccapsy the precofsot ftencpure/solution tosidcume tharmodgndriosiéy

out war ds | n}o t he, precipitatian m?di um and at | east.a
unstable. As a result, demixing can occur and the polymer component can precipitate to
form a solid network. Alternatively, in some cases the precipitation medium 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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portion of the precipitation nmediumcan diffuse into
the structure or precursor solution. . After a given
woeoispdsiss tine, the exchange of the precursor PEDIUSENG/035610
and precipitation nedium cam cause the precursor
structure/solution to becone thernodynam cally
unstable. As a result, dem xing can occur and the
precy%g{n\)ll\%e | C%ﬁ'@ﬁﬁcﬁgﬁo ?c{\lv ﬁ{eie%iésg ggangg@%lg %n{p% AR of Qld Iﬂelting point
of thEﬁa@Fy'nﬂHrtc@inpﬁxﬁbnlﬁ'ﬁﬁldepfbdﬁpMatbdi a gas (e.g., air,
nitrogen, oxyge and carbon di OEI de% and eva‘for ati on
of The éatw%]@r@?%%ﬂ@cﬂ f\peR CORRANGS QE e SHUETIR RIFYIRRT Toftera
may %%lcgﬂﬁ&l B % fRofiat BShp %}@&Q'aﬁﬁ%ﬁr coxﬁhﬁ’&lsydf‘ﬁ‘ie
onent i SS In a solvent can solidify by a
precipetﬁnem a:tedrum chmnmar(ce, 1g1s knopwrthaiché qmgl;er aflemponet ipeaused

o s o B S A
precgﬁt%ﬂ&‘l a9 %c&f‘r'ﬁ?%&@ééﬂﬁ%th@ rédigitaimk teb@oRait i a pfecipﬁtetlon

I'ymer Conponént to recipitated. The rate of
medpmebiryihg atvreb'rdlffqire@trﬁ@h&@lnfpfmﬁmet@’fth%@afs@frtb%PQFPEOH@H’E The
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t he qui cker a conponent is caus q’@f;fo Prem i tah5 thg
struﬂuwérnwgltf Aed BoEmelogIGh PIPPeTTe OgP 5t PP § gan be
\mnéﬁg? ﬁ%&ﬁh ng eGhRid-@t i on may occur by exposing the

pr eci

atl rrponent to a pr ec itati on nedi um .
h a\Mditgnais mtajoledﬁof ﬁma&sratprsclpmtldm m@f iwaringtedes forraramplon Hguids

of the conpone The | engt h, of,, expo
o sesiBeR o Frleish PR PR HEAT AN RGP aterial to
prectqﬁl nUcr oflirf fPheREAike! F@Leékah‘g)@e hwhudrale pbagsd heaegeal
e ra pre0|p|tat|on Accor di

gly, st t I
compmsmgrpowuﬁw by ﬂmﬁcagt bihespese ¢ b ticanatnial te maigr, which
actsrﬁléraéﬁgil@%: éye%ipgt%tg?rf %F%lu%lu YI? ;%1?3%1«%) reff@ﬁgﬁ(ﬁ{ Ilnleﬂigmsfd?g structure

predUiRF nfitdredl by beRHbdeMblasel didkhe sblobiliexafihl eombompmlt thsbeor
ases that can cause at |east on onpo

precipitaied wrthe picelpiiALQt MERVEY £& SBEHNE wpgp{@ﬂgy Bmpﬁpues of the
mater)r%eig %f‘ﬁg Slﬁ]ﬁ')ﬂ% g?p Hﬁghﬁﬂbn FRor B¥4ERTY, SoluBilis) ptrhtes (e.g.,

conpri si ng pol ysul f orie can be
Hlldhbmdmatﬁheietsbyls dospnibesd i@ Brfrtonh Sandhawkiof Sokubilifab erameters,

crE trvsinl Epra vprtship drternfie s R BaodPr TR of bne
cor oﬁgﬁr ﬁ%ﬁotﬁat })ﬁ?dallﬁaéheﬁﬁca@ bemponddasesinpiifib@nt values of

ity of the conponent to be precipitated in the
solybilétyi paiaraei¢rone nesgplnble ia. ogle angibP g nicABHA STECEBTS ¢ structure

erti es of the eri
pre&gﬂg gﬁngﬂnenit:gf I[ }snnso arg%cgll;ze erl h #)1%01p1tgt}3% 1r1T%on exgosme

to, 4 re@1p1taﬂ)r|1 ARbihand pﬁh’fémtﬁéc@}dmg@, @Iasmtmb @tbcursoBmatayml
ndbook of Solubility Paraneters,

comppehieandareqipitationan lﬁ@h@weg|dilﬁ€@fﬂiﬂwaws 8? @B‘Plﬁﬁ’ pargmyeter

ma39 {)e QSsen. 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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conmponent in another. Typically, chem cal conponents
having different values of solubility paraneter are

woabosposisbl e in one another. In certain enbodi PEDUS2008/035610
structure precursor material conponent that is non
reactive with, and precipitates upon exposure to, a
precipitation nediumis preferred. Accordingly, a

suchtanUbbifi@eMaBeM Ofer SRR te@l cSPHPESRINE] 'Bg tl?ose of ordinary skill
preci pitati on nedi um having different val

HY@@@Gblllty paraneter may be chosen. Those of ordlnary

Skl|| can al so se_an, appropr
str C\{a{rﬁe}; gf%%ﬁl il can By Ul g‘? a?p SREH&B%Fﬁ &f h}e present invention.
MaMrEﬂ.s et 36 ferth sRAiuken oy tigus hﬁl%lh&rﬁl‘graﬁﬁfdir Rebah @8ilacetA¥At may be
npl & screening test may include m xing the structure

bloﬁ?‘@E%Hbsl%ranﬁ&@’é Hiciideclonpeimenie, synthgtie ﬁenaﬁu@é pplymars; merganic
U nents react
e R e B, Wl BB RS o rponent 10
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corﬁﬁoﬂeﬁ@s Q"h@fﬁrﬁr a‘ﬁﬁ@@éoﬁd%%lﬁn&er 'c&nbbﬁ‘en@sr 1tna Be VB L leo gnonomers

materials can be used fabricate structures o)
thapeasherar 4 pplkemetized. and/m enoselini;ecisse dotyodry that mlwcmtth@s

ol R A RLRSTRRBt e

compoﬂéﬁt tande iSdoyrens thelseafngfpéb!}ﬁnéfﬁioﬁfpoﬁélﬂ (0®ih a solvent
Si tes of inorganic materials with polyners.

corg ¢ WEh bafradymertogmprpensnyeh hehths, cogtnou@rtt@megcules
int é&(ﬂa{%%e%Bﬁlep tlfue{u?éa rﬁ&tre n&rsﬁa%gg sor

terial that |nc es at reast |rs secon
thepoddymemicdypmearihg thafr in derhixirgt pracgks amy(mdumﬁ lthemnterial. To

. CO ne .may. be, for exanpl mpnoner st hat can be
inc RS ST i 1L iscp ISR AP ey BRILY R, CE1SSH R b amene or
botﬁ%@l}@&:r fbinpBRENntP OA YIFRAihZ§! dln%g/eﬁ{boafn‘i’éft | %}%ﬁéﬁ:ﬂc o neent ofa

sui tabl e neans. Sonetines, the first pol nt
strustine precdises vlatesidl is rsubsmnt@kly: evldbledh pipescuconpamantbuf or

sutlofi BE it s R B ot st e Teasc PREBTah e

corﬂptﬁfehﬁ;ﬁrec@h@c@h}ﬁdiﬁdoﬂfa@t WIR G 516¢ipRi Rl thédiuMBYn Bedther
st abl e t her nrodynam ca , meani ng that a dem xi ng
embedigents a palymss @empplwnt n PHEUCBITE FFecuTRgr pmbeemd@npwd and/or

cro§stll§.t2é(+ b;'; %sul'tatblé 1%018{1&1.?62 ts&%%@ %Fc{g(g%B 1?) %{&ﬁtﬁdnz fieat, and or a

Cros reci e one

crosshinRimgeigtist. IAgfethitheg bmbodlmetm pobizo dbmpﬁﬁcntﬂaﬁd)'byﬂpfecursor
struc rec r.sor terial is

onent of 1a
SOLGTRATS AR9SSR P oadiPRRIALY bisel pribcit FliPEH IR anpler, e.g., using
knoWHPSH @R itydhr bl‘zfer’ué‘ss(ﬁ{ tHOb Enpdhedts Y %‘t} 'sﬁhﬁl@%kﬁé?m’i@%%tféﬂ‘ For

such that "at” | east a portion of the conponent
insteness pelubiditye parameotersolomt, dtitdehiant ptammqlme); ppil¢satibazhin Barton,

Haz%‘bdoo% ror}’Solgtbz?zrt])%’aramez‘ers, CRC Press, 1983, may be used to determine the
likelihood of solubility of one component in another. Typically, chemical components
having similar values of solubility parameter are soluble in one another. Those of
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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enbodi nent, a pol yner conponent of a structure

precursor can be polynerized and/or crosslinked by a
weuidsassst echni que, such as exposure to UV r adCauiSeme/035610

heat, and or a crosslinkingiagent. In yet another

enbodi nent, pol yner conponents (and/or a precursor

sol vent) are chosen at |least partially based on their
react %%Ein{e'ahbﬁhbf‘aﬂm& BARLM ?ﬁrog@ne%us sdlgidt INRWRin embodiments,

ity properties o e conponents or by sinple

noneepEive malmpamammthat:brmr ansiseibled(e. gs dlontogkhaops prlutivatag 2§ degrees
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conpepatembdinments, sipelinzar comporant icl wérs @B¢ Pt mpre photocurable
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L
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-tét%%lo%&?%\ﬁﬁlﬂﬁ@a}&n &t %Yzhﬁ Be ﬂ&ﬂ%g%rsénmﬁ‘fe& Yigé.CTms system is

curab omers, thermal cura
partmﬂam;es@smpe liry therspeabtall tagmsfrem éﬁO ars 5 mmmmlmgd, for

. and/or oli solu i ons 0 hac Iate
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meblpkisbpnd Bermal ctapaityH Cﬁ@baéro&ommlﬁ 0 SRR AP R Pl

t h
PO g5 5 P MG e s e
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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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i nstance, in two-photon |ithography involving a 1028

nm | aser. In another exanple, an organic-inorganic
woybosiodsissich as ORMOCER(r) (M cro Resi st Technetogg2006/035610

can be used to fabricate stiructures described herein.

This material can show high transparency in the

vi sibl e and near infrared ranges, can contain a highly

cr ofSdehipinhale dRhaRd iy Eoﬁgbwe‘ﬁza&é Mhat?GR! AR A¢ Blso
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polPedridmiaas| zmdrprdbein pdl@ysi sayh aspa/lbllirﬁiri d@il@en,mmﬂ)pélyw&chamdes
acetate, acrylonitrile butadiene st%;ene

CoROlYy¢e H@remf@@wr@wm%a%w eIy F@Rﬂa@rﬂn&qdﬁa%réa a
polgﬂfeyi%r%ﬂ%dn%?ﬁ s Cfid bﬁ%d acr tpégﬁfl %ﬂl%echfeg enswnal

ycol acry at es,
priguiigygéhniale. acrylates ethylene ethyl acryl ate (EEA))

RO T et eniop Gt Smﬂﬁgﬁr%?%%é) et ot e UV

curthb4 QERRE MRS comprising Objet FullCure™ 3D printing build material, which

is available from Objet Geometries Inc. Upon exposure of a structure precursor material

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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silicone rubber, polyisoprene, ethylene vinyl acetate

(EVA), chl orosul fonyl rubber, flourinated poly(aryl ene
wethmropsi3FPAE) , pol yet her ket ones, pol ysul f oneBCT/US2006/035610

pol yet her i m des, diepoxidas, diisocyanates,

di i sot hi ocyanat es, fornal dehyde resins, am no resins,

pl yur et hanes, unsat urated polyethers polyglycol Vi nyl

1sopr88{]c§%félﬂ<gk‘é)g¥egl}%cp ?/' x\él %Ma gﬁ&e@f otﬂ&l s¥1gcut y (Se?i'{/éﬂjteﬁl)order to

nes
decrddQt WeaApV %hﬁa@l&ﬁ@ﬁom@ezhscoat}bmﬁhbeﬁakeamimpbletfm application, for
pol ymers such as al bum n, colla

exanpi¢, s ae él‘iéfr@ftl’@@haé@ﬁbﬁlﬁ?h'@? & thiges %%?nmoélﬁ}dpr%?fo mers of
sugh. pol agigsr g gﬂlé/ﬂle‘fﬁ JoftsBr Bakedi fARRKSs a ﬁol?ﬁllei/ H8f can

cofrponen ased on its conpatibility with a
precipita@arpdh r&mumala ppedipitdtiog nheslbmi duene paﬁu@ﬁ@ embodlment the

ticul mho t

POIY@g{%ﬁ‘{’l%g@%;f ‘Eé‘ SB ?%Po@"lfé%‘ﬁ‘tjj’?‘?%&ﬁ%‘ﬁ%%r ¢o r’| S nldﬁk

sulfciek %1&)1;5#&1' Bl?es%ggp ?b@ghw/l Bwé& rp@mnk;a lsulfores qmyasalkyl
d e rom

avdi onetries Upon exposure of
sulfcmes,tandcthmhl@.pr ecursor materi al corrprl sing the build

matg;e{lqr (PO o %ﬁﬁ%ﬁ%@%@'ﬁ%ﬁ&l eaﬁpo?g&g&sal?e oY %QEF;&E ntrggdium

that B&&'Be%s&%é Qstﬂfct@@'ﬁﬂec&@bﬂ ebrseent moluds thutiete moelimitad to,
hi s enbodi nent

e structure precursor _ri | ma
polyanhmas(@ganvpgv(@@ﬁﬁﬁ 1§ém@ qaﬁ@plypﬁqny?eaedl.mrfeﬁ ) plyamites

(e.g. 8?15' rdez(ﬁér Ean?) (’Ngl(?ﬂ%' Y, poBiiEex@met3ilhe

|sopropropyl
ad pain@w)@klyloﬁm?)nmlymdeﬂ (@rg m!ﬂmndﬂ pobyniteleyanst her
ui tabl e solvené in o Sr t o decr.ea

bl
polsBEmel TR e b dibhanth e ERBofDS Tt SuESs o eS 2! ©
f & h
pol ABRAERL, iy ohly) BYAIRLE pol TN Ingbpedian B ohar o

polymiehybryapoaecyate) polyéethylevanonerylatlerolu by gaae acffﬂéﬁe)’c an

potsisobig e o) Pavaa neneie R R bbb A RERL

chlcﬁ‘ld@? 361351‘{{/‘51?%0143@} )p%lﬁ(ﬂ@ﬂg& ptyfidllnel)j @inyl polyexsn mpl}@hlorotrlﬂuoro
t Her sul f ones, Y y ul f ones

eth}ﬂmey pmbpqu(gﬁmexjdpg@}aoa(gg agq}pl‘s,dﬁgéo e%gl (ﬁﬁr 6ﬂollegqcmtene—
D, ueree e, %ﬁfagﬂg*r%*ﬁ{ﬁ%%???ﬁ“@&? ar &

ol§d&ﬂionﬁﬁ>’p@9but$1%ﬂe asephtisflate,giolyley dprybutyzse); poipbesnt

cl ude, bu ed to,
(Pob&twlétlm%lé‘ﬁépﬁgh) r@;ﬂaw@ﬁf&ﬁ %ﬂs};(ﬁéﬁel@? étra(ﬂ?%%(lylge oxide)
l ol poly(methyl styr ene)

(PTg}f(:)?j?ghgg%%n%‘fm rﬁ%) % o%%)dwl )p (y(exanet ene,
polﬂm@weﬁamfywe)cmmm po@dnvmyhd@r@sc it an Pl ngidene
ﬂucgtcw nI)pto %%?@ﬁﬁ § P9 cﬁ)&?ﬁ’l %g'h%ﬁ%r%%rlmﬁsdﬁh%%ﬁj and
polggﬂlny Xllﬁi@h}q@ne ﬁﬁhc)‘tél%plﬂhawyl)m{:foﬂ)diefw)aromatlc compounds (e.g.,

vi nyl'pyrrolidone), o (BT
polybenznmdazole (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 (e.g.,
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pol y(met hyl cyanoacryl ate), poly(ethylcyanoacry |ate),

pol y(butyl cyanoacryl ate), poly(isobutyl cyanoacryl ate),
woabos(oesasy! acetate), poly (vinyl al cohol), pobkgtaismk/035610

chloride), polyvinyl fluoriide), poly(2-vinyl

pyridine), vinyl polyner, polychlorotrifluoro

et hyl ene, and pol y(i sohexyl cynaoacryl ate));
polgglllci/é ﬁa?ztgg% ﬁaglll}gﬂloyﬁog%t poﬁlfsﬂ s b@llyé’l D ENGronbmers of such
polpwiexst as weall hsi oﬂaolepcbiymensel)ld npnmlomm daserilfesl Igrein.

| b t b t t t hal.at
Dol SBGPER Sot R bben e PSRBT Didfimitisn STiskpetpic
strfdEed canisy ﬁbfrﬁé&Wﬁ}@l@@)}ﬁbic%lyrﬁ&ﬁ’@dudmg, but not limited to,

pol y(tetrarrethyl ene oxide) (PTMO)); vinylidene

polpimoy pe ROd-y‘@ny idsne ﬁu%bup«}lly@thﬁlenmoyxwhmiyne Sugnidene)
polgﬁ t¥a( E‘§Eﬂll flf ch(n?eIg ny ene uor 0 )a)deoq)%Bglc can be made

hychoj)}ylhc ang. db}SSl(r&.cg modrﬂ:dayém m{y@rok)hﬁrc@iaglmérenﬁy also be used, as
m}ﬁgl%sopht hal oyl ) and pol y(i m no-1, 4- phenyl ene
dese @f8pht hal oyl )); pol yhet er oar omati ¢ compounds
(e.
( PB%) P aﬂgé p%%%gnzgg%@% hlc{gj@b%& r&PJb {W@@g%’é@l@% §., via
hbeo]yyiselr enguyatici odeacf@gqjo iLmsmne( @n@odlmpnﬂsylplydfrgndlctable polyesters

sucgl ¥?8 y?tch nes i}al Ia%lglc)@ﬁ n&ﬁ}ggm(yglré)g% acids can be used to form

StrRAr¥ACBY wh@ﬂﬁg) the Iﬁﬁin)éﬁxle?ﬁﬁ%s (r8r @xample 4n 1daﬁhéfgl%@1ﬂie%wymers
cis or trans- E | ybut adi ene); pol ysiloxanes (e.Q

physéstal, prppeasich phd 1:11:35 i tipEpNEihe H@ésrrwcnaétbhyamd oﬁmn@s)tance
rol 05l RN PSR B TOREI 0y i grs o

y y'@“a}“y"‘i?{aiﬁ Sig@S% st peane e‘z" O onomers of such Lo
PL &Sy’ﬁ%raglo %dal‘)a %ol yners and nononer s
des sd%g%[ BB
hyd%‘%ho |aj§§%?i&ogﬁopﬁﬁjﬁgs§ﬁy r op%wog\ﬁggg?%%tl ur eslkegglne
dedired f dlondunidifng leyaimplphiclude polyyﬁe'ﬂcme [ glhxdoh ALY, 400U mekiDrg

tenb%%ltért%gylﬁ gﬂeegﬁé/&)}@:%&a@h %E? 8 115%6 PS%O (melting
teniRtatideet 40880 PXDP ahdytbanedcid {rﬂelﬁ@@&nﬁ@?ﬁ&e =afp ¢@ast a

portion of a hydrophobic can be nade hydrophilic,
e. gln sase enbsdimentsradpdlymet proerrsquradtenHican @,ﬂcb&e)ﬁmﬂspdymeﬂc
SRS ERR BB GRIGLIRER TR 2o C it Rloppanic

mafe@ialy. sucl hacdryeios) glsssﬁhﬁiro@rapytite,tda&mheatb@gﬁb bulfferiag @gents, as
enbadi nents, bi ode radable ers,.such as
well g5 grugdeliyery a1y {eR o8slDew 1&1%&% neelidafigthy. aRpéiediap of an
ad}i'%%'vg%rﬁﬂfambe used to form struct ures. By varying the
nononer ratios, for exanple, in lactide/glycolide
coptd gema[rsembdrq:mema,l additdpe cdni lesacaled tale ginadat ipoevutsomemterial.
f. the polyner can be var ed For instance, .
Adfi el ol FRtustcnef st APLEREe! S5y SERAFEBI Pt ghepmargperty
(e. £XIdRbShiBcill/ B S8 DbREy PSS 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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crystallinity and degrade relatively slowy, while
copol yners of PLLA and PGA, PLGAs, are anorphous and
woapisthyo3segr aded. I n sonme cases, bi oconpati bl 8CT/US2006/035610
pol ynmers having | ow nel ti ngst enperatures are desired.
Non-limting exanples include polyethylene glyco
(PEG 400 (nelting tenperature = 4-80 0C), PEG 600
melting tepperature = 20-25 0 .4 i £
onto P by adsorpiipn @égyﬁkﬁr{nc dreg%téngl!ﬁgaécgﬁge %ﬁnﬁgltﬁ .ﬂgf‘tﬂce )
the JoB/HRE! 8. WEcaatiff of Hlintigthe additiesbditnesttusiure. Noh-Yimeting
precursor ‘materral can include a non-palyneric . d
exanpleseofi additivep includeibioast vesaenis (6. dher C BEFIPLpigins an
iacl ude. or gani | ' eLielSias Yadludfg anti-
Peptlfféf”a%gl%g:, 4 aggl,y g#?) rrgf%%g%giteﬁ%?&séal cilpzlm *Car bonat e, N
inflahdtety ddehpag ey, antimicrohl coapoundsgantetincer gorepaunidaagtivirals,
(e.qg., gels), which cap be solidified applicati
horniear oA S POR) PIRIEFS, 7 SEEBerF E R rEELe e,
and Qﬁblteé.vﬁ%e%?%i, Besiadeeslay B Froddssstbint ParRElCS Usif@Epray drying,
eriral. Addrtives may, for instance, increase a
atonibytinc griindieg,@r other sendard Jechnidnesy: Iaiseme casespddiies gan be

e..q., hydrophilicity/hydrophgohi ci 5
o ERERB B M PRSP gL v
can Bé §R6fpoeMed POHRIRAEL RE a Striditlel TR spne embsdiments; emjpdsite

and/or can be incorporated within certai nflélgrgld%n(so% bof.
struetusss fordissweengineespgend/asagan Kpicemgricap g fggred by combining
.incorporated duri i 4@t .
1n01r|tg?ﬂ.1<‘e gl?cg?r&glﬁlgicgrﬁlgioﬂ%at%oﬁﬁﬁ{lb?ﬁc&&)ohﬁﬁg % AHEHYE BarPlavd various

rication proces in other cases,

size@ddi &anese, anide hnckevearcasssdeotitmal dimension of tags thanfl tram,
the overall shape of the structure has been for o

I e e b

1esssdéa[d1u%:fn%r8n§) ?es@ﬂﬁaﬂrlpﬁﬁc?éh, Wss B Ao HhEGhéters! eEletd than Lthe
additrve onto the

surface of the polyner, i.e., by
nan6@afetsng or printing the additive onto the structure.

Non-limti : J f additi Ny ' [ .

ag glﬁtslgrrrrlle gl_a%_g,, 1%?5?{@35%33 ?q rg?egﬁelearﬁ és/d,%%b‘}reg{?ée# %gﬂgﬁg BFh ki¥&eture
whERL beeSure MG i@ Givaehsient dPoky @At cheplardedin amaineiatian body).

acids, and lipids, including antiinpflammuato
Relosmptamedsities ittt TS rIeeEAaton af thg polymer
foritgaRere o (a i ry L ABAERAYE Bl BQcialifed, BB

ins@héks PRI the _@E?ﬁdaﬂd‘n desiftiecpolpdeli. t Theasleamyratseofiheoadsliivecran be
into particle

S using. s dryin om.zat i on g
conggollriibrhe cortr By OISha A v (Y W SRS Polf et Bfbor by vagiarion
RERVLE ]F;;%nfe Bdedsity Of jrhéry Blidhas: thévilegradation
of@?%ﬁ&%ﬁéf%ﬁ?@ﬁé es, %'gggg%%s, Qg;ﬁog}: her? parti cl eség{r hat
rat€earieb vithreanmgroaties dfthaosttubBirerat eri al of a structure.

In sone enbodi nents,, ¢ osi,te,stru j it

g R e R DU g e
to SN BbrRSat{UIOG/EB R tRreBiinsedal fbfiedaredtiniquePan kome es

I ncorporating an additive can have var, o,u%
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 cps. 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



10

15

20

25

30

sizes; for exanple, particles may have a

cross-sectional dinmension of less than 1 mm | ess than
waQosrmsmsens, | ess than 50 microns, | ess than BOT/US2006/035610

mcrons, less than 10 mcraws, |less than 5 m crons,

less than 1 micron, |ess than 100 nanometers, or |ess -

than 10 nanoneters. In some cases, it is desirable to

50 ro@b 85 6r ARaRFtahicVR0DBI PRLLLQNT 0f stﬁmﬁfré H&t:ufssr WaRRal may

he struCture is in its environnent of use (e.g.
be dnq;b@nd byl vimous meamEi¢haas Ib}D ddding Rdileend ¢o e nagteraal dindliov

ine Bl #Psithi BRiRaBo R e SR RuMenk By ve e

incPehdéd by arfoRd nﬁ@nﬁﬁicﬁrambﬁ}%ddmg@ fHRAE:. & NSdratleSSor A sdo§fluid to
degradation rate of the polyner. The rel ease rate of

they etergl angioy deaasingethe dampesatiesdlihe mpsriah st ri but i on of
the %%johg otflars%gtl%?édfé egﬂgorr}ﬁét Iri@rde?&]fye? Belkgyn mgy }%%Yet zi}ly

varl r-mcrostructure
suicdbld ﬂnelepmila.lywaght SIu(SbnieltaﬁesI ehebrdlﬁgfeﬁid&ts lagnoleatler waighetetween

C ain ti f the str Ast cture
0o &rdobaeb Pida S8 elnrb bevier LONTipoiael igieer s.000-
1094 bARdICbetve&GPE, H00-1 9,008 E8nd1t bebRBRAL, IR0 ( gMol, between

t hr ée- di nensi onal fabrication technique. I'n some

20,@%@6106@ tsol, bétween 22.6680-60.000 girhel, patween 3GP0G:85.009 gireol,

betfR8 65 3008 B 2B kb iuern 2000575 0BBE RO Blbssahy 650,000
2/thel0 @mpbhetd BaGRS a nBEMEE Erdler IR RO (M0D P San 4164 BEaR.
15, 000- 20, 000 cps, between 20, 000- 25, 000 cps, between

25, @@msg@ahb@m&@ﬁgiar et ghé eatiozys pobuneszabloyrassknkabls anden
o 0 0 B o

Fov &g, the mbletiler weghurmorofatfmxppalymenmbm ard@l/or csosslinkable
greater than reater t haﬂ1 20, 000 .c

CORPRIILIO § e Gy @rmtaélag CoRpRIE g iih ol 6T 6B (pL.01:1, greater
th&rd?% &1 1 6@950 IQzQQr it or%gueg hEBU Sl otARR 1B, cﬁl%luﬁ% 0.2:1,

Vi sc Slty of e structur precursor mat er i al may be
gradigee tlease dqim) toy adi o gscaterdnan aeghalds Orfyl, grehiterghan ¢l dquelip

04 Shn R R Rt LT Ry S

1.9: NG @AG IEnOf a4l t0 @S], IFRARS tHanCdt cabaldy 3addidatkr thanl drlegtial to
g., particles) or a viscous fluid to the materi al

5: lglgmatﬁr thwaor eawd] 1@ 1 9 A eor grger thempeeqyp! o haterial . A
co %Q@Q&rlb@{% herefi} Eﬁ‘%rﬂé gmg{;cgﬁq‘éﬁ OJtHEgn&égg%ﬁ%&e&g{ehQE%re

her el ave any
desigisiso have:mtraﬁnwaltghhasoﬁofmﬁm comaponsei aldta ieebmzbecnnponent

Th% %@Qljggglpél&%lt o tevgerggtpéglgh%@gg ® él%gllegggie @q\lc\ﬁg] crosslinked and
th@ﬁ%%gégae&ggn%%%gla%ﬂgglgt ot %?&ﬁtajfé V\}gg'pe@gs&g % a
pr@ﬁqltaﬁen BRJIMO0 ‘Hhemtip off dtaﬁmemoﬁ@p@@@s &5, dadggthephysical
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 pélysulfone 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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bet ween 35, 000-40, 000 g/ nol, between 40, 000-45, 000

g/ mol, or between 45, 000-50, 000 g/ nol. Conponents
wbavisrngsm|s nol ecul ar greater than 50,000 g/ nol eanUak®e/035610

be used. Any suitable nol eaal ar weight ratio of

pol ynmeri zabl e/ crossl i nkabl e and precipitating

conponents can be used in structure precursor

dep'gﬁéhﬁgt otltfe GRRAE (%b%%?lz'aqﬁ ﬁierﬁna’f brofi¥ SRtire n%i %M@%&J ar
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BTN TGN CHT INEN A NE T
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equgh toat: breredierthar oeepual tors! erenter, theyr eraaqepl to I‘$é]n gmat@qhml or
h
cobficgh AEGAYEE 486 S Phgk Bty b AR A o
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midtp 0BT SR ST Sttty CEb A R RO Rhgqegiibed
in thb@tdet@dpsveCi pi t at e upon exposure to a precipitation

medi um The ratio of the two conponents can change the

phy$he etlospsaspienal iskape((eireplar, n*aarldtﬁle@&‘alaromqgn@nfsqﬁme or
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sone enbodi ments,  structure pﬁielcur sor terials

clirquk) cuessrigetional profileadn ﬁ@me GARcErhe Rpies mayhaye psnglent figmester
thapfs%ﬁ{aﬁlﬂt ﬁﬁﬁ%?g GRLEP e&ﬁ%hﬁtdu)ﬁ@nstl(ﬁl & & e&%‘ foe\%ml the

pol'yneri za Cross e conponent can result In
struntmb Inexry moaxpos&:dz é‘heseAmmrdandbyexatﬂp@ wedvghit passetgie of tife species

Itati n one to a .
ey Dot BPELBEST SR bt eStonh iR abe PPIUSsEyshyE, o gther
casB¥, fRdpSie %12%&?%6%%&6@& 1y BE MRSR B EdrABhONsJebRs Qﬁﬁlhfcﬁdhe
pore S1ze I n | na pOfOUS struct ure, and

strfcgirre enearhs %posyde Fughemioae, insome instanges, tezpatial giﬂ%rabtémn of the

0 0.4:1, greater than or equal to
porﬁsglaX%eng% ?Le than or equal to 0.8:1, greater than or

equa addtich tb,th@medloes désafibedaibore dadarding ﬂabﬁcdtlorgcrfqmr@r by
than or equal to 1.5:1, greater than or qua

rengwb%a cqrppanet frey @éﬁru%r%?rfcurgqréa%t@rﬁa t W B ra?thegm%ﬁ cregiing
por%s g &E&ﬁ?{g T{ DadLONseR li korh@ el%bgfmg%ﬁ%aﬁa%fe fhBR Bn@fechmque for

gr eat er t an or ‘equ
1ntlg>deahg potolazy inoa stanptmb cgrob@ased. Fohmmstapos, @omsﬁye Carobe mduced in

o SERETH DY REELEUEh AP TPTETSPOYY IBUFaPT-an o sox R gelsion
casBthg [ W@ poly G HIEIRIRO R Gt e [ PRetRh BE Faticated 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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the circunference of a pore and passing through the

geonetric center of the pore opening. Pore sizes nay
woeodabs3si ned usi ng techni ques such as vi si bl ecriugios/035610

m croscopy, scanning el ectrisn m croscopy (SEM, and

filtration nethods, as described in nore detail bel ow

The cross-sectional shape (circular, oval, triangular,
usddrtb QB Adurf36 RIS sBcthRC tme %@f@% maridl iy ih&8de, for instance,

unber, and di nensi ons of Eores can be varied to

mog@than@npaﬁmp@mr&ha\apgadiffcmt selubility ipresrtpiarsolvenisaiFor example, a

0 ave nt,i all rcu
e SRR Ay RO bF P 1 BRGNSl B gecons
cohp¥eend iy ahdledd paaticleether aré hed solublsitathe pblyhféﬁ 'buBwhich can be
smal | est_ cross-sectional dinension of a species to

suRsRieartly iisselved &t 4 pelver yhab disgalessthel partigles. eA@@r the sirmgture is
codt&d wﬁﬁi‘l’i@g’ﬁ&oy?ﬁﬁ'&éﬁﬁ tl{%as%@t%%e%ﬁloﬂe%aﬁéﬁ% 3%81@ﬁ{t?1§tsd1£43?ves

por e roma first secon
thepec@uiscontronehtyeg., td h:ad‘t terthemseasd cdrgorpat omitiepdrays material.
sel ected..to be much er..than a species to i.ch th

St r GeTar iy S A D e SR G BIPr IS PSR BAVINE & Wick
rang@ oF ﬁ%%est ']!‘ﬁe P@@E bR stellcBirb Py HeARiBim i 670 Yr ?&agé(%)‘y in size

e control n addition to the nmethods desc
if debisece Itnesgmemm@dfmwff, ctudtores déscpbedberbip are panstibictod tahave a

ent froma st.ructure.precursor nat
e G IRE R g P LS o L B ELE PR R LR 2g 85an abou
59usfedl pdres S Bndindiroma NhSavefadeotd1dife BRiotSBN hBHiE 2090, in
i ntroducing porosity in a structure can be used. For

SO, 63sgh AW, nogapishan atonh 1 e, anddn oher casea @mpwthalb@bout 5%. -
Thggwé%ﬁjz% U stRRturk Aa nﬁf%)é%‘gglt}?an (ﬁ%ﬁﬁﬁ tg 2 pde%‘r%l?n or equal to

t1on casting, I'si on cast
10®iréerdng) dess Foem orra:qtlaimo: 60 npaves lesamhdﬁﬁ)rfeqhﬁlitc 40 edlcrons, less than

dir |rren on fabrication techni que.
or gy 49 PP L T o S [ 01 Ty S i ay SO g pagrons,

les®thaRQF 8§uA1 38 1 %ﬁc@hameémﬁﬁl & 36ANDad0 RIS e&&ohﬁﬁéﬂt@
porous Skel eton of the inmaged tissue or organ.

inchidieg sy tHen onthporpsizess earbibaiohalfimiocsasiew susl asgthmedescnbed
on tec nique used to formthe structure.

£
aw%%nggﬂg”@8®§giuﬁ%$%§‘%%n be designed and printed with

an ofsfdeedribeAdidicln, @Bd@dih pods@lictadet BedepbedRdr¥in thdy have sharp
desired, a porous material can beused to coat a

molepfaa it ctipéfs MWD Eor eppepiso pblgast faterf the pengy of a structure
t
SIS o 5L BREE: L6 4 NG POIRAIES gAY 110

or equfal tosts chDrﬂpsz?hm on;mmali to Q0K 1459 ghamcﬂneqﬁal tb 05 Wi, bd3s tHa or
e 1S rne on conpon nt

eqlfaia ﬁ@gﬁp%ﬁf:?ﬁe& eé%ortfﬁlélf‘ f@ ki?bge% hamdr eapa te ﬁg?%eie%{%}an or

eqLQllPEo WthICQQEaﬁ’ Br SHAPRHLE {ﬁ |1¥ss‘%1fla°t126rlj YLEIQI th BOATS ¥ds¥ & or

hat di ssol ves t he partic e structure Is
eqtmd)m Uk kebs thae Op@:mab‘@ Mrlesalthart dreequalrta 6 bl 1asa thapeor

equa??o g(?k]!),n oralessgthgr? cr)]rt eqtua 1%‘??.)0' ves

Certain porous structures described herein may be able to exclude components
having various sizes. For example, at least 95% of the pores of a structure may be able
to exclude components having a size of greater than or equal to 1 mm, greater than or
equal to 100 microns, greater than or equal to 50 microns, greater than or equal to 40

microns, greater than or equal to 30 microns, greater than or equal to 10 microns, greater
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the second conponent, e.g., to |leach out the second
conponent fromthe porous material. Accordingly,
webkowsosn3es described herein may conpri se por eBChASR006/035610
a wi de range of pore sizes.19The pores of a structure
may be uniformin size, or may vary in size if
desired. In sone enbodi nents, structures described
thaIE & &jélﬁl R EmERO, GHEEE thah Or BRYE 11 HELBhI M&r¥ater than or ecwal to
onbgeneous poré-size distribution, for exanple, suc
100t no nore than about 5% of all pores deviate in

Si fromthe.average pore size by nore than abgut . .
090R PR REES POByE Ra DA 6 SERAN RSa0Pe DO9R ity it with
inh&ef8irofrE85thalite ROitdPN Rr LEPHY HEIBBEd2YeankREaBsiRgS 117 Some
of the structure may be | ess than or equal to 1
cas¢se stguatprgprenursey materiads ceoderpipbensilatish S@mﬂl@rmgg{a@nes
(0] . r . .
o Ry R385 e et RIS g 35
ultlﬁﬁltfaltiﬂﬁ to méxg6filtfeon ﬁarnglesq UEHesé¢ properties camnallow erandrhamnerto
equal  to 1 mcron, or less than or egual to 100 . nm_ |
sepaistsobFantes havae @aﬁf%@tm@cwﬁ%w&lﬂ% pegtaiy grgbodiments, the
S A UL b e R e A e
mofificetion ofothe reimbraer soufcet o ctamms, thesenibbas mayshowrgapd

. have arp l.ecul ar wei.ght cut of MACO) r .
bioggupmay apd Rl Bt el S Pl T oD bputesggpatines.
havg RriMEhBIdimess, siaire suataiat hfendbrithds dr@SHowHMers can

or equal to 10 kD, less than or equal to 15 kD, |ess
be fahriented ustgpelysiae (RD,a preeipitatigreostpoagiapnd bulboyrgl 700
| ess n or € t
e R T S
prepare@kvithe &itrbllble MEE A btetweene firaikample55-100RDal edich may
than or equal to 60 IcD, less than or equal bo %tS kD,
allqvathe tramapPThe! gl iops nybieRts, Waste BrodHgls, @Pt%- Qg tgxipg; ete.
Thd &Rlcltdrtgsgﬁi% g@ ;P%I%"tio%%%li ab PmB8ifled 'Bg vt ah& 88y kBRe el!ienéistry. In

equa rtain porous Structurées descri bed
sorhecasts) bimpedific Hphrelstcan bx chvabttatly bopahenidsothed itmthe surfaces to

vari ous sjzes. For exa e, at l.eas % of t res
supgpr S bR aR ATy AR ke § R AT s e o e
strilb@t N d3o abBvOS g8 ERInRIcompatibilty @8 lbldod-cbntidting side of the

greater than or equal to 100 nmicrons, greater than or

strstire) Iitbotls propieties wennog be earebinedhimrpnsrstragiyes, repdacgment can be
m cr,on reat er an m ,
oGP B EE LR O B B Te e

M CFIRNS} stfv@ednedxatpdeofar precisafortfabricating porous sttuduresinethe

than or equal to 100, nm In sone _nbodinen%s pQr ous
forgoptymembeanss.r A¢ shows intan G%O%W@Bb lyatrated & K10 & fifst component

D he : . ! I _ .

I LRy 4 bt (LF., Ikt tamid

54 0025 PRSI G ik Pl d bk o, R tacamias
andseeond sanmporehesé ¢.s, Bdlvuisd™ 768 retoms ) hay bemeed to form a
stmfc% grp?éclu?src])r nrr%?fglra?.n$ﬁe structure precursor material 60 may be poured and
sandwiched between two glass plates 62 separated by one or more spacers 64 that
controls the membrane thickness. The whole assembly can then be subjected to UV
radiation, as indicated by arrows 66, which can cause polymerization and/or crosslinking
of one component of the structure precursor material (e.g., Fullcure™ 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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and/ or hollow fibers. The materials may have

perneation properties ranging fromthe ultrafiltration
woOaoosioosshi | trati on ranges. These properties cRaTAISk@e/035610

t he menbranes to separate smbstances having di fferent

nol ecul ar weights. In certain enbodinents, the

menbranes can serve as bioactive nenbranes w thout
prédiffitafien n¥IRSE IS (8., WRted) to aleﬁvH@é’di 1@i‘$hfo'f 68t tofp&ient Bthe

menbr ane surface) for ‘exanpl e % nbranes nmay show
stryefBEe Nyp@ET Aol |(¢ By pdaath@réultfor@auwﬂém cemoial |q>6 atcomponent of

I uI surfa [
AR AL LY LB, PG EREAT ST ol
highly herhdeable fahd) etas haaa ab@cﬁéﬁhlbﬁl?bt&dgu tls:lhefi}fﬂct&@tﬁ(@ %uﬁg ggsharp
recipitati onponent) and Ful | cure(t
Mmf thgee%%fag‘%g fftfﬁz"@s pad dffsiondhixes. apfdanegenanes
m‘?g%% sﬂ%étﬂé‘%édoﬁlﬁ%ﬁbgﬁf alfic oﬁﬁ?ﬁ?f}ié )C(%i%tsﬁ}lagl_ref o, b&ﬁg?d in
applidatipnniayolxirge fortenempleawsgio matemftreetarmaarrd/bmmﬁcatmn

nutrients ste products ot el n- bound t oxi ns,

The T e iR Ee s aentzet entel BR A SLEOLhetrbins can S icesured
by\WertItratiéh $kop, 84SHAEEINAITENY S Ik Yllus'ttﬁteﬁ%ecé?ﬁ&ﬁlments of FIG. 4,

bi ospecific |igands can be covalently bound or

resgeiodr Peepnipympelesd soluten from lewppenmpartneena 86 & hppen compattment

B8 R0 ALY Oy 0 Bl
Tht pemplmpod pokksactaf nig: s?dhﬂﬁ)nctﬁn bbeostdlledtbyRimpihg Hatdh 82 and

properties cannot be conbi ned i n one structure,

Prfisé‘BP SYrR At apechEclic kistgetclhy sysrm.dpp lug &f thsrsobttiog through
thesﬂﬁ%blfahgs {dnbRmé ulfe'd%ﬁerds?e%'d IEtaft ﬂo@og%@:flgis&&ﬁ&fs diffErerdt

shown an exanple of a proc or f porous
solsltlom&:ctqntmng soluites of hnmvm)moiﬁeular aveizhts (Asd/sheivies) ican tzhEe
at ed in Fl onent

enbodi t il t
oS OE M B ot ik aoSRPRARGR: ot
sol%f-ibf{ 8t pdrrete soRitiR ChY baeRb asugeimiasd th%%?@ §iz€ %fﬁ?@[lﬁ@l‘éculm
Ful l cure(tm 700 nonomer) may be m xed t

Weﬂght ﬁufagfsqf themambraneezs desaibeddan momdetalhreths tHX@mpLﬁSe

bt abenty oBU bRl AR ERULAE ARHREY o SBRASIodRpuivt

stregaes f@ thdud dh@ﬁneeﬁﬁg a@dJSr drhen replibeaa®. ek kit@Gares Hag be
then be subjected to UV radiation,

for\ﬁggll oo %2%5@ b e s g0l fghrichiemtecbmgess. In some
eBRUMIERLS, aétm@aangja%erstﬁaﬁeé'awésfaﬂgldeffop&gu aRaRal e§@ﬁr5e8

the stricture precursor nateria
tisSB@ngindtringstemplatesrandfin s aurtxsé‘mral nmaax i ‘Bhe stmcuhes nneyriw ddee-

f t nbl. th t ed
dimepsin %ﬁa%?lgleegﬁthfd AP fﬁﬁongpf ﬁ 0SS or

indNRki 8 1hd |m1bﬁ)af3hﬁ§&(1re' hdFRERRIR 'oT ?Je' ti%BuéFaﬁH %&%a?@ (:81- ﬁstance,
wat er%} to all preci pl tation of one corrponent of

celgt;etm g¢1glep“fsexf @hesmwemtmn@fan &k fghsicgted tg mcikgieh@rwsmdlbfee‘yures
(e’?' he 50 s v e n IQIIOP g)f SL?Cr}]l gal?s g&‘@n %git;eo%%estsWadigaalﬂtees’ﬂl.d%ﬁﬁgubmreS
haviegtiianels.c@hesbdeatures 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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hi ghl y pernmeabl e and may have attractive bi ofuncti ona

characteristics (such as sharp MACO, and nmay possess
woi2gis/obsd3sr ati on and di ffusion fluxes, and haveCcgwsen06/035610

mechani cal strength, biocompatibility and formability.

Such structures may be used in applications involving,

for exanple, waste water treatnent and/or

inst olrefcs%é}pcrﬁ iqv BelfREF of lgﬁfe@ﬁ‘lg?%ell %I%Il fza%]ﬁ/o?ggt/léfﬁtﬁnrkﬁ

fbr ane can e neasure tion
coniseetiuPtissas bsetinean thestfactdre ahd 113.sshqst d:rumtonateaﬁ A«hvant@eously,

SR o L8 eyl 80 G PR 85 i
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e collected in the upper conpartment. The punpi ng
Wheamnl npress thee abbuit e oﬁalﬂ potes deialn ibaize Siany b Bweragg pore size of

t.em 82
the PSR GRS 50 GRS ART 204 SNRAA Uy inyenon grm be
impR@tddtihdn thineidybr bhempively anks: adamdnenygeaﬁ be @seduxddvo as

st eagﬁv state flow The passing of different solutions
bioarheial aspiplfeyisetit es of known nol ecul ar wei ghts (and/or

f’éﬁlﬁ%&mg @5‘569 %‘t@ﬁ%&%ﬁd@g &8 ik td {ddude @ﬁ@éﬂﬂﬁtutr&e Fc(i)r instance,

rane, erent concentrations of
a lafpelvigiseDiman bel fareicaedte irshida tsimel vesselsbrithis ¢hk large Vessel

Surge BB B R0 56 TRCIiFlot e Bt HO GG ey dhave; For
exafnﬁ 1rhéht539%11 %Fﬁfé%ﬂg@ Rbssel @AY b6 hRIifRd Witea first

véntion can be used as bi oConpatible structures for
grotvitsfavier tnigiweegrowth elwdfinst tyoe gheell apihg seakeafithe lygavessel, and a

o HE TR b o B Ry g e o

of aes'é@&ﬁl' 9BNd SoelltdHEhO WAt AT Il leves el U Stlbﬂtﬁﬁtwﬂfsanay 1nc1ude pores
scaffolds for cells that can be used as tissue

thatepiginesehangs of eivpMmepBEnt RedycsR 2R nteliqnicyey BPTIGRGANE. The
subgtltr]l%:g%g 4h$ % gﬁ%nt&tetrﬁg GEAL TROELORRA, 1 8NHeGREn TIcHify fdH8on of

I'mensions of frssues and/or organs,
the lsmhuehuf@rﬁfwcalvity postonhif adatzer gruatvde.por osi ti es of the

t es and organs.. Fqr instance, tne di t
o *RHAaF RS PORLAIR BErLBKd Catis ot be HEioana PR
dm?eHB|o 1B RLHE BisinE nEkthods@RserfbB@ Reréth. qh%bﬁl@%}nboaﬁﬁéhts’;lﬂle

pore sizes, snmall cavities, and/or structures
strdaauesrrgmtbhluﬂed/\m ﬂemplaTdrséQleceﬂ]wDW}e SVlmfernﬂﬁ be peRliedrtpyards tissue

ed for s ructur inv d
engggﬁe{lﬂ% F“ilé{?r (brlga%ﬁeg acheg 8‘[5%0 ur’e {@JSQ?%V}/%% cells agd/or
tlssgé’s ﬂlﬁ‘f B&pviEdISA SRkt pEbE ©ahé ﬁmmﬁméingéﬁlp&m‘vmﬂ, br

defining a cavity and a pluralltY por es |n at

ltaniveth B sURCIROARPE PSRRI GBS Wi baramRlEnger Where

tions of the wall or all
the\éb\ﬁ%ﬁ ol %a?%%hywaflﬁfﬂe%%&engg ‘e exchange of a
co nnﬂsmmtpa&@:@ar entbodithats) lseuatnes araysedetrhyd inghevgmpe af organs
thfortlon interiqgr tgo the caV|t and. a, portion. ext
a

ke 2 cauht portie Frisinsiaee, SHFEES RRYImE LaPdERPUgymay
incRide MBII6 VrERis afi®@bt efTHRALIrSihs sAAHAOFesS24) SR, 108, Ridney,

pancreas, gut, bladder, and ureter, as described in more detail below. A cavity ofa
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 pdint.

The cavity and can be closed or open. For example, in one embodiment, a cavity may be
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connective tissue between the structure and its host
envi ronnent. Advant ageously, structures including
woaommosisuni f orm si ze can be fabricated by nepPbooas2006/035610
descri bed herein. For exanmhke, pores may have an
average pore size of |less than or equal to 20 m crons,
wherein no nore than about 5% of all pores deviate in
deﬁdeﬁeoyftﬁ@fﬁtérfb? SPAEAn ROIR Haaflodd vdsiis. Bl éﬁo@illérteﬁlb%f:hment a
por es nore than about 20% Structures of th
camiry\matbt b@dﬁfmad) b ¢he hq},]omde instde adlarklerrads sush, cav1t1es may have

tive and/ addi t.i onal use
a VROl Siofs 1l SRS sr e bRy i ik 3 o Rlentor ity
porgioh UGidW pace@itsiBeof B ChEnt Biefefed LdsUdRrEODSIENG Y iIRScavity.
For instance, a |arge vessel may be fabricated to
The peyitygeayshrafiiled wisl BNisl, airs o7 qtharieempaneyes. v B same cases, a cavity
rf f b
ma e TREE i on® HPRIFEUS BF cOorSite) TERRLH & Sall offissues
mag fomeli forinktanee, wahibrades vheallaoihe Vnmeir orgy. e sasmei lrfstaades
ey G Y o R oGt 04 Shaf Ehen
po%hlm’c@ﬁoxtta €heSdiR t&f aﬂ@§§8ﬁm‘ﬁ‘%¥da@ﬁr P fchﬁ%/ W H&cﬁb&?&q{igre
growth factor to’ induce growh of a second type of
detaélbblom the wall of the small vessel. Substructures

rray i ncl.ud s that allow.,excha onen
ot AITHAT s Rl Rg et I YBREE ST B kel SRR Rl paces.

on &isBud @ dr@Ninexttiel tHelstrubtubd @ iBieD s The!Gdlume of ltheeca.wty may be,
between a cavity portion of the substructure and

fordnsjpnog, lpsﬁrthmoh Lofeswthpn 5§@ mls dosy thagy 190 mLapssdhamtQ @tly less
tha?lfl rﬁtt fegé tﬁ!n? od #%&@%rsaﬂ:gs ) %6?11181%%%6?@ éés@ ?gaglgl‘?]%ngcg%l%r, less

Imensi ona uctures using me
thaR €106 Inﬁnolitﬂsmms ehdaon) maziotiters, Wherestdluat ivrasasased ddevithin that
used npl ates for cell growth, which nay be

PO%‘;S?BIOifg}Sf SP@G\%‘Fed atis ga¢lessdngi neeri ng and/ or or gan
[ el ]Aor RBP4 stndchire ﬁ&%ﬂﬁﬁ% %%t}t B6n He?t?@ar% it WidkAessC %d Ray also

and t1ssues nay rown a structure prior
deftend omtthargsue er trgamin wWhish dimt &tmctm mainiosr fasinreases, tthek walls

t t b . i nt. [
(e &y BiFal TR P PHGOBO IR S S oEG Fof ey R P B 6 o e
blagférny ﬂ{ann%y, foP ee@Pte, RadditeClbw lor RIRPRINEAIE %Xc}féhFél 6f é«tﬁﬁﬁonen‘[s

may be formed in t he shape of organs_ that inc
betgegon pyrtigns intesier awbpomm@ exrfeor tettharavityed hlrhwllso(ﬁrgg lass than

50 BRY 11I ?}X h?c )E’ﬁ }ﬂhéaﬂaﬁé fﬂ)ds%n{éqsluju?t‘ﬂre% r(g gg ﬁlv%{)]@f Bht may, for

epl sSuch as vesse

exdehyple quulqulﬁﬂ@@&hatg;ﬁqf coinpdgetts beandenipatieis in@sior and portions
descriped I n pore deta of

extepr ferthy eavitys Iy %%Hﬂrh@%l%?ﬁ%%?@%wé\ﬂ oba 'éttr%%r&cgﬁ {Op &¢sp fhan 1
o PLETEY 00 RO 1cd A ks LB LG
micmoes thackn iess\lthah i5A ntnh@ns thick, less than 30 microns thick, less than 10
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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cavity and the structure, where it intersects the
pl ane, conpletely surrounds that point. The cavity and
woamswesissosed or open. For exanple, in one enmPOUiUSENG/035610

a cavity may bedefined by td3e interior space within a

tube of a bl ood vessel. In another enbodi ment, a

cavity may be defined by the holl ow space inside a

| vV
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exaﬁlg)[elé%tf%c%sst éahéégﬁbé& intféde dEBYLbel R, exanpl e,

Gior 8 qui ckexchange of components between portj ons
i ntIarmmmlangi tlﬁB]IIB!; amdﬁsr agtresrdfche baly Higfereny tngs of eells can be

i RO PR db SR sl e G e Ryl b e

for fﬂeac%nﬁa@& LS PR HitRue bessarl. hﬂﬁuslﬁlﬁ)cr&tﬁfcames Halvirk,
ess than 50 mcrons thick, |ess than 30 micr
dimeh$ioks andees@ngﬂaent&domhc relpiad fmihepatura senditians ‘?sfqﬁ? HisyR o

SSs,
e Tl DDA e PR i i
struefiré diDalibve fimbtenal interply hétvwmtre]levantaslls,l sgd betyveenreells

means the di stance bet n WO 0
cultured on the structure and those o r1103 g/nvtlronmegtp Oﬁwse factors may also

enable appropriate host responses, e.g., lack of blood clotting, resistance to bacterial
colonization, and normal healing, when implanted into a 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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poi nts of a surface, or surfaces, of a cavity. For
exanpl e, the inner dianeter of a blood vessel nay be
wdebisesh3by t he di stance between two opposi ng pOTAS2006/035610
the inner wall of the vesseld. Inner dianeters may al so
be used to descri be non-spherical and non-tubul ar
cavities. A cavity may have an inner dianeter of, for
ex a[fpbl% a F@&%f afveion n@issh@ssa?ldto?%ﬁﬁ of mteﬂeﬁsiﬁclﬁ&@t‘ﬂoé'e of the
| ess than 500 microns, less t m crons, |ess
Clr‘ttﬂ@mrmy@tem cHsngirculagary sysiem imgudeis élnaalmart (berssarytvieuldtion), the
than 10 m.crons SS t 5 mcro r
bloBy SE PR ersteFE o ArnPLGHE AR 5 dien Panapet islTipnl The
cnétﬂa/totmktéﬁﬁﬁmﬁ@iél tb elivdy bRgpeiDh@ritMaRoleNEed @hd h&honk®fo the
2&& a first and _a second cavity portion may be
bodsneed i

AYe sarbopdiaxidon pmp\nBiaang phlcr apriebalis Vﬁa@sfrom parts of
t{ ZI y between the cavity portions. Additionally or
ternatively, the structure may include nore than one
cav Coramary @rqlationnefersaasies mbesreertt b€ blad itiiroegh the elsmb of the

terconnect ed) ., For one enbodi ment
hea&QJPtsgzmsfca%Fssle emféh?wﬁ %?&Plaa Qlﬁﬁseﬁeggf instanec, Bearhigpue
ma n%?ﬁ:@&% ﬁ‘%hhélrbupﬁ P%f ?deSatndR)? rok&ééi‘l 6f cdrBith é%ﬁl%:hﬁé’s formglg the

ei ng defi ned irst inner dianeter and the secon
heast suq hseit wglvaaﬂnaysrcot by opergapnaimiatiye In thedatktr ense, when heart

BB R 5, e LA SR LS 9508 s

opéBatidtfosB avily| PR peiefAskbnl dTHekrt ShiREBHaY ceabB SvHeR @RNehlves do not
cavity may be defined, for instance, by that of a

opep yepEuer de ot lefmongleblapd flewdhepugh; thiscondition isedied stenosis,
WIRAGRMEH VR, n I RRE bR S IR0l 1R 3B piack ObnEX A Mloian's

rati o of the I anme e secon
thi:". C’Cmd[tl(ﬂll ia el eelrincanpdincg besdgargitatiam ]]n thesegnﬁatdeﬁ Heh@rralves

mag i S feaspiaeed i onaginbiligeat mathoth dscriibd S ciatienned to
fabhlaé’t@ hé&P Véllvveso(ir e.d] rtﬁ@ﬁ%fd E)ﬁf?ﬁbnéﬂp nﬁtralsgﬁ@’of'{tcﬁﬁ'& th(/@ﬁ that are

such as certal n vess Have a first cavit
cogest with filthaof aﬂ;;hmm keawe to mwntdﬂ@m}sﬂettmgs Int mmthemiambodment

on a t ort i 0 e rat
on BEERRY oIS oY Rrh R Erecliiios el o SR UbiP Snehif B 8oyt
end%é’ddltisoél@inf&%ﬁ)ﬂmf @fe 1RhrtS UiatheSdrivdBlet! BSsoMEcd@s af higRial valve
in nore detail below. In mmcking tissues and/ or

may coEng s cerpkinpiien of adiditives.sheh s /fhe ones mewtidngd gbgvepdhe heart
Val%sr c%ﬂ%%qlsﬁ({ ??e(\;é%ioerseﬁltagé NELES ﬁedrpvﬁxg)e%h%n%cf/#r 01?1‘(\/f‘tﬂoeas a scaffold

ro-arc are responsible
wnqmﬁﬁﬁ&Meﬂuaﬂhhgns of the tissue or organ. Thus,
structures, havipg di nensi o and, arrangenent s
ol o rg? Hieg e ReRinRes e i AL Rt oarEctBidUen an be used to

fork! s%%Hﬁué%rof%egﬁlBo& @&saes%,&eﬁl"ﬁfémdg §5,%J,a%lﬁlf %Jpgl%ges, and

structure and the arrangenment o
lyngthatic vesselsc dhe bldodweﬁsahsylstemqladeps htoed phayngdabwskthe body inside
nt c e.g., between cells cultured on the

theﬁrf’ﬁl&?ﬁ}f s g‘ﬁ’& t hose of the host environnent. These
ArteAes QS B18Yd kSR 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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enabl e appropriate host responses, e.g., l|lack of bl ood
clotting, resistance to bacterial colonization, and
woaaorsabsizeal i ng, when inplanted into a mammal i RAT/US2006/035610
system The present invent@ss have realized the
i nportance of addressing geonetry, 'size, mechani cal
properties, and bi oresponses in fabricating structures
are BE p&h&%f exEALO8EHNAE RO &S Qﬁlﬂ;uﬁ%ﬂﬁ(ﬁﬁ? T8dks. Components can
especially for structures i1nvolving holTow and
crcgpm abpé.l quabf b gapidlariess fatgsstarich ey passing through aii between the cells
thagf ane aspect of the invention, tissues and
8%1 FWt erest include those of the circul at ory

Sys S&ﬁ&tuf@@ €or10dse G kerhSlatés Fof TER B dvik el BS dédignddqa itimic a variety
(coronary circulation), the blood vessel system -

strpeiyies afihe bigodeiessel piom. Enwmernbadingents,siug@resiopn serve as
U g TSGR SSRGS 0SBt i
vedshlereplachmenss dStich straomyes naar zoused if@};thedm,duaiﬂmmﬂ vasslin vivo.

ot her net abol i ste fro arts . of t e body. Coronary
i r SUPSHHTES dercatber Sefet lﬁlﬁ%g]ﬁg%)%ﬁamthﬁfs Bl he BgBwing
1nt511ﬂ?r cta{fl oﬂ fnd Q?oﬂﬁﬁretxten'op t@ﬁ%aﬁ?ﬁ Cfhe PRERFORSy Rhve a first

ear becone di seased. For I nst heart tissue
endmgrtlnmand acwiond ead portion] whigh phay h@fopbn@ijotmi@b/edr Iosopgeesses,

e BEiTldo H e5E GEH A RS i ARl
dirg@sfons vhee shaacﬁte M v&?’ d@f)@ldﬁr&g%‘ﬁ ihe ﬁb'aﬂﬁufé& es@y patt theRucture
flaps (also called | ets or cusg@L t he val ves

wilh peimic vdieed e stregipreywillheqpsitionerhiat the hodf, thrediza ofithe patient, ete.

Fof*&%’ang; %3}8%%@1%@5% Hfaly\gl\%lv%( ﬁé 1&8%&18{1%&9 Sﬁh/gﬂ“&#&hm%etgpoﬂ%s than

10aah) lesk thire asn dess\whan?2 ShhﬁnVIakSVtESn t6 muat OICIIeQStﬁan 1 mm. In some
rly bl ood rrayleak|nto aces wh

erBAgianeal the SHPRrC e FBRPIFYSY ﬁaﬂp BEPATHE }ﬁﬁléi‘)éﬁ @ad gyay have a.

ler{%ﬁgl&’étgéénafd B add JNBRE of ASHBEEES mnD&RT ’75 I\ﬁ% gegf:? 4Phm); the
to be replaced. Ih one enbodi nent,

inme dipmictye chaydrage a leregth bfahostdl Stom, fand theocaxt@ dwaﬂt:r may hes a

e hatop b1 S50 Ehe BB e T Skt PR O e by e

diffQerRe DéORHen PhRPEnd bolet Hgheteld) PISENRSIes @FRRAVATE& N ra@d® from a

artificial valve may incorporate additives such as
fevapii¢tohotiiec ¢ fewieeds) te mllmﬁﬂéﬂvd@ndocar ditis, an

' nf% gor&fpca%i ttl? stpu% 1112{ ca flt ro%l Y)?e% in {r;lmgsce rg‘faortmn of

cases an ar 1 Cl a ve ma nat’1 on
thedstruaghed. t ThegSoresseimihvaas 1rishfb ﬁﬁeﬁstme; llafgeqﬁr@k(e\ge) graaw than 100

heart val ves can. be used in viv Iace dis
mighepimays, Betadbleday gHowing lprgergsse ghPAOPaICS: GREPE Oé

fac{llﬁﬁtn‘fgelll Fh seath egf)f 4111(5?%}%?1%@ Bkt V\%@Hgﬁ lnﬁﬁn(gr cav1 pprt 1on and portlon

ree-drnensi o abrication techni ques Ca

exteriof torcavisy. r Simallipeses 6.1 kess thian 600 visees) mayjsbeesmtable for growing
smiaﬂ c\:zlesse st O%éﬁ %relp%%és and/or for facﬁltatmgrriel%fci\/eg rllcgjw 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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| ynphatic vessels. The bl ood vessel system keeps bl ood
nmovi ng around the body inside the circulatory system

wan@roossscarry blood that is full of oxygen fpromush®e/ 035610
heart to all parts of the lmedy. As the arteries get
further away fromthe heart, they get smaller.
Eventual ly, arteries turn into capillaries, the

acrS{TRl JofS bt tﬁé%@le‘,’ 65 &glvesseMHab e %eMcﬂgfi bbtWeBn bBRs of the tubule.
tissues. re, the bIooglnthe capillaries gives

As suohgthe tolmle mey ¢edlids aibehspa kst cayityt(bg., wa stterieragsvity aotion of

di,oxide, from.the cells. The capillaries onnect.ed
the {YH D & EHB AT RC o FIRD FORTHRTLHE TR hoBGe Pk T
innb\@aMEle St 06 tirR icSEBS toahe fheYdiakteY of e sedonddabideay be, for

towards the heart. The capillariesare the points o

exagpih apgéer eanvis brereaier thhwdd, aivates then Sub arasteT thagslfel, greater
a3PRORERLT 55903 B33k ARl WG 08 Sy 00
t haln donfeecniodimans, Istratyres Yesatibed hewin @n beased replace a

tenplates for cell gromh can be designed to m.m,c a ,
sectign Pkt hlogd wsfé@lurl@spagﬁmt haich p sBRctyreday( inglide apqinteriorgs
I : r : I I

P S e B STt el B lnd
second emhpltetstruaiutd ¢ancilsl invieds sdctivepthacemdetused Suinkerconnecting

structures may be used for the inductjon of v el s, i.n
Lo §0F CaRSrE hsss TG EEY [ouat rdveap oty BEoYet mHRFH B
strR@R 8aPbe destdhle 1 ReluddiaBuralityesfisQéh &RNbAsY THRIskttddhsahd) each

a portion exterior to the cavity. The structure ma

be Hefisd dyfeavist parHenplepingoncetnin angedignetce nkh 3981 42695, the ratio of
whi ch,. b . .
T R L b e S

cture to
poriidgilcan BE euaP®t I: &Ndreatdin@adl il 11e prbtenthanf2: I, Recasdritheat 51t egreater
vary depending on the particul ar body part the

thag‘fl%ue_gma@r than 20k, greater a0 1108 searg i 00w 1 1 be
ng irtht QAR l%f {H%tsﬁlﬁ@tup@ﬁw hh1tes BlidReRioridie tRAY BH, les8Hifan 1 mm

exanpl e, e structure may have an .I nner di'anet er
(e.gndsanmpuot Bss thaaPed mm. ofn dnegpsrtichkn ethbodiment, aszall bnstBicture

raf S o o e 593, S by PR e b0
thak BRORP RS, HrbRing, Q&ﬁﬂg@%g@ﬁl@@ gy presiirdmitefivee B, for

 engt h between 10 nm an mnm or between 25 nm and

exaaplarpuinping of the heary and freidiflovethrelighites sruckug. Helpsired, before

. t h, of t. 0.5 '

iSRS Spt S P st Sad FR AT BE B0 (RO Cor

poftiofs, TV HMCHAIl 6f the ytrbaute Thasdmbycld buls dndyf naacient ekparito
i nner and outer dianeters, Thicknesses of the wall can

conts dlee dipmpter 2nd Whusithe w0l blogd flow, thgyeh drq siuctge (e.8.
ol TP 1 b PO P85 AT SAAYEL AR Gcpic,
respédtivelylr b sofiteecapen; es additionad oyter lmysi afezonfientive tissuwmoey, be
grclv?r{ gr?co Et)l?eré%r%c’&l?é. 9 ’1a§9e2 g? E:lggtict ft;‘aaerlﬂls 1%19159 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 eﬁbodiments, 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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m crons) nmay be suitable for growi ng | arge vessels

t hrough the pores, and/or for facilitating high
wexaeisangss of conponents between an interior carCryS2006/035610

portion and portion exteria@7 to cavity. Small pores

(e.g., less than 100 mcrons) may be suitable for

grow ng small vessels through the pores, and/or for

envn%)g?x‘lbeég f]ﬁlen olupihgé %{ﬁl‘é{lﬂ% 2 uc QH&H ef fst ! gfé?g%gééﬁs%c}al

fluidegdidihasieling fidste Mmmﬁclalmtruuﬁm‘iman indlidea calvrty @ortmn
cases, structures, may gﬁJ ude one 8{ nor e adg[lh ab1
compipag P ONALNEIRE HBIckRsHs OhriEEexaic e ANy other surtable
thlcﬁH%?sf lv&fi‘&he% it HnE& WidendotRatelst hhrs%nﬁtbﬁébsaeﬁwau\b@%el
e positioned in at |least a portion
capﬂAmtyhiasl aahnckrmsmf mngiavclﬂ ylrmetandwduﬁertth@pﬂl?m pleyctiges may

1ncl@ssgga?l o%sl %g@geéghaﬁ,% ﬁ%nsit? gl?cg\ér é}/es %6%}6rc1ns (e.g.,

abo'l rh{&%oﬁé g5 8ok b&%elbﬁleld@nebmu eRpiligtywean an@mg eftainhe
tubule. "As such, the tubule may include at |east a

comppmants oast xsyl and ogt of capillapies e SrbebWeAn AR IBiSFiET eAYiigmOftipn and

t ubu and C a
a poption ?‘S%%Oéltg 3 g%? Q ity fsﬁ%f%éﬁ1%nmss@e a?rrg% orid® P‘fa{y%ﬁo@ff
certdih rsﬁiall@aﬁipbﬂeﬂt@sdch @s beﬂt&m didbelned moleotiles (’eeg ssmzdhxd)ns) to pass
cavity nmm for . exanpl e r eat er t han reat er

acrophByg PRICE, g@rnéqy[ @hlb@tﬂg,gegcolnp Jétgtsgq. h qsl,pgﬂte% ]f_ﬁl)n'g B?Ségxtgearcross
Tn ahQHRE: ggbo]d%mgﬁte%%ﬁ%ngtenﬁ%o goﬂentgﬁc%’sts%rc gﬂl@ﬁy Wl cdn occur by

greater than 2 or greater than In sone
vesieleb tslibwenlisof the capilary selldbatai¢ibepicinapasients depm the Wleedy(e.g., in

to replace a.sec on Q | ood ssel |n
the tfeior S0P B 6 YA e baE Tt REBonts” e APy L bl and
expaocﬁérh @ito MRV R ualink RESk (6ioaiRb rportonRsXidriod o ﬂfetoawityz) of the

e cavity, a frrst en and a second end. The
capitary)c fluyes otleen embgdlmqméquawog@r&s mer sxelipage befieppan digior

cav Sp %%rel%l}% %g%lo&%%enogfy the F():a lli}P ?'ﬂgfs%é ch'Eﬁ Jﬁé Eélpﬁﬁihg For
inst@hdeUEdrbiphetB mdvediffesd oradhd b)lobdil tlto de callp bﬁtﬂlalcaplj/lalcffwalls and
such sections. The sections .each be def.i ne

thernia thy spapPwIdRestise MiGeIRleppIrey RALAISY S fistgiedt jrctude
one 09 C{rg %?a.eﬁ%l{xmg Igﬁltlgtﬁlteh Quinth EECbRB Gl &k FREEde REa trdughSthich

por e I nner dianmeter of a second
theeﬂdhahgeabcrotmmmmanarb@coaqual to 1:1, greater than 1: 1,
greater than

h 5.1 :
O G et ST, e PRI AT
and;t%%fr%answ&e"{ﬁ dstiOf trﬁcfke Bl digdsuve tr&&)énb@ﬁpas@estthe cfam esvty,

ss than | ess than 1nm (e.g.,

esoplms,tdhcmadh, Sma&hand lrargmeteptmqsi TeOIUEY, ARG BB @mff%feﬂﬁains of
a.structur S i cknes

e e PV AT ETRESR i v, o

mu&dl'@tzvaﬁ|t1'12@H‘aﬁcoif%feﬁ%@hh@ﬁmcé@?@hidh&@ntaﬁﬁ@pmhelmbsefllspt"ﬁmm organs

camm‘%ﬁééit‘bry%%q%Eﬁ%a°$§e§%3q‘°rhm%%&ﬁﬁfq?"%fsw%ﬁ e pfthe
dlges%isizje rtl%.gk t}%%aﬂgf‘?equlre 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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i mpl anting the structure into a patient, snooth nuscle

cells may be grown onto all, or portions, of the wall
wohodsiwesssr uct ure. These nuscl e cells may cont patTiuSa006/035610

expand to control the diameBer, and thus the rate of

bl ood flow, through the structure (e.g., contraction

and expansion of nuscle cell may cause the structure
thelc@nfihdrdt urRtfidn 60 f}§:tg'u't CLike ARTREA Sird&1ek of 12 cﬁ%ﬁﬁt&€§gs?em

an additional outer layer of connective tissue ma
Stﬂgatwm%ﬂw dlgeh@vesﬂrm be formell aiy biodegraddtds polynkisher s

may r ont 0 ructure

gr e£1 er e rgg g\/\ﬁl}e H?ern%% ﬁqéﬁuref Ared 8&@ ag%tgd{llﬁgﬁggt-
assbiigted totdndt, UG@t—@@BmE’%d @‘Beﬂhﬁs ficRifle ahd$0i0 @G AslRR| Be BObY BRY the

t hat degrades, for exanple, after healthy tissues have
PGS o ThFRE FHEANS Arinads wr eldpreinkizediepitheli) cellswislamrdocrine and

didve CrLi: .

o REOAREORS fo e aEl et B S EpiTEL PR SRR porions
of thk liwr. e'&lmﬂamg & @Jfrnmrsaquamhy sf ]sballes asntaining lephtdcytes that are

wa d. white bl ood bet ween t he
argB e Blﬁjf} I Pekvives ﬁﬂaélﬁmt?%wmes ‘%ﬂ%é-gen 1B RgRUHEgoids can be
fouRBY IThe BEREL of TRY 1dbRI! i ff: cchtPd] veHAHRY ﬁns Y &igel 'rége?\fé bidoddtom

fluid and/or surrounding tissues. The artificl al
thesinugeidsr b seaye ¢middiments, %@ﬁqml;strpgﬁumson theotppé of lingr fobules can

ve i O, Bt DR800 4B RS e bt bves
Thesdoohbtdnde deeighsd with aSPERS1€ BSE@ S aréhiteBlute @bt 41108vs spatial

capi |l ary has a thickness of a single cell. In one
COIE-WE ebthsspeding apsallsade strychuee maéfsalmgwhud@; pigawidahairnctures,

wh{%ﬁan ct1BH la? éaﬁp@stfopgéﬁt%ﬁmk %idcbdg d. T ﬁ&es’%aﬁrb%'}ﬁ edlvﬁﬁis

m crons . I'n size betwee
hepahmytee fih ﬂleoﬁndrfspa(maﬁ ithd saalifolwmﬂd, a plateovalhgljment @center can be

onent s s.in and oyt of capil]ar]j
Fndainelft Bstisom Eerty Wgwmeaﬁ Beand! loBKies ganhave
dlnf‘eﬁﬁl%ﬁé Qf aﬂp‘i’oﬁﬁﬁte@f‘@ 7im&® Bm. TRESEEIEOU b Gbricated to have
ti ssues). The pores may allow certain small conponents
porsgidiat ean f@elihtam exadipsgoifsawmpohetuFes e)(aen@e,, exslmesigk of ans)

coryBuB AT 5°SE i BePRbPEEe blBThepatien s s PbESSidp pruotures
(e. Rt AR BHALI JiRAdN) 208 EHEHRPELOOTte S SFRIEHDAY Be P&ﬂéﬁé&%’c a Portlon
capillary wall can occur by vesicles in the cel

exteriy te A qavilyy Pakes car berfabprard tpdhaye aperieited sizes nGpmﬁéally, for
I t &
v 168 B mel e IR IAHE heYe AN el it Rlon' g pieron
rangend expel theminto the surrounding tissue (e.g., int 0
a porti erior to the cavity of the capillary). In
yet Tt frege ﬂ%smn?ﬁélﬁts trugtfes SIS TGRSR ANl H8theen

rep Pa@erh@ﬁt%h BE £RFated t@ﬁﬁﬁﬁc%rﬁ&% cﬁ*m@ﬁ&q feaf eefh@gé&,geg*rs Xa

t e cavity via passage through the ce inin
miNedsikaerine-enslonpongland thatgrodudes heommdnes sutthes ibfudimcind gluwagons,

t f th nd then t he
os Wl pnTeat e urs e Rrdfet Rre i hanPaBlchily midemp o 2.
pro€t@s, eneshd Qarchy: | Tidehormone-producing cells are aggregated in the islets of

Langerhans. Pancreatic 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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one or nore branching structures, which can create a

greater surface area through which the exchange of
woaopmusisss can occur. I n another aspect of theCcT/US2006/035610

i nvention, structures are fabricated to mmc tissues

and/ or organs of the digestive track. The digestive

tract enconpasses the oral cavity, esophagus, stomach,

syshétR| tn @ndind ShB&RIImBAG Y tHRERvenkiBH, stibtufdddn Atkhapd HEisland-like
dlfferent parts of the di gestlve tract may display a

stregtegies age Tabrigatedarsing Qeglmlqmeé degcribed herginh Thgrartifeigl island-like

o LAE LT U 0 BB Bt

cel&ftf) e kedlcdyn PictRramddostions, 8., ﬁ@d’n‘@ﬁﬁctute@&l@ﬁht@dhmg@%@ to guide
D seased organs of the_ di %@stlve track typically
thercagibiaries. Jgke Hie Sivsturerdeseriner aheve suctuticy 3t BRmiigortions of the

s
pofi SRR RERTRIL TSy PR AL ETRb 1560 Bl pancrai
strthqwtemnap ibe ubed todremt diskased svehtis dlabdzteymblhtns can be
fabricated to cadseae sect i . structu
rmy TS g8 b 8 A YeBliR PR e oG S TR chdoerine
orgaal. Ul elm@a%@oxfgmbﬁaé tﬂa»ad%his&hg)fm@ ﬂ&?&thﬁﬂid aﬂ_ci"blfﬁeal
scaffold can then i mpl anted into pat1 ent

glavfe Thersougans are mtaﬁ¢ EP apendoerdte (s, hp@mr@cpm@ucsmg)@alm %}@t are
locgfé%i V@%u qgs%sto ttl? : ? %gtalg% r%ééi 25 Ve“afi;'rf {ha ICI;S:»:JIGTZ(S) %g? 01}%16 fans. The

arti SN cul
closy piogimitys bf heselirgansab tﬂid’l@lpﬂlaﬁe§£llm the ddod@adulating factors to
formed jn Dbi odegr adabl e pol yners. I n another aspect of

leaye, the;j capidaripsnd become gy thﬁeH recspioreen g endogrngicells, triggering
|
thqufegéstﬁ‘ﬁo%&?esg ﬁg%'le sh@cef'hf)ﬁﬁ(ﬁl%g Hf‘fﬁ%gtlﬂe pan ilfbﬁey, are

the salivary gl an iver, reas.
sulishqueatlp dpaitsited m thetedyio bodd wiikcicaptorein ejpirttisaldsaln some
m@ﬂ%l s w th, endocrine and exfocrl ne functions..|n.one

BHnivesidocuns sryqiies ey TpRriqalggto hayeq spesifi mico-

ardBREIRMBat Aflofvhehd de¥lihig of BGIsIVIiHEN cdrinif RIFRGbRSST thedtRicHire.
of | obul es contai ni ng hepat ocytes that are arranged in

Arpﬁqab@doumebggamgnax hefahdpriedimyane plhsghedegree of vascularization
Si-NUsQi ds be .f ound, cen er. of

g R EORS TPl S BRI A R o e RP e 1

soh€ 6@y, @8t )il A b Erdi® drhsekdadd Wih high fe6@ty. The pores may have -

enbodi nents, artificjal structures in _the shape of

a vpfictg of pigeidependiag opdhy pastisuarcaenn. ke ﬂiersﬁrélﬁ‘ih‘ﬁeé deggribed above,
L
str%&&l %‘g%t ﬁllrﬁ&aéﬁc]l%l‘?ng @?aﬁ cfgh inB g%fgf{ég i be\@egﬁ&ﬁlﬁ pglymers if

tes sca can esi gne
dem&dc |Af111ﬁc1a]i arloednchighechay ke dipdied.dot omenegadwaids treating

ﬁn trol of the seedin of cells. The structure may.
insyiticient RRdYERO PIRNIBIORE] D98t ur es, whi ch can functi on

as eaidih@AspeRt oL BRI RtiNY sBhaaks a@ﬁbﬁéa‘%&@% rﬁﬁﬁlc |%&r‘uons of
filled with Etocytesmthemner space of

thesresfifatsiryl sysderd. dhprespatae $ysm inckudes the él@nh@randéhe bxags In one
emBRER, AsteBi eh el e SRA G dRFRE Ftfofyof the
trahed. MHE XrahddlTy a ThEilplindis bbd frefdPandas h@@éd 0k efhetednilpasses 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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pores that can facilitate exchange of a conponent. For
exanpl e, exchange of a conponent may occur via pores
woebtoswesn3s he bl ood contained in the sinusoi dal PCT/US2006/035610
structures (e.g., an interi3or cavity portion) and the
hepat ocytes, which may be | ocated at a portion
exterior to the cavity. Pores can be fabricated to
and) BGvnAnMoAhe BfificPil sBhcteR. TERRAHMRdI¥irudiBfes chy BE 1ih&f\'sézitﬁ Riliated
ores may be fabricated to have a cross-sectiona
celﬁia HEaddP Mo Ve forpigminatier{eigariyst) fiom thaeirey setiab thiepstaty, out of
hedhhyict ures for tissue engineering and/or organ
repfacenent can be fabricated to nmimc portions of the
pandi emsembdikmpaNs stedSureTad boTabeidated effebhee aiRdaeH ioR8amaged
I and_t hat produces harnones such as insulin and _
porgnoa& g95be dungs T hgdymesdaclpdsmair-eandusting sagments gk anthepronchioles,
. . I r .
RS b s BAL ARG A0R SN bR G bR of ietrachea) nto the
lunge! The bngs algg imebaledhk alnedlhehd whwiasorg hottimg evtleengas exchange

Pancreatjc.islets.are scattered throughoyt the .
tak g RS ARG B AL (i BPecbY Eespigtiem's
epifiRULAYL ¥hidha FesPHSIROEF prodRideBudIu PRE 'MaaBhRRIsdd0tructures
into tubes or ducts. Because of the need to secrete

aretfltiqataddp mmés portipns efibe bircodduting asgmedn cFadnstence, artificial

i 51 b 1 Dblgod I Qe
brdgShiS}e3 e tbrAE g s TR S Bt O o
(e.4.20.65InhrhBlor kgs tHag OStepRGEa dibmbRE GPRESthER LRRN 0tk less than

islets and the vessel system |In certain enbodi nents of

abquhe e At WD) OF age thanebovi? mRe BiraBickagssiand dingieriad the
brodbhidfl Wr&tud rvﬁu_fdgpéddef@aﬁréés bf Fhefp%gfa%h%m ARG Q@ﬂin the
I sl and-11Ke e

herein. The artificia structures can
lungethe gize df the tatiug, etcs pdlodtfuctires afthoe @r-chnduetihgipertion@tn be
R caa eﬁ%bl eq erldocr ine . cells to be s ede%ri n prefornmed
orfiise 48 F5RStiliqialdnicrRpset SRt Qi As SRMAPS Ky engiasyrgh desico
corBHuEls. FHEnSERdel IrAdonfScasdd, KR dritei A Jirtdehubd I%t§¥] dsscs sefia for

above, str uctures that mmc porti ons of e pancreas
grogeng penneelivedissicarisi welwdh aiadle eclpsoviyhie tle wélldefshe stwucture. The

h rtificial.pancreatic structures may,be used to.
wallV R o b Hofd M BATGLRTHUE, DL ol P g i e s
ciliagpeells, abn-hiatddreeBstang baszs LEIUC T k@fe phtichRPEmBadigRnisOcertain

m m c endocrine organs. The endocrine or %ans i ncl ude

artifigal slgpcdias: such anthesedhatyaiaie tapminad broaghiofsisnesal bedfpbiiepted to
inclAE SR MRAZ oﬁﬁﬁt}ggfbgag‘sl%gt sg{%@{%&’&” ne (i.e.,

or none- produci ng are | ocated very cl ose
t o Ihencamibddamens,, strastutaacs fabechtedbovaintiorltebl. iAdlallsare

oSBT Sa, Ce R PS on

crobfsdcBayA dihgsiRR oh R 6188 SMDHoRBERIE. | Mﬂat%%&ﬁllvéolar walls are
receptors on the endocrine cells, triggering the

pulmesneysepdlipripowhen ges exthengedosasdetwrsnvbreisindhd ¢apiléaries and
RSBl Bk SR B PSSR SR s B e
alvbdlasepifelium, a thin interstitial space, and the capillary endothelium; carbon
dioxide follows the reverse course to reach the alveoli. In certain embodiments of the
invention, artificial alveolar structures can be fabricated with natural dimensions 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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enbodi nents, endocrine structures can be fabricated to
have a specific mcroarchitecture that allows the
woeenionsn3sf cells within certain |ocations of PO®US2006/035610
structure. Artificial endoani ne organs may be
fabricated to have a high degree of vascul arization
that facilitates the exchange of conponents between

exteliBPtthd @g\f ﬂgﬂgﬁ&? QaRfibihPAIVEstar étﬁcﬁ?é@efn&}a@eeﬁrmed in an elastic

artifici I ne organs are nmade wi t'h high
mateprmi dlssit tzynves ﬂteealmmeseqhamcaimﬂaywdnlegﬂlywmm &ipaesion and

o lSEERELTR Bk TSR B GBS REPE B
scafﬁfl@@f@ﬁ g?@\ﬁxr ?%eﬂsoi Beheistubtufg egdyastakbled vt Mﬁthéﬁall dells such as

desire ficial endocrine or gans naﬁ be appli ed,
Typt drand Aipa Aqueumondesd sAttifisiad pivgoli aan e useil émbelp insaease thsn
nes_.i n spect of the
<mygﬂy%ﬂ%$%H1W§F mqwﬁ?e 1g#§y g??@% gd to mmic portions
of Ihhgothesabeaiofhe ifysaitien) stilibriresesp fabaicarcy tosmahmportlons of

i ncludes the trachea and the | u In one enbodi
uringryssyisteat ub ke WHITHY SeabFRRISS the 3< 3%@&% SR g@ rglgl? adder,
r
g@éﬁ%@ﬁg PRI ok RNSs d&i'r%ng‘rg'%t&r% Aeh Sé‘fabyaﬁe& E@&Bﬁa@e Uikeded or

glﬂOUS an ranous- rlnge tube where air
danmpgsd psmbns vhhe kidngg Th@hndnﬂelsrfomedaﬁn@n ntmlmfﬂhtyﬂfenephrons

trac |furca es into ri
whith S togbrerursmdth el i fobp M EUPT Hilles. The
gloﬁ%ﬁd&% rebdht HRIMilahEdH Jtffdnd! Whidh @oﬁtﬁﬁhﬁffs Gﬁd:apﬂ[e@iée futhieB:Sthe
hat™ of healthy tr achea, For i nstance,

ultraﬁlnafeu i pmssesltmmmommqurrmmwea ST Wévepfébltl‘f%‘?ﬁsm the
form r?g 8 gﬂéo%gg@ogog % %tﬁ1 ROL YIRS e é?l?;odfrﬁéﬁ?t il §§u&@1retdah ®%sed as

age ce
an #@fitial @egkrdli M heahtiymbddnbeathe atrud‘,lzariﬁaadbe d:aetﬂag}lrnﬁmal
into the artificial structure. The ar&leflm

proxinal eed/pedisisherielusdiubules t 1 some grsdhesiPeire rapdnglyde 2
plu{aﬁgpgﬁﬁé@sr g JIRYE OF ¢ }{e%g ©'0T Qi’@éréntfdﬁrﬁé‘ﬂsﬁé}ﬁ gihe WBMctBR can

ay out o th ungs. I'n one enbodi nent, a
inclatlé bcleast @ne maukzieﬁmag picewityet.g.0n tubplanpertion)s eBlreehvey can have

the gq?lpng%g)%a Jg{rqtei;?g r@'g E.}?@essﬁ}}%uglgfgh SR nl? ut I4ﬁ ngp émcrons in one
emlgirl{giﬁkﬁtu o1 %laén 5 Oimm'id?éﬁs RraapEdr éhsvnigash Altenaiwgly, étairst

of the trachea) into the |ungs. The lungs als
portiowe bfithe cavity mby bate an itthey di%m@iﬂrr difforopt fhen thas AL a jgrond Pomon

or RS SRE RTEHASE R S5 el FSR0MeL 08 ol 505

mldf'&hst (Eeg,l Ius00 Whtr6dd),i 1510empeas, bt 2-100 Em@ﬂbﬁsi UEhmg'ak]mmyus
I'n sone cases, structures are fa ricated t

Optmnﬂﬂ)t insdideiagrurality affperesithat capkle exsheg Iéone% -8, Water
oisi§ %‘fv@c‘h aakggdtﬁérﬂn?é roR [PRERLGHE 1%({?;?01ﬁgn E?t@ﬁbxct@ttﬁéjcév‘i’ty

Ness o ess t han ess than 1.
The( pox@s maf .aBowntkrtain compesertdiapals betweeraimtbrir dn@metme@r I@fﬂlons

o by 2B, S0 e o RS B o v

can®ARERA With iM% of nanometer to micron thickness. These films can form

selective permeable membranes allowing certain components to pass between interior
and exterior portions of the cavity. The structure may be used to process ultrafiltrate in
such a way that the good substances (e.g., glucose and amino acids) become reabsorbed,

and the wastes (e.g., urea) get discarded as urine. In certain embodiments, the structure
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bronchi ol ar structure will depend, of course, on the
position of the structure within the lung, the size of
woOheospasazent, etc. Al structures of the air-ceauwskiong3se1o
portion can be forned as the artificial interposed
segnents or as tenplates for engineered tissue
constructs. For instance, in sone cases, the
cardck bf b BERbIiRtatiBE ki, ”R)éccfr@fnﬁlya t}fe%fuf:ﬁﬂréj cdiBe BEQWM 1% lace
connective tissue and snooth ruscle cells withint
andfgy 41§t1@rﬁ1¢m30@fwa@m¢%themeM| s may al so be Ii ned
W t
of - SofPshiBul i £ e i habR: TR I g8t

cavitdesakitigelal ssructure. Skorexaaple) mllh@émb(bﬂiﬁﬁhﬂa RirGetuah &k formed in
tifici structures, such_ as those that

mmnc
theshng e b aia%ﬁe Py dacludewald thah detines paduekity; ffepvides. Cavities
I In
SRR LA RS BB SIS, |
intaterestied im\btheo bmberﬁmemﬂa Chayitiehimithizethe stlucine nsayclmve the same
d. €., cavities the end of the br onc anches
or %Sﬁ?f% Etel Elor et Tor SO WS TER R Bl oL sRv gt can be
useldl for YiktancEl ©XMFRIVe tltlé"'éi‘lrf&t:é/ R AGmeahti S infd Eenﬁ’dﬁlﬁﬁ?ﬁ‘(ﬁf stem,
caplllarles where gas exch angﬁ occurs between bl oo

e.gt, her Inglpﬁrlrafspf é@bmth)fh@faﬂl@dm ¢s ugh @k eluabspemdmth@metabohc

e P8 S35 L SRR g o

thednebntibe. Tapinstaacey sﬁfhcbﬁhbt@irdstwh bé amlaemed vath e d‘r‘hﬁdr@wﬁlﬁcial
the reverse course to reach the al veol i In certain

glogiepdiiorentase e B ronal wRetiashith ap exireqosporegl yeasiulg. In other
1ns§1%15dééc Eﬁbﬁ%ﬁugﬁfkshﬁn fo? @&P&%@ it op Aol %f@ia@ﬁ%&ﬂg as an

orous wal or gas exchange. Pores”in
imp]anhttalsle oifavnch & =iplecotlic may radal fuwcBore hemgamaialian systgonent

t t t f
b vbion R5, sBRR o e LRy Bty atangone or
motd A RHitidral biddstrEOBRg. S oA Rebht@rdtuteRlal bk Faliicated to
1nc§1 ortionexterior to the cavity portion). Aftificial

dg @substrustyre sedlyass W&%ﬁl thef Dbt Imy g mﬁcmed in at least a
porﬁ}l %%' a%an c},\t/]\n&tn %19 'st\fl?c % 3)9 ruc n%c 0 ﬁ&%%t g terlgr to the

exp K& Bt con rac

cavityl U6 borhe8asch, b SBBRuCRAs &&.y HehﬁteﬁﬁdVehlbét\aéenahMe @1hafmrone cavities
structures rray formscaffolds for growi ng cel
of fthﬁ étrg%tm?ct/%ﬁ%@ nHHS SEHCtYIE may 1hFlaee gP%SH@rflrr%wa@éx 4151 %ﬁ?@?ﬁd

p% c%wigf' ?o&%ﬁ%f ﬁle%%ég‘; Gk &0 6F ﬂlb fiﬁn%% e%an@te\f %?{He first

é use I ncrease the oxygen content
cav;i!atto ¢het isnev dimetes pf thatsﬁmo;xd defifyahanies, der exlanmdm (gtda&lr than 1:1,
ricated to

ct .of the inpvention, res ar
grefiepii n&of e i o iline b T Soudl B 2&%@9@{&%{1501
ere @RI 908: L bRk HARYD0: 1UGELEKE: thhSouni nary bl adder,
an the Ure In sone cases, a structure can be

f abhi somecehses an epifnind suiciegsen be fabdizated éelreptact idisnased for
bt SR g el TRl Tl v RTaR la orRlw orgens
tha’pfn@b(idﬁwwﬂn tined By akragsmoral epigt@litmboéfREng 4 B&vity 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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gl omerul us represent the filtration stations, which

contain tuffs of capillaries where the ultrafiltrate
wo0ressed out. I n sonme enbodi ments, a struct BCE/US2006/035610

be fabricated in the form aB a porous | ooped

superstructure. In one enbodi nent, the structure can

be used as an artificial glonerulus. I n anot her

ST 5 BB P2
stru@eemay bk b‘ékfsé@fo%’eﬁla@@iﬁbrh&@ dfdbe areftr undfoi bladddr tb tegs,

whi ch can be of the sane or different di nensions. The
ConChan!lQh@S@WYﬁ@m@@nﬁQ | east one vvaII defining a

éltrgé/tﬁéeg £m former a}t'ﬂpelél cﬁlrne Sidall Bfbkicatl ﬁéé ¢8R Be H&¥80

anmet er roug out t e st ucture,
1eplae>eg>ort1c@1fs odl ﬁmheté&&ﬁﬁetMapomﬁsy maydvaeempirbmﬂ mtlﬁmalrurmary
et ween 50-100 mi ¢rons anot her enbo%)é‘z(}s - cement in
blad@lﬁeﬁhﬁﬁm}lrﬁs mgy foeusgd %BP’ESI“S EPCTHE HQIEARTPIRES)
v1voa(ﬂ KV, 19 AERhRodFhdnt &f @Rbtuld@Mbetdiad adin &'tl&ieﬁobﬁdder
rtion of the cavity.  The thickness of the wall can
mclmchm genaui boderartiphen ihlebfor spengcting sobe preipsmnd@a qytlet for

0 0
bR 2 R BB SO0 081 il
the ﬁﬂﬁmoﬁy PYRIVANGE.,of first RONP poEioh), @Q:aglty pmt)ﬁ Iof drdnied@s)., a

evveenaportlonlnterlor tothe %‘Q\Sﬁi ortio
secoelﬂtcevutsopomon}, hed e SFTIHROTtEOBE egﬂ §rga|alt Eaé’ﬂtgéioﬁm
one t n 0
Theﬁsyni? b 1 lrhg}'] BQ\%SmH% d@ﬁﬁ@ceﬂs Q&l’? ﬁ%goﬁﬁ threxh@pleOsbout 0.01-5

e cavl onh size, charge,
mmeH00.01-0 nSTEn sGRE &hstaﬂbés omar ca\mly o, may haveeniandr dgaeter
be covered with filps of

that i er GomTiAE S FNHREE £ P GEIE B0 oL BB For
exalBIEFR Mo J{v@% heCEhMBIR FTIRPRREA Saviy RRSGH abﬁttneﬁfbt

erior and exterior portions of the cavity.
cavisy portivn nenyrteygreaentben 1 1l ognontoriben 2, gregtar thanat & grﬁztt%rl}bqap

a way t Qod, su ances ucose and

10: ]arﬁr‘?%e élg@’d%(i ﬁ %th%g(gi’oqlkgé%?téﬁ%%i (gi wastes (e.g
ur ege AL ofkhs §@ﬁ&@@ t8%e UEddne an lartifiealtdidiee map (Hlamemt‘mqkness
the structurecan act as a henofiltrati on syste

rangiog fuodi, fieft axamphee 2beut Gt ot Bt 2A 0194 -ZmiEry depercing St b volume of
hqué(ﬂBbtgF ﬁ@ﬁ%éal E}faddhtl %@{n' Be FotRehl IIQQ 5%&1&@&&&%1@%%110&0 me

|nvet|on|nc formati on of
exp@nsﬁ’d)rﬂzﬁrﬁi ddnyracdorcafthé bladdeti Thsomacases, tiog waldis limgd with cells

ancan o SREPR BB U REUCHA A HATETUAS® TR P e
maiI Jr{/@ nﬁﬁaé{é gnln‘ didteRht 16 b BSueGaYf fotrBShabladddd, & fethe

ruc ure e separate in sone enbodi nents, or_ they
muafasyl, d‘mbmunbm; amimmscm&twl oot HEre ronensainadvdes theatzansitiogal

the ucture nmay have I fd8rant
epl@é] @}g;r, W@F%Fa‘ﬂ?el%en%g %ir?g cClgg f;adg{: ures. a%llgngéaﬁ1 dh
envifoHfRhi dx¥erRr t6 ﬁié' drb@s UaRkrathube épltﬁdbllum Rgéeoaadgcltde the
i nprove the surface-to-volune ratio in

bashmnm‘mtmblamc,mslgglg tayey ofecegs sepﬁgﬁtmgﬂl@q@}ltheg@lelayﬂx from the
sub:q&%gs 0{ ? (?arr]m%g preolp§%5 F O Y BRS e E 1288 iBUHEQTOnARE VO HBRE 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 layet.
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products. In some cases, such structures may be
conbi ned with ot her enbodi nents of the invention. For
woneisaesss such structures can be conbi ned w t RCONB2@6/035610
nore artificial glomeruli t3 replace the main rena
function with an extracorporeal nodule. In other
i nstances, such structures can be combi ned with one or
O Surfdthelderftled ALRAPY be BpaBl 4B AIRAL 8 fBHI1 9 dddering
replace the main renal Tunction in a mamal ifan system
of varione specizadethe sutfacecafithesiniohwt odicwmatepklLecking g sofface of the

R e T R R R S S
magfaeédrﬁ@mﬁﬂosinzédmitw @h@g@ctwbﬁtc{u&i @biidRs SPER sasctard/ @sd@ling, for
e

he substructure may 1£osit|oned in at | east a
exasare,iagns otong thexside yaldy of the perep.preasrhstwesn thypores on a surface of

the%%weug;%g &pt)épk&?g%opscjré%oned exterior to the cavity.

n-some casé%, a“ substructure may be interwoven
bet fems stdteret HesoribeEharaii hayesongirist laa adhesiretimsterialAslected to

uch, the structure may include, at | east first . )
prefegeiayy afepohanclschibs & Ruiticylay gpegies, sych ags £/l dfop Berghiolggica
spe}tc{é@ tl%’a% $5Rlathed WD Einf RO Rz witDReshEWR &S, ofl bBRBLSE aQbcibR8 with at

Irst cavity to the inner dianeter of the second
leasteapnietsiderodiy styegtufeo rin eswaip embodineatse thetadhesivie hateginkbiateell
than 2:1, .greater & han,.5:.1 reat.er th 10: 1 reat er
adter3 il O Feler R AR rH GRSl ek i gy 60 Shy
chehi8AtoR bidlbdeal 2rial tOWhbhedefmdyn@MeR0h tertdifl ef®BBIments,
cases, an artificial structure can be fabricated to

sucheyedladhetiivamateraldp cenfiagedassorontipnensdeyer pached tep surface of

/ . The e . .
o GPRRE P o HSSHIER P A 0L AT P8 Bl i,y of
a va@d Vdiily ofgpecied kiowiginathe ait itd e papable@f birfdometol sprsifichlly sr
epi thelium can be affected by cancer. Tyyp' cally, .to
nOl%'FI%f&fﬁcé‘Uan%fn?ﬁa§%%§é’,1018g’§E:]r‘ij ls Q1 cospRangpisdherpel such as for
cxSHESPA TSRO0 s LAkl SRS 408
celbsurfaee revepiduse titigens, dentins gntegfing, lvelectinst eacterial derdadmifinity

a ,_Lhi rocedure cauyses .the urethra to be
ol PG uch PPk PeR e S SR AR S Rt G thoreot. apy of
theGbbF!8468hted REHS &0 OPbiheAlak @RrmHigSRASES, ARAlak 0b%ageh, gelatin,
the ureterand/ or bl adder may be repl aced usi ng

agaapsel pdrpiamiides chigesanresHulese, dairan, ab algingte, amappgsespm) etc., and the
Structures may al so be used to replace portions of the

tUreter and/or bladder to treat conditions such as

ur i Barfycel proputtiesEMbestristursctdnteambdifiadty byrious techniques. In

t hr ee- di nensi ?nal fabri cgti on.techni ques can be used .
sO1pe c3sehISHEACTH OF £ FERIwISIcap & TN B ConTng oy prapringing an additive

prdii¥te Wstﬁ%u@mn%fﬁ% c%?es,aécff oS o b HcBHoYatkd BESIRT material

e structures may be used for tissue engineering
useglrtd /fom the ganctoepe ac embetided in the stoicture dyring fabrication) es
as an. artificial

e BheoRn P s S FotiGag SaBrEiREs BnHinsotefs dor other
suiEANEE b s thoti Ty B QubkticeE, SFordEmPLe, 88ltdesh, fbnectin, 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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connecting to the urethra. The structure may include a
wal | defining a cavity portion of the nmain body
weoaodasioos3ge. g., a first cavity portion), a cavPCy/US2006/035610
portion of the inlet (e.g.,35a second cavity portion),
and a cavity portion of the outlet (e.g., a third
cavity portion). The cavity portions may have inner
of lﬁb@&%s@é’@ 1If tﬁ@&' | el AR/ dr Por@X AR GherdRBbidierd LarawlHactors
I'n some I nstances, one cavity portion
canrmynﬁrmrp@fa@d mm flesr strtictme tosindudesaptineal ¢ell grovahcotdigonstthet
of anot a,v it 0
wigg i rep i E s PR oAb RE R bR o vet another
em6b AiBAE b StrédturehaySRegide aavidivive oidhi 28 RNAdhddeef hitstial
cavity portion may be greater than 1:1, greater than
posjtioned gp@ae syriach gha side of freehusture, saeh a_scﬁnlmn@rcemtﬁé pf ¢ piggsture.

i 5 o gL SR PR LB B0y g0 st

whdl he d&uCt[mzyis hﬁpoeeditot ahine&inmmamgg rglld. r@ptionhly, an outer portion
npl e, about O.

0.01-2 d di
of &S r%aycﬂrelfer%ﬁ ?%@?tf?g‘%ﬁ%rtbﬂﬂ &ie&phdRRgbrell Hhen the
strufffife REApALIIRA albodfuh bkl sebertal Lo altow

expansi on and contraction the bl adder. In sone
c askssonteasesaltimaydel desieablovict inodidy hié onpeitions of sguise with a

madRaffftialRyR B0 Mg DU H5 Kol B & RNt Tene ol and
polsiprof)ﬂeﬁ@ bxidayelysth9fent bgile @sodkhdbolyaie)! Fer dkades areas of a

he mucosa, subnucogsa, and nuscul aris | ayer

struphge Wﬁ@t%lélsl neé Perdrablefpecallul erawdiran be gpatedith ﬁwla%?eﬂals
e.g.\g?dggll%vgrﬁ Ly 3&skiVE 5GP c@n%@%\?ecﬁésﬁ(@l gﬁfvﬁh‘?ﬁto hed é‘iﬁ%ﬂg& BSm thﬁ

an envir onnen erior t or gan er neat
surfdu@degitished. iTn mﬂnayms anedificationc stifaceasgarier of the structure can

nmenbr ane S yer of cells separ the .
be wsrdnepsikion P%li?é? %Sﬂtﬁ%wé% eaﬁ&%ctﬁrgyi? fﬁ%ﬁmﬁ%dlmems a
corf?l.ruﬂQﬁdrfe‘tz’ﬁ’1 cellDRn &t Qlcb‘éﬁ ihiR¥&in ng sﬂﬁétéﬁg:%§ caPRResipYRted into

tissue t I's i erlaced wth the nuscul ar coat. The
variuils pocoms olf ayieucteao siont@nepuslyolediliets sl inhibiterell @sowind

i n_.some regions, glands; in sone enbodi nents, the
respactiYelyur e can include such nicro-architectures. Miscle

cel {1Sshef ébdBmbie, ABtseth@ban By &atddByithe pHoas hia&lﬂﬁﬂ(e g.,a
underneath the subrmucous | ayer. Structure describ

Poltﬂ@ﬁeswhrmya 29 reigptpheinggo emsiénrfpir@éﬁdt\wﬂp%mf%cetrﬁ@ilfYIHg
subg n s | R& 18£tanc%r ThY¥E e fh%gﬁfnf }u%ﬁuéUe[J @ecﬁbﬁéatt%dlﬁ%g three-

fucture or t’o a m a surface
dinSdnkle@hluaBrication o€ xlajﬂmérgultﬁﬂé tefshﬂﬂqdé tr forn @l hgdrtifitial kidney. In

nol ecul es such as tein nd the |ike beco
SOMGrRSHNFSSz BG SWlfftHrerC@g ééreodf %CC€ Fth 8 54bssHICE; 19R gainsgrn“f nﬁe structure
canslgt{jﬁx“s{ U(h?ed \kf?l‘f!a ﬁglloﬂg Polérﬁfex &he 'THAerHI@ﬁ%ﬁ?a&HHMfﬁH@ substance

areas between the pores on a
suchuasfcatiagenf which 1Myrhstat5@|d o faonhteac edhactlwsmnpc@ s (d‘& vascular

celg E%ﬁﬁgg %9 éee’?}ﬁé g&t da ‘%EE {?%ﬁ strucrt]ure n casés 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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preferentially attract and/or bind a particul ar

species, such as a cell or other biological species
woOheds/ooso3at t ached to, inmobilized with respect PCOUSB006/035610

ot herwi se associated with @& | east one side of a

structure. In certain enbodi nents, the adhesive

material is a cell adhesive material. The term "cel
du&%%ﬁlomh@&td%f biai 20 &dcrHReds Wﬁhﬁi ﬂﬂe ero%fpSfos&f 0P polymer)

hem cal or biological nmateri al Ich a cell nay

Wlthmraeluager borediergt, diaving aivorss setiogal @mchsian oe e axdéradi20€00

.mat eri confi continupus | a att che
it O ersRel o icef e PaRle DB HIe: o Hiio Bl w3REEE,
reléhs€ 6f dn AAREaLME HFORL BleipdlymayeE., fRHMCIEOIP 1B Srowd¥nddr a’ﬂhesmn

w de variety of specieés knomn i'n the art to be capabl e
as pfunpliemiphigme.oln efhercdasssc e pprays pabmnes sae irflugagd tyansport of
rﬁrﬁ ﬁf:é gfﬁrg}ltg %9&0?1@%) ?iﬁ!)lll 8f ﬁ)lre qﬁty%‘% 3tﬁ§1r %Qefs a porous
as tor éxa P or 'm xtures coﬁ
polméhcmhg aamblare &, redet Itl’msﬁri?@e rduighadyd of the seatture, as
ce receptors, .antigens, lectin i ntegrins
desg@ﬁ@ﬁ?qlwg Opgacaringfing example ohe FyiF bpr%vmyregr ig pelysulfone.
as Protein A or Protein G derivatives thereof,
m xtures thereof, any of the above associ ated mﬁth a
gel Amarictyhdrtectlmjcmes fsudm'tsrtgosmieem‘tmld bekave lvaabe osdd) ta@d:nn,cate
el a ros acr. chi tosan, cel
or fpd B RERR B RN, ARel'S: At B8 BRice SOl g ut such
tecin'ug@es Bllstras@rdhaPse EtRsedb at;i}@c1fitatttﬁqtrﬁé<ﬁﬁmqa&roxhecell growth
fied by various techni ques n sone cases
template gieectuiss havisg poetorleveifpnheorabdi fi ed by coati ng
a”df Odontd éxﬂﬁéd?l%ef'i‘tg Osﬁ%gﬂuHs‘ﬂ%sc?{ N fcta{ WGk #;a&l art
I n er cases Ves can e I'ncorporate dlih he
by tmhg bhébr Meackjédioh PEdtetdes sath acjetting frécegses, oindhdeherinal
t he structure. durlng f@brlcatlon %s descri bed -
andfel Rie%0 jetiner sHOBSS by soe andak f5t S8ViGF AT HEERIS Bone pariicular
em@é 121%2% g g?x'ﬁtlﬁ% ?e[cg{l( g&é F‘ﬁﬁg g g flag esﬁls&?‘ fd %gﬁ%%?? 'rt]ﬂré{é H&F\?&%onal
strtpmp'e ificben thmn dWOFdlmblhmnaé £2barklyénl Arcomputer ks (SBCh) generate

oroB fasiptiate s ot g Bneroiorigiee SR ERR B risgragdhe obiec
ind &ﬁﬂ[ﬁﬁ&%éﬁl@fv %eédn&utérfh@deﬁ(ﬂe gn &€ bdmpliteR6IAB® Rlanufacture

ratlon pro i f eratlon erentlatlon and gene
C@M)e@fwme 1scther wsed mwsqch@hﬂmhg@é tntessntation of thy sucture into

mu tlpl% S é] Heby %@ers Agﬂgteﬁgpggé%‘%‘%ﬂqg??{1£w9qp§s%d%lfabrlcate a

S Ccahn rncorpor al i channe

layainsll sofucpes pec@bortmatialdbieaeh layet siibhédbethe rsgﬁwmﬂeh@fto a flat
bl ood vessel s in these _channel s_and/or pores.

Surqs6 Oh 8¥PPERENHTTER CPUGIRHNLRNE 2P s T&lﬁﬁtrs@twrerar%%w Madgyial
I
mag gn H&oith b Eg{hﬂ?@lotrg gpgﬂﬁx‘zﬁdﬁﬁ? P& foF&a#n 9}@%%%110, metal,

tions t ti’ssue
polyirtetic oreentpasite metgrla)m df the strhetusst pracitrsprenaténial yein the form of a

anot her . a.structu y C
posi £ Howadiraie: Reelreu ity denmes] G Hpcsehmefgaf Ring printhead
of @8 i95& pHMidras %r&fuc@ar%bsd& Hhnd Pewad TEE UEEd biieh visiclaR
inner cavity of a structure.
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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In such an enbodi nent, a first type of cells can

adhere to the inner cavity of the structure when the
weRowsonsn3e i s exposed to a nedi um cont ai ni ng ceCiraIS2006/035610

Optionally, an outer portian of the structure may

preferentially attract and/or bind a second type of

cell when the structure is exposed to a nedi um

of 8&kRng 'aﬂ'cﬁu@ﬁél'sﬁucthfb ﬁf@é{ﬁscﬁ' AsAial hﬁd APy g tBeBihAGRbRition
to nodify a portions of a surface W a materi al

untilthe desigfl mltnbelt@ﬂ lpyeysl isasodused. Ninde the liquidihifider isgelectively

oS LB ASOE G R SR g e bound

withitstha ger ardd &as tief pravishy MosruAEeheR® bijedtSs fdined, unbound
desirable for cell uI ar growt h, can be coated wt h such
poyygerds puhsequeatly remeypdpg.gy bﬁ flisgdlymedhe powdsriin ap APRIEPTAfR
S
solg%rr?c.r gﬁ% glfgr%{éﬁp% %gd&@rg ﬁag'glée?é ﬁeﬁ%&é&léédg\ﬂ?}og g%rosshnke%l and/or
exjsased auceEprpmppmdn' msdmfn tofernsthe lﬁmhpc&ousamdaalras ed to

pos ion ce at s fIC siteg,Wthin ructure.
AT DR S S s STAHER GRTeOH AR dPTSeiAdfAshg part
u31ﬁ§ g nﬁﬁﬁlphbﬁh'lﬁllﬂ rﬁkglyss‘ig’@ha &8 $nsfBe, ¥R oLgHoRIRhE¢8Fhy or three-
i Ato various portions of a structure to si mul t aneousl y

phétas lithogeapdy aydemhs hiapibe usesl. |Mgltlolvhqﬁ0n p@sm@uzatwgl nyay inolve the
SQ nbadi nent s,,.a fructure can

s SRR PR o T b Bl Pl B GREEg e VyPrigpern of

10283mhﬁivﬂﬁc}9mtl&>¢oaxm§éﬂ rito [itid voll@tle Wf & Birgcture precursor material

urface-nodi fyi ng substance. For instance, in ane

incbtheh pRatesengitive matarial e Lesapp! b@e%?@@ﬂ PEQCEES ¢33 bgnitiated by non--
hn&{}r E?oq% 1tﬁ’i Fhe {"o%QL oqeﬁlé 0 g%mﬁ [0 Bree-
ue to |oart|

or m a CI a ney n sone
dlmmtoaaktpmrougheths tasiig ﬂue@dmaamsbaalrmdmﬁmescbawbb Hataicated.

subst ance;, for |nst anc str cture can. be

coatba kb SmE HEC BoVPUTOBARY SHURmAE e gsed ot astin part
to ﬁa‘BﬁEﬁ@ SriReted YortB s fStRBGEs UG (ﬁgarf:&bia@&ﬁéht M0 h &Ro-photon

may be used to facilitate cell adhésion. Cell

lithogeaphly ayst@el ;] m)m@xanr mixed With splade mlﬁlatolothahaiv/sglrbs &ﬁ( gght may
be r%}g/os?%go' grg (i F?g?r 11"31)9 éallhoians ng a3 e@ hgflt ca]ﬂ‘cbt LB JP”cieby the

resit/ElenBeA el dBa sindle@hdwi of @ItHEYiolkt HgEI: dah%efralea?sfed Ol’heOfEIeased
idney to allow flow of blood and ultra-filtrate in

Ki
phetay carythen pe phworhed Ricthg photoipitiges {4 mgdues frerciadicals virch can

) ca&s@ ?oh}ﬂye?ﬁ%ﬁcﬁpoﬁﬁg Irﬁll?lﬁﬁ’l%f%t Sfhcietyd- ﬂ}l%&ﬁéeos ux?lt éﬂ'?foss-’géctlon is

structure ‘can
ver\yaﬂmeéli; f()rd)lﬁe mhap@sf&ﬁlfﬁ&mt & dight te ,inducp diree wsdipad [py hyaterizatyon in

the i T HE ABP BRF 4R (o) i 8 SO G 1 Chgaical by
thé"!‘a§eli“ Thisker, g?'agﬁm coRR] RSden¥ra®ld di % ﬂ%@él)ﬂ@r[t)of W43} Beath from

ar er pore aV|ng a cross sectional dinension
an @hr%faet (o:gd écmtﬁseczmd)zpulserﬁawo”ﬁwp -phibtonkabsetption tolyenceiny at the

foca?pomg SR bea{rrllq and 0% %hquse}( B&im gat}/l, ﬁ‘encg\évvseyysstn?alpvoqume (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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rel ease of an active agent fromthe polyner, e.g., to
facilitate cell growh and/or adhesion as a function
wohodsino®n3s1 n ot her cases, the porous pol yner caaT/Uus2006/035610
i nfluence transport of conmsnents froma first to a
second position of the structure. In yet other cases,
a porous polyner coating a structure can reduce the
sysRHf AR O Q‘Miﬁftﬁn&f whb# IS Wik firR$e MR PEesired. E.g.,
ow. One non fing exanple of a suitable por ous
in spme)cams msltlﬂdioycmﬂhmogn@ph}b\camba we¢ toformetriupiuepsderyingsohmicron
ﬁ 3 pse descréjs Egl ow, can be used to fabricate or
(€-EsHER5dDT T GFR THAY O hed herein. After or during the
Pr oges® efbodiidny,ishdesiithogibisy dap®arisetligdeast epadt tousinir €
may be exposed to a precipitation nediumtg form cel
stng:ttm fior tizswp pagincesing pad{pr oxeanaoplaeereenhediREsokthogTandy may
[
v @ sk B2 8 T AR yFEP ooy SPAEA Bl oD dErvcir
cont@ihidg ejphcsto'polnynmmiﬂs Hqsid pplyaherathg HNt llam Cil CBS ﬂ%polymer to

|nclud|n t her nd/ or piezo jetti , use
polmegF drior cgtsslg‘gwﬁ & theolase bapsaikep H aﬁ%?ﬁ?l& eV
resaﬂngﬂ%fgisg aaoﬂbwgaﬁﬂoﬁ s%ﬁmbgalsowﬁiemyer Rithdiffack Of the

use ricate a ree-di mensi onal Structure from
liquifi Fhe solidlayieneamsiednaered ign the reagwypi and\theqrpesse ear kgpeated for

used t en rate Cr.ossy s ctl nal pat ns_ of
tortigin &g SR Aieh g RPLFERY f iresBlibl Pl or bt
striRRire & obitdin&. CEHIPHHoREss TRADAIOW Rreaiohié Baridusl edf-ggspoging
or conputer-ai ded manufacture ("CAM') software is then

strugtures, thichamey ban bhexpisgd ta Presipilademngdiugniodprm el growth
2D |l ayers. A
e St AR BIIRAE 5 (Moed (o
f abrd gtier ambediafentbelsttivedbser sinparmgoslaser lahlaabn)xtanfb@msed at
each | ayer secti oned by the  soft Warg{PF onto a fla

leagfup pat & Brmsipeyres téﬁs’f‘% PRYINGSHNE BA(OT 0reaRf ?péacgment Selective
las r%ﬂt@ﬁ E‘fuﬁlt)f Béjﬁs% d%fa%éﬁs%@ [asBPba @lsift&Yar®R Jfa 166ely-

ormo |qU| or a powder and may be, for exanple,
comapartrdaptastic powtial, whors li?uanppwck;r ip rpplisdpasit by layer. eForainstange, a

ucture ecur n the form
i e P Gt ey <ng o el b hlabedSle”
mekﬁﬁlmmﬁrpoméﬁédnade ruﬁbﬁﬁzaﬁneﬁf s g@l&@h@f)mhh%ﬂﬂﬁaﬂ The
printer to produce areas of boun owder. The liquid

areps oidibe pomrgnatmgaltvg}mr@ﬁqeugsegbm yﬁ%chgsqdé‘@p e dpsed, while the
othgﬁ%rggsu &%gvggto ? tIJe in diSs ?ﬁ?%%i' %&%sﬁz@ 'f‘ay@%totf%ro(lfdglt C#nhrfe

ern 0] ayer
deﬁbsﬁé@ﬁn&@ﬁel@ﬁﬂﬁﬁd’(ﬁbﬁe gaps offanbiher, pmmbm dd?.ﬁédastna:lturamtl

may react with the powder artlcles 0 cre a
ob@wﬁdh} his ABCess, ﬁé?kfaaﬁ%can/i@ sitered degn Y@%P% 6% é@f&i ¥?H@
g y@l{so bonds each successive 2D | ayer to a
pr evrously deposited 2D | ayer. Additional 2D |ayers
ar e If smneembndimente atvolgng Hees dispmsionaldplordatipngyariation of the

R e S S e A A
a strictBfeO AH S&ife caze§GBis bewh 't}{éliﬂrgp&hémfthé SakehEGtHewalki¥d 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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applied to the powder material, only certain areas of

the powder nmaterial are bound within the | ayer and
wonv@/msspr evi ous | ayer. After the 3D object PET/US2006/035610

fornmed, unbound powder is smwbsequently renoved, e.g.,

by di ssol ving the powder in an appropriate solvent.

The precursor structure may then be pol ynerized and/ or

cro

CF ORAL f6Rg SRR SFARSAL OB ek} B bONATRE i e
pres;amb odientort, byt @ noctb beesnsined s hedtiheae do stexéapigdhatull
$Co ﬁﬁ rt using a nmulti-photon |ithography system

B%P %n t wo- photon |ithography or threephoton

I ithography systens nay be used. Milti-photon

pol yneri zation may involve the use of an ultra-fast

infrared | aser (e.g., aEX&MBEEcbnd | aser operating at

a vvavel eplgbg &fn F¥ 3 sﬂm)ne-mg(:h m&ﬁgiﬁﬁu%ed i nto
t he = | udi ng
ensjtive material,._ The polynerizatjion process
caﬁltﬁ?ﬁnw BT ARR R R Ll ST L P VU
26,6@C@ oY PAnH%llcﬁﬁéTm‘?O’O ﬁ‘lgn@nlﬁ@r ({1 H3gd Uls%qﬁ weight ratios indicated
t hr eedi mensi onal th hr oug e resin
e

in Tahleck - Hhanoheing tlnc'tagct@mldm@MAcg‘ Sigmiacidtisch), vas ased as

t. Aely li,t ho em can he
rec RG U3 thafhole o R B it ko it pepmapon. A
soldtioSﬁif&’SQﬁg]MAel(lm@t%ﬁﬂ{cpl?ulwhw 700 RhGHORIER Kas pbiked and
photon |ithography system a nononer mxed with a

Saniswbed beiprmivr Elealalpspasied y 4 sgher thehyobloldsdgbe srmbrane
thickResdN Usiolthis ae%n{‘t)%ﬁ %p i Y- ﬁ-’igﬁb ed \%rg%%brr?c%ﬁelélr gj?lt

Can be absorB e resin/ chem cal s
whqlbessomblyf wmsl ﬂhelasuhj altezt tol 'y Ictmﬁ@fbrlB@ mie| #aRadixed i@ spatial

RS 00y PR i 5 e v
therPRAMBRED ﬁ?&f Ry E’cfth th Aehase 1§'vé}§ﬁ%fxtpp($ce§s sQﬂgan-Hon-

absorption cross-section is'very snm
solviegt seaimenifpreesss, ivdiceain water Wag hised @8 the dore eolwmépneaxputamdm

th
etk Bkl BE Pt Ao SRR el ¢ B58R STRERK. Rhergpe
merhbﬁné pée&fng away Froa ek @Yasd plisd, e Bembrnb a8 QRS Wi afstilled
e focal  point of a |laser beamfrom an ultra-fast

wat%reanéi storeh it Gatdledrivptert reen femparatumsigrAgs®N- absor pti on
only occurs at the focal point of the beam and not at

Tab hF dqqﬁlforsﬁg%%%ga%%; Qme@%??’ﬁ o ve%srrall vol une (e.g

oner ca P zed t hrough the

rel ease Ol Tree raCﬂ Cal S TFUHIIFTE [JIIUI.U IITITIHIUI.

After the_ structure has been polynerized, e.g., froma

Blend Compgsitionsi n or EHFE-0é3ri di sPOFG®Roner, t HS-FC-0.25
PS (gyexposed chem cal s cap be washed a with a suitable

S0l vent, | eaving behind the final structure. The
FC{®chni que can been u8éd with a variepry of material 8§25

i ncludi ng acryl ate and epoxy pol yners such as

et noxXylated trTmetrhytotproparme

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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triacrylate ester and al koxylated trifunctional

acrylate ester, as described herein. Thissystem can be
wage/00§035 | nst ance, when structures w th finerPCT/US2006/035610

resolution are desired. E.gw, in some cases,

mul ti - photon Iithography can be used to form

structures having submcron (e.g., |less than one

m cron) resolution. In one enbodi nent,
StoPh&d PRULiROgr aphy capsye used at leggjpin part to Hasom

structures for tissue engineering and/or organ
Biocemipatibilidyit . St er eol i¥Ydsogr aphy may i¥ssol ve the use Yds

Meamsed by SEM oM edsnied gy MPIEd.opol ymeri zabl e |i quid
pol yner. The UV | aser can cause the polyner to
pol yneri ze and/ or crosslink \A,Eere the | aser beam
strikes the surface of EXSMELEZ o r, resulting in the

formation of a splhde@raiss el PSHC Mchfulsr | ayer at
the surface of The I'rquid.  The solid l'ayer can be

l o egda g o t re ' .
| QOB i B B RO D858y SRl cleon
midg@bseopy (IBOIOTSHUPEOF nmiseyl Tha y&fasativh grogertdasifitRdmembranes
structure is obtained. This process may. allow
WeReEARHICg HISBIE tb%??1B@§3J§%tl®-t§?h§b%+etfPhblﬁ‘é‘%(lF{?@PH megnbrgss chhe
mefY teg‘%réoﬁlt SR ARECL b Ra sSeG6H el th PR TR Egl.f orm
cel growt h tenplate structures having a networ
uni The mepibrass were subjectedrio e powsimefi) psie ket the Wlexlof swater

sinterin or |laser ablatipn) can be used.at_|least in
thrpgh 6 e s g cnogae wase o v 8ft Ry g or

organ replacenent. Sel ectivepl aser sintering may

i nvol ve the use of a fodugeﬂgkaser beam to si ntefl)

areas of a | oosel yconpact edAf}I’asti c powder, where the
whPRWW! & thé §uaRiY beserhR¥E colddctd BU ST J, I die Witst RAECE./mhy, NTNis the

| ayer of powder can be spread evenly onto a flat
sangplinzdines (h, apd 4 isshegpembrasielagga @edhani sm  The powder

canbe_raster-Sc ' I gh- .

Tho B eRE S RERETE S hE R Y BRI 1y RE LuRRR R0 of
polveyfenetlsed (PBG) hethidifeeht mébledudart e glok har stardeaiscunfe of the

owder can renaln dissocjated. Successive IS\ erg ﬁB
PEcationaas obtaipreissia e BR frackipet vargmg e %ﬁﬁé BkPpopbe
mo?efﬁ RS PEC REL %b%e[iné?ﬁ%) i geﬁéaﬁsﬁ em%rﬂa%oog%@t N 0the PEG

IS process, eac ayer be sintered deeply enough
soltiortsomete preparedtahe cpueatatiangil lay 6, andnissdaethe fitedd ithglers

i nvol ving three-di nensj onal fabyicati vari.ation of
conRi3 R et R ek b Brmer Gy arodr i fesit i 5@ Radhgfoed
corftc@ni¥@{oh dnBAFREOHRS bdjdution PeBitdricy. Thé MWCD $dltidéGleiE €alculated

In sone cases, this allows the properties of the
usingtar?:al to be varied fromposition to position with

the structure. Variati on{of | aser intensity and/or

traversal speed can(ya# O| conter he degree of | ggal
densification within Iie ir:nal I a%lob For instance, %

where SR corresponds to 90% solute rejection and Crand C, are the feed and permeate
concentrations (mol/dm?), respectively. The average pore radius 7 (A) of the membrane
was calculated from the MWCO value of the PEG by Eq. 3:

r=0.33(34)™* (3)

where M is molecular weight of solute.

Anm=Atm PN
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regions where the laser intensity is high or the

traversal speed is | ow can create areas of higher
wdensinyn3Ihe fol |l owi ng exanpl es are intended t®CT/US2006/035610

illustrate certain enbodi neats of the present

i nvention, but are not to be construed as |imting and

do not exenplify the full scope of the invention.

EXAMPLE 1 Preparation of Polysul fone-Fullcure(tm

éslysﬁ¥ fone @Eﬁé§§§quﬁﬁ§rlC%Q%%mgg&gé&%ﬁgﬁﬂ)%%l%ggka

merfbilhesipredared with@ RBRO vesight Bitfodn@sles thal/4).25 Possedsedifiner and
rati os indj cate élignr11)§TabI e 1. The sol vent

less IpiGIoQPRREtIRROAESet &' pombranss @w@q 20 Leripluesat Q@ degrees
Celﬁﬁs ;ErﬁlC@QG’(?&iegrgés%elgué |ah&'ﬁfg‘h%¥o@ig ﬁ lﬁﬁ(snltaﬁaﬁlgggﬁlﬁ 2%02100

nbt ane preparation ution
MPQ 1@ hlgh% St@mge ol WDWIIMGOMﬂ mambramwnb ahéghenRG

cong Lo SHIar R AErer PRI Rl Tl R oo Lhe tefhng

merhbriafiesdhE®ID knilad Qva'f@r%bﬁ’tﬁcttdri?%% nffﬁﬁ@ﬁlﬁgé% 30e5 8 degrees,
fabricated. The whol e asse was then subjected to

indigpfing thatribe membzmeniconld wEivide mpd%*@rebhwetgabéﬁ suafaces for the
blend to forma
atta?ﬁrée s?gﬁ%ﬁlr%&téé ruc ulfléelggi he structure was then

I mirrded the PEG wejtaionaidiestfor daemyiniagtthapgrbaggistics and MWCO,
i.nyersion process (a aolvent nonsol vent treat nent

the {fied gide 5vas wREPERKY agdipler QRIS Ve Encea R Rn PRIFUZEPY @nd cake
fonﬁﬁfo%nahé flehPRadrdited Wwridakoligdrt g thdfuP ra%ﬁ bR cha nggl Ofhe

S'to generate a porous network. After ane
artgiemlqonﬁicmmyndaggregau@p@’eaas pl ate, the menbrane was

vSRERCH 1R I S P L L o
watboBOEbdsk@BntHn g E@és@@@rotm@@spanf&n Mh@e&ﬁngl%l)la BS-45
- g

Conposition PS- 0.15 PS-FC 0.2 PS-FC- 0. 25
and BI0-55 BS Fstflgpned. (81 G 0rionsUSe) b rns gk . fagron sized

porfsayeelicifo e el AT Gl o et V%%Qn%&ﬁvg%%%%ﬁaf

0.2, @@npaed td PS-Fa50.1398d 9$,F<2@Qoowntoa@hov%rgh stebdy-a0teFhux of 717

38sSt ge Modul us 1550 1920 2100
and 597 L. m respec‘uveiJ 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 10-15 pm
to 5-10 um. 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. 6E (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 propetties
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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Bi oconpatibility Yes Yes Yes aMeasured by SEM
bMeasured by MACO. EXAMPLE 2 Characterization of PS-FC
woORnisre@sss The PS-FC nenbranes of Exanpl e 1 wePeT/US2006/035610
characterized by scanni ng e2ectron m croscopy (JEOL
JSM 7400F, 10 IcV). The separation properties of the
menbr anes were exanm ned using the solute rejection
technique for ultrafiltrati on nenbranes. The nenbranes
mei&nes Urhek@fifdih BeIndRORISBANMS PEF( BbmbRBed dte phéinising materials
ultrafiltration cell. The menbranes were subjected to
as porgpseparaonmepdrags. and the flux of water through
t he ead
o eI A] PRHARRROHL Sl LSS PEIARNGAAAE o dyfon of PEG
moderiul e eteisht élle)shodzwm FIGHE e @it-offf lewel Ma’s ﬁlii?eabl)red Bdsddson 90%

thes I|n time (h), and Ais the nenbrane area (nR
rejectiph n@ & pgligfarhelepdarveighintp grresalnibe cabpﬁrlwn'r@ﬁ] eﬁzhe

dWbride olbldoahd yet hyl enegl ycol (PEG
mWi trh O%ereﬂ entd {rcr)rol?steﬁé aégr\?\gl?éhts A standard curve of
t he THE@eam boreistnes wase dds¢raiinatifromithgcyswfEvaPES of maskired at 90%

i N om, 2 0.ldDa. . T. | ar sses PEG
reitpl e Rl e st SV ER Shaag e C Aptent
m(ﬁ@@edaﬁ%@@&gétmgaﬁswe prepared at a concentration of

1 wt% and used as the feed. H gher concentrations
wer higwesrpld sEpyye that mempeanes hewng poiforwopdrd Sitet Fambe fabricated
centration and affect the
acc\%?lﬁ%kﬁg’%tﬁgéé ?eg’?lﬁrlgeﬁl?ée?aﬁhe MACO val ues were cal cul at ed
using Eq. 2 : where SR corresponds to 90% sol ute
rejection and Cf and Cp_are the feed and perneate
concentrations (nol/dm @XAWH% tively. The average

pore radius r (Alo\h JritQIEBAPSANE MBS ERICUI ated from
t he M/\COvaI ue of The PEG by Eq. 37 r =0.33(M 0-46

(3) ar ht of sol

or opti iR BBLE e I B SR gl g gompivie
withdbligs dells. Psoﬁﬁe mmsbﬁ@aﬁ&hgr andy, 8D UKL (M=aiPDafty Mehdidells)

ratio snmall er than 0. 25 possessed finer and | ess

wergplaied 6n H&R%EC@W@EM%@M vieagag Heapesbiapg b colb
ad}t% o‘é?%%’c@ﬁa)a%niwéﬁo qutﬁ%dqﬁsetmggl ﬁl%é@lnm V%ﬁOS g g?st The

storage us ranging from
celRti@BilikPand 1ﬁxo]nfegd’umn vedre ezazgmnmb diithoptivd sluotesesm edcfoscopy using
DAéﬂe nmenbrane with a higher FC content, which provided

SAUN%| astic framework to the porous PS. The three
The 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. 8A 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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menbr anes showed simlar water contact angles in the

range of 30-38 degrees, indicating that the nmenbranes
woawisthopr3svi de noderately wettabl e surfaces foPCThS2006/035610

attachnment and proliferation of tissue cells. In all

of the PEG rejection studies for determ ning the pore

statistics and MACO, the feed side was unifornly

agitated to prevent concentration polarization and

bio#@kBiaf Eds %&%érg%oﬁeamfo@app@yméﬁﬁambwﬁhmﬂwe ghéky cell
affect e f1ux ultimtely, the partition

adhersaed weth@lﬁtE@mu@fg@,ﬁr@gan&S poteCxamnle alsgsyggegs that PS-FC

O B B G e N
psi, and cpnpared to the commercial BTS- 45 and BTS-55
PS nmenbranes (Pall Corporati USA) having 0.3 and
0.2 mcron sized pores, ?@éﬁ E‘iEl‘Q/er As shown in FIG

5, a lover wat erphlix; #ask 3PB&YE Yt QS FC 0. 25,
conpared to PS-FC-0. I5 and PS-FC0. 20, which shovved a

state .fl ux d espect
ThetdbErsaue sl 47 RSRe sbleieg b R BRAE pid Pitplae for
celladrbwithigtfgtdtidated! ReCTecarbét iiss0é asdred drgsin PRI EBichnistcbBverted
menbr anes. When the FC content. was increased from 0. 15

intqp CALbfilesng fed o sﬁwpéar@naioaﬁlﬂ%rwerm&sst&cgﬁﬁ PrecyFser fpaterial
™R - SEM

is p%&)g%glg a%hgﬁ%]fiﬁ%%ge an grrl%ls? é% § E}BHtlY @ \?llIl EMf t he

dmi%ﬂﬁ@demnfadasrésent It f@r & homb g«meoEd @utidA Ihecsp:r)lcmmjprealrsor

(cross-secti ponal oW, ha f PS- FC- 0. Fl GS. .
oy TAHAB it be LT SEe TGN Bifdeh Pragaedioinl mteril (.2
Fulleard &5l pcﬁﬂ%ﬁo%ngﬁj%eﬁtaf&& (&8 dcaﬁfﬁles) in the structure. The

(cross- sec i onal ) show i mages of PS-FC-0.25. The pore
stnrstttaﬁpte@usoamatma ldseerifiGalgaetens amydispensed dmélelﬁ/W:QOplet and

h [ M
A DAL o B BB A A

depdBiBdd, kidiRbotirgR ¢ Buaudds sutgeset @@V dadigtion foat soffictnt pai®l of
si ze than SEM neasurenments. For the commergjal BTS

timedorbausn eslymengatspneRd Peciapshinking) ofhs Fallewet omegomer- pEhe

s T

the polyseEbhcmdptopesltof @ VAbdintetiylafetdntidasilomt fiom the structure.
ultrafiltration range with i.ncreasi.ng FC.content

As gagsult of {Ris grgeessyp O%P%WQH%\?%@I ddn {1 §opgurgy The

tr#ctﬂf‘re COMBE [ se B2 3 tcﬁfhdrngligl' RRmbTRIR/RNE8e (TIVIA$H solution

I ndings 1 ndicated that the - FC nenbr'anes are
unt[irtbafrsemrlﬁglahma@nahhag bgen ponaied fvapthestrienrenelfgrsimeire is then

use, ne téﬁg]%?eafgr ﬁ el hergé&%%fc& u‘% gr%n\ighz?% anéir%erform
thef YRl phykiofegichl ﬁiﬂaﬂomt off |l evel was neasured based
on 90%

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 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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rejection of PEG of a particular nolecular weight. In
general, the cut-off |level of the nenbrane

woanrsaspshded to its nean pore size. The nmean POTAIS2006/035610
sizes were determ ned from4he cut-off val ues as
measured at 90% rejection for PEG nol ecul es. The
increase in MANCO with decreasing FC content i ndicated
an increase in pore size. This exanple shows that

appTRENGR e PR G Hivhich ReReddRirkls ¢ &eqﬁresehﬁmfv@&[dnqgﬂaﬁ%
accordi ng to nmet hods descri bed herein. EXAMP

Thegegkflipddn tieeart wilbrecpanirsonberihla feascrtipis uemgmpmeorg asnsroutine

o et e e AR VG g o H R by B of BByt
dedviiGEd hévhini Mt Eaﬂlbpefm,dﬁ g unddrstopd Weit ehefordgdhg@mbodinents are

PS- FC menbr nes out, coatjng the nenpranes with
presayied By pax o ﬁxamlﬁ QPQ{ d thatgviflip dhespope pEtheappegnded claims and

eqilvaTbsth bRt NGH %Ieﬁﬁoﬂ‘fnﬁ béﬁf‘a@ac/@d%rwﬂéecg&?éé Sﬁ)emﬁcalky |

viabi ity and prolifera wer e exam ne
desctibed astdaimadi cihegrespt mwnlugn Adrecsadab readgmdimiual feature,

phol.o | s udi, ed after 4 days

sysfigm, c*ﬁﬁ“flﬁ’qéa%ﬁal {]'I% /or 6"’?50 585 el e I BB &S AR

corfibiabfibef o dritoreWGdiefeaifest §Btehlsy hifigles Shhierialk] l@t@ aridifor
and 8C shovvs that the MDCK cCells adhered to the

mef?@ﬁf&rl’éﬁi@h faptres ovisice, arielesamiipriale kitardndéns methods are not
t t f
QARG i el ARRANEE sodh? of e HELRERSEIR. © ©

adhadli definfticais pasrdefinédaboustd aerein, Bhduld BAusd@snBod toccontrol over
adhesi.op of ceIIsmtheformof clusters on a

dicflgRaE Fefafiopt IAgSaitionH deeroRts SSOTIERES A geferongq, and/or
ord@%pﬁ{egﬁlh E‘Ofﬁ—l@ﬁ}eﬁﬁ\aﬁ;@nﬁshe menbrane di d not include a

| ayer el | adhesion proteins. Thus, it was
con &"h@l dsidﬁnh@artnchae “PardCang mae;tbhqmcm\m dmckpamﬁoattomaind in the

ey Pule S il A ooty B Fr B Ghodgpacah "t least

on€Xanpl e shows that PS-FC nenbranes can serve as

bi oactive nenbranes without further processin such
as dbapiuage fand/arg r%p&@delser@mﬂmﬂ@épcmﬁ@m@@. 204 ipf tcéqlmS, should

be JHC}G%S’[B(?&){O% I 2Bl drg%# L9 | A ?ﬁg AL F“grﬂ&%e X' St grgel%s that

SUI‘ aces use ICla urp

arelanunCWﬁptdsﬁﬁ&]h sqI0¢ ydvey andediuansslyl gedent (ﬁhﬁ'\/&aﬁﬁl |
coatings, This exanp

Muffelg Ginggischoied Wik PP BISUHAingbe SEne BRGNS gt “one
or RBRPIFAd Q8mbfts 05 CAYOILES Bftlet ElefleRls 2y ARHRAY EESresent other
than the elements specifically identified by the “and/or” clause, whether related or
unrelated to those elements specifically identified. Thus, as a non-limiting example, a
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

~ 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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EXAMPLE 4 Fabrication of 3D Porous Structures In this
prophetic exanple, a 3D porous structure suitable for
woesamsisst enpl ate for cell growh is fabricatedT/u’k260§035610
scan of a tissue and/or organ of a patient is
converted into a CAD file and fed into a
t hree-di nensional printer. A structure precursor
.material is prepared by m xing Fullcure(tm 700
oD B O s ‘Sat iy o #R contrary, uch
as “pnlyone o6t omml}mnel o, cm,t whrducsedl in theglaime, “consisting of,” will

t hr ee- di, mensi rlnter a is sacfki.fi.ci al
refeh i GF A g gy PRl Enenst s slneR S pE Elsfepts, 1o ggperal
the RPAMN0RT RAKed Ber@in sHaf \dnlyl RShtetptetel s ﬁidﬁda@lhg kRecludif@alternatives
st ructure precursor material and sacrificral materi al

(i.edioge @t S@tisasdutineigiogh”) wher prsgeded byfarmsglegxchpivityywich as
“e1t8nt’o“o%e %ybs‘{)ﬁlgt ?16 o‘f\f’ of e x%@t Ff&?é 01J ’ay?{%ﬁs&fngtég?entmlly of”, when
0 cur

récursor S re are Sited

use@ il 146 clairgs, i shald Hyeeitd @dinay thbbnigriasalsed in ﬂ]ﬁlﬁeésd of patent law.
sufflc:lent peri od of |rreto cause polyrrerlzatgo »in
ﬁ ¢ Ra@stone

(ardy Biedderdnm ‘il?Rlsh‘?ﬁ iggfion pd 1oUhe elaias. nemihia
refeg@rﬁzg oy %ﬂ SR Ok e Slefndfrs WhBuldShel L{ﬁﬁ'é‘lrsﬁ)%g th Ehe%n Wede&dt one
ath, Ich causes precipitation of the polysulfone
eleraard selecod flomodnyt dre arvhore df thetetephcateinghé Het of eloneents, butorot

t he str ure, As a result qof thi cess
nechSEBrRGREgF e Beirb bR v eTeobid o icai atel Hilln the
list OF Eldmbmks @ndl %oﬁ &@mdlﬁg!ﬁi Sc%@hﬁlﬁhtlgﬁ_%)ﬂ @bmantBat thllist of elements.

amoni um hydroxi d solution until

t he
This defiinifipe alad aH@W@thaﬁﬁlema%tS e eptienslyee Hrﬁsf—m piher than the
st ruct ur r e n e
o S P RS b T TSR T T g o
oneAREkeRewhemhst ich@ed omarieiated mssmélagelo:ta kpdcifitely ddentified. Thus,
Wi | e several enhodi nents of t(rg resent i nyvention ¢
as sRapelipEing examele, hadeaghens ofiAiang Bt & eEalpntl nafdgashpne of A
or 19" %& Qﬁgl %}k‘lﬂ% l“aﬂ 1Bagk Bfe 8 A 3}%/& BF PRI br elﬁ‘6h§ eRBodiment, to at
means and/ or stTuctures
leagy @né aptibna 1t ﬂneluﬂmgahona risanaomd/ Ay detnalepmgertt Iﬁ@drce%lamﬂb’
d/ or one o f. the adv
ine Bl reGlishitny OLGLA) B 2erane: SnaI QT B Eat Fongr] Gty
incHR8IEHoe Ao BNivithinder presf (eﬁfd dﬂﬂ@nﬁlﬁ}eﬁﬁﬁﬁmg elements other
i nvention. Mbre general ly, those skilled in the art
thamAl)] 1nr§@aquﬂyeraypmoéungttetotahbgst@mp, qpél,ogﬁl@( welpding more than one,

l?flsg e, ﬂ% lty 6n(§%dlg§glo? O%fraf)} gg ﬁ? 8% pﬁﬁﬁeﬁfg’ 1?<ggfhng other

eleﬂl@ﬁ@ﬁetcers di mensi ons mat er| aI s and/ or
conflguratl ons w |l depend

S pobisRowd glspibe ATFEROBH LrpinGAEh lebhg indigateghip e gapgary, n any
me{hE)ﬁ? Ple rﬁlhl?ﬁat REGSR hore WA HrdeQfep &/ a@f %hé@@gr of-lfﬁ@§t§ps or

art w recogni ze, or
act@stibe tnmthodus inognevessaritydirhitaito rtkm@ndmemexlpeh thvevmmtotr aets of the
y equj daI ents to the specific enbodi nents of the
mefiodart Fe6He

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

2% &< 2% ¢C.

“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,



descri bed herein. It is, therefore, to be understood
that the foregoi ng enbodi nents are presented by way of
woxarsploso3onl y and that, within the scope of theCcT/US2006/035610
appended cl ai rs and equi val#ents thereto, the invention
may be practiced otherw se than as specifically
descri bed and clainmed. The present invention is
directed to each individual feature, system article,
resﬁ?&t%lyalas sek| !fdrth Aned OhitBEeShRd PARICOFRRAIBGIE bf'Patleﬁ‘t Examining
dition, an onbi nati on of two or nore such
Pr(fcéé!@ra$,§§0tl<§y 1érﬁ§’> articles, materials, kits, and/or
netnﬁgz dm.e ch features, systens, articles,
mat eri F RIFE4S and/or methods are not nmutual 'y
|ncon3|stent |s i ncluded within the scope of the
present invention. Al definitions, as defined and.
used herein, should be understood to control over
dictionary definitions, definitions in docunents
I ncorporated by reference, and/or ordinary neani ngs of
the defined terns. The indefinite articles "a" and
"an," as used herein in the specification and in the
clainms, unless clearly indicated to the contrary,
shoul d be understood to nean "at |east one. The phrase
"and/or," as used herein in the specification and in
the cl ainms, should be understood to nean "either or
bot h" of the elenents so conjoined, i.e., elenents
that are conjunctively present in sonme cases and
di sjunctively present in other cases. Miltiple
elements listed with "and/or" should be construed in
the same fashion, i.e., "one or nore" of the elenments
so conjoi ned. O her elenents nmay optionally be present
other than the elenents specifically identified by the
“and/ or" clause, whether related or unrelated to those
el ements specifically identified. Thus, as a
non-limting exanple, a reference to "A and/or B",
when used in conjunction with open-ended | anguage such
as "conprising" can refer, in one enbodinent, to A
only (optionally including elenents other than B); in
anot her enbodi ment, to B only (optionally including
el ements other than A); in yet another enbodi nent, to
both A and B (optionally including other el enents);
etc. As used herein in the specification and in the
clainms, "or" should be understood to have the sane
meani ng as "and/or" as defined above. For exanpl e,
when separating itens in a list, "or" or "and/or"
shall be interpreted as being inclusive, i.e., the
i nclusion of at |east one, but also including nore
than one, of a nunber or list of elenents,
and, optionally, additional unlisted items. Only terns
clearly indicated to the contrary, such
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as "only one of or "exactly one of," or, when used in
the clains, "consisting of,"” wll refer to the
wonelsusssn of exactly one el ement of a nunber ®CTIUS3G06/035610
of elenments. In general, the term"or" as used herein
shall only be interpreted as indicating exclusive
alternatives (i.e. "one or the other but not both")
when preceded by ternms of exclusivity, such as
"either,"” "one of," "only one of " or "exactly one
of ." "Consi sting essenti&h%ﬁaﬁé, when used in the
clains, shall have its o meani ng as used in the
field of patent law. As used herein in the
1. SPeCietoRldf YbrRAhd i"sthlb%lr@ k& B as b k@n@gﬂ'eef&ec 1Bdrohv@ast
one," in reference to a list of one or nore e enment’'s,
comphisiEd be understood to nean at Ieast one elenent
sel G Jore of

T S A Y GO eRind Rl SR ot fiena orvent o

1bnﬂea@ma@men@£meaﬁﬁngﬁg every el enment specifically
listed within the |ist of elenments and not excluding

anyhyung the strperrEs pyecussas mierial info piseusipes sugpble fermsatas a.
£ ' n also allows that el enents may
mn%g%ﬁbp&% %b eppresent ot her than the el enents

speoistlimang melfmﬂmmly&maatompbhem dde |ist of elenents to

whi ch t.he hr st one" et her
o RSRating AL i BPgriih af Shs Rrs G Son oMot Bomp B pidgey ercby
forrﬂlﬁgﬁﬁallfrhﬁ? 0fﬂ9ﬂé§m @8 sBudtgr; | im ti ng exan'pl e, "at |east
of A and (or, eqw valently, "at |east one of A
or B, " or, eqU| vaI ently "at |east one of A and/or B")

can, ref.er .10 a .ea t one :
o0t BB e R URAG: SR s e BlacliE (e cffgegitn o
precRfiRE6A &ne(dam@l ampﬁehmaigl the bOlod @if ik BtaRIRsslvehdiarhd han
B).; in another enbodinent, to at |east one, optionally
preciipiafigaegivdr e t han one, B with no A present (and
optionally including eIenents other than A); in yet
anot her enbodi nent, to at |east one, optionally
3. i n& ndthod asiir daih2ywitsrein tihe precigitation editimana,solvent.
optionally including nore than one, B (and optionally
i ncluding other elenments); etc. It should al so be
4. undengtRads thédhim %I?e?&n%eeﬁx"ebl}hthﬁ&i 584186 ik Jakdre
contrary, in any nethods clai med herein that iInclude
nmore than one step or act, the order of the steps or
act,s_oqf, the.netho not. necessat im.ted to the
. or depie R B a8 o PP IR o BB o e
recited. In the clainms, as well as in the
speC|f|cat|on above aII transitional Phrases such as
6. Wﬂ]@ﬂﬁg in clajoy ) \Mléﬁr%t € PIEBPf s,qgven lswgmrﬁ@:twe w1th the
Y g," "holding," "conposed of,
ﬁrstaﬁg'g%a%hﬁk)ﬂgrmegrcg ¥8A%(E§underst ood to be open-ended,
i.e., to nean including but not limted to. Only the

tr n3|513nal hrases "consisting of and
ethod 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.

9. A method as in claim 1, 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.
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"consisting essentially of shall be closed or
sem -cl osed transitional phrases,respectively, as set
woaodshvososst he United States Patent O fice ManuaCTwis2006/035610
Pat ent Exam ni ng Proceduresig Section 2 111.03. Wiat is
claimed is:CLAIMS 1. A nethod of fabricating a
structure for use as a tenplate for cell growth,
conprising: dissolving at least first and second
pol ymer conponents in a precursor solvent to forma
structure precursor material; shaping the structure
10.pr edunetbod paireclaial 1,iwiteccimns taue than@bs 5% bk ell bores Usdate in

late for c r owmt cro sllnkln the first
siof ot SUBAgbRh Size B e B ] PRI RS AR o1
t he precursor solvent fromthe structure, thereby
formngaplurall of pores in the structure. 2. A

1.met Agacthed phinctlaimd, wisrdiune here tonpbist 594 of sl paiet Hegate in
s RS ShE AR e Sr BRSBTS Sob TR

precipitation nedium 3. A nethod as in cIa|m2
V\,herel n tge pr cipitation mediumis a sol vent.

2. et fidBethed phing ?&mrﬂ 2VhiFrdh srenter HanG0&eothe aptes hammurncular

Welgﬁt(yﬁgﬁrofagout%o hod as in claim2, wherein the
precipitation mediumis air. 6. A method as in claim

1, wherein the precursor solvent is non-reactive with

the f|r t and geco ner C 7. A method
3as fmetRod Ay o SRR Y ZeatsE 818 905 9%@? PRISHPBYRchmojesular
welghb@jt@ﬂﬂbfabémzmqt@aor osslinked after the crosslinking

step. 8. A nmethod as in claiml, wherein the plurality
of pores have an average pore size of |ess than or

equal faormed in at | t ortion of
14. 0 oo BTG LGP B e e 589505 fe B hie nofbcutar
weighesugoff of Beowpll8kdlaj t y of pores have an average pore

size of less than or equal to 10 mcrons fornmed in at

| east a portion of a wall of the structure.10. A
15. 7" RQBRS AinhBT, WneMIGEbie 1Re CRIEE RR0uARP R ©f

all pores deviate I'n size fh'the aver or e
comyfrisehthrgp-dinsinsipyalgiingiog.es by nore than about 20% 11.

A nethod as in claim1l, wherein no nore than about 5%

of all pores deviate in size fromthe average pore

16.Si 28 n@fthddas jalcuhidl 1, mrﬂef B3 0%
12. A net hod1 gslr n cl ai ﬁﬁiﬁﬁ\/\hreér)g}fﬂwfn etg‘?%%h"t %

~ envgpnmpet faeititasing selé geowib batodhastructure.

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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wei ght cutoff of about 80 kDa. 13. A nethod as in
claim1l, wherein greater than 90% of the pores have a
wounb@mosss wei ght cutof f of about 40 kDa. 14. AcCmriSh@ed035610
as in claim1, wherein greawer than 90% of the pores
have a nol ecul ar wei ght cutoff of about 15 IcDa. 15. A
nmethod as in claiml, wherein shaping the structure
precursor material conprises three-di nensional
priqtj - mat j im 1. further..
21. 0 Ableitod o il BRHERpE BB b dren soimhORb fspitone-
basddambharh@t i ng cell growmh onto the structure. 17. A
method as in claim1, further conprising exposing the
structure to an environment facilitating cell ingrowth
i nt A i i m
2. 5 SR RS A g L i Tor S o SRR AR Pl BoGhe,
compeisingd as in claim 16 or 17, further conprising

form ng. an organ. 20. A nethqd as .in claimJd1, wherein
t netr Vol s B0 oSt B comRrisBegt ReNtiioond and
thir@ea@pdien®l. A net hod as in claim1l, wherein the second

pol i;mgr conponent is a sul fonebased nononer. 22. A
netsheing thersayeiuesprepigser rsatenial infp e stoetugsanitablegfor use as a

temél?{gljof‘ée‘?l ér%(wﬂ?-el | growth, conprising: providing a
ruc

ure”precursor material conprising at | east
fi resdsslisdngtid, firangnigonent; conponent s; shaping t he
structure precursor material intQ a structure suitable

f oPTHARIAAEE Ahe EHPIhERIRBENIIB PIPTRMRIRION Tebus) 15ki ng
th %ﬁlbﬁﬁ% IEORRAREMhondH GOt b RGrelif %édﬁr‘régprgation medium,

conponent In a precipitation nmed um an ving the
therelyi fodmigrgopnmtity 6f mores indhesstrugtrer e i n t he

precipitation nmedium thereby formng a plurality of

pores in the structure. 23. A nethod as in claim 22,

23, Whex Riefhddng i tlash 28 ONRGGE ke fit _@orﬁ%&feﬁjt iskaddsBnkable
nmononer. 24. A nethod as in claim?22, wherein the

monoMest conponent is an acrylic-based nononer.

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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25. A nethod as in claim22, wherein the second
conponent is non-crosslinked after the crosslinking
webke/00285 A nmethod as in claim?22, wherein thecsasond03s610
conmponent is a sul fone-based nononer. 27. A nmethod as
in claim?22, wherein the third conponent is a solvent.
28. A nethod as in claim?22, wherein the first,
second, and third conmponents are mscible at 25
deg L US: thod as .in claim
30. 55K R paud D2 @bl iing B THLORE SRrinrnisth o
competsétiregsdimangidrenl prid@ng.wher ei n shapi ng the structure
precursor material conprises three-di nensiona
printing. 31. A nethod as in claim22, further
31. COMPK rSdoffe i QRS
facr it ?ﬁ?‘?@f‘? Qig’n%l?tg‘\?vt B nﬁsﬁ{g%é‘ Suifig pEALEART M
envigopmett daalitaBeg coll imgtdvall imte pores of dierst@dturd. ur t her
conprising formng a tissue. 33. A nethod as in claim
31, further conmprising form ng an organ. 34. A nethod
32. of A aliodakiimelain S fusthe @nippTsindSBriAingd tigi! ate for
cell growth, conprising: mxing at |least first and
second pol ynmer conponents in a precursor solvent to
for [ r terial,
33 e BRI PR S L UG A R TR anc
the precursor solvent are mscible at 25 degrees

Cel sius an atm printing the structure precursor
34, ach pielod Og b & R TSRS o6 A RIBIfor EA LEToweh
compyisingdl € for use as a tenplate for cell growth; and
renovi ng the precursor solvent fromthe structure,
t henigbg ot beast fingt @ndpiecoral palymerf copgroasnts m 4 heecstspusoi vaneto

35. A nethod . as.in claim 34, wherein renbvi ng the
fornt R oo FEed8E Bt pfesit Pt Bterifh SinEredn TR 2 sbCBhd polymer
conPoREAE ind e pRRuSHF siITdH arevhisbibie NS Gepickat bR HRE 1 Wih;

6. A nethod as in claim35, wherein the precipitation

nedirging gestupyis precwyor matppalie dorase thieeflimensional structure
. .S C [ K] the first pol yner
Sult%%%%ﬁéﬁgggﬁynggg?rh%ﬁizé‘g@d%l ynmer conponent. 38. A
metrtidviag thepredursonsdtent fissrh gy staR e, ithéraly forming a plurality of
pr.eci pitati ng the second pol ynmer conponent. 39. A
POTGsdR HEFIAENIS ¢l ai m 34, further conprising exposing the

structure to an

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 precipitating the second polymer

component.

39. 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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environnment facilitating cell ingromh into pores of
the structure.40. A nethod as in claim39, further

woaoproosizng formng a tissue. 4 1. A nethod asPCW/USk@sN35610

39, further conprising forming an organ. 42. A nethod
of fabricating a structure for use as a tenplate for
cell growth, conprising: formng a cell growth
tenpl ate precursor structure conprising at |east first
and second pol ynmer conponents and a fluid carrier;
crosslinking the first polynmer conmponent thereby
40. T OK Miglishdeasse bhairs 0pplarthemengirisitgt formingradisswe.ng at | east
a portion of the fluid carrier fromthe
sel f-supporting structure, thereby formng a plurality
of ' r Fant ated cel
41 R B o T s
shape suitable for tenplated ceII gromﬁh 43. A net hod

42. ? Zﬁ%pn%{gg? %{?élgrfﬁag\ﬁg géﬁr}x{;} fe gu% éﬁllté fo¥ EQIY\HZ)wth
Coméf%’“’?%e di mensi onal prl nting. 44. A met hod as in claim
u

rther conprising exposi t he porous cell
t efopiétgs @ﬂlrgmwthtenmkat@nreéwwrrsglﬁ%lﬁ% CQUARISIRg %Ptl?%gﬁﬁsyﬁlild

secoy&%&l&ﬁ?eﬂgzcﬁﬁﬁo% o{aﬁia?f id Ori gLructure. 45. A met hod as

r corrprl si'ng formng a tissue. 46.
A Bi%"silﬁﬂilr% $hé firse pallyited dompettenhthereby fpmisg agelf-ovpriongngn
or gan 7. An article for use as a tenplate for cell
strucguromt h, conprising: a structure conprising at |east

ﬁ n gein\{\c@vll%gt%e{spé SiBn SR Wel fiid @%e@frghltth@ kd1f- k’u@%ﬂﬁ@ ﬁ@wture

average pore size of less than or equa
theret§ foHBingAPlralityed pbﬂ:sam tHeastrattuee wlabhecfﬂr tgmplaed %éll grOWth

wherein no nore than abaut 5% of
Si z@e¥Q%metpﬁg)u§g‘gpc&6@ lﬁg eg g & s%%pe SHRQEH? Eorrg?&ﬁtﬂ%{eﬁ deft
grovpl! €S by nore than about 20% wherein t he structure is

constructed and arranged for use as a tenplate for
cell growth. 48. A nethod as in claim47, wherein no

43, :nﬁ ;A?g{;ﬂpg Gg Prg pip { s he%%lh tﬁﬁrgrﬁﬁg el %&@w’ﬂh%xﬁbﬁ% ﬁré&ﬁ%or

ZzZe 0 ural i por es by

stm&ﬁfe%o&ﬁiﬁﬁeﬁh@étdﬁ@%lm@ pr1ﬁt1nl@t hod as | n cI a| m 47,
wherein no nore than about 5% of all pores devi ate in
size fromthe average pore size of the plurality of

44, PO'LR e%drgg s cl%ﬁ@@Z,%ﬁHér b} ¥frising exposing the porous cell growth

template structure to an environment facilitating cell ingrowth into pores of the structure.
45. A method as in claim 44, further comprising forming a tissue.
46. A method as in claim 44, further comprising forming an organ.

47.  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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50. A nethod as in claim47, wherein greater than 90%

of the pores have a nol ecul ar wei ght cutoff of about
w6Qodsas0351. A method as in claim47, wherein gCeASer06/035610

than 90% of the pores have ® nol ecul ar wei ght cutoff

of about 40 kDa. 52. A nethod as in claim47, wherein

greater than 90% of the pores have a nol ecul ar wei ght

cutof f of about 15 kDa. 53. A nethod as in claim47,

wh ' [ f ver r

o 3 aeadin MRS AL bl bt PR RN BB B EERARR Brpen
growthast a portion of a wall of the structure. 54. A

nmethod as in claim47, wherein the plurality of pores

perneate the wall, thereby enabling exchange of a =
48. SorfbBIREI et HEBR YL DFLROR ot SHIRGLOFC216 a4 29 lesiaiy in

ize & RPHe! RBra8¥ b6l frehet GV AL
size SrcRPltcl 8o Sielsthe ol el 1ol 9”‘#&%“%%@ QTR 0%
| ess than 300 mcrons. 56. A nethod as in claim47,

i e e R T 0
sizeg%?% {}férhveﬁ;g:b Berediz2 F HhlinANS/ o1t R0ESEhorethan 4bJvEl %?

abricating a structure for 'use as a tenplate
cell growth, conprising:dissolving at least first and

50. ?g%nﬂlgt}fs% |ra¥u (1: {;Jl?l{éﬁ) gﬁg@? ?ésig Ig%re%ﬁar élﬁe}rngiﬁ)u)é §ﬁ%ﬁ)§£e\§?1ﬁt¥e 5 9nolecular

weight cuflofabpute8OUti3r material into a structure suitable
for use as a tenplate for cell growth; exposing the
structure precursor material to UV radiation; and

51. ][ eNDVRBJak il Qa3 4R wARkdih %g/ba%fr chd¥eod% Sgﬁlﬁighsfhglz% ? Bolecular

romthe structure, there orm ng a
weight cetoffi of abbat 4tlDect ure. 58. A nethod as in claimb57,
wherein the exposing step takes place after the
shaping step. 59. A nmethod as in claim57, wherein the

52. eXPOmieMMdd Sk BPCIGRAUSE SVHREIY TRIate? MdnIon b 8k foRR%hv&a molecular
portion of the first pol ymer conmponent. 60. A nethod

weighy cpietiicefzbawisld kI¥her ei n t he exposi ng step causes
crosslinking of at |least a portion of the first
pol ymer conponent.

53. A method as in claim 47, 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.

54. A method as in claim 47, 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.

55. A method as in claim 47, wherein the cavity has an inner diameter of less than

300 microns.

56. A method as in claim 47, wherein the structure comprises a first cavity portion

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

57. 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;
5 exposing the structure precursor material to UV radiation; and
removing at least a portion of the precursor solvent from the structure, thereby

forming a plurality of pores in the structure.

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

10 step.

59. A method as in claim 57, wherein the exposing step causes polymerization of at

least a portion of the first polymer component.

15 60. A method as in claim 57, wherein the exposing step causes crosslinking of at

least a portion of the first polymer component.

20



