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WD 2009/ 070720PCT/ US2008/ 084952 BI OENG NEERED TI SSUE

CONSTRUCTS AND METHODS FOR PRODUCTI ON AND USE RELATED
WARMRRI@XTI ONS 5Thi s application clainms the benedT/USING/084952

U S. Provisional Application Serial No. 60/990, 757,

filed on Novenber 28, 2007 and of U.S. Provisiona

Application Serial No. 61/021,176, filed on January

15, 2008; tIBOENGINEERMDRETISSUE CONRTRUGTRAND

appl i cati ons i METHODSFERFROPUCTICN AND &ISENce.

10FI ELD OF THE | NVENTI ON The invention is in the field

of tissue engineerig%gJThis invention is directed to a

met hod for produci nBELATBERAFR e ABIQNAst r uct s. Thi s
bi oe n | €
BT DL a0 PFOUA s o

6@5%@@@4@ Kbvehidier 2BMENT laGNoTUES. %@Jlﬁﬁﬁal IA{ppdimtlotanerlal No.
tes to disciplines of tissue englneerlng

SHEGERER Slsorn Sty oo o B HEAT BT ST g kPP cations i
Hngﬁﬂ@kﬂﬁg&hggég@&ngs with the principles of life

sciences to understand the structural and functiona
rel ati onships in normal and pathol ogi cal mamal i an

ti ssues. The overal qQal Isaiplines is the
devel opnent and uIt#“ﬁﬁ@cgggﬁkﬁﬁigFggiBEf bi ol ogi ca
substhd h'lk/@l%lotn% EGE FeRl o MBI ghee@hig. | THE BMenfidrSiS Ufected to a

functions. Thus, it is possible to design and
mnﬁwdff@zmrml@l% bbl@emggnm@r eonpstriols ikhis hloangla‘tf‘@‘?ch@ﬁWCtS are

kP Sk e AR KR e U8 AL B

ti ssues and synthetic or natural matri x scaffolds. The
new bi oengi neered tissue nust be functional when

grafted onto a ROGKGRQUNP QEMéNME;NTWr por at ed
Wt hTFT §Slﬁ) ecgﬁﬁlgﬁteo Red¥o Bfsci [ng&rcﬁstﬁédé iRk @ﬁ%lrg&nera’uon

by ce rom-t I'oengi neered tissue ol recipient
arthiospenckatye inﬁmﬂidimmo(mﬂblbesdﬂwgmemmgimbihséumth Omesprimggtles of life

wi t hout the i orati.on ce on. exogenous .
S THER BB S AT G i il G S SRR HL Y and pathological
maRA GRS Shes. nTHé SAkAID ﬁaa‘l Bfetheml;a E?\ll_lﬁ_{ég iae a&c&@prﬁeﬁu 8nd ultimate

constructs. OF THE |
apmwetmn c&rbwlsgldalrsebité@ltes 5] 1b$tg@ng1amézen,ecd impepyg éissue functions. Thus,

roduced cul tured.cel and engogan usly

iSRRG SeRER i R e it oS BRI a0ghS
BloRfihE&BEAEsued ce@ﬁﬁ@ﬁd@@bﬁﬂs 374 ﬁt%sﬁﬂ[ﬂ?@;@&ﬂﬁsd Qflith eiaoE kammalian

support or scaffold nmenbers. The invention

onlpmeCReTEGRETYIBStIE /Mo B g gpate ¥ soaffolds. éla\ff‘alﬁwé@%e@weyred tissue

| c
e PR B e AT TR0l e p PR AT B PR witin the
hctdn e bbipengrogesyiedy biosatiedstaiist cells fronsthd efieggiadertdtissus or
i n.humans. The |nv§ tion is also directed h nﬁthods .

reptpienh heio ErbrFatipd of RoBRIRREF i SU G5 IS TRG AP Y She {pporporation or
refighdeSon é?(ogitﬂohk' EEpoptfdnBiss bi Qﬁﬁﬁd@%ﬁs tof é%leﬂﬁﬁg Hﬁzﬁlenges in

ext racel natrlx conponents w thout the addition
crefitirgg ththeew bicegeimeersd frssue icanstmnisonent s, net wor k

support, or scaffold nenbers. The invention is

al so directed to nmethods for producing tissue

constructs by stiguvIARY OF THE INVENTUONUr e, such as

fibroblasts, to produce extracellular matrix 10

conpBheinvention is duedtediodieangingaicd jistusreoasiaicirprofuckdhy cultured

celﬂ Gnd2fdd genousij}?proalfced W tr M iitar matrix components without the requirement

of exogenous matrix components or network support or scaffold members. The invention
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human- deri ved bi ol ogi cal conponents, such as bovine
serum or organ extracts. Further, the invention
w0 g00dioresed ed t o bi oengi neered constructs conprPGI/I2088/084952
devitalized and/or decellularized | ayer of
extracel lular matrix produced and assenbl ed by
cultured extracellular matrix producing cells. 15Stil
cfnuththadvantapeoushvtehadsrentiselyl froedtuehnt csils radd hamae tfagrgk components

far Ki a _hi gengi neered cgnst.ruct, c risin . .
PSS oo RPE Ty B (i eHtais R Doy (opamistisgiesisned
féxké alRlnkdankar matrices and subsequently devitalizing

and or decellularizing the extracellular matrix

pr odlib¢ Ayyeriin is alse dectedtocpetbpd fagprodecingiswie capitacts by
o oss) i ki . . .

sty RUE AR S e O s O BERRALaBl BE masix
corspeatuwaatuamd adéitibn as sigreb bashehyusanhttincenhpomdnltss network support,

wi t hout the need for scaffold support or the addition
OlfcaQWGRHBRES ext r acel | ul ar matrix components. DETAI LED

DESCRhE T R s Hisk-al:-BEATH o & ol BroBhAReiGue EbAd AR by

engi neer e flVlng tissue constructs are not conpletely
stophlbtiarssforetlb edcwdind, surdt asrfibirgblants, 6 plodnce dxdraeadilarinptrior

i ncor por.ati.o f exogenous ri X, conponent r
coysBtiR e deaushun Sertppent e aroRUBp bR fetitstor non-
hoiish-84PRABiN18EEA R olripSRdies, §ISAsIHeCInR se@BLH d¥esh H&Faeish

exhi bit many of the native features of the tissue from

whi cHurtlesi the gaentsoreis dirdeied (petioenBinecradSoDUIUSHIOMPISINS a
dftzvri]tléllﬁze%oﬁrd%g. Ccee u a"flir% (53 Fa le‘lrso extr%e&%[a?frr}a Y }oﬁlac%dsaﬂgjags%ﬁbled by

or or 1 n V|f)ro es?lnéj. e prefe}?re
cittpaliéxoé il meatte plodiingickllgonst ruct conprising a

first cell type and endogenously produced . . )
ext r Ak furthenrtherayentionih dirested tonardsiamasthedfor majing 3 joengineered
| ‘ = !
RO Sl S OER R0 FH R F5TR MR BRP el
m20R9¢ AFDTPERETAISRONSN A8 S5Por decelluldimnhibe eptrafeinlaethatrix

enbadi t is,a bilayer construct conprising.a.fir
ORI G Pl ST BBt O SR L4 Bt B Gingyandor
biBBSrhpatidshddibdyRtcIable @8hdsiveQblmioagcond type di sposed
thereon or within the cell-matrix construct formed by
t he fijsperonsaipt is prpduced and self-assembigsirley pMtafasraels without the need
enbodi ment IS cell.-matri x construct. eonpri.sin
tof PR ok e By e SR 0 apnsrts
cul tured dermal construct. Anot her nore
preferred enbodinent is a cell-matrix construct
conprising fibroblasts, such as those derived from

d s, t t '
ayor of kel R DENCHPTORFORPIE NN TGN 2

epi dHereadfoleagiatrent engieerddtliviimg @ssaelbdnstracks bid vy esmgletety cell

construct. The cultyred skin constructs of _the :
asSeTp iRt ARHIER TR ﬂﬁlﬁv%ﬁ ﬁ?@}fle% PT INgRRPRFAHAB 6 G EEPOUSIRYTIX
c&hﬁ&'&ﬁ‘t@‘o? @&ntlﬁ&ﬁ%&ﬁ&r@ forRRhdMR o3 l§h}§b_ort|, Br Béiheven nore

preferred enbodi nent, the cell-matrix construct is a

ti ssUdedboresgnetd tiksat cosstrubtyidesoribedhethm axbrntahanyagfdéhe native

of sKi a hupan dernmal . copst ruct. t is fornmed in a
feurR s b R BONIEY Dol frkifetibee ity tisfq St fus
protibdedZai @e NSeACBL BlabiRg tY aBEieét P ek i6 QMROREMiS during

its culture. 15In the nost preferred enbodinment, the

t i ssae prsfatedembodiment kra ¢allvaptrixeangrust eamppriseeg @Erst pelhtype and

jcall fi - i.S] - i
o RRPIS ol BEASHL ERTACASH 8 AU BT et o
sylnthzkagigeal scaamaexttaselilar@edtiis to produce th¥eelpmafrar dodastruct.
enbodi nent of the invention conprises a structura

| ayer of at |east one type of extracellular

mat ri x- produci ng cells and engogenously produced

extracellular 20 matrix components, nore sinply terned

"matri x", wherein the matrix is conpletely

cell -synthesi zed and assenbled by culturing the cells.

e
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30 native coll agen. Del ayed reducti on SDS- PAGE has
detected the presence of both type | and type III
w@odobagse i n t hese constructs, the predonm nant PCDUSRQEIB4952
types found in native human skin. Using standard
i mmunohi stochem stry (1 HC) techni ques, the dernma
cell-matrix construct stains positively for decorin, a
der mAhathesprefeaté embocﬂiwgt i;scaa‘xhlakﬂ@mstwt benmBing a first cell type and
009/07972 CT/ US200 6084952 aa qciat ) gh col d%%»d. d
OBFIuELy Reruges ATy g Pienpl relliclArean ispose
th\éfe%ﬁ or WRGHY the cE18Madhsnld udt ifSHRldibgaRe fifst EdiPtypONSt r uct
with TEM The produced tissue al so stains positive for
t enadanere peaferesd snaleasiimentas a pell-mafixggopsispt 6empHsing fhtpblasts,

Sy TR g TSGR T Aled hSHE Sy T opair

I'Ssue Uuh repair € tissue
pr ody6edler Mo Préfdired &nb@cﬁmlaﬁta@ aszhlmmmmd»ma-nﬁasmpntsiag
ratio of type Ito type Ill collagen as the matrix is

fibropleslg. suph ps @0%@erwe§ HioRpderpis & BetmcubyredisBrsl, COP%thEWIth a
I

1a?%edr¥]€ft\ég&?igﬁ%$ W&u{i’tﬁre?%b%g%ﬂe fo nfglt'nlrl IQr)l( k ﬁe g%ﬁpﬁ%SMB%ﬁﬁured
b1gayaml<hmtmr[struttl ﬁﬁeuhm@ skig edn&brfuctmﬁf ttlhe;nnt/grmenlekpress many physical,

coII en an Eroneﬁ%ﬁ ?d then. renodel this | oose

lWﬁfﬂ “ﬁ Fraice! foatpfes @ BEHHGS Bed of mostly type

C ol | ROSNbverd %r@ﬁ&@é&@@npo%hlmémttﬁé &113@@&%%@&@% fiBue

10cont ai n glycosanlnoglycans such as hyal uronic
caasirgct (s similbr torihe dérma bb’@t@ébmyé hnmai dermaé sonsnes hat is
foillé%] i ae%et}l&%g§8s%%rﬁ1cﬁr%8¥1§lé§ hlgr%grb g%rrl]‘gdd cgll? rt(%lf 1{1'% nd Ehemlcally
uraletidled ebmpgdnengdatihg fis Oulawt.f ate; di - chondr oi tin- 4-

ulfate di -chondroitin-6-sul fate;
childh%i oSt prﬁfezge@ ch@peﬁlgte@t the tissue constructs of the invention are

faﬂ%l?%%%n?%#eﬁl%l oS Eoghor¥ife human derived cclls but o
cHeimedignindefinddeatnon émmex bidiogicd sbmposeits@scls t he

construct devel in cylture and are.di stjncti I

e G DS HORBREY Pl TR OAEHERTfe & SRl it at least
0@1??@5@&@9&9&11% ntlatiﬁ)% Sr&RERGREM shd dhdbsno¥stl FdmREed extracellular

cuftured dernal | -matri X construct indicates that
matx owm@ncm;tmcbrasmmly terad Smataind, wh@elhém matrIXfle a@mplg‘gly cell-

SAPRSRE T By 8) PRI 50, Sy s M ot

corbhrtt uf alcdiienbtkasycn’ BRawelthd edisGedrbieBl tontai@aRGhdeli@t within
forned fromdermal fibroblasts, it should be

andethesyah sheer matax. dbe culiwead Heup consurts degnsreauie.shysgloed include,
t
ol GBI R, b PR B PRy e
cellls bm inkrodircet] v otie inglanat Iﬁdl. mabre psefaieectasbmlmémbﬂxembmmmlx

can be ipduced to expre n phenot ypi onents by
@M PrHERH %}ébur@aeb%wif BPbRg tl%glo“%ﬁﬂ §§Yecaa redomiant
co%x%éerrﬁrga%gﬁ of 9(511 Xn i AR5 SRS e TBAN s MB%rb}pé]&ftl%h h&i€roscopy, the

I ment the 1nvention i1s a cell-matrix |ayer
mhtanxi in fibems amdathxa)pempufsmg ebllageditlsp oslatiits the rqemcﬁr-smgered 67 nm

T 5 v B e SR SRR o

nARBEbNARh. Delhydd 6t dH SHSIPARTE Béfm%cf@ﬁhe picBénce 8F bsth type I
of the second | ayer are of epithelial origin. In the

andiggpe BI edlingeeth thesscansiaists, thelpeedosuom cpbagsn tmmﬁmnée@ native
hl?r%lj tilil( dﬁjfm%a n a?crl I%Brlnﬂgc%gtgghehhﬁ}%@ﬁgﬁﬁeﬁﬁﬁlqc s eahen{xal cell-

mb@ixrsdsthucod Blathe Ipﬁﬁhvély Israfetasd, 3 defAdatemslogenmrotogBar known to be
to forma dermal |ayer, conprise a living skin
construct. Wien fully forned, the epidermal layer is a
multilayered, stratified, and3well-differentiated
| ayer of keratinocytes that exhibit a basal |ayer, a
suprabasal |ayer, a granular layer and a stratum
corneum The skin construct has a WD

NSNS ] AN NN NT | 1 1NN ees ] 7S Ao o o Y I T
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20ker ati nocytes, are seeded and cul tured under
conditions sufficient to forma fully differentiated
W@ ean7d7eed epi dernmal | ayer. Ther ef or e, PEEUS2008/084952
nmet hod of obtaining the bioengi neered tissue
constructs of the present invention conprises: (a)
culturing at |east one extracellular matrix-producing
assalidted with co}hagehéibalﬂﬁsmddehafede& mﬂmﬁb@kdlamct@t inigg. Decorin

AL SOTRORSHE, 8,302l SU00RELy SSRTRS s psiive

fo? ?e%ﬁ&‘ir? an ¥R RUIRP AR N E et UbEd, ﬂ@{dkbﬁﬁf)l’eoﬁﬂﬁé&ﬁ&}@me or
to forma tissue-construct conprised of cells and

tigsaesrundesienaineiugle dike jissup gader enairsin Ve e tipsug @séuqeé)m culture

B L

WA $ib1 WizhingasBE bsurith ekt sracield veliavednaitrtha catifilbineld spen space
for clinical use. Two or nore deV|taI|zed or

besyerschpmauinkly Wi adoass mat@praleaees & sragrlpiondinpseqraryised of

mB&%ﬁé{P@ﬁ @(ﬂfggpﬁ) ngcﬁﬁbtroﬁgé?ﬁlhﬁ{d k4 RsodaYin Xoé%fmatrlx with a denser
| ng-or the use of a | oconpati bl e or

mbiriareeapiiabbdmadilyagpa/bcollageDhe produced cell-matrix has been shown to

2009/070720P / US2 84952 1. NMEDI A E LATI
CCEBTR SR RIS (G FOPREEOHS SN ﬁbj"%ﬁ@%
IJO{EEO? y@éﬂs@éﬁﬁeﬂ?&bﬂﬁ‘sﬁéﬁ% BRI PEHRLBE vERldan Vandbh bidii¥e of sulfated

profiferation and synthesis” of extracel lular matrix
glyorpoitegtysatysuches diehyadurogo Iaﬁldr él ¢hedilieitin--seléatprdishendroitin-4-

oG PSR SN B R ST S e

2RAA AREhdeoi RLHEE Jufafe- IDASZ& THesd hﬁucafril eolil b&n:lhafaicabﬁbﬂures exhibit
culture with reasonabl e expectations_for successful
thpmarves as ghecanssadi devderstip gelurs pnd e distipetivs! bﬁVldﬁ?éHK}“en the

AP Y ki, M S0l SPHECe it sl o
cmmmmieemall deyi- raaztaxlcabdtmcnmﬂrcaem thas tercopgrushhasistreetppl ynd

inorganic salts, a gy. sour.ce, .am no acids, and
bipc %‘ﬂ] ??éurgwpf%%? &f%ae%aléiew& fied Eagle's

Medi @@@Qren%ﬁbﬂgal hsE%Sﬁm babiodeeditdNah MEMIcturMLB Bures a
RPM 1640 | scove's Modi f Dul becco' s Medi um
cu BBNER - mainicopdtruEs Hentd ﬁbml\@umaﬂrﬂk(rmmts ahsdlowmdga recognized that

requjr diti tion w
el PR a Bk SUBBLEBI A RAeLhl fuBBRBTAR bRl many of
thedefehtaRs and bihef phehbt§pic Tordissiespt hdtn whiep theyagidirtatedn ah some
am no acids, nucleic acids, enzyne cofactors,

casero Siprablldstsi cgn bs 1@@@(&10@{)@6% g@mplpqm@};@mo&nrygp@tg by either chemical

lpEir §F pOR I HsitA kB B by Hdns it xncllg: Al rtferre

erib@ifineer of tltmswmtmns h eﬂt-n&tmr lagaerfhamngehdmdllatyet hécdlls rdmposed
of gl ucose, am no aci ds, n1ns nd |n anl |ons,

thﬁ@@@t hBe serppdh layereficelin s tws@ 8 TRy

b18ér?% I?Jef&lq%ﬂg gfelé%é?fiuc{ hl% d rﬁéf&'ﬂréf&‘?e@&ﬂp&dlﬁ@ﬁ the cells of the

i ent elther calciumfree or |ow cal ci um

sebohdpgercire oi\muhﬁhzdabrlgagl Ie'tlse vbstipuefe2€] ENMEM)imenl the second layer
al ternatijve F-12 between 3-t0-

o p g My o ytes Bebigetigaryh & it of i . o cell-

maBEH ottt B3HRRH GBI G thaMibdbReRRAN el e 3t inASx &HoAf a dermal
acids, growth factors, and hornones. fined culture

laperdtemprre alhangshin apnstroet. SBhensfully formed; vho epidewral dayer is a

ni t.ed S..P

Rt i S0 D P 0 B ke e v bl
1298 8 $dbtBbasalnelyd’Cl griditlilbi lagdriand aNratuR K20 SBiRe dkiveconstruct has a

di scl osures of which are incorporated herein by

reference. Other nedia are known in the art such as

t hose di sclosed i n Ham and McKeehan, Methods in

Enzynol ogy, 58:44-93 (1979), or for other appropriate

chenically defined nmedia, in Bottenstein et a

thhods |n Enzynnlogy, 58 94 109 (1979) In the

Y " o T Y 1
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Culture nedia formulations suitable for use in the
present invention are sel ected based on the cell types
wa 200b@70020 t ured and the tissue structure to bePCT/US2008/084952
produced. The culture nediumthat is used and the
specific culturing conditions needed to pronote cel
growmh, matrix synthesis, and viability will depend on
weheletalpgedPas@adrt maﬁ{brmﬁ‘m&sﬁ:ﬁt zit@lnsd@ﬁaat—y;p’émi juBcidr &s exhibited

bei ng grown. In sone inst e uch a n.t
by HBRSE RO O SENGIHIG O - e pEma PG PR hickest

eVIl

Rl SRR NP Py A0S RSB

coilﬂ;gp:h mrsuahzed byiEEMedbs smhprlflg fibdlsfcpe S@qmteXﬁmgrfﬁS@ ghe basement
a preferred. ne

GRUEHEdBY FHERPLBHAT £T ST TR T Bur L ara T anRSTRR ioris,

2 LREMLE Ahbb Hahém eebrdidimddAapohBntaned etetdl Bf Edrﬁt&d)cytes It is also
nmet hod, a tissue construct conprises a cell-matrix

kmweﬁmapwbw keratingicytes aresc@p@hi@l of spgeating paseriensMEMETHHS cgrmponents
on ﬂ‘re{rcl?u é]td%rrgc%gklge?lg u?l}e)pa?flé 3\(1@%& fso ?nf? theHbSence of
ﬁﬂdbﬁfsﬁaihhlﬁﬁwhlsﬁobl(iienﬁlbﬂ&‘st&mﬁg pSthe kin o@nsm‘)rc't sfthe present invention
cell-matrix layer fabricated under defined nedia
h@ﬁﬂﬂl$Pbﬁéhﬁﬁﬁn§“bé@éﬁ@“Wé?@Fﬁ¥%Wﬁ@§eWH%P@%ﬂ“under
undeg Q'@ é?fe@n?etﬁ&ggf' the fRentidd Yot hfrm%g‘zy &liERatrix®nstruct, a first
tissue ruct conprises a cell-matrix layer may
cdibtybaani exahediuian detribupoahcing delhpe ds seaddd td asudsiaatd, quitared, and

sec dla fornmed thereon.u ned, nedi
FBRG PrsResize 414 SRl ROCEENSARBITEI o THEPY g tem 0 form a
cél}‘ hiaHhEcIBH@ Paldiied Btdreeed hb@bd bSthe i&hfod, agarfade of the cell-
undefined animal organ or tissue extracts, for
mxcanwmtrucsex smieqowﬂlm NlbrO,f asgeqndeell typesod 188 @iuged to form bilayered

I O e ST

sif Bk tdPfi2fve hifen ek @ﬂfdmea by bﬁnalrngcﬂbaoblsstf sech fhuman dermal
undefi ned conponents and bi ol ogi cal nEonents deriyed
FibrobHHoasE REIF BB TICEal FUBSUCOAE S aYHEFIOLRR # cghmatrix of
dglfmag ngﬁfe{nﬁ%tx‘éQ @&%Qlt layér oM@ twh herfu‘?l{ % élﬂ?Xelﬁa%cﬁ%s
n accordance t he dISC ose o s at any
kpatindcytas, adktadee ammcuitumlm urtder éalditionateffisisnt@sfofmlalfyllya
tissue constﬁuct the invention is carried out

differentiziedgtrag %%ﬂ%ﬁ“ﬁ% Wicell's cultured using 25
chemgalfyre Aok 'n{h@l%dc&"m%ﬁ% thedfbdnyBdercl @3URRonstructs of the
non- human ani mal sour ces e resuftant tissue

pmsctﬁhmmtlom somaprifehi (r dultwingratfdagans %Uﬁ@ﬂlﬂl@@ matrix-producing cell

nbi ti I
oFa Dosere o Fr e treo R R OB §E Sl suppor
iRt b} SenBking tﬁWcélfs df'@%p@@)ftb @?ﬁth@mzd,)ﬁecﬁéle rEind akdayize
defined for use in the nost erred fabrication

exteadetlar GahikronIpPnensh © @fms‘imsﬁlle sansirpe camprignd af gpils and matrix
SFHMES Y e RSB S50 T B RS, Do
cEFBmVelYy; KR WE) @?itﬂlﬂdmg:@iﬂwaldaﬂﬁmzlmg)ths Ltnpme&masttuct bemprising
culture nedia of the invention mnthout una
exiracsHuiagmeiThreogtoBsTPe FarrlRtcak 1s6n TWRHRE MG AnY gesd 9

QS hr5G Ris 8 SRS HcHGhay Be {‘:Jh%ac@éd BE&hdrsink BBhdddnBgether either by
concern of adventitious animal or Cross-species Virus
wagnif ardssiatkignorahelusenffadtio@mpagble\Wbbioresorbable adhesive. .

2009/ 070720PCT/ US2008/ 084952 di m ni shed. In the

testing scenario, the advantages of a chemcally

defined construct is that when tested, there is no

chance of the results being confounded due to the

presence of the undefined conponents. Insulinis a

pol ypepti de hornone that promstes the uptake of

gl ucose and amino 5 acids to provide long term

benefits over nultiple passages. Supplenentation of
|nsuI|n or |nsuI|n I|ke gromﬁh factor (IGF) |s

o - o " o
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Ei ther or both ethanol am ne and

o- phosphoryl - et hanol am ne, which are phospholi pi ds,
wae@daddedd whose function is an inportant precRPCBHUS20081084952

the inositol pathway and fatty acid netabolism

Suppl enmentation of lipids that are normally found in

serumis necessary in a serumfree nedi um
1. MMRBM FARMELATAOdSphosphor yl - et hanol am ne are 30

provided to nedi a at concentrat.i on .range hetweer

P bou CelTnay s Eoimbgels ereqomnay o £vipe er s By T M e et
promiflestM1 viddDitd Q81 RANI0A AREH RAAAH LB 4&HElar matrix components by

Throughout thé culture duration, the base nediumis
theddils. | Gwiaire yedimppiseampriss! ofi atitaert dpsecisnpbhirther sugplemented

IL.nduce synt hesis.ar,di fferentiation. ' .
WP SR <THERREE FySeusy efGER L PR e P ek Bas n e
att o ghnl i dliecultolyeohk le BdakdrsbRexpasativae forsheswssfully producing a tissue

keratinocyte culture to pronote keratinocyte

cqphasict yieingeiionh Mapseeinsinaie avalpble suBifn] sugess are useful on the
6 r' .

PSR R,SHER, ATHELEC B R

whRithsupply inck g1 &fts 2dndeneigd 80 hice, athiao @fids,end B-vitamins such as

hydrogoriti.s IS, si rahl ddj.tive_in j.nstances _
e Moabiredteni: £ fenapr AMEMDS Bl Errt S VRREG Ty
M1 REMTBELENsQfve Vi FEPDUIR c&NERtedBInAfRISMEN)S Wiihimal Essential
constructs. Hydrocortisone nay be provided at a

Medivee VEM)iaod M Hifgeqaife addiinnalbsupplegghiation withibasphelipid
oy PR s PO s QLD AL B PR R0 e Ly £ e
tHaeelipd 1t QlditRmdPahRBRGIds fieleld /e, edAfRbfacalrs, phbghiolipid

normal 'y provided by serum Sel enious acid nay be
pisewsPgetndanorganip selisineluds Jamrsdirged BamsdblR NOLGN Y,gnd NCTC
1 §'§) .okfbet"t % 3%{1'ng%%%ncé?ﬁr§{i&{sam Yasd m@@ig #ovli_’déga Fasicdy nt $\fce for
amno acird L-glutamne 15 present I n sonme nutrient
cdiBSe sheaforhn wh glubeseagtdimd aciis, Ibasies andeoegahivapes, icgetienwith other

VPR L LS S L S P
n@%}ft’ ha&d bt AMAKc A&t frdRra6R BiRlum Buieecd $MtfiedMkile’s Medium
Ut aNRX- 1( t m) d f

I's the stabl e dipeptide formof )
(V&M vt alteryhtincdyriDNd E¥hendidgmisd-13 bekwieat e Bdhdrrgealsl a/1-to-3 ratio,
with L-glutam ne and is provided in equinolar

rSBHEERYT ati ons as a substitute to L-glutamne. The

di pephé e RfdAviA @SsuppRBichict Withtcompodéhtg bishadiaftnd 468, growth
degradation over tine in storage and during_ incubation

facteais, ad hotmeangst Befirrdequitaramedip fortthecidfureek gellg of the invention are
frati ' . ) ) . he

SGEEREDYB s byl RSSO, Sl

Pakitatiod NsMMO 985/0 0413, Gnd M T rPab Begpioa iNar. 00 Y0120 fkthie disclosures of

about 2 nMto about 5 and _nost preferably 4 nV
whicg| i Biepmerasd kergp ém?ggl@m OthsErmpliere FRsn btk fich as those
dtﬁﬁlo | igﬁaﬁ?ﬁnm%&aﬁaﬁeﬁfodg FGE iRYo A 5840937 | dr%or other

e mediumto aid in the establishment of the culfures
apvorimgd cloabitaljoddfiped medindinsRwtinstgin ¢E@F, Methndd ininzfmplogy,

rr jnant  for e used. ,Human forns, native .
Sg:|94T1§§ ZL%%}J}{ t’he .Bfe@é@y eéz?hté)dmlgg,etp? éasefr%?d%gg és $W.p{ewgnted with the
ARV MsIheh@Rbb R AL Mg sRilBK AisBElHI Mdh Nl GANMGRI Mhsdbn,

no non- hunman bi ol ogi cal conmponents. EGF is an optiona

trewfgronetniiodatityroripe 0&3) pand\ei terbrdotisghanotamae aad erphesphoryl-

BB R0 Mg B 1SR B 5o

deemadeedy te skhredagtasim such as one or nore
prostagl andi ns, transform ng growth factors (i ncluding
transform ng gromh factors al pha or WO

2009/ 070720PCT/ US2008/ 084952 _lget a) , kerati nocyte
grow h factor (KG-), connective tissue growh factor
(CTGF), or nmannose- 6-phosphate (M6P), or a conbination
t her eof . Prostagl andin E2 (PGE2) is generated

o e e o o
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Transform ng grow h factor alpha (TG--a) is produced
i n macr ophages, brain cells, and keratinocytes, and

w0 pabgoas2@€pi t hel i al devel oprent. It is cl osel yPeEUS10081084952
to EGF, and can also bind to the EGF receptor with
simlar effects. Preferably the long chain form of
TG--a is enployed in the invention. TG--alpha is a
s mal Culturs thedesioduelptigrssusibic fdrase ithe pees@0davention are selected

(ir@ Q?@%Sﬂﬁ%gﬁ@%&p@g tEGF%SgQ gtr'% %ﬁggt Esgro Qlicdderhe cutture

mteamht tﬁ@ctle dsddndendéhebigio lcumgii WbnpitioRDhesle® kemoiisr &l growth,
changes in certain cells. TG al pha or |ong-chain TG

rnatrwanthQSIswpé veseeliiy adll deperreniteaiivarrbecdk eF epniingtpng petypes of
about 0.0005 vig/nL to about 0.30 ii.g/niL,
c?éﬁéﬁ%ﬁ%?g%ably from about 0.0050 ny/nL to about 0. 03
[ t g/ Blsom@Eandtanpesfsectady iy the fabricdiontof Bto@ﬂgmgdred_blﬂayeaﬂ@mt tonstructs

0.02 pg/nmL. 20Suppl enentatign of the se wed
ofdh? BIEHHTY @weane% St edia cogposiion WW@P %fr?ﬁ‘amaﬂon as
; i férat @thod, th
?ﬂé@?&fp& Hherk '[lgﬁ néén%eggésgf(}r foﬁ@tfﬁtén@ t:fn%ggeg? gfg‘%fby R r?ét od, the
ceﬂ]anngtelxﬂaymmsafwued Ond20 defostdreonditiond that is)culBBedugy olierically defined
r ef er abl abhout 0.0025 t o ahout, .
mSig OB pier Prafsed BRLPG Y S RO G U gt
prabREl wh Q1R 19er 02 2SIRRRRBRNMRL duflre@fthdrBsh \bﬁéi@ln both cell types
medi um wi t h mannose- 6- phosphate (M6P) may be used to
arg @plytmﬁd lrepd@fmedr@llltlzr&tmeﬁlm Vaishb shlignFhiehp Hit tissyesconstruct

CWI%F%G%[% S%H g%tr%g]&%g A a n@g ec{e gg %SB%OB&EIEP‘@% a second layer

foeh &l tHeenR@aéd utﬁeﬁméﬂsmah@ E@lltliﬂibrfsam ﬂfe)conﬁer@ the tissue construct
cysteine-rich, matrix-associ ated, hepari n-bi ndi

cqpsiset hocll-mapi Bger repde RPReGHEIGSHGSmp BegpeaRdiforyand the
sebShd ﬁgeetfffﬂﬁecﬁﬁlﬂreoggftdé?rd@ﬁh&ﬁﬁlédm5 %i&s. stimlation of

extra ar matrix production enot axi s,
pr ol Theusatof oheraially drtfmgd icnltwe medsasts pmferﬁ’ﬂghac mnmedia free of

not e .endot helial ce gratio adhe n
e GBI ERREr Fisuf Py e TR R B AR St
hﬁ%'tﬂalefnﬁ@ ekirg, ;ﬂﬁh@nﬁ[‘ Stiege %?éﬂn&yo%(aﬁnﬁétrlﬂ%rdt@ins and factors
perl ecan, a proteog ycan ‘whi ch "has been | ocalised in

seggqmgi\/b}{medegapqu | lagemest grefened embodiment, the media is free of undefined

2009/ 0707 2008/ 084952 n rQus
Eren BRI FrRareats o e PRRR AR b UG Athoueh
the ea®ie6h bNEndefink@tdipdiRatsiingot pietbiesd) desymhaaiduset esiccordance with
fibrotic processes, as_ it is capable of upregulatin

the disloged FEShoAR Rt BEING it Bk O(rttﬂvrb% fabgigefe speessiully Btissue
cdn@ml&' e etﬁ% &VE&%% éIE%@{iﬁﬁt%tlh ?: aﬂ%ﬁe dlglt?nﬁlodeﬁ?t:ttﬂﬁlged using

to activa esl s an egra Ion O
clexticAlyalcfinkdcompdnehnts deﬁifdfdefrmmdlblmndmmnlabmmhl adnu‘v@ the resultant

typically prep red as set forth belo However
tissHoEAmITBY ibAdeR PHigpus q?ést%%wvgvht%c roappinant functional

cfgﬁ@ﬁéﬁ m'aﬂ YRObE Q@de@ﬁbf s 1BhER BR&H AN IR 8 WRld8Ow iSih Ak purview

onventi o met hodol ogy conpatible Wth their
ofthy deﬁmtlorpofxﬂermwé]s/ defined ®r wed i thawmast preferrpd fagricatton method.

R B0& SEHTR e ebaaery aer Vil B e AP RGP Ehfiaplgparual

hiish, BUMBRR $on®Binady 3t byihdtictefuifrhlcfE 89 06Hmany labiin\4@imal
10at a similar result. Naturall occurring growh

cctr@mn@nfé toraypplsment stonitwiearedi eihe wsAtmwHROYS undue investigation
h
gglls 121%1{1"‘[%}1&{ %ﬁe adfv gge,rssin %J%:]l B%?lf ocro%t@cdé ﬁ%rfhg;éﬂtélctté it the
cdrﬁ&‘tﬁrﬁf la@¥entie o anmﬁl aagessdpedes wihiskkohtaminaties and infection is
invention are sterile. Sterile conponents are bought
sterile or rendered sterile by conventiona
procedures, such as filtration,. after 15preparation.
Proper aseptic procedures were used throughout the
foll owi ng Exanpl es. DMEM and F-12 are first conbined
and the |nd|V|duaI conponents are then added to

o . ~ 1 o T
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25sterilized. Progesterone is dissolved in absolute
et hanol and diluted with water. Hydrocortisone is

wale@sorored i n absol ute ethanol and diluted i n ptIDERIvA/E84952

buffered saline (PBS). Seleniumis dissolved in water

to 500X concentration and filter sterilized. EGF is

purchased sterile and is dissolved in PBS. Adenine is
dighififshaul Ih theotestirpsobnegiobthe adeantdges df s sledmiedlybdefimag construct is that

nunber of nethods known to those skilled.in the art.
wBER e i eSOk el Pane s e R BHERpESffe of the
ule#QEd EQnSdrRis! | ze themin solution and are presently
derived fromeither human or ani mal sources. For .
exanpiselin surpptyrsptidehainoneihat pragmyesche priekael gegogernd amino

al bum n . A) .may, be.added for. prolon st orage. o
agids thé?‘ﬂéffBﬁgé é‘fg{l% }{ﬁnF?% Q% rﬁgl?lg}e(%)gaé%alggﬁg g%ué)piaeﬁn n%%g%%f insulin or
irShRekks Slowith BRtor é QehédRawaty foe 161 tein allhwerhdthbeweall bé@ventual

2009/ 070720PCT/ US2008/ 084952 been devel oped, such as a_ .
denletion of el ebility 49 Bpigke1glugesg apsh aminosasistand ppssiffe degradation of

[ f h oMl i v ed j :

5 Sl NP RO OB SEELR SN 8 ol s
saAfrée’[ orffyapesmalbinam nosans s¢ lnmedh ratombiGant lifisulit Or Babrefti@a human

.Shoul d not he added until the tine of use..5lLn order
insilin apmdméhfgaﬂa- kel ﬂ‘a{v&d BYPORE 26 divgd fom & non-human
bf\%ﬁ%gﬁéag - QAURENG opbleRentaliéh FBALMIE forSERAlEARALISHand is

% Itional agents that pronote matrix synthesis, _
paniled éptheinédinatiaywidh eangeloff soncEhieaimns upirelenad e¢ncagfeaiton range 1s

re cell- tible, defined to a hi degr.ee, of
ot §Pouhfl AR Rt OGRSl R P TS SPRA gl o dbout 400
ub/Rn1PERIAHESR ptdTerabi§lak aliBlk B7X ub/@E 1A ppSopriafd e cent@tibhskfor the
producti on nmediunf. 10To prepare the matri x production

suppéimap{ation of brskn-ketawth Sacsuppick e Held 1l agd the like may be
&Y %51%%{’11%69 Sg 'o}{éagf & ﬁqur?llé] aﬁ%orstﬁg %&%&CQ{OP for cu t\ltre.
ascorpbi'c acid, or one of its nore chemcally stable
der i Yakfeat Sug theasediura $6:0rdi ieandpdirdraghsphaliren is an essential trace
magnesi um salt n-hydrate, Ascorbate i.s added t.o .
cISMEAOCBh PRI AF ITOR C8f DpHiogIG tREHTA IsdEsedpityrn sfrum it is
sxﬁ%ﬁg@ {d @9 BouR SUMPEiPL SRS krafioh ARPOSS frefrHP baFe about
ecul es. Ascorbate has al so been shown to be an
0.05itorploout 801 gbolf enotoprefenablpatstboutr apghdt i onal processi ng

f oth : wel |, | at or.. of. t |
ond_ Yo O (Tay st wyisraopactPaRe fafi it Gifem Remyrsid
h&¥en e iPMclulEPTMhe SidBRLERER AT i ofesl] MBlaBblish.

am no acids involved in Brotejn synt hesi s conserves
Tosidothyzanieeie segplérperiest tortbemediupyattaronessinagopragge betweppabout 0

am no. acids thenmsel ves, The addition o I ng _an
R A8 ot e O U Ak et 281 Sl A pretrably a
ﬂgxggg%miated formof proline, hydroxyproline, are

asi ¢ am no acids that make up the structure of

col | Egker.or both ethanhlahenqatd o-plhespheny]-ethhrolamine, which are

trix-production nmedi umis optional suppl.ement ed
olipheripfie e e Bhowertbanas BEIT S B HBRaE Prcrig) pathwey
atd"Bitth AV HDIRRY RBpRARAAESH oVifi Bkt &e RBMAIBI found in serum is
pol yirer, but again not w shing to be bound by theory,

n¢qessapy wsesscenifree mirdiyrat Ethenglempresad ot phosphnsy eihanegapiine are
col en _processin nd depositlon -, I Steptly
PRS2 el B R uP TR Y g iBbR L W more
pREnSy hyhwnel glipco. (PEG, which has been shown to
pronote in vitro processing of the sol uble precursor
procol | agen produced by the cultured cells to matrix
deposited col |l agen. Tissue culture grade PEG within
the range between about 1000 to about 4000 MW
(ol ecul ar weight), nore preferably between about 30
3400 to about 3700 MWis pretgrred in the nedia of the
i nvention. Preferred PEG concentrations are for use in
the nethod may be at concentrations at about 5% w v or
| ess, preferably about 0.01% w v to about 0.5% w v,

o o o " - I P N 2 a I ~ NN
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WO 2009/ 070720PCT/ US2008/ 084952 such dextr an,
preferably dextran T-40, or polyvinylpyrrolidone
w@ BPp707pr ef erably in the range of 30, 000- 40, OPOI/N¥Y008/084952
may al so be used at concentrations at about 5% w v or
| ess, preferably between about 0.01% w v to about 0.5%
w v, nore preferably between about 0.025% w v to about
0. 20/crmlbugham tite quttmfeeiuadfuloyl, thb base 0ediBY0invidditi@alp suppd¢rhented with

ulture ade and c l.-co agents that .enhance
SIS R A R R
hﬁﬂoéd%ﬁso%'éele%ﬁml ‘&HH'Lnﬁﬁfarﬂiﬁle the art of mammalian cell
cul ture. Vihen the cel producing cells are
conf Hyéurortisens hahdeanshownen kerdtinenayiesculiypiodnnetsderiippcyte

nen at. a sj st [
pERORPgant Dt Aot dufieTR SaiRhORE S 3/ Shfund
kdr@tidde k8 thank $16@HELn 0 0SAtEA (R ubia P Ll Jedeld Physdll, 4 38:208-214 (1986)).
matri x 10synt hesi zed by those cells Ther ef ore

Thergﬂogf, Ay dregonigene ix 2 gedatk adg iV InsiAne ey iAre thesgcharacteristics are

b%% o 31% ‘a5, ?xuﬁ@?%ﬁ%gﬂ %E?&rﬁ&ﬂ%@%ﬁsﬁg& gar?fﬁuw gk1lfn'é:ﬁgstructs
H\ydﬁohmkoﬂc—rghyubamon_ﬂ):d sup@ineemerdtied raigetof @bt ©r014ugiil to about 4.0

lutanrne equi val ent /M _epidermal growh
g/ﬁgt 19pst pge afag{yﬂf& r?k’al“o% llgglgéﬂéﬁ g ISJ 104N
et ha?&leﬁmlsnﬁvld & 28ddProdeMnlred RREASP Mﬁ%ﬁleﬁ%ﬂ&ﬁ@lr@d@ dléments of

mL insulin, 5 us/mltransferrin
seﬂcmuuro chotrhgflbmrpwéed by F@umg/Seleniwk eeid mrgy @(Prﬁ@ﬂﬁi at a concentration

ralag?a/ gf %or #%%8 aB?lgég h\/?gﬂo hg%ffgrlaﬁl?f% %b%ﬂ%g xll d’%nﬂ'

phar mee ghRwicrl L giefhise Eprehat mdded ubridnnBases biidimey beadded in
alter the nature, anmount, or type of the extracellular
cases Where e stnoge orrrrlé%@crfgéﬁrl%umwreﬁeﬁlél breedutpmimpgept eebe
pl%(/ﬁ%h? La6L ¥k s cfl ap ﬁ%&%cﬁ Q0 HRCHRHS GRtall fASE-¥BN Fibco BRL,
up -regu ate col I'agen transcription.
GEafﬁlTplh@@) NY). feluidEAK ¥ igthewtddld (hpdiplllds fcmcbﬁﬂd-elanyl L-glutamine
transform ng grow h facto é&eta 1 g
anq way,be Brf-‘égmer?é@%a‘alatvrl timrrﬂﬁ)a bSdtfﬂVlSr Y
c&{cgﬂ‘fpat ds ?Pﬁ th)‘é iRtEoqQbhuagaRe SYRL Jﬂﬁ%%ltﬁic F@&Q@&Wta%ﬁht?lto L-
Jour na nical Investigation,
glalagny froﬁ’aieg%lamln aver tinkousieadgeand dnxieg mcglaatlov éhat can lead to

O 549 (1993 le o
RGBSR AP e P s R P A BB gL Apisaly he base
n&@fuhﬂmsuﬁhbm%éwm%ﬁﬁ’éraﬂ' betwddi laBaht IOrthVw HoU @mMNflore

[ 1ul ar "Cardi ol ogy 24:775-780 (1992). I1. CELL TYPES
pmﬁer@bay belaesen abairt 2raMripxebprtSanM. sad Bst prefppbly M d eglpfamine or
Akion may be any cell type capabl e of
Gwﬂ%ﬁ%@yﬁg ‘and secreting extracellular matrix

ConpoReHthSTaacd sﬁf}g@r’ﬁpidehgalt drewB0faxtor @UEF) mbpalsorbd added to the
conmponents to for | -matri x constr Mor e t hap
dﬁge ing. EGF

mefanpieraid Ehe artabhsh@@rl Csf bt gHltressdbrozeh Félf%@
gﬂﬁlftfvg i 61%61}(?{16.{1181t ¢Sl i ??BE bi¥edC MRRh AU Btms, gﬁll‘llcsoﬂticombmant of

ferent ce types or ssue origins may be cul tured
Em@ds pbeefersed far wsext treen¢dup rvdrl:uddarm@tmg eslsn tealrnyalent containing no

one and structur imla t hose
B PO e 0 G 76 P OPEaTEIDOR By provided a
a BSRTRIriont Heew skt abaGEl foul salg/MBL fmbre REREHBE) Hdwe&] dbouy P& 10

may have ot her cell types mxed with it to produce an
ngimdunt of extracellular matrix that is not normally

Gt 1 0T ey g Bnaaded® s b B RN e 4 e

pfﬂsﬁégﬁlnlﬂnts hrk fehingedrbwihyResrst(hrtudigy tmrﬁﬁﬁmtr%l drg@th factors alpha or
tissue structures in the tissue but do not

5substantially contribute to the overall formation of
the matrix aspect of the cellgmatri x construct, such
as in certain skin constructs of the invention.

Whil e any extracel lular matrix-producing cell type may
be used |n accordance mnth thls |nvent|on the

Y o r
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15limted to neonate male foreskin, derms, tendon,
lung, unbilical cords, cartilage, urethra, cornea
w@reoone)720r al nucosa, and intestine. The humanPCEUE®08/084952
may include but need not be |imted to fibrobl asts,
but may include: snooth nuscle cells, chondrocytes and
ot her connective tissue cells of nmesenchymal origin.
bdtd), keraticefergrewth factbr GOGF), equicrtad, ti$hmgrovvh1efam0ir ¢CRGHY, or

t he trix-pro cell, .used e production of a
MANRASE '%ﬁ@%ﬁ@#@e roae?qnyﬁﬂaté’@ftt‘ a tissue type that

it ﬁo&@glﬁﬁ(ﬁﬁrﬁg FGE#) 19%&6%t&f &k tﬁé@tl@ﬁ lofProstA8landin E synthases

cul turing e invention. While not w shin

Olt mobteglbod.m dlzkﬁ?GHa)a o¥ ey erafiprogiaglandinfobingeses haye heepsidentified. To
hose derived from.n ona al fibroblasts. h id :
A R RO B PP P BT Foyabus! PRORR TRy egnip e fopaton of
PGEONPGB) 1s@a15;ﬂaheﬁted)foothé aftifuni prefdiadly iy rafge fhet atewed.000038

to have plastic qualities, meaning that

ne/apatlabowfO. To0uma/ oL meveprefestily froma%b@m %@%@3 gﬁt&%&ﬁo about 0.076
0 { ly S 16 PGE
QUSRS oot AU LU D220 101 P,
folhﬁjrﬁaqt alenbdgupblementedjie dtese tangasnot her pref err ed
enbodi nent, fibroblasts isolated by m crodissection
fromthe dermal papilla of hair follicles can be used
Lo " I F-& msé@wrﬁ& HaBes, b |
othg? g brOEE%;&@&J?%of%@&@%E%dIE%%t wher e rfftaes, brain cells,
argirene aloc ytos) shd Uclicéssepphelihl dextlopmient.nkitiy ¢lesehy wm@d 9EGF, and can

cel]l /is deri fromgcorn
oGP 1S U TEPRRBIE S S0e carreofuye FERgb R of Tor-u
isfeh‘gﬂﬂ}fé@ M@ thelihimes. PGF 198 smAR @OsIt 1%§1du@rpr@t|eﬁh€that shares 30%

I ndi vi dual s includi ng adul ts. Enbryonlcvp eni tor

steusfural homogyswive EGHcing wampstee fr dg Jaserpijfagrebapnd degeptor site. It
hasrf) een ?}Y,él%t J[e(arfn %q{xdi Hé’a‘fﬁ@ Qn{ll\%ro%cftgseﬁh%%tlyﬁ{c%hﬁr%eg &Y Edrh cells.

T@QQ&Jh@Z)@ T&@FBHEJIIUBZE @&fh@ Wﬁlemented teAtHeoadiinm preferably in the range
cells are preferred for use in the inygﬁ@iﬁnﬁﬁhhe 0050 we/mL

frem 3bgut GOYE Hadwd tp ALRH - et HBd- BT e TR PG U k0050 ne/m

torh%t)ud d. 53 L Qn&s?glle%erg‘t;@ @oﬂ%’%ﬂt 8.0y %%L t&ﬁﬂo'u§0 by %@mL

i’an speci es” i ncl udi ng, bt not 1imted to,
eq UI anqplmrmntatmn qf rechase mebmm wish kemtineyingosdufactos 5 pg/mL may

LG RSN RS BhuT Y RE AL L bt

théinf inlny pfféf@ﬁ%@ﬁ tRdaRde &R QPRI 1eAhl S0 Bout 0.150 ug/mL more
genetically engineered cells may also be used in th

prcferany ifrom abhont Q.A@XSen gmbda |ah@ﬁt05100hm/an@©$tm§@fﬁltaé1W@ about
nmeric m xtures of normal cells
Obp? Wgt a?DOHD(S épéa%fr:gés such as a chineric m xture

of agiliasausioand tied baegenreiven @ith hsinnodexd-phaphat (MOP)mky be
and genetically nodified or transfected cells;

user ke SHmpertopideanalzation Masaoser&Rhesphite ieppiemsaisd ta figymedium
pr%f‘e%m\ésr}’ g ‘Tanggrfron[[rhﬁgult' b9B0PInehfil 1S al%é]lt b\W8o& mothI €
Speci es or sue sources may be used. Recondi nant or
geneCirGE (bynrenigveanessnegrosdh fastonpiy ahzgstamedlchmntaMH -associated,

productjon of .the cell_- rix constr
hlrag et dinhRein o CIGrmiors Sanegt Beelgus of EhEpeta on skin
fibb128s SiRh 86 LiRBAI NS dXAGEQRSL Gndt@Y Blodubion] é‘ﬁéﬂx‘icﬂﬁx@ . @hrdliferation
products or treatnent with a therapeutic. The cel
anvbiptegrio gypressEeTd C&éj‘rﬁ wrpromotere@d@thbhwé cell gioavth, h“elggat@nt adhesion

A T

bidlls B&SpaiReALd pydtedk]iag vaidiciasben LO&Bee &l $pnoviamm, cartilage and
thermal |y S|gnaled due to the conditions present in

the subject. Either long or short-term gene product
expression is desirable, depenidi ng on the use

i ndication of the cultured tissue construct. Long term
expression is desirable when the cultured tissue
construct S |nplanted to dellver therapeutlc product s

a o s g, r ~N . o o
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WD 2009/ 070720PCT/ US2008/ 084952 The predom nant
maj or extracel lular matri x conponent produced by
wo piwpobi7asts is fibrillar collagen, particul arP@I/Uus2008/084952
collagen type |. Fibrillar collagen is a key conponent
in the cell-matrix structure; however, this invention
is not to be limted to matrices conprlsed of only
ndrhersumthtretusnu@r (IIGE basrbety pephdétﬁd in nzstt@nﬂldar wetreremodeling in

RSB S TR P%dw%r it BS%issf ki R of 08 ating
béth Imatdi) meféllo?/xlotmﬁgsbs ( )2 anldfheiXinhitors¢TIIMPY). mhcre)ﬁlr&' CTGF has

and others as the

theqbetmnah te dctineye lmh Fhe(ﬁom&lé%is byd degadstion pethg ﬁbg%fﬁﬂlﬂéf gatrix.

cell oth _
ool bRy eltopPL TR b PO SRR, v
sHontd BkendeRtdodans th@éonhpdﬁbﬁte df the ped:saﬁtt ihventiph eiaydgl premnsi and

such as decorin or biglycan; or glycoproteins such as
aspembled $8ing cogyentionid @’te‘%?pdo%ngg comaaitlewithghsipplysical properties. It is

w%p 2\(?{)1@18 ?}rlpl(gxg glét Q% Ll.z}ﬁ%hq Qe!rﬂéﬁf)&ﬁﬁspoﬂglgtg %?%:%n%ﬁ%?g ﬁgléﬁ!?lo s or
fmymllmgulbelemdng agqnt Gatulbepurheses ef hvantabititykorgfcondray and arrive
i nvention, t al so be del.ivered
atep et ﬁ%ﬁﬁﬁ? e amee BB ATy Bty DB dhdeted wifh rspmbinant
f%)hﬁleﬁ@ F{ov&fﬁtﬂd’c&s e84 sithilarl dudlifih and @¥duttaking@ dsedah the
decel lulFari zed formare 15fabricated into a cel
pdéirmaacreyofdh@/lmentw”ﬁhese cell types may be delivered in
glo? te eﬁladn g&@rc@we éti) &HH%re?eﬁl}]Ofvlfa%tEOZ allre s SI ?r?erhg ﬁ?&nponents are
bIDEstEti® or Pénd%féﬁ sEegild byTEderb%tldiﬁITﬁ@Sdzdulr@U@chfas lﬁﬂt&tmn after
I nvention conprise collagen and collagen is a natural
pren#rgtipmt Rropesrasentic PragfquEss Sere 11ed é@%@%% fpllowing Examples.
rakl
D@@M a%%l Fylii%? Hr& cg&bo%lﬁtaﬁcg nﬂel ﬂg@ig dul (ﬁ)ﬂﬁ%ﬁ %Px%riheﬁ%?dded to
ca@hplewshd medidel. |Stecrkysodxft1dnk| ef ﬂDccﬁhﬂ)cmeamtambd: stos:sl aa—?.l@ éfn,SWlth the

f orq%%p@%%mt g&&étlhlﬁs\@ln t%é{:‘gl dsb é’ﬁ#%%l}l 1?1?1seare prepared at
SM)@ ﬁH&MoﬁE‘emﬁ%ﬂ&&%s@&ﬂ AboU@t Kistock 3¥@liofBY 1n§’tﬁ1rf3 kb R@Errin and

static or may enploy a perfusion neans to the culture
tritedtithyrouine at from Sigohds pmareﬂ @s &éloa&gautmgdotmi@mne is initially

E TR RN R

ddesti il RuR IPOEGRbpB%ImLelg 0, 1N)HGA GABEErHLiE BREIed ﬁiSNater The
conpared to static cultures. In the static system the

thl:@ﬁ arg thenmeigediand dilused inj waierdo pSI08K  cpaeapiratien. opthaacdargipe and o-
BOI‘?IS gtﬁgna}%m}n@ %.I‘¥ SEJ llj‘;edq wSaYe‘? ‘iﬁ(? %Oﬁ??&n%eﬁtpﬁﬁ%ﬂh ldlrg f'il?er
Ion o ect
stwﬁa:kvdl |Ptr<yge@1{erdnlaes meédh}sedan dbsiilllgﬁeﬂhbﬁoltahé dideteé vothreeater. of
the matrix |ayer. Perfusion ne 30 i.nc
Bydtocpitisprea dtSéolve@nr?&S%JuWaF&f?@Pf dedijufqg4p p ?Sﬂflﬂﬁeg’.“%ffféf&} saline
(Pﬂ§3elS'ef‘eBldnp1stcﬁ§o%%'iﬂ‘&f§te{j{o%0§(l%n@&§ﬁhoﬁ b&d ﬁl’ﬁér s%rlhzed EGF is
adj’acent to the substrate carrier containing t
pu:mhztsad steriterdnd andissadvestt in PBSh e’\dmd]eunﬁlfﬁwﬁﬂo rc@ssnhfd |bumnay be

thin or thr h th
At ged i er P o o artoth i sk MR R BRI ¥bumin may
b hdlcti 96 Bra c&ﬁﬂbsﬂeﬁﬁ in bfdePIOHAKBLE thém an ESHiti® and\Me: presently
2009/ 070720PCT/ US2008/ 084952 bottle. Ot her perfusio
deriseed Sroma pithips hdemee primegl WT@ﬁe Fekixampde, hpmem éeramtaltfvémm (HSA)

n the tho t 0
oﬁq,v&% seﬁgg iy gB@I‘)dlg‘%g be (ﬁe? nf% 15}]9 gg&fesrtoﬂgg gﬂﬁbl@f”a n the
a@lvitgtof eieCtb g’@té@énddmﬁ HGF QUGk soRitynan Reﬁhiﬁbm@lt GorntsLof elburmn have
The cultures are nmaintained in an i ncubator to ensure
sufficient environnental 5conditions of controlled

tenperature, humdity, and gap] m xture for the culture
of cells.
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Preferred conditions are between about 34 C to about
38 C, nore preferably 37 1C with an atnosphere
whedmwemt2about 5-10 1% CO2 and a rel ati ve hunPdi/ug2008/084952
(Rh) between about 80-90% One of skill in the art may
easily determ ne environnmental conditions that may be
i nsi de our outside the aforenentioned environnent al
beanitvtlopass sutdpsndiungnaecdnttenae blbsmir) abe thegr substitutiedingtead of
the step of cult bei n erfor ures . be
byl e kA BB et g an BE GeRe used
gﬂﬂgtregﬁ Aief pre %uratlofi1 B stowdl distor. TPeRrASEGETshHAd BEBE Aded until
e seeding o addltlonal cell's, or ofher treatnent
thmtmlrmazﬂusdetrlnent to the cultures or their ability to

the Eopferaem tessarroet 08 & BePhEhebE R TRAM dRRLeps e

mbdRin ﬁ%ﬁ bmEhtbd Mithagdisiofdl dgéheitat sroaiotd @etrixatnihesis and
Pr ef er ab human dernmal fi brobl asts are used, deri

depssisionbanthe exdls| hesesrprienanial agenivgrecereomnabley dffﬁ“&ﬁwto ahlgh
r
OB P PRRERAT O AR, o LB ERAR) pae: b
layets haaicdr matrixcatanionatddium’and tested for purity.
Cells are cul tured under. suffj ci egt conditions in

gr owd R PRERGTURE S TERRIOAUGI0B M SNy iBF PAsgmgdiTp & sygplemented with
aﬁg{%ﬁﬁ'{é @r@a@%@ﬁ af %dn?tﬁ %gdoﬁgité RgcoflE abiliSort dhelolf®is more
ture substrate on which forma cell-matrix
clnmmsalbtmable Adrietine sugk hy.- as@rbtg atidqhospheteanagnskinm salt n-hydrate.

ASegtp iy ded & ORGSRl of BrondfeffiiskiiPa ofgrpgotigen. o

s@lﬁ@l@ pRLALPRMep6 flddToRign s vasdse th sanidaersl eldo BEdNshawn to be an
suitable culture surface and cul tured under

impptenpedfacter for oowttirangladonal BiesessBEfod oeh crayHIcs @eiell as an
she nbodi nent, the cells
et atoégfeﬁ%oll and g@s%@?of;@%ﬁ%ﬁ%ﬁi that is submerged

to awmw ﬂmd/hshﬁﬁgpt@m}amtmd bpthebot buppidnoantihf ¢hearédium with amino
culture through the pores and ﬁove wi th contact.abov

agfls ENelVe I RIgFS la%)@ﬂ%?ﬁlswﬁ%se&%qs ol enceey bor . ekl the Cells

pffdubSmar ﬁlér? @s{}ﬂ e'TthQ 86diRBS Bf HolifE A Qy&ﬁ@is%r@f@ged as
are seede e ce cu ture surface at a density

tl’mm aveeell Whelhydroxylat% forel dfyfrolnie, hpdrakrolig:, er@baglg@mmo acids

r rably between about 3 x 105
ﬂ@émag? B{‘r%’etsguﬁtﬂﬁfg‘i’fecéﬁ%g? )1/05 cel | s/cn?2' and nost

30pr &fialcalt Yeqdire® IR Hna®ixBprs didddion eddien @‘%Jl@ﬁﬁlﬂ SippRfmented with

square centineter area of the surface) ltures are
apabtralpetynian. Fhoeslhmatsi mﬁwt%@ﬁthg inveRfiqnaay: b prgfeced yyfthout a
tur e

nglftr%oférﬁqetrl %égg%r? g})t\éﬁgﬁ?g dpu %p%%é%#ﬁhé‘qqg gﬁ’&f &eiﬂﬁﬁe matrix

fdﬂﬁcﬁ@%@ﬁhh&nﬁ@éﬂlaéerﬁﬁt@d@@iﬁig @nd ﬂqdjsummmore bdmlstémly between
upregul ate the synthesis and secretio

STODOF. 090 DAS FRETEA ISP e SO b STV PR QM‘FOAKP%& ryhich fgs been
1?(51}/1{" :ﬁgﬁg{ %I'chﬁ‘gc%?gl‘ﬁ lo$ t}érsglu% e SHr 'i)%‘c'bhi(génrbroduced by the

pro uction ne st 80% confl uence
celtirad odtseo htaermdmbsﬂt@i aDﬂllagfg]e Tlsau:mulhﬁe lgeesic @ Efedithim th@range

t he product] s.a net odthat
bgraroRIb G BorsOR W fiojhind e e At RRY beffeen about
3@6@@%%@3%0@\4@9\7 RiprSHRES mARETHRME the iHPEHRH0AJ PidTated PEG

cell s are seeded at 5over 100% confl uence up to about
coORatratpm laveefor ase inrled mdihad may bteraécwram@téat@ns albaut BOOy or less,

pg%ggﬁ}/ c?igﬂ‘fﬁqggﬁ(c gVOV 198 0&?%% /th gisoge ;ggf f11¥ Beftwr?en abc1u]t 0.025% w/v

t®ibdul 0.27EWhY, Akt hrefdatpRsisal 0asth Whe @thkbd @hafeegrs&emml polymers
in the matrix production nmediumin order to start

matri x production at the tinme of seeding. During the
culture, fibroblasts secrete-gndogenous nmatrix

nol ecul es and organi ze 10 the secreted matrix

nol ecules to forma three dinensional tissue-Ilike
structure but do not exhlblt S|gn|f|cant contractile

c a T Y e a
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the fabrication of a cultured cell-matrix sheet from
dermal fibroblasts to forma dermal construct, the

w@edob®70md | form an organi zed matri x around t hPOEER2008084952

on the cell culture surface preferably at |east about

30 mcrons in thickness or nore, nore preferably

bet ween 25about 60 to about 120 m crons thick across
suchelestuarf, arderatlytdartrans a0 sorepo hvaveperqlidohé RADsreeratdy & the

been in ' xcess of 12Q m crons ,and are
radgs 05 B 0 BTO0A EnFFEL o7 b oL PP R B TR T or o
pieReLiy BLIGRGLIRR] 6101V EKBRBSAD. S, Sv/NSREIR BrefMlablyBdtédntabout
SUBST%ATE 30The matrix-producing cell is cultured in a
0.025%eV/vsurbaid D&% wiv, amishpiefasaily abut 0i08§uw/ e UPther el culture grade

rgf cfce - a%l}p%}igf{éﬁgeqtg }t]%?x%}igﬁce ?Oﬁlagef‘rf#rocr:eosl In an(? S%Dtosﬁlonmy%

adcbB&ibat by e skilled edudinSer 11$thela’.itb<bfﬁn£rﬁinhhgr mwdmltaw f aces
on which the cells can be grown can be a

bi ol Bice &hq sellosedgingsicls a@tCérlﬂlaqnt,ta@dMﬁ %%f%e@éﬂ 1§
r / o
I om0 0L B0 BT YRR 405 r rsicion
thfe@BBst ard @tudtt@bé stirmulafeli te faral stissuebomsugl casprisst efi aelle gisd matrix

steel i ncl udi ng pol ycarbonate, polystyrene,
‘?VF 5 Fﬂébd pol yvi nyl i dene,

pol yehdrefohy s éf@?f‘@d“ﬁatrfxl pHO0RPIBH ¥R uSn fRMd1akibH @6iPAse8d a base
et hyl ene propylene; and 'silicon substrates, including

cdroretngsDhibeeco pMoyiict Fagle’s Medisim (RGRMD (yigh al%omfynb‘élatlon

B Rl BRSPS Ry TPl St e, g
eplB&Hal eRwie kRE:! @8 Liglhiaaldracoattangadk l@‘fMCeQIadnethmmé hx10*M o-

bi ol ogi cal s such as oly-l-lysine or peptides. An
pmeambetbancaarpmpxi He/m] desulingd ng/nREENEpN &M truodothyromne

OB SR BB i v

T& tHd 6 8udtioh Mdaaine Sothd PharervleicaPde@niieldy Yeqddadih the culture to
bot tom surfaces of 10the nenbrane to al 'ow bil at eral

alges theratures amomat.As dyRerALttee exacelBya oyiingeqrsied yEhese agents may
C

nf RS poRELR Rl SR ATl AR Ao R Bk i CHITb regulate
ccﬂmgéla&hndaﬁptlibﬂ hiex ahglesaofghohypt prate gow fhafeetsrsahcltdetransforming
develo g cell - ri x-pbased construct. for

gr@wlp Sl @5&%3&} At Sy R aHHnP BRACEY tsmﬁeﬂ%ﬁf which are

Mréﬁﬂla‘c%&la‘g% heRlsS RaGREW 3E41., I Mall ST 1Rl Bfve@igation,

the cultired tissue construct so that the top
7%&2&%&%&1(&983)513@@@@@;3@%1 af mvesiigaiive Dhlenacﬂ@loey,d@ﬁéﬁf) (1993).
A@ggg@gfé otg %{3 ﬁéorgﬁaéc? sau‘(t F{flt sglggﬁaées cg‘fl?.geélrelirgc?uc 19) Csﬂcretélll'llme Shivakumar
et A0S Bdilrnal df GAH1 Akl R ahd €RLISdr @%I&E@%J BLTERDSEY (1990 as a

porous nenbrane that is suspended in the culture

vessel containing nmedium Typically, the nmenbrane is

S one end of a tubul ar nenber or franework

1L ﬁﬁﬁifgyéégerted within and interfaces with a base,
SUChAﬁ&xﬁa@ﬁbﬁManDGﬁkﬂumﬁgdﬂsﬁpbﬁﬂhmeaﬂmbeﬂ@nuﬁrmwyﬁaanycdl
wth alid. Culture vessels incor oratin&ﬁa car

r
PR SIS B SCoFaTE %@C%lﬁéguﬂ%% c p?‘i‘?é‘“aar“g orgrgizing the
|
R AR ohBonal (Y agUriie: LRI MordRn i
eit'raehkﬂulalsmaqufrodmmeﬂiayxm hegbe mHtectorfen gicall4matrix construct.

cludln for instan 7 937 .
CESaeftinsn eiGesssnss g oy T pisddogr s apa mixyes o
pfbdggéﬁo@xﬁﬂemént@@&ogﬂ)%neﬂt@ﬁl(ﬁdtﬁl@ﬁ@&%ﬁrﬁﬁa&f) tRk Edundli@native tissues.

i ncorporated herein. Wien these types 250f culture
vessel s are enployed, the tissue-construct is produced
on one surface of the nenbrang - preferably the top,
upwardly facing surface and the culture is contacted
by cell nmedia on both top and bottom surfaces. The
pores. |n the gromﬁh surface allom1for t he passage of

- e - N a
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5 only on the size of the cell but also the ability of

the cell to alter its shape and pass through the
woreeeboznTee It is inportant that the tissue-I|i KBCT/US2008/084952

construct adheres to the surface but does not

i ncorporate or envelop the substrate so it is

renovable fromit such as by peeling with m ni mal
Fcﬁrcnxamplejl’tte esiraesllalad rrsatraqoyociﬁcmgt eelt fyps U@y hevsetherceell types mixed

R TR R RSP0 o rtegp Dl e Srgbl P SRy b A%Ea by he

fifsP My p & ANREMB ativieldy, HIRCS RO [uddr n@itrt%@dﬂu@fng@éll $ﬁ>@ﬁl@a@/ also be
wi th rounded corner angles, or irregularly shaped.

m@igstitteether agkyyres dint Bur gpaeiabred doReOUREYT &N sherksmi g do not
t%gtlijaﬁﬁ' C%Pﬁ'ﬁ)%&ht% & &fe"r;{lr %tg?ﬂe&gtﬁé Iﬁl%?&végb%# ggbh\egcb‘éqqnatrlx
ccﬁt@t@@dl,rﬁucﬁ Qs 1rgfeﬁain@kus¢ﬁhfstamms afteamvehitidrne gr owt h
substrate, proportionally re cells are seeded to t

sur f Whdle aiy exfrage bulpranatiginipdicie seddvre may heliddn fl%?orcpame with

th?SUiFt(/érﬁtoﬁ Nk ¥g3t?@& eAMEheR N se fhl?semgﬁltioﬁ ar@-@“"li%@ flole
matri x-based tissue construct is finally forned, _

metentisyme nidoscprbferpé etll nyged arofibtdidastes siorraslecislagd pthepsupporting

before graft C Th I
QRPN ARRTOC oty gl Sikian e CBHISE REREPlgrap, germis
fo3 U 6 &iicFioR bf R h@MES A&RRIDbénsiREM &itsroblast.ceB ¢Bnasl1ya piiisbe a

menber for formation. A nmesh nenber is organized as a
nuolesof extrdenillar matrix m@uetns,mr@&rila collagen.s Fhere mee saepktypes of

TRRETEIRRE L2 PRI, B SR PP B A o

Hhﬂﬁiﬁ’ i%tIbtB6cdlf stialis caRbb dét@veﬁl’mﬁﬂl apuaber ¢fisoorcps iadwlitd)dut not
h within the cultured tissue construct The fi

al
hl@é?fétqrt?@tlatﬁ SRt lrresine e dendet lupg R iFal cerd étfeﬁﬂ%se urethra,
dégesali] stlrr ?Q hicob @ an@MHekina! TRURRRL ¢l %efg/qﬁclga’é Hut need not be
es o tures tissu€ constructs
limyted toeﬁbroblaﬁs,lbunnmp éncducer enfoothnduscte ¢gllS, chl@atlrenytes and other

co&ltlﬂg%g/reztgguef c%gﬂégﬁxﬁfegﬁﬁ;fg%l gogtlgm 2[?/15 P%%%{/?%%Et r?dtgngdlrSeg that the
A%'of 1A iR Broducing cell 16& 8 ¥hd proBiidtion of @Migéucehsinf be derived

i nvention are €ither devitalized, to term nate the
frgmalal tssuatypd dueltiistoarscatde @rdnn@n@ﬁer thelomg lthe, culturing methods of

i ng r
s R GA s WRRBL Ry b IR iR AT s goch as those
d&iBrel i Z@maRl fiBivbRks hhad Mdéa@pﬁmtlbﬁ forGRost hesuﬁeﬁ‘txhabéady

of the culture insert or it may first be renoved f

Benefityef negeatal dermplelihraklasts isdhaighayrge belicvedlq bagiasic Ayplities

B e T e

arel) Bitedeticvaayb ®e s efe chiagmbatib naddienmeld-prireteged ad ts not induce
treated usi a che i cal Vi ta in .
reifchier Py ﬂtﬁ:ﬁugteﬁ@ Igga erd%re%ﬂsﬂ etnh@ﬁ A Tiogaigsis isolated by
m?c‘i’&ﬁgsrel:’ﬁén frSmdhd EImidBp PP hair! tbBles @hn bé ﬁ&@i't@bto‘aﬁce the matrix
he culture 1 nsert Is conveniently renovable fromthe
aloulet Onmelswpmapatww&l czthﬁrlftbrcrtéa}stsb dnthegmadimen W}t@r%ta corneal-construct

vessel ect.e
s e dbe VTR ma ROt e TP Acr T BB o, Ry domors may
vt @hlevelopment 1 £RY idedlb a§ be @ktied ford d6RbH tisB®dslolf ¥mbryos,
neans to term nate, but not renove, the cells, to form
nepnaEH-driolden glde‘éﬂtlalﬁﬁlphlld%lg el coRBPBIsIEogsitpheells such as
m'esne;ttgﬁ])&nﬁrét Xelg(?n Sle[f @Jti ant?lg ’m\Je @ ﬁ?ihmti\@({eg %o dltft%?enttate to
pro u0|ng el1's a pro uce the endogenous
dextopaael theiiesiredaitsvex conponents to formthe
cell-matrix constructs are term nated. When the cells
are 10 termnated, they remain in the matrix they
formed. Devitalizing agents ad nethods are preferably
those that retain the cell-matrix integrity and
structure. One nethod for devitalizing the cells in
the ceII-natrlx construct enploys dehydratlng or
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25dehydration i s conducted by air-drying at anbi ent
roomtenperature and humdity, the cell- matrix

w@orvgorared wi |l | have about 10%to about 40% w RCT/US2008/084952
noi sture, or less. Therefore, when air-drying the
cell-matrix constructs of the invention, sone |evel of
noi sture is retained. To freeze-dry the construct,
al soAttesughchuhlayaphs hiepadfewed for tbeingbd invemttoni sheicslls to be used in

heaRegoe B RSP aE nes SpHRY 250 BHCLETH RS apllsifiom other
raREEaR ¥ 1és9n<§1£‘<ﬁn§ %@h&t%ﬁl%d% ARehnink fa&@nﬁr&f@ﬁﬁ and ovine

I nvention such th bi ol ogi cal activity of nultlp
squeeat or hdatt opeiasistith #5 mbrscoo rastraydiesised i addition, cells that are

R

eﬁgil@c?e%& @lls m9 GlsodRahskd/ i@tﬂhis|11|1\Z’eﬁd01@VEc5rrth@étemb©dﬁﬂibnwthat
bet ween about 6 to about 15 hours, or_lon

ingAPOFSY masp@an ongerdl-tyas Shimepo mixtures of norma cells Ifrom two or more

/ P,
soglg%e%f éﬁlrzgt?igg ﬁyeH‘?é\QQﬁ{rQ ?fga?é%lg% s ag{irg{]oréeﬁglg ?gﬁst %‘lg{u?es of normal
aisdIsetcdiytrhodi fiedaeranafected 861G, nammirdsyocﬁ pélid deziged from different tissue

overni ght, such as:p n about 6 to about 15 hours
OISR YFET: OF, MIXturesyg C@hs atefworfg ofe ST A LSO IP e BB ag pe used

by f F@&ﬁﬁ’olﬂe{rﬁf b genehbﬁlﬁét i eRRIck s ISy 86 Visddah kitestolibiion of the
still retains devitalize ells and cell remmants.
cdliropirix donstricd o craate altisgel qcvpamct thaathts aaaesdrse idelieary eraft for a

than t hose that r u d n
SUET B R preg e T el r o o TiBRat BED tergpeutic,
TEXBIRIhSy FrodRicQnh QBN t@ﬂh@ sayedt vid fh% %Ueﬁ"t fBémhbiant cell products,
structure. Chem cal neans may al so be enpl oyed
gitooy thl éagiars | oprondsepapéilessori pioteins fered JonHRYGYS RMOYA ertm%t or as
nV\%ﬁ? (’Vh%]? blO éallgaéﬂetlrl 53@@%&&&1@% &%ﬁiﬁ:hzlug?cly h@ %orllj(ﬁﬁgns present
i@k Glﬁb_] tar Eﬁh&ﬂ lo®g Sidhbitae®n geﬂe@raldcomﬁrmmhypddssﬂ‘able dependmg on
swelling to cause  10the cells to se. After the LI@ h
theyise mdrcﬁléwe af fhe gultyrneg tissue gaUStUSH | IR CRFPIsIon fiegARle when
t}{éech c}hl%hltléﬁg c%ﬁ%th&t qurg] E5tdd tb QEMAR Herapi8DpWBLAS td Ssubject for an
a xed with other substances suc
eretsnctmdrpaoedl oﬁtnael dioovertstyyi rsbopé nsnplsirxomS%:ien isglesigedl ingnstaicewhere
tion there a. devital,jzin
TIPSO oas Bebta i § SSHrE b S BlabBi e celis of the
calBRed tid%e ¥énstrudt M@t iroRBie MembS& thearlfidrfnatiRadlibglot # R@uce
agent may al so be buffered or contain a high salt

s@@rﬁoaﬁmﬂfﬁm wewnd step (Qnpe e weunddws healedadhq gang perdugtsdrom the
mglgu[r P% e g%n ¥\r'21§t aé% IS% fgsr’lg?\[ ﬁe@ e(fS %ﬁﬂ%ﬁ oong)nﬁar bebdgm% @I'recsne. Cells

A \alsodei gghdtiFaRg emdiseerdd to h&pﬂeléwlﬁﬁtdtmmr dﬁf@armtypes olf mett’ﬁcsllular
are capable of displacing the water in a

MBS RSEIRRANCRS WHIHATH sittleer “AoERLfYF BXPreRsd ttétlgfk{svgig gr modified in

s&tﬁ% b3 'tcpmtatf gﬁg JeWRECh I‘IE mg@ﬁh@:@hﬂlar rtn%xoaﬁg fmh@; cells that is
Sol vent enpl o reno ter is one | eaves no

ttreeqxedmraﬂsly\ahmtag&eys fot 1mp;r052ﬁt enoviEtaling rfactllntetedcmm direaied .
Preferred or%enrc solvents IP”% deaalc

nEAVRSU a‘ﬂz&g%| T HH@FH%/‘? SCRIQY| g%rb o’%e b%ﬂcg(glﬂiﬁ are generally

kRSwREEHOBR; an’ﬁ%e bOeripsd R&asbRioki dt kil Mdladul R Tloning, A Laboratory
cel l-matrix constructs are inmersed in sterile ethyl

Mainoalh 6bldf Spring Harber Ryedst Celidéipring é{a@b@pNé{c(é%%t iaeotppratggeerein by

struct an devr
‘%%ret‘ ‘i‘rﬁé‘lﬁ Pith Yermeyiongd ope encer1 18 r;%t%’vliielzl’l %%1 i omﬂf?lﬁ tﬂ??ehfmlmOn ofa
“AbEROSbd@ith &dmeraS QxqIas elels ivedtfion.f or a tinme sufficient
to allow 25t he absorbed ethyl alcohol in the
cell-matrix construct to evaporate. After evaporation
of solvent, the cell-matrix issdevitalized but stil
retains the devitalized cells and cell remants and
the cell-matrix is dehydrat ed. O her neans to
devrtalrze the cells |nclude subjectrng the

. T T a - o,
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To decellularize a cell-matrix of the invention neans
to renove the cells fromthe cell-matrix such that
w@eib®7o7eel | remmants are renoved fromthe cel PETrHS2008084952
toresult in a W 2009/ 070720PCT/ US2008/ 084952
extracellular matrix without the cells that produced
it. The cell-matrix constructs of the invention nay be
deceThapredbminent, mijor ettteeelluiormsyix thmpogdnt pDOdeddl}’CfﬁngblaStS is
cells that prod e endogengus.. extracell ular nmat
s ALes, el SolERET SBF - RRHFCOLBRE s dLPS oBoeht in he
cdEARMESHERRR, thB@le&@l thisTRYdnti%n iR o bOBmEed {osmé‘th@es comprised of
renoved, a céll-mattix endogenously 5produce
odylthis pmﬂem ef pmtmwpuee e mstahes, othiet ¢rdlagenshbeh fkbeﬁ/lmsand non-

nne erred met h
sty cp R e e D S5 R e e Hpeg 1Ty 1V V- VL VI
VIMVIEDtd, X1, XEEXIR BB/, 3E8, V1, oivelm Xalll tXIe@taﬁeaersta@ they may be
renove t he ceIIs cel | rennants and residual cellular

idonifietriayaprodiersibyrien o iclapp@Rtas calh ByPsoSialarbt PHsTEatrix
t. |
pxi%)éedrﬁsa\% ch %rﬁlg? ﬁ@ﬁﬁé@gnﬁg '&g;?%ﬁ@& ?%%%ﬁsﬁe %hﬁ%t?lgetﬁm}fﬁ%,‘?fut are not

uce use
hﬁh(iit@@ kd elhs%ihl; pﬁﬁeotgl}&aﬁb@ubh aaddcorn bObighghn; e tedycoptatdinasich as
gl ycoproteins,_gl'ycosam nogl ycans, pr.oteog]ycan
tqnﬁ%ira itropqefins fikEsncain I%Wa@l@fﬁeﬁgspﬁgéwe‘r ﬂ% dlygpsaminoglycans

(GREP v]?éh a‘%fh QﬁHn?c?c'?c@ Fscol | agenous and

non- Sti Hous conpo fromthe cell-matrix yields
a celk thetfoiementiaitedicsll apeb ms‘lttyéme uaq:(tjtoqmmyce shegcedfmatrik of the

or substanti all SONE ser. A
ingpntiy Shep aales %ee%llw?rﬁ? lb?/ ﬁ@w OF@O?IF Foroilion
WR¥reGRB bR flok deb1 L inatxtshedts) 1§flf/§1§t cﬂe\’(fﬁamudﬁt deoéllularized form are

15chel ati ng gent referably hysi ol ogi aIIy al kal i ne
faboicatodintoh pdb ghwermi?qwcwéihrsm@ Igypasiveaycas delivergd iy qontact with the
ti en n
S R T R S

Al Mlﬁﬁaﬂk%@h@ﬁhﬁ@ﬂﬁ dfahe ﬁloaﬁ&mtcbﬁtphsﬂcoll%lgktahﬂMHagen isa
treatment di ssoci ates % ycopr ot

nghiad mwﬁﬁ%é@q Geiadacson e@%%elhsd}"ﬁl Gora b dbpiedn e matix
c\rj\iﬂ?&ﬁﬁ ‘Jhla pLgl glatr@f‘dngﬁdsﬁgmqgﬁ% BadGMOWR, it Rubhe fo'i‘@ehvery of the

e used Tncl u e, but are 20 not limted to,
célistapti ants ds ameang for keapieg the celdd Idcql EDT&)dehinety site.
et hyl enebi s(oxyethylenitrilo)tetraacetic acid (EGTA).
EDTA is a preferred chel ati ng agent and may be made
IIW@L@UE@' CORDIYIONS A2dsiMETIODE sodi um hydr oxi de
(NaCH), cal ci um hydroxi de Ca(OH)2, sodium carbonate or
sodi The pwstanx fatéhe EDRVction of theAcH onatein dayar meh be ither static or may

er ab bet wee
B Bb e AEhgREIEER BRI Eath A9 M g
fRhBALEADMY iAo to Aaiitin 10 foldes. r\lammm&mdfappmpnam stimuli
preferably between about 0.001 to about 1 M nor

ey apsaitap HisiBbloisent atos s  Morrsaed Hrengbyds EmRyres o rﬁ?é‘? cultures.
f

Irp{h% Faﬁ@ Qgs\ferg btﬂg '&e:ltllglrr?n ilnnee rrgyst},gﬁ eaﬁ{l) #‘Qéti(\lefy 19|5tr1]&tﬂ§§g Cdg rcont{agted to the
pénﬁnsmn fykenprhat thideedivaliati mgtien| The pmfus\uon lof metliwen affects the

effective basic pH range., K The fi nal t.he basi.c.
bt 6 coB arh BimeRs dre B EOpER e b ik aiign means
1&1@3%&%%& %%?ed t@u ﬁsﬁi%’ﬁ ShaBh&icakiathr br BRtoMeed irapaE in the culture

11. 17" to about 11 he nost preferred enbodi nent,

disheulgetdnt ﬁEtcrw)mrlaQJ acontathesubshiatercarie spuringrg bf culoge mgmbrane

{
e BERYh e e Bl s B RGBe: eenty
a e WOAARRCIEMS2 O dtadlog EIathth @ roling, if produced in a roller

effective treatnment is obtained by gentle agitation of
the construct and the solution together for a tine for
the treatnent step to be effegdive. The

cell-matrix is then contacted with an effective anount
of acidic solution, preferably containing a salt. Acid
treatnent also plays a roIe |n the reanaI of
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chloride (KCl) while other effective salts may be

determ ned by one of skill in the art. Preferably
w@hdognideo salts are used at a concentrati on preCEUSI0S084952

bet ween about 0.1 to about 2 20 M nore preferably

bet ween about 0.75 to about 1.25 M nost preferably

around 1 M A preferred chloride salt for use in the
borgé. hOthet perfisitinumeank can beldetéida i) by éne skikedrimte art for use in the

preferred emhodi pent, the cell-matrix is ntacted, .
R o8 ey T R e AR e TG OE T e exing,
urkRRAE be SrREIRHE 6 ABE YoRYs hBH SleQfirinp chif@eaci d/ sal t

solution while effective treatnment s obtained by

gent Tle adfutestaromaiofaindden eo ioubaiet toggaure effisisnyenginmental
o ARBEE Bon HRoATE o I GO R Ry orcers
P\ d 3Bn@fib Rt ¥ewREP WUt 9f "G & 4bosobRItd, arorebietdtably 37 + 1°C with

preferably buffered to about a physiol ogical pH_ The
arbatfriospled: Baiveersaiout 5-0A nida CQaland eselaties ranidity Rh)\Msiween about

Ci lling. Salts that nmay be used are ...
8@@% @fvsﬁdp rig, FAsLY ARiTTME RO Sandigipns that may be
inkidBbheshthiQe Bl Bk Menfdtlell Snttih A SOsitivAsrb@fdikteon the cells
(Nadl'), calcium30chloride (Cad 2), and potassium
beiing oulivdesl ¢riiB1 tep ahehliie balegprsfosmed) Cyltuigs may be semevedfiam these

sul f at H3SO4 ile other effect.: I
oot ay hm e Sl e o BRI B ah BBy 1Bling, e
seeflingloff d@diGahdl Scld 6r sthedraatment daheeddidmemnino freafuétnab by their
between about 0.1 to about 2 M nore preferably
atplsiy\ie &pmbbetitmetrizshed. about 1.25 M nost preferably
abo 7 2 4 d
or of e Hered R A e e e gl consiruct forme
ofsdeaiintinfitorbblasts ded (hbk GddreteBufatrin. i| Prgfeaapdy) theman detonad fabprabhasts are
tHe art and.incluge but.are not [im.t togf)hos hat e d
ussfloBi P pEPLBR GeOR EOTHICTBISSY e PRESH AR thpat sty BEFSRRPd o
subBEIntkd FbEkstblibiane AlockSét Hahkd At HERE BEsh sckdrfed against viral and
preferred nethod to buffer the salt solution is to add
byshwspbattenivatidreasdesed foreuinaS)ellsprs ailtatdyndoiraifagient conditions
. the phosphate is at a congentration fro t :
imouBTERE S chits Mol SO FRRE Rl ol ol R Ber B dpehine he
cdlis d tHeQuakRUWub&rade M Which be fosal 4 celohattik@onstAicpr Afkanaedly, cells
pH for the solution is between about 5 to about 9,
frevrfeozen eelbstaghsynbehasededditsgtly to the caliygsubsiraifpst
pref relatelW i
pr ef @??624 %ﬁ%@‘é’?%ﬁ?@%{éﬁgﬁ ??é&g I'S é%‘%lisg(r:etﬁe %/?/I&t%ha 1%{:\2ded
omodisuinibbdtire sur(aaid cdltiredviuplensynagreatdgriofvtin eshdstadnis heform a
(PBS) at a 10 pH of beifween about 7.0 ta about, 7.6.
copflepichpetph Crlis Ip Sereehes é@gﬁﬁgﬁé‘? 4t %?ﬁﬁﬁr_ei S QR gporous
miePhblAe i &heHrald 28Rl Wddfm YhHA® ki Bth b¥IBw the cell culture
treatnent 1s obtained by gentle agitation of the
throuzhulbe pords tritealout witheantacipboheen fhertomsurfage of the cethgulture.

treatment step to.be effective After chencal
PEFaa i e Featmened Pirgehs eyt e SERE i ssrdse gy e ol
cuthRS 8 rdcE 8€a nsitPBEARES Bhout | &aI° BEIAGETOILEY 6.6 x 10° cells/cm?,

contacting it with an effective ampunt of rinse agent.

mogpepreferahlic betwsemehost 3 i 9o eelisien dapbeid 6o 91 SHE cwngnd most
i,ol.ogi ¢ [
PR R SfEG oI PP BT St bR SRR URAG A huriace)
Caltfires sieenttufed i groowie nichRincioesnbligh thgeultiwe akd meehbuneé tb between
rinse solution is physiological pH buffered saline .
abqy R0%do pRSsmatlensart which Tigie theveare PEIE)??J sl lydsipbanging the
| o S ek ihor®d: 1S HSEE Nk 16 §AMeBS and secretion of
mgg@nn{tﬂgqg%ﬂg éﬁﬁg&{d{rﬁe {é?ralr%rlneé b)t/ one  of skisl%/la ien tauﬁeSecre one
art. The cl eaning steps of contacting the cell-matrix
with an al kaline chel ati ng agent and contacting the
cell-matrix with an acid solution containing salt my
be perforned in either order to achieve substantially
the sane cleaning effect. The solutions may not be

- o s o o, o o o -
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WO 2009/ 070720PCT/ US2008/ 084952 addi ti on of ot her
subst ances such as drugs, growth factors, cultured
w@eiob®7070@ her matri x conponents of natural, PCT/US2008/084952
bi osynt hetic, polyneric origin, and they may be
conbi ned with medi cal devices such as stents and
cl osure devices for treating patent foranen oval e
exietelbtla ratrik hén hredtdmat&ethod) ¢ahlk pregpeedidalingeitein rnatrlzemjoductlon
or. devit

o B SR s B2 LA s

toth@ pRIMERIH &didRbut B i€ BRI itk FR@SSs hilgheR@EEhS U&RARS. Higher
when inplanted or engrafted into a living body. It ma

y
Sd@élngld@B%hfFSrﬁ@b@VQﬁ élevlg @fbsua@r-ta)nﬁilﬁgileemp%w@ thabthg cellfcare gfeded at

m{esg 6@ cfgggggn%? 10 C? oruﬁ.gwc r%gxgﬁ\? Cei 1r9c1&J1§$Lnetgg H111g§ b E%out 300%

tol dbe NG00 c@lfiendy. OVNheélesekded zmstlm%nﬂxﬁenbaﬁﬂd: p@wth phase of
cell-matrix 10sheets, or portiagns thereof, taogether.

cuttysing 6Pl erathe mentigansyis Pupastidyand thy eeiaprestedad 18 fpe pRgtice
plroaﬁtm‘ﬁqgecﬁﬁnll‘ﬁ Stiet sftaﬁ'pfn'aﬁ% éﬁO(Ytﬁ:'E bRYShE YiREDHfRbeding. |
matrix constructs Used as a prosthesis with
t he Bhapethefcuitive, fibroblabie sésctaletdapri@lsynaspandéautesend organize

t ded sth f th ,
e REFrEgY FEHTT TUEC e BB AP RUGESEgr LSt s kit B do o

e LiOniBRarlt 3BAtk &Rl LBrdés kdEhude MBUHREInE Bt-mhbPr @et ¥k $o contract
the brorenodel ability of the matrix sheets but also is

amc@l iteel fefivoma iHeseculltuee substeaieyt Mediagxehtanges aje grade every two to three
cte |st|cs for its C
yls Sws1ﬁ1 ttres;i:_xl a%tl'l ucté%nnrg é)lﬁc tagldo ﬁ%tﬁrg&ﬁlﬁ(s%%fﬁécﬁ%m%creases n

thedkiBdsi an e oﬁat'nbﬁflolﬁi eYhd thé nesdsary fheerlatitg acélzaditrix construct is
cell-matrix sheets, or devitaljzed and decell ul

Agpgadank o8 Hheepiial ssadimedsnsivethasst! bari heaseef the fay b ?’P@e 55 he ability
X -

oRIEEHL e aREesE A ettt syt aleph) ooy e o

mitrbudoastreonst thelotventodn dve bikkvbiknass deotphe Sbrogk tragrx produced

devitalized. or eIIuIarl t | e
g Qg s vane Feie ooy a4 it g e Bt SamelBeofiudy fin
culRfesRRe He BANMAG be Wsc‘!‘@%ﬂhé’f@ﬁtrtb éao?lhﬁl‘?érs TRE ﬁ@rdﬁ@tqﬁiﬂﬁy gives

sheet to itself iS a bonding re Mul til ayer
the cosgivictsicetestorisssnerkspropertigs wil @ﬁdle@ry@ﬁﬁms h@tmlse thperesist

ros etic de i.nven |on
pRGBal Fstehhat Frfhe hotbe BE Bl Rblfe B R pepine. 10
th%?ﬁlﬁrdztl&l b atultipeedel ICAMSik sHE froﬁcﬁddﬁﬁxeﬂﬁ}b’lebﬁstl Io fdammitadmal
col I agen | ayers"” neans conposed of two or

cueirpctnihe cpbs Wikl 2porgantzed srparonnd Théméﬂf’escﬁq e el gylture
Gdknk F¥kte@bK bet

o by R b Pl Y P e botveen
atiomg 60 heedbolny 1 ZS(IaﬂniC{d)ra;rthmhlacmss thn durddve if teel m&:mbmlnﬂglow,éver

preferred of the inyention i dlre
G Ser Bt ToPb b RESLL: i O50 T HBRReRAE RUIRBIfG OB} n testin
oM@ iy HcaBlREIhpE QRh RPSES thicERI Sid1ke@id. t WO Or nore

matri x sheets that are bonded and crosslinked. Due to

the flat sheet structure of the matrix sheets, the

r |S o [ fabricated to conprise any nunber

ngeﬁﬁgiﬁgfsgééﬁ y between 2 and 20 | ayers, nore

pr ef ehaRhyixsb SelpiRduitited BYLV&Esel Whitdbld e aniuiddesl] of tissue

| ayers WD 2009/ 070720PCT/ US2008/ 084952 dependlng)éqlri
cyltyee, §t1¢fe¢sget wltarmdlma |ﬂask»@é salleabytieowhichallpwh i thefosmatean of a

h TEd t Vi

thLlJéc' dl% Pgmgal(fgﬂise e ose ﬁger fsg{:t%{é mg%itl Bérovsﬂﬁ s%n&%cgg l){l)k%)ﬁ?{%mgthe cells can
bé& ng)SJanan bbanyrbiold QﬁcaSlBreetr@atﬂilb enatedipkroswhialy tHeeoells can adhere and

staggered, in a collage arrangenent to forma sheet

construct wth a surface area larger than the

di mensi ons of any individual-rgatrix sheet but 5w t hout

conti nuous | ayers across the area of the arrangenent.

In the fabrication of a nultilayer construct

conpr|3|ng natrlx sheets -an aseptlc enV|ronnent and

o, oy s Y o - .
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After layering the desired nunber of matrix sheets,
they are then dehydrated together. Wile not w shing
wo eoobe7ddeound by t heory, dehydration brings thePCT/US2008/084952
extracel lular matrix conponents, such as col | agen
fibers, in the layers together when water is renoved
20 from between the fibers of the adjacent nmatrix
peivedetam, an&ﬂmirigay@ns ﬁma:ye badl-ahetnixchoastewt & foher Mﬂgﬁ@iﬁl# suchds glass;
on.the f|r r bet en the first, .
s@ihis5 e DR ARG G SO B RO IR gride
p§199¥ﬁ'9ﬂdeﬂ%e&ﬂydlfneﬁ@/|ls‘{16§£&0 fadBpolheee shd@iRimatedleftiylhe propylene;
over "the top | ayer and fastened to the first support
apcbstbean substrasesp 1rgludxngqf@s¢day]@qaqu>lﬁs1f1pcm, obqslgﬁ(m crystals may be used as

nge h [:
PR BTSRRI ROTh AR o ol RN SRR 3Bhy o
rrfb@l’ﬁﬁ@elE@rcf%’tdﬂOMﬂy&Har@ﬂdoﬂ”ﬁ@h&ﬁ with HiclopRals stidtr umiy-t-bysine or
t he deh dratlng | ayers. The Igﬁfrs n?é be dried in
peptides.| Ansxvae 6 9kp PERtidsyeoatingyis such as by
acet lonQsolid cell h
o ot e AL SRR M OBRLn et v
suitaee, 4 cellr gromﬁmumfade with pbmS\ﬂeienorabmutca@%Fﬂmp @ndboftem surfaces of
60% Rh, or about % to. .about. 40% W w .
A e R R G P S
f&)éoﬁtrdgtl e ohBeRAP HRRIITRAS - fFRUT IBlal @M RbStabiIHHE Encdlium to
sterile airfllow of a |am nar flow cabinet for at |east
ceifani both the tap amg bptjomzsurf@qgs of ge dgrtlpping celbormtrix-based construct for
te rat.ure rox 20C. n t [
S PR e S o Bk AR AR Ml may aso

coieiyt dhpitthe btorh a?ﬁ’ﬂé%ﬁlﬁng@ml&hbﬁ gsshevelssrutiaorhat tieep surface may
those achieved by air-dryin WO
begamsery 070 POTY thsdenshymgabgba cultured skin eapsispgt digpreferred culture
Y,
/300 AL 8160 151t UM e mente
suohrs iaqroeshs alwterand tlhet id elh‘spdmd‘ﬁil i thehmitngsvesded containing medium.

extr cellulay matri x conponents .of acent
ggt I%edgeehefle Brigewrd esme e 942 ﬂ%@% TpEIRRe 8T fraﬁswé%that 1s
1rfs@1‘t&§wﬁﬂﬁﬁ'£h§ ﬂ{tel@&@g%tﬁ%@@@@ BudthR GREPe8N&MuSe diSh ﬁﬁﬂgan be covered

| ayers. To rehydrate the | ayers, they 5 are peeled
wmtrnfa lidheCydrovessgsi pq@omoramg‘@@amem g@@ﬁ e\rlthamlepremmembrane are known

i Nn.an ueous re ratl
i B A g6 P R R ol Y8 i BRERE ueBHBLE i phver
URGBE Stases Pafyelria theOffel @3 Re of Mhidl have 88dn remoni;ﬁermny available,
about 15 mnutes at a tenperature between about

inghiing Pomstages: ehyet. &t e 51408008290 3% Adal: 8%;%?%’&%995 026,649,
t

T

oBMﬁtSve&Sélhara chiptsyed sthe tiksuegoagant is ppodiced abbye aurface of the

meg%glarg eréagq Sl | mé]lbpu%m%gcﬁ}?ga(c&r{gur éege? v ee gultcure is contacted by cell
m@ﬁ&sb?ll Bdﬁll({()?%nh %@tt&ﬁ@gﬁgcegr PRL P&EL  HlEYI0wRN ¥R e allow for the
provides strength and durability to the device to
passpgefeultaredhédngfop popeding estrieMartd thesmtgpids obthe culture through the

r ssli pki agents are kn Ln the art
g, e Ao R R PR R B R o Bk 3 i RGmusice. A

pfe'féiﬂaﬂ%o@@ﬁzé—@%ﬁ Efat SUG@N SenoBEH Ghahy db Qs hl@d\ﬁlfdrfthcagﬂod/th of cells

(NDGA), oxidative agents, ultraviolet (UV) light and
t@@rghj @trh:g‘gbme yorarge ﬁmu[gb@@allcgé &r dees passegs efyutrients contained in

Palq t t

R R
a@ibne Prrafesed perd siss prelapouitdedsaing, 3 Mldﬂ@ﬂs e eingt Betdreen about 0.1

pol yepoxy. One preferred bioconpati bl e adhesive is

silk fibroin, that is a 4-8%silk fibroin solution

di sposed at the bonding regiorm between adj acent

20l ayers of tissue matrix that is activated using

nmet hyl al cohol. Bi oconpatible glues or adhesives may

be used to bond crossllnked or uncrossllnked Iayers

N g N M o o o R o,
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Briefly, in one aspect, cocoons of B. nori silkworm
are boiled for 20 to 30 mnutes in an agqueous sol ution
w@oepioiEeeng 0. 02 M Na2CO3. I n order to extractPCTES2008/084952
glue-like sericin 5proteins, the cocoons are
subsequently rinsed. In one enbodi nent, the extracted
silk fibroin is dissolved in 9.3 M LithiumBrom de
nfitroly fo sdolitd inwno@; nﬁ:b@m’efeﬁﬂ@ baweabahout 4. 2hn)mrcms tcy\kb'ou:lhl micron
yields a 20% we solutlon

%@eﬁttnrﬁfar bl %hopg .ngcr@ms% élwé ﬁg%} CERn é’é’reég"é‘? ﬁ&?loyed In the

c&le D hlh&d ?Wa‘? Ebfb%la@& fhe %dsg?e?enleﬁ%&fterﬁﬂ & Pt @rbonate havmg a
cassette Pi erce room tenperature fo

pa8 stzetmbwtwnm/d)mlh@ 43alall>qut Réwmeiceonsadye MHallnypprchlze depends not

oftents e ok or Lbihat s B YRR Todlin I papgund s troveh

tlféliﬁérh&@ﬁ@ It @AEtpohint-tRAChd @su@AketoHstres ddheres @ethe b@face but does
renmove inpurities and aggregates forned durlng t he
B

nefi lamrsmgtesxr@pvelsmp hesplstiatssodt wsempyablhigordetich pgby peeling with

o AP SRR, Py e o
t}&lﬂeﬁsﬂ Nrﬁt)td bormbesik PhMdeh it grobbadlbdirites ﬂnhyebEEaﬁind square,

cross] i nki ng agent as described by St ros
reBFaé‘éH]éﬁ?f agllaggegilapewih b rauped Corit g q%n%ftlﬂﬁ%té?f& fheged-

{A o f?a‘?loi"p%r{tbxﬁ-gﬁjaé DRt @'p r@&uc@a%ﬂ%ﬁ@%ﬁs@ﬁu’cpﬁ
pre era et ween a . nmv t o about nor e
inperédce mathl aywblatdmemrrab thetphysiOalrsivittoreaddmativel sspdy] Terpetount for

effaer Sre st AETS S PREBID RBPPROTE T Ents BT G g ded (o the
s@ﬁic@ )atmﬁ VERatdp Wbiugile dTRYedREls hesibd i selifisRally Bath® éndibuElkthe cells.

O her a?ents may be added to the solution, such as
tthm@e lomatgix-basedbtieshe canstrag 196981y Mrmed, eis egmoved by peeling from
% r I ng nore uni form and
%su%%%te%gfo %gﬁl% ggn%&{élg]l&tt er fromthe | ayers
t o bffhél gultured dsaleamxfdohgtﬁ&tst ofgied ineention dormoiedlgon synthetlc or
crosslinking between those fibers. The ratio of

bigirsathableaneiples farsuch as & PSR MCMPERGT RIBRHOR oA 1B &%f‘élaber 18

| C
ol B9 AHEval A38l) 9 B maARb OSSR, SRk hORbLSs
emptowd tthe callerard dulteredm thomesic metnber :md@smonlcnthg sadpeamd within

e yePE R (S B G Grepke O o REORD G o0 PEGE AR Gt Euturd tsue

c&ﬁ%&tovvh@ FhaBEhst iR frhRAYY khas tAgeRdorsin ik |chszf-‘ﬁ?1@§H Rt on it
to the pan ensuring that the matrix | ayers are both

fos phgsied saprprf anddor bkt Engmplagiof qvdturaes dissiercobiipistsdbatgely on
present under, or b wee h
B E sd Mool SR U e R N SR D TS 43 95
566,8803550320808f 8068A3Pet NESAtoxbe]. 4 to about 24 hours
nore preferably between 8 to about 16 hours at a
tenperature between about 4C. to about 20C.
f@?@l\hﬁ&ﬂﬂ/{?ﬁﬁ?l@%ﬁéﬂﬁé' ated with tenperature: At

ower tenperatures, crosslinking is nore effective as

t he Teacdll- matnxsocmhtm&ﬁﬂof th¢ invegtiverare elml’[mda‘tltﬂheed to terminate the

{Sg%‘ls(gcg% 3? %ﬁ%@@g&%@ Lhe EE&( pﬁgnate use in treating a

S@;&§sllnk|ng the crosslinking agent is decanted and
dlsposed of and the crosslinked nulti-layer matrix
consTheictlbmatrix ofi th@mderuy)narmt eecdavriglized emdededlnlaglized gigher on the

e S e Bgane T eGLREPe Pt A andhe cuttre inser

s@@l:ﬁttslt@@ceu%@tfrﬁna eydiststef Alio®i e nAterdlicBBiatigwits cElfiié Siéeidm, the
by contacting the crosslinked nmulti-layer 5matrix

constructs three tines with equal volunes of sterile
wat er for about five m nutes.dpr each rinse.

Tubul ar constructs. I n another preferred enbodi nent,
the matrix construct of this invention is a tubul ar
construct for rred from a SI ngl e, generally rect angul ar

. 1. . o 1. . oy
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conposition. The mandrel may be straight, curved,

angled, it may have branches or bifurcations, or a
woeoobero7ed t hese qualities. The nunber of | ayePGI/US2008/084952

i ntended for the tubular construct to be forned

corresponds with the nunber of tinmes a matrix sheet is

wr apped around a mandrel and over itself. The nunber
bitfteral dongact mayteatevéragedhelen thracelbmatlwap preae®Ositigp ehasican

t he di mensi ops of. the proc trix sheet. .For L
AqliPBg BF tcaueEFing BERY PLEDS o et SYSE e oine o
ligtiof ﬁmmx‘a? fonD qh@ %ﬁlftﬁrg ek if wnv@ﬁléim%} Rtholvisle $8Ethe 3B Epparatus

e mand re least twce. It is preferable that the
sonit caly bberassfe:frmi:toawdlfﬂemnv\mpel merasihaay baselipeied tpeor contacted with

ndé g ﬁgy i.red nupber of tinmes and an additiona
ag%?@ HP&@E fSPE&nE A8 er | ap, bet ween about 5%t o
about, d6%atike ENR inRREN-Blatrit Mestylte t@Rtate, bt S@ethevd, e cells, to
bondi ng 25region and to ensure a tight seam
fosrnm nagrlixing edempatsig t Fhespnstristsrai il ey engionmay ke devealized, in other
wor s thre] (r]x?aftr& Bﬁc}lhylgg cElEEatBat%qu&g ftlﬁeeogrlrlalaﬁ n%Ps E)Ethacgl@tflaxﬁﬁétﬁ
&ﬂﬁdﬂeﬂtsb@fdrﬁftge telt-hanix dstrengirh tamitdel. cCWhet thectllsae

the mandrel, and not the constr bern for ned,
tegpeisdt Bay GEaR Hhihg MEix fhey %rmﬁﬁeﬁbgﬂt%l Rgagentspd Iethods are
&P%Qﬂ? ltho'gé ¢ %YAIH'% Wity GRYSET BEd QfucturBonr eact i ve,
I cal 30grade quality, elastic; rubber or |atex
rrat eOnarnethmdtthedefvaammg the celleiehe calhimiatsixgconsiist amploys dehydrating

shee nstruct .na direct
$né SRl T IR et R} LS ool o Bgpotruct
Meﬁﬁ‘s fo@ Eéﬁ%illﬁg"ﬁ@lsfdr@ Mcldde deRyitein 1ﬁ|’al£f Bhp e ordedege-drying. To
to, react with, or | eave residues on the natri x sheet.
dql’tydraéﬁnﬁr@ onsiaict by #iedrnh stitue rnedﬂn@ isgemeved figm thevesgghin which
200 0
thte 08 g 1{3 gg tggﬁglgg ﬁgcﬁéigg%% )?gr%nfs r%@f‘t .ﬁﬁﬁlﬁ&n%lo%{efd to dehydrate
fdt\llatsbfﬂdient Bﬁfé&bl SBow hlﬁe Jges d dﬁesﬁebydrmﬁﬂrycdnﬂgimhk yargdin ear@s of
to the sleeve and is nore_adherent to other matrix

tegpRsEAture A Filete g idins S eferis A pdrsiondraperatures rangs from above
OB A 1 AL e T e
disferensisi srmgnmng ralekinagy, 50 4P8GE) inche ball-metrist sonstruct,| far exsenple,

m)st ref 85(%&)3%%@ %#\T{SW ! he%ﬁﬁ?g%vgy‘ﬁ?{[ tSIBP%rﬂulre is ambient

rcfoﬁpgﬁf e%ﬁ@%%gt wocsb )iB&ﬂQQ@@yR@ﬁﬁb@hﬁrﬁidﬁ?Q&ﬁ&é’fh@ﬂﬁe lower, as in
copolyners wth a venﬁésta e saturated m dbl ock.
thegangsi afpbo w004 ta aboint 6Q96+ arapredarredahewwpyer.aglerive mppidiies comparative
construct mnt b 0
R S T P L% RO RUEE & en
da@aﬁb&@h i4 SonliQctpd BY hideying arnrabI&RM@N(tmpahtamd humldlty, the cell-
a proxrnatelﬁ as Iong as the length of the nandrﬁt
megHgmsEANVIH Baveaout Fieto thoubdlfog¥ eSS ©F leas. hpigre, when
o838y U8 A SRS Smsed Ol g Rbine. T
fredve-die sher castnenngtido tefmetdﬁéyccpdnﬂsdanonit thel crerlltﬂnzerls isefrodee and then
field of a | am nar romrcabl t he sheet i s b
PlaeH NGV SRY EP TR BreBg VE A & P i L bﬁl&%%@g’stechrﬁ%les can be
ﬂ?fog B@@ s&xﬁct@‘&is@fo@éheﬁ tRd HYRELrP Hﬁfeﬁt‘i’&?su%ﬁﬂ{h@bio%glcal activity of
t he sl eeve-covered mandrel and
miudtyde glg)Mm@ fztctres withisthe eonséticts ecnpfin uh@temalptqu Iig hgaspegts one-layer

fl d' the | h of. th |
4R AR SR L bR PP Ve PR BP O i e yophilized
oPdmigal, @uchTﬁ%ef\J/é%ﬁgﬁgut'mbrab?futslﬁ%‘hré 8r fohes, Ny HAhQGsFHRE one-layer

wr appéd around the mandrel and then over itself one
full revolution plus 10% of the circunference, for a
110% overlap, to serve as a bpnding region and to
provide a tight 20 seam For the formation of single

| ayer tubul ar construct, the matrix sheet nust be able
to wap around t he nandrel _one fuII revolutlon and at

oy - g, o N Y 4
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as an overlap. While the two-layer wap provides a
bondi ng regi on of 100% between the matri x sheet
waeobanes) the additional percentage for over|BEI/US2008/084952
ensures a tight, inperneable seam For a three-|ayer
construct, the matrix sheet nust be able to wap
around the mandrel at |east three tines. The construct
cdﬁamaﬂnﬁ qenstpatschnirstheanydredrfoesboof eightyr@ru& and $ubsequently frozen at -
he di nmepsi ons of the natrl a
8%"@ and yeale%?f’so‘ef@glg%am%ﬁ BFiRgeR gbou 2850 6801 S Bwerapeer
w1 ARave %’% ih %%[eﬁt QJndlltﬁ)?ﬁ or BY ABeARNPRL RS @elgn{a@m@ls devitalized
| ayers or tween l'ayers with varying degrees
buifstilvetrina devitdivedt cal\hs aqu cdgr;errmaytsaiLonhiubZﬂUQB carf glselgnpart qualities

dli%d é@ﬁ@gﬁ ﬁwzrqségggsfug wdne\l}gehy rgtg?lguunn &t ar}”l 1%ntrrc%tn§1tlons Such
ql?a@iggé Qf O LAREH i HSR08 984SR Ere porous alYBbpéXfisl8SG ri®iructure.

be rolled onto the mandrel either manually or with the
aSS| Shemical ro¢ang maa(m&@r@tqm@mwto dedelipe the@glsin the cell-matrix
and s u t buhbi
50 OB AALeSIRN AR ool ey B L eyl SRt v

inifersédinetilgputdearar ﬁ@p@%d@fﬁdléﬁqt&t‘leﬁiw fokhgpatpparsatellisg to cause
woul d have a surface that the mandrel can contact

thg|celyioilyse. 1Adirgthe eedls dxse; the sellimaliek 16 devifadiged hig Sﬂﬁf?tﬁws

r h r
oS e OISl RS BT S U B5d oo
subskadcds mud:loamq:em:peam acid bobgdrd gdai pegoAfida@ br sdisedr acmnstinagionghereof.

nradef om matri x sheet Af t 0
qRde oMl s Sheets. ALt Gl LR S o sty
inthas rﬁh‘y begseaf ﬁhﬁshﬁvﬁﬁ%ﬂ%&geﬁ! Baf HGo 8¢ BENGe®br ¢ditdin @Migh salt

for further processing constructs may be
canehytthtian éelpierertrexecgsizo awclting of thewell-prasiewhpn {ereting the cells.

(k:)gn: ?g%?l{,?gsro VCH% &Pgema:r]u% ésgévr? Ol%'uog?%{ ggogtrugecggsnc{e@kgﬁ{l%g agents in

th@ borentidd Oldadicedivieatslagdypablt @ iRplatiay el’(eSwMIblt inaLdell-matrix
ggratlng or delan1nat|ng them_ Additio
Gt ap ea@inate, ghepadQies agvitaber Be C%ié*dél“l“‘tﬁeélrm?ti‘éd Pesfrighly, the

o%?xlutz SORLL! eﬁﬁgﬁﬁtto %mc;v'él&ierj 18¥ES thGelhveTBb refdue® Wk HEY it is

the I'nvention may further conprise one or nore

reibavdd foimotha borsstst. divefesred organip: anlvenhs ﬁr[odar@raﬂcoha}sdéouch gs ethyl
or func i onal

ualitie art d
alcohol.petay) agqqhegal} S?mgpx}g{cp?‘x% 0 e{qxilgt 81é11%f3 DUIPOSE of illustration,
céll REE&ohfnftd dr¥ iRfcRed¥h werib efh%ﬂ&lt:oﬂdl‘ fér Aané §1ﬁﬁl:1@nﬁ’@)dlsplace
to it when inplanted or engraftéd to, or in, the
whiepar the cell-magmhemisinert agd deratabize the celdm sTheu@ﬂ -mdtrik Cb@stl‘ucts are

used i n,cont n the ci.rcula
(g EetuchiRa SR Bsath blbo PSR ineixhibeb o KSRl Hifcieng o allow
the RBSatbétlethARA0ND! AGhOcdI PR a8 RMDhSHEE to dva @Jaie S!’Lffefré@zﬁforatlon of
of the construct or one side only in a ?Iat sh

sadvaigitheeqll-matri is evitaliged lp}g|st19 r@am&melﬁ]ﬁy%}zp? c§1}§rang cell remnants
r parin can be applied to the
m%gﬁg n%ﬁﬂgEdEﬁ%§?£§ty of well-known techni ques. For
i | | uStheatrears tohiepiadliza tixagellb mchplplsilgdcting théeclcmasixrasobtructs to
in the follow ng three First, benzal koni um
uliapalet Hekles 2B TaBateby] hese ESHRN MaPE iTgAn e BRSO sdth
%Bt&rf@sw%lﬁﬁé DESE Sellna¥® EdrS@hdiYvifl Watkn@r biher éh‘éﬁr‘%hl @évitalizing
I ppl ng t 25prosthesi's in the solution and then
maars-cotwithragr antd. fréiaing q:wrba:lezmgleeamseat s the coI I agen Wi th
an igni.ca boun BA: He 0 Secaond
coed D HEGUBTAET & oE B G R TR PR P00 LB iy From the
cdoRdirixNBcheRAEdIR, Edl kRBam®hleda@bvdd fBéh thelddlltdatrikRCrEain a
be used to activate the col | agen, then covalently bond
protam ne to the collagen and then ionically bond
heparin to the protam ne. 30AMd m crobial treatnents,
drugs, growth factors, cytokines, genetic nmaterial and
cultured cells may be incorporated in or on the matrix
Iayers Addltlonal naterlal Iayers may be dlsposed on
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10engi neering. For exanple, collagen occurs in many

fornms and types. Al of these types and subsets are
wepmonpassed in the use of the proteins naned PET/E5I908/084952

The termprotein further includes, but is not limted

to, fragnents, anal ogs, conservative am no acid

substitutions, and substitutions with non-naturally

emmeﬂnllanglaam withct thescelis tHat preéwmdtxt tTheealimatareadnstructs of the

rot.ein. ed herein to refer to

ifsnti ey Be e FfRgiety n s i 6 MG PG RECELS Prbitoduce

t}ieserﬂdﬁgéﬂbﬁQEﬁPa%gllﬂlﬂtrﬁaﬁx I%f%@héht@% fédin ﬁ'ﬂle@%llhﬁ&ﬁx cbstructs are
such, "the am no acid nay a naturally occurring

removed fmm thewell- mmnveﬁvmnhleerwﬂs erel repoved 2 calynatine emqmelsously
ana natural. a s th func n
PR AT s BBV RSP Rt BRat s B e
pReFertdl rabthed foradletdImlaing the Hﬁt—hﬁﬁri‘x coMB@ey 6l the BiveRiBrO®es a series
bond m netic includes peptide backbone nDdlflcatlons

ofyelramigd GiRAtEHLS theBOYKihp Pellf Foil repmants: andxexgduad pelfulyr DNA and
R'@& 't}fék' ﬁ é’ll n&ﬂssaﬂg 366 efﬁggﬁb\ggxﬂce 1§38 a0 éx‘lftg may also
0 e ce rix constructs. The synthetic materia

baegmdedion rctduee(f withntlefagants hedtethodpesdadrip dsetlularized the cell-matrix

sta gered upon the ceII-natrlx onstruct o fO@ b

%%‘F?l St UED A3 gl PORSRIC B l¥ S PIREBICEDS, B%?Og G Plélé’sa“é}f"t o

n8YRbIehGusPRb @Ik lrfie rddhRhes BlIY altl ﬁ’ér@%lﬁ%&ﬂo\ﬁs and non-elastinous
conpat’i bl e synthetic materials, conprises polyners.

0@mp¢meptsl fyore the delonates vialds aeedl-mairixit arhls angllpler anecomprised of all

ret han Q anes) or
o s BEAE o fERGt WUF S8 R PR SF BB o7 done)
pol y [8e byiohRxikx @nbirhct li@ﬁﬂ@ﬁ@éa)‘(écﬂi}eaontd@ﬁhg (thfth zﬁi/éffectwe amount of
rrolidone), poly(nmethyl nmethacrylate),

&,}img}em 9@@;@1&@ Physielogisplly) alk?jmeygéqax}tro&hg]dfélmlt swelhng of the

I h t
P PELERSTEB RS b o B B8 e
n&ﬁiby@ie)smbﬂufhsfrm)rnamm by ¢é<ﬁchngdbva¢cmt gdttymoionderm&)ion. Alkaline

RUCA NI ARE S G N T .

al‘ijdaya‘f)'oﬁl@i%g hfn*agtC}?c‘ifﬁm? %!5199 ki tﬁ@gﬂ?@kthllé?ll Aay | ﬂ-@ﬁseﬁ %cmlde but are
bi 0l ogi cal I'y conpati , synthetic polyners”

nell Igvitédiol etiglenasionyetetrgacaticladd GHAEA) amtl any ot her

et@?ﬁg%}g@l X lgrfliatgggetgal%{; 1%' a?; @g«x ishae érg?e{x;l}?én rcégating agent
ad inhy 6€ ﬁﬁtﬂé e AkYeR %ﬂﬁé h&(ﬁilbrpﬁﬁsodﬁﬂl ByRB6kiie Qad0E))Salcium
WO 2009/070720PCT/US 8/ 084952 requi red. For exanpl e,
hydrexidg iCedPHye, sashipa cabpeate gniadary perguider Flar 4 W% gepcentration
sg)g' dﬁ%ﬁ%ﬁﬁgﬁ{t %Méb?tuts H cpab 2?%%) d\?%(%rg?{e?g}g%e{%e ntdg'@ut 58 to about
lﬁthM aebdt -p[’ﬁélﬁbby ae@nﬂtabulﬂ:tthOtrinM mm p@identnatbmrs pfetﬂmbly
npri ses a bi odegradabl e | ayer aq a b| renndelable

b?tggf;ee abont (P& treodt | & mps ereiEiably She lytepeut 0.10 M;
nﬁ)@fjprgﬁé%%{ HouPBloY WR! Bhe? aﬁ(%fmé‘ & ﬂaglc'[)geﬁg @ﬁp&r‘d §Hﬁ’1§’e§i by one of

Li sa ymers in Control [Tvery,"”
skl aus theast tabdnBitlernp ef ihalchelatMg/@ﬂnttem g o7 Ihewlffechva bsasw pH range.

[ hcor a referenc i f rt
The R R PE ki P Seanor Ry Btttk shopy and sbout
178Gt BRrd/SREbraTy BetRAEK hitaht 1 Y @6 absut 31 181 IORR-mddt pidférEane

Iayer in the formof a porous or mnicroporous nmenbrane

ebodimgni thelgllpnatuy és ¢antastadsvidppsalepraeid 0Qamer AT Ad 0ganM NaOH
1r12;|§% 1'2: )él;]e ﬁ%%frg?f? ik 18 cqg?ac’celtliz)ggfiera%H/V\é)r?}J Qrgmgr 1a|n Irlrrg%lg &E/kealﬁnfte ﬁhelatlng
matri x construct to a skin wound and seaI t he wound

peri phery to enclose the matrix construct to treat the
wound. The silicone also forns a noisture barrier to

keep the wound from drying. Pl ow ng successf ul

formati on of the heal ed wound tissue, typically at

around 21 days, the silicone is peeled 15 back

carefully fron1the edges of the healed or heal i ng

o - s ~ " - . ~ 4 a
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a shaker platform such as 1 L Nalge containers, for
about 18.+-.2 hours. Constructs are then rinsed by
w@owant’eng themw th three vol unes of steril ePEEUS2008/084952

for 10 m nutes each rinse. The constructs of the
invention may be sterilized by ganma irradiation.
Constructs 25are packaged in contai ners nade from

agett evhilla Imcw effattive teamegaishtainadadyi genile agitatidn o€ tleednstruct and the
sj.ng, a um.se .0 pl aced in

selalifiEiRehERE ot oEratRietarE Rt wEEn 2570 and

35. 0 TkE¥ell- AN thdnddhfikic@ it Sffec6aMrhdunt BEAcidiekolution,
detrinental |y, decreases Youn% s nmodul us and shrink

pteéﬂ'pblwputla@mgm@alhe%m@ﬁp@memp& w@lﬁl’s e lgintthe regpyako!
g%fﬁé?f% e%%sl agln §%§% Gf’rﬁlnﬂ%gé aAns ag g)ggpr I éef'gc?vall B¢ ﬁorff'—@diﬁger%fus

pﬁdtﬁh;t hidzmREiAscidd such a&NDdB’l afndJRHA Sﬁ]lt treemkhedodtrofs swelling of the
i mpl ant abl e nedi cal, devi ces.
COREONQIOTETPCTINENDO FEBBUYERAS lmﬂlxsﬂ @ADL ey RICEATPENS

g%glﬁr% Y ot%aﬁl%&ﬁs ﬁ%ﬁﬁtﬁ@%ol&)&gﬁ%'n‘?ﬁnﬂa cﬁll s%ﬁltgﬁs known in the

rIO I Ng to a su jeCt N nee wound
ar aisy. beW‘sedh amﬂsmdy ielude bndark @at limged mda/kqutglqrwmcmiv(éﬁjl) acetic acid

(GSBRHE P Bl 51 CROGH N S e R o i arc aa

c&%ﬁﬁgttbntﬂ}@fe%gf Eetwéféheauoﬁms oS DOV, thére e rbiaBH RSweéen about

mechani cal nethHod by which a tissue is perforated with
Os7l5|t0 gbowd 1125rvh mostexreﬂerabby aputhMyehie fingk gHiadghe apid/salt solution is
S ARk Ahl N8 BN yoeR ey BARKED AP B anF B3, and moss

pf@é’ra@l@ bewRRA dﬁﬂut@ﬂ ﬁ)tafbetuothﬁ nHytfoehiskt Acid @nd bater §thmg acids are
slits are opened and then plied to the wound bed
nERheffEEYe Fs REEINEsPIIUelsis %cwgm@%ﬁcalgg WhilGGAEPr 2Fida 2tk lpgs effective.
Y
S b S ARt Bl e bR Rl o
chiotibie saltsanctaasgpedimnt c}ﬂérldﬁ(éiaﬁah dddiusi ctﬂtsrlde'l(ﬁlaCl’fEsihé @otassium

con tr he applijed al one, or Mﬁth he S
3 G atofies € Hextva sl B P%@etmg}e %&Eﬁ@n&ﬁe art.
PH??rab \BRrde @al’fﬁaéfe B0t Q@Hﬁceﬁﬁétﬁ&f &Efe%?y Bdtween about 0.1 to about 2

f enestrati ons and pores prOVI ot her neans.
Msn%mrdtnab]yéaenmcnbléoaﬁpﬁ @dabmtrﬂu&ff My mest prgfegabilperopnd 1 M. A

f th
PBBE R BRk SRR, PaPlemil st B DR RS e WS
pFPERiN e dem B | the edll-RRtdk Ricanese®ivithneMaeost MJNECI in water. The

Hol es are perforations that are introduced in
celbmatray isgpniapted graferpbly dy tamersiana thoadid/sat %%utrﬁaln‘talalq fgffectlve

SB58, SR LR SEH R EBUA b s or e

farahstredtgiest sidp tolbe effesténet i on may be used in wound
heal i ng, such as for acut unds_i ncl udi ur gi cal L
wound e 6711 BRHTH B ReReonF el pHEH fﬁﬁﬁ%@n@a@ qE st Splifignavhich is
pHFGEbI ’bu?f'e%% hﬁodt' Iagﬁgsﬁolo i%ElLHH t gRe BUEREPsAMlution neutralizes the

exper ence a healin enefit by application of the
il vhddrskingsorbinguSelts @rtreay bowgdnaid pkfesdbininorganic salts and

g N S Bl EaTlt Bisnln b o SR ERE TR Nt ledym
cRIBrids BCh1D), S sHtRGiuaPeH1biSd! (KTNH and Bithodefits dhlts such as ammonium

appl i cations, surgical appllcatlons and cosnetic

selfase (WE1SQnghilaathen eﬁﬁ¢€éllvo galtsanayappdaterainedrhy, onged Kkillsn ghe art.
Plde ér%bly cﬁ’x?onde%gl sI dre Bé”‘ed t a%gnc%ngg fnt rp&%@%b@%%t&g&{ %out 0.1 to about 2
nerve’repalr, a wap f nerve €s or tube for

Miuhelte greferavly Hee@@ﬁeiba\ﬁtl(mﬁ BCGehd 1.2 M; wessyprefdngbly about 1 M. A
bi oengi neered constructs of the invention may

configured for, and used in cell delivery

applications. Devitalized or-giecellularized constructs

of the invention may be used as a culture substrate

for cells. As the constructs of the invention

prlnarlly conprlse collagen they are a natura

. e N AN
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of the invention may be placed and fixtured in a

cul ture apparatus and a suspension of cells in culture
wore@pm7ell sposed onto the matri x construct andPEl/Uswesi084952

to attach and proliferate on the surface of the matrix

construct, or within and bel ow the surface of the

matrix construct, or both. Chosen cells for culturing
pmfdrfedtchk)ridmsalt forwemst theiotethmdes sduage chlostle ¥ald). Buffering agents

ualities desira r th tre
o ROt T A gt e Pl Bise Bt And GFRE Rglfns white
oth@rs'c@s be H@cehﬁlﬁed By gRARM el Akhh &Falkt fnyvthe HRthodN CheieRed
of a anot her configuration of a construct of the

meﬂmaé fie pefferfthy saltetolutigalis ipeadgl phospbatedniffesed|saljre @BFupragerably
w%? €in t%' %ﬁosgﬁac'te zf‘st B%Cc%ﬁﬁn?rﬁtlgrpﬂg&oa%gutf (%(? ]]dt%I a'b&ir@/ O?I(/I and a salt

cémmtat!@ﬁéﬂonﬁl gbdus 0.070d hisout 0|3| Mo g akaojties. Armeferred pH for the

provided to better explain the tice of the_presen
sqIyRITiE DeeahAbaK oUP abstts . Bere e EF fbé‘?f‘éwe%abgﬁy Esa%jv%é most

pﬂeté?%tflxég%eéﬁ £9fa th Q??Lp(ﬁe@ eRlihd MYEFrERRed dBS@ment, the tissue is
SKI Int art w recogni ze t hat vari ous
comvatitdd wal il Msochamn Chk)rmla(ﬂHa@k)/lﬂhmMrmle;ﬂw ld&ced dabde (PBS) ata

erein while t the A nd. s e
pH R Bk et N ngBRR A Pl el Tt el s B TBRPEy
ifnRERRNIiR thetfurRrddahltagRneN ﬁth@Effbéhv@ Yreﬂ%[&f‘ls NBemaidaly gentle
For eski n Fi brobl asts Human neonat al foreskin

agitabpo bf tsttissyecnid ghasod etbngo gathayderoyiamne srshe repimentztapda be
%%%Vmere seeded at 5 x 105 cell s/ 162 cn? tissue
Yhre treated flask (Costar Corp., 20 Canbridge, MA,
cat Hf3d&Rmicidleghiavmrehtedt, tivd dellrBstiidng th&h erefrabity Rinsed free of
medi um consi sted. of : Dul becco’' s Mydified Eagle's
chesipal feemvENEethPY Pprg@qyl@sgfewwﬂa) alw‘q‘f%ﬁ% ﬁmowttqf &ipe agent. Agents
I |
sdécg ggtwgt% L‘itgoet ﬁ\?\n gt 1%%%&3\%(” (%’glésae Hnbl@red solutions can be used
ar(d-i;té]cmrtaacttchhﬁh alteorellenatrik for g tlme gvaﬁﬁiplebt ml’r)tmawdthé chsMung agents.

AguPieed Bt I MR T PP GER o 6 157 2 RESghyf buffeed

safie %P_BS’} r@’tﬁ@xhﬁéﬁls %r HBinglie PR matthEo MR ¥Bsing agents can be
replaced with freshly prepared nmediumevery two to

detenmgeedday ene offskdringhalary sThecleaning gteps of lsenteetingghpeqll-matrix with

’gaég%ﬁn&? %Bﬁg{qé%%e%? g‘? %Otél?a?’?{gg %igtcte g 1?1)'( lt\nathhatnldagsda Sé)m%l%n%ontammg

saltthiybepdriormled iraichet Bﬁlemi‘ﬁdchiéw\@t&)s&&ﬂalﬂyaﬂhe dathé oluiigeffect. The
culture flask. To rinse the nonol ayer,

sodplegnis ngayrof be cembippd e ormad ped BaSlS AlPNROWRIS! added

to t

3ot r o AL PrAERLBAETE MO AREeATS d\ o BRI pfuced
cddingearchaiis gatidx pﬂodhmeﬁﬂm artuedseliethgl hﬂs&mmdﬁecellularlzed of the cells that

i oWhi ttaker rsville, to each flask a

prggquyt %?Wh?@ rqsy t@ﬁé%ﬁe ulesafﬁf@ lamleR SPaYRICHI aflﬁegogenously

prERAQRYEL en% Itaa!ﬁ& r¥&Ic8d B?EM‘E&@&%&IB tﬁzﬁ fad B&Hl&eamm&éd of the

soon as t e cel re released 5 m of SBTI (Soybean
ceTl:sylpEt iprodunéd ibancbhz)s avesoadde dedustiemofndn-adlageng@s and non-elastinous

%i 707 QPCT/ US2008/ 084952 and m xed with the
”F8°§?8% %he action of the trypsin-versene.

The E@obe%ﬂ@d@ﬁﬁﬁér@@ B 1LBaPX @ndtief hiievd fisksiahgtd to
evenly divided bet ween sterile, conical centrifuge

terrpinete, thoetllsgandlea @mll%@hw toyeraeyt the fegaiipeheells.
appr
oD LTG0 e 0ol e MR PR bt e
st&efbuxthéﬁﬁlayeidfﬁ]/ﬂﬁﬁr mcﬁimﬁieclsxeﬁldeh?bnﬁnzﬂ@re@mﬂenm physicaptreaments, the
size, 24 mmdianeter tissue culture treated inserts
(TRANSVELL , Corning Costar) in a six-well tray at a
density of 3.0 x 106 cells/ioert (6.6 x 105
cells/cnR). The cells were naintained in an incubator
at 37 1Cwith an atnosphere of 10 1% CO2 and fed
fresh productlon nedlun1every 2 to 3 days for 21 10

o - ~ oA o



10

15

20

25

30

(PEG 3400-3700 MW (cell culture grade) (Sigm, St.
Louis, M. Sanpl es for histological analysis

woRNe/0tEken at days 7, 14 and 21 and fixed in POF/D810081084952

then enbedded in paraffin. The formalin fixed sanpl es

wer e enbedded in paraffin and 5 m croneter section

were stained with hematoxylin-eosin (H&) according to
adaitiqor afoeleky rselsstdmes/\such ms thugs,arowthUsétog, ¢idErst cells,edher matrix

slides, thick asurenpents were
CHIRASHE B?te{@i nﬁs@%@a SRR 4P ﬂl%ﬂ?ﬁ} b bppipined with
m@éﬁ@ﬂ' RGRed ARG sihis And@ cibOurAELOE ot GEABRIent RirdridrEovale defects
Results for two different cell strains of human der nal

infthghesol. ast s are summari zed in Table 1, which shows the

1<K, B P N R g i
a érbs$PihkthoAgefitag oftralGts 3de 02b16ﬂenﬁﬁleﬁﬁg ardl Qit84r ilGreask.i persistence
wﬁ%&éﬁ&t?g 8r7e%1%;%-£/d L1Jnst% %cixs\érg)gséo%?z It rnay ?)e crosslinked aBnldSu6sed as a single
layer construct or it may be combined or manipulated to create different types of constructs.
The crosslinking methods of the invention also provide for methods of bonding cell-matrix
sheets, or portions thereof, together.

The cell-matrix is preferably a planar sheet structure that can be used to fabricate
various types of cell-matrix constructs to be used as a prosthesis with the shape of the
prosthesis ultimately depending on its intended use. To form prostheses of the invention,
the devitalized or decellularized cell-matrix sheets should be fabricated using a method that
preserves the bioremodelability of the matrix sheets but also is able to enhance its strength
and structural characteristics for its performance as a replacement tissue. Flat-sheet
constructs of the invention comprise either devitalized or decellularized cell-matrix sheets,
or devitalized and decellularized matrix sheets (such as one devitalized cell-matrix sheet
and one decellularized cell-matrix sheet) layered to contact another, and bonded together.
Tubular constructs of the invention comprise either a devitalized or decellularized matrix
sheet rolled over itself to at least a minimum degree to contact itself. The area of contact
between matrix sheets or a matrix sheet to itself is a bonding region.

Multilayer crosslinked constructs. In a preferred embodiment, the prosthetic device
of this invention has two or more superimposed matrix sheets that are bonded together to
form a flat-sheet construct. As used herein, "bonded collagen layers" means composed of
two or more cell-matrix sheets of the same or different origins or profiles treated in a
manner such that the layers are superimposed on each other and are sufficiently held
together by self-lamination and chemical bonding.

A preferred embodiment of the invention is directed to flat sheet prostheses, and
methods for making and using flat sheet prostheses, comprising of two or more matrix
sheets that are bonded and crosslinked. Due to the flat sheet structure of the matrix sheets,
the prosthesis is easily fabricated to comprise any number of layers, preferably between 2

and 20 layers, more preferably between 2 and 10 layers, with the number of layers
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(n=4) 0 42.00 5.14 63.85 4.50 76.25 8.84

Sanpl es were also submtted for collagen concentration
wW@p@bp#i7g0 on days 7, 14, and 21. Col | agen contBCI/USEES/084952

estimated by enploying a colorinetric assay for

hydr oxyprol i ne content known in the art (Wessner,

1961). At those sane tinepoints cell nunber was al so 5
defehéingionelk stitapiheand butk wecewsanyebythe fiinelnteadeshuse of the construct.

oncent.rati.on and Table 3 is.a su ry of the cel,l )
AR STgrks 4 ¥t 5 QL up oS Pt P Bty the size of

i I h h
SRl SR (B AR I e e

c@myrud Wtya Jurfay arks lapger than Be dongmsina gé al(}hmgyw ab@aw sheet but
w2t§9utf2ntnluf)%? éay%%fccm 53 g‘géire@lof%f?e 38an%%115'1§n Average (n=3) 0

In the fabrication of a multilayer construct comprising matrix sheets, an aseptic
environment and sterile tools are preferably employed to maintain sterility. To form a
multilayer construct of matrix sheets, a first sterile rigid support member, such as a rigid
sheet of polycarbonate, is laid down. If the matrix sheets are still not in a hydrated state
from the devitalizing or decellurizing processes, they are hydrated in aqueous solution, such
as water or phosphate buffered saline. Matrix sheets are blotted with sterile absorbent
cloths to absorb excess water from the material. A first matrix sheet is laid on the
polycarbonate sheet and is manually smoothed to the polycarbonate sheet to remove any air
bubbles, folds, and creases. A second matrix sheet is laid on the top of the first sheet, again
manually removing any air bubbles, folds, and creases. This layering is repeated until the
desired number of layers for a specific application is obtained.

After layering the desired number of matrix sheets, they are then dehydrated
together. While not wishing to be bound by theory, dehydration brings the extracellular
matrix components, such as collagen fibers, in the layers together when water is removed
from between the fibers of the adjacent matrix sheets. The layers may be dehydrated either
open-faced on the first support member or, between the first support member and a second
support member, such as a second sheet of polycarbonate, placed before drying over the top
layer and fastened to the first support member to keep all the layers in flat planar
arrangement together with or without compression. To facilitate dehydration, the support
member may be porous to allow air and moisture to pass through to the dehydrating layers.
The layers may be dried in air, in a vacuum, or by chemical means such as by acetone or an
alcohol such as ethyl alcohol or isopropyl alcohol. Dehydration by air-drying may be done
to room humidity, between about 0% Rh to about 60% Rh, or less; or about 10% to about
40% w/w moisture, or less. Dehydration may be easily performed by angling the
superimposed matrix layers to face a sterile airflow of a laminar flow cabinet for at least
about 1 hour up to 24 hours at ambient room temperature, approximately 20°C., and at
room humidity. Dehydration conducted by vacuum or chemical means will dehydrate the

layers to moisture levels lower than those achieved by air-drying.
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457.51 25.00 Table 3: Cells (cells/cnR) Day O Day 7

Day 14 Day 21 B119 Average (n=3) 6.6x 105 11.8 4.4 x
wae®9nindo 1. 7x 105 13.9 1.2x 105 B156 Aver age PCEB}2008/@84952

x 105 13.1 0.5 x 105 14.0 2.1 x 105 17.1 1.7 x 105

10 Sanpl es of the human cell derived dernal

matrix fromdays 7, 14, and 21 were anal yzed by

del ajrezh oEobnel stapy tHSOShRAGE | ayethetre rahy dratedair) d@m‘tively, rehydrated

ncff %ﬁﬁi@%&t{ﬁ%ﬁ%&ﬂ%ﬁlﬁg oveé%ggﬁl@ﬁ%tg{nlblrmgs heae%?racellular matrix

c6NpE R ladfab & nfkrid ROerd @8 d¥Bler BRI ErbXsIMRING tERE ey BEether forms
usi ng 15i nmunohi st ochem cal met hods. Fi bronectin

clilan@mhhbné%bthnemtas C@apme@tss to bpmbﬂile pavers: fiavehydeetg the layers, they
SBTETTARPuL pR TR PP LSRR T gt
réE&)lratlfFﬁ BT, plefbrabBengter, W§$radﬁ’élemglﬂlilﬁd tdoy cqatding@rcyntaining aqueous
re%r;ghlrailgr? Qgél(t: Ifor; at Yégst%%gl?t/ 1%7‘58 Zx%guF’zcl:-Sr/rrtlJlﬁggg gt/ 29 t%ﬁ%gf%ture between about
4°C to about 20°C to rehydrate the layers without separating or delaminating them. The
matrix layers are then crosslinked together by contacting the layered matrix sheets with a
crosslinking agent, preferably a chemical crosslinking agent that preserves the
bioremodelability of the matrix layers.

Crosslinking the bonded prosthetic device also provides strength and durability to
the device to improve handling properties. Various types of crosslinking agents are known
in the art and can be used such as carbodiimides, genipin, transglutaminase, ribose and
other sugars, nordihydroguaiaretic acid (NDGA), oxidative agents, ultraviolet (UV) light
and dehydrothermal (DHT) methods. Besides chemical crosslinking agents, the layers may
be bonded together with biocompatible fibrin-based glues or medical grade adhesives such
as polyurethane, vinyl acetate or polyepoxy. One preferred biocompatible adhesive is silk
fibroin, that is a 4-8% silk fibroin solution disposed at the bonding region between adjacent
layers of tissue matrix that is activated using methyl alcohol. Biocompatible glues or
adhesives may be used to bond crosslinked or uncrosslinked layers, or both, together to
form bioengineered constructs of the invention.

A preferred biocompatible adhesive is silk fibroin, that is about a 2-8% silk fibroin
solution disposed at the bonding region between adjacent layers of tissue matrix. In one
aspect, two or more cell-matrix constructs described above can be combined using
biocompatible adhesive biomaterials. As an example, the silk fibroin solution can be
obtained from Bombyx mori silkworm, which can be processed to obtain a sericin-free
compound, which, in one aspect, can be used as a biocompatible, silk adhesive. Bombyx
mori consists primarily of glycine and alanine repeats that dominate the structure. The
fibroin chain consists of two basic polypeptide sequences, crystalline and less ordered
polypeptides that alternate regularly. The basic sequence of the ‘crystalline’ polypeptides is
of—(Ala-Gly),— that adopts a f-sheet structure, whereas the ‘less ordered’ polypeptides

contain additional amino acids, in particular, tyrosine, valine and acidic as well as basic
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anti body staining (Dako, Carpintheria, CA) followed by
anti - nouse horseradi sh peroxi dase | abel ed anti body
w@ gabbiwoehen) as a secondary anti body. Sanpl eSP@EDS2008/084952
vi sual i zed by appl yi ng di am nobenzyne (Sigma St.
Louis, MJ and counterstained with Nuclear Fast red.
d ycosam nogl ycan (GAG quantification was perforned
ammo%ﬂndday is o appragiteniphst a ik fibreiwidet s¢d/frole s eqouinthanhnt source may

od Farndal 1986 ssa shome en
e oA B P B dt8f~‘a1ﬁ& RiRE R Ention.
der i yedndes Bﬁé \?B%trédéobm %rﬁﬁbﬁvoﬁﬁ%&e SARMIfAAR0 to 30 minutes
Exanpl e 2: itro Formation of a Coll agenous Matri X

InBy dqueaans sublunm:@mpm)n&@ K2 M Natr @b | Iarderito extrashihe ilueylike sericin

d
et B sy AT e R G Bl e BRI i

fiBroirGeldissoMed f 4. RN LiteisusBatiae (LiBrpsohivaanbisat 60TC air aBout 4
x 106 cells/m, and seeded on to 0.4 mcron pore sjze,.

horus, ryrhiell wiglds 6204 weight by yalupe (Wive seladotd s Festking seluiipa is

subfeches\ ok bt B 8! it Pl sBuda X A0 A STl

(MAICO ajS0egdPiaseFataoqmh eeriiparattife fne@&h trepalve tisesaliphowever any

omitted fromthe nedia thro \Yo) . ) .
S stnemrocsiing 't HaEGr GoHGBREEHEthe ASHGR: gihe Thnuling istysat i

célri dﬂ?ﬁ@atg “chéh Hﬁg(!)dﬂrf& QY ihdt¥s Bl REQb Sdmove impurities and
Gai t hersb nmM d ut aMAX (G bco BRL, G and

aggsé¢gatad fonéd @m@ga@ﬁmlwesteps ng/ M human r econbi nant

epi der owt h. factor Usa [ teh l. o
Pl acgd)naflm%i crass)fm%]éllgr?ﬁelﬁé F—g hg;-sT(deg 1 %gl%l&%%@ﬁ)a&?oodnmlde

hydRbdSeriddIED . n D arbtiMr@idTamel @asihoe, sﬁll:’tbl.}k-aydroxysuccmlmMe is
Ronkonkoma, NY cat. #02400 ACS gr ade) 1 x -

20
adsied spHerBHC erongbingragaet s Jegmked by Staresui <V - mchels %31,3950-
/ : /
3%%}» 5 %ée. ??:ﬂlﬁé ‘?‘%.gt?ﬁ%?ﬁ%‘% x%teﬁlgtt%’i’bé %W%&S:\{/P Wller at a concentration
prefaratdg béthyeen abore 0(1Shiyh, ab&ht 100011M$mok@mfembdiy Bet#Ben about 1.0

/m I
i&? quiggew ;pno% Bre:%%pﬁly a}_al%%l& g :Ogglgl mldi%?a v(i‘%gophosp%te buffered
sa@ﬂ@ Bt Fﬁ%ﬂ%olﬁl@féﬁﬂane&ﬁ%nﬁgcm?g 59 biufle: thay) SWRsed %D dissolve the

Loui s gl yci ne igma, St. Louis,
EBﬁJd (Dlhélﬁ%ﬁp‘fe nyayeteradtiethio tg¢ yadatiorR SRS ACEShgerean atohol, up to 99%

Vg8 Blsr GG LR e m VR T Bt iR STge. Hese agents

reflRYE it Re drd 8easiH £ britgIhd ﬁlﬁtr@rfﬁ)eﬁsu‘ﬁ'gahdar&ﬁ gmnﬁbte akls@mking
4 (cell nurrbezﬁ_ and 5 ééol | agen). Sanples were al so

bertwpqemﬂhpw fb@t% Bavgtippd %%wnﬁsw wigtEFH G prasplinkirg 258§ ¢n be
n
e

usIehﬁ BOUDsAll st s getdwiey over it TedomedithuerassinBing apent tathe matrix
those grown in the presence of_ 2% newborn calf

laggrls,l}hf? hggﬁﬁpe@ngpg grag; txa%aﬁga arﬁdgqnﬁevgql §p 3 gpyntainer sluch as a shallow
s L
bdthgdoa®) and fr@aflofDinPayd that Dayir babtdeyar2 present under or between the
matrix layers. The container is covered and the matrix layers are allowed to crosslink for
between about 4 to about 24 hours, more preferably between 8 to about 16 hours at a
temperature between about 4°C. to about 20°C. Crosslinking can be regulated with
temperature: At lower temperatures, crosslinking is more effective as the reaction is

slowed; at higher temperatures, crosslinking is less effective as the EDC is less stable.
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Aver age amount of collagen in each construct (n=3) 0

107.63 21.96 329.85 27.63 465.83 49.46 Table 5:
w@eiob®7(7eel | s/ cnR) Day 0 Day 7 Day 14 Day 21 PUBDSZPE8/084952

nunber of cells in each construct (n=3) 6.6x 105 7.8

2.2 x 105 9.6 2.5 x 105 1.19 2.1x 105 Besi des

endogenously produced fibrillar collagen, decorin and

gl ycamms@ihymgmhmrcsslﬂikmg guentsie decantedtané dospbsedrodiand she

cr%gqnm%@cg%lps t&liﬁ;nﬁbﬁ&%fﬁk%ﬁ%@ﬁ &n%%tégtgt%tfhem with a rinse agent to

re%‘l&lrequnﬂﬁ &ossllnklngQ%lslllt MRbictofrca Qe hstat & \Mﬁéﬁ)rfoﬂ{di’fﬁ@ueous
usi n e same net’hod described in ample 1 replacin

sctlhneom LRraf@rabéso waffimient nnsesglsrad‘nlemdim cpstasting the orepyhpked multi-layer
Achill es te fi HATF
mja D‘[.'J(I"O(Slatlljléctt? :}ga?s c&%yc&é f s)ter S%aseS#mn%Pg# \pe%ﬁxutes for

cddbEink®st ai ni ng and thlckness detern1nat|on usi ng the

procedure described in Exanple 1. e
Tubular constructs. In another preferred embodiment, the matrix construct of this

invention is a tubular construct formed from a single, generally rectangular matrix sheet.
The matrix sheet is rolled so that one edge meets and overlaps an opposing edge. The
overlap serves as a bonding region. The tubular construct formed from a matrix sheet may
be fabricated in various diameters, lengths, and number of layers and may incorporate other
components depending on the indication for its use.

To form a tubular construct, a mandrel is chosen with a diameter measurement that
will determine the diameter of the formed construct. The mandrel is preferably cylindrical
or oval in cross section and made of glass, stainless steel or of a nonreactive, medical grade
composition. The mandrel may be straight, curved, angled, it may have branches or
bifurcations, or a number of these qualities. The number of layers intended for the tubular
construct to be formed corresponds with the number of times a matrix sheet is wrapped
around a mandrel and over itself. The number of times the matrix sheet can be wrapped
depends on the dimensions of the processed matrix sheet. For a two layer tubular construct,
the width of the matrix sheet must be sufficient for wrapping the sheet around the mandrel
at least twice. It is preferable that the width be sufficient to wrap the sheet around the
mandrel the required number of times and an additional percentage more as an overlap,
between about 5% to about 20% of the mandrel circumference, to secure the bonding
region and to ensure a tight seam. Similarly, the length of the mandrel will dictate the
length of the tube that can be formed on it. For ease in handling the construct on the
mandrel, the mandrel should be longer than the length of the construct so the mandrel, and
not the construct being formed, is contacted when handled.

It is preferred that the mandrel is provided with a covering of a nonreactive, medical
grade quality, elastic, rubber or latex material in the form of a sleeve. While a tubular
matrix sheet construct may be formed directly on the mandrel surface, the sleeve facilitates
the removal of the formed tube from the mandrel and does not adhere to, react with, or

leave residues on the matrix sheet. To remove the formed construct, the sleeve may be
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resulting construct was visualized as a cell matrix

tissue like construct with a thickness of 75.00 27.58
wor@pons2q( n=2) . Endogenously produced fibril | aPCT/US2008/084952

col | agen, decorin and gl ycosam nogl ycan were al so

present in the construct.. Exanple 4: In Vitro

Formation OF A Col |l agenous Matrix By 15Trans fected
phﬂﬂﬂ@mﬁk@ﬂamabﬁﬂﬁnﬁﬁkhamEbbﬁpbhaﬂhSnmtﬁonnﬂwans&ebweuu

human dernmal fibraobl asts were pro

1g§§,\ga
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may b8 Gernevddsitds theom@ndrélamikhoCeranthigg @azth@fw,lsesammgjgelskmg
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eﬁwthnﬁ/bwl@agme@ qepeliyoer VN elyHtaphe gqtlue@é gnidblock.
{/\glr EEIP rg%} i 0 1C1t gsgltﬁltléﬁg earurtek%mgg& tutﬂ]a?r\?g}#t otp a4 mm diameter
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ask Corni ng Costar,
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B Ao B gk SR el e
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the HDFB156's cells were infected as follows. The
ascb&raﬂlgn@ijwuhﬂferSdﬁWm@Vqr@mm@mmwmg thyr askhiesi g Bature of the
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HDF. On the next two days the HDF were fed f

waRrRRe lBravad ithamandsel a@é;the&qu@f itgaheongri] \’i\‘ié’PBmﬁﬁ%‘édl O %ﬂﬁhe
o 85 00 AP i B SIS Bty 0 e s e

sé.l s were passed as foll ows; spent medi um was

aspi rated .off The _fl s were then ed 15 with a

phos BREFE [ieR 6G-Iage {5 it ﬁ@%ﬁéfuatnﬁ‘ Ahghege! mist be abe to
wWIEYRBEM hehlandfd Ui ASEY QNG hd £ |1¢%§t3ﬁ>@uf 4 9m drhe afiliaskal

by adding 5 nL trypsin-versene to each flask and
reyehttiop as ot R ertpptto pervederebandimel regien ey @re&g@l tgfabwté % of the

cADBR-BET AL T s T Fab Bl Bt et P rly OB el abre o

whipy 861l 1he ki idfed ) lexvd swid dedipleter e bn &dic&ﬁ&snaaﬂ% #¥ 20erevolution
with the susgﬂn5|on to stop the action of th

ag gy Piriapy dYhkeribe tWithlay oW Eap | Ire Vi gprsh A TESien §5é@%4) gtween the
| e

L HREPAEE L AP 5 kBRI

s@m’n | E@rta&ﬁrebyayiee I@blﬁstlfuug diel roatria tsheep prusthenabl eefoyw18P @ralid Ghe mandrel
for 5 mnutes.). The cells were resuspended. in the .

agednhiiesBars | s ity e R sRar e £ 1R & by fimited by

f r d
O AR 5 e I el A L
camsthudti willtlexte 1l 0 layetbanrdéssysuoll adbGwrerlD® @ Byemslor bétmieen A or 3 layers

owt h di um cont ai ni 10% newbaor n. f. serym ( NBCS

RSB TR Far JETPTRBaY (s geleS &1 b gtes ar
sﬁ{@))the&_ B@tf?&hhﬁdé&@lﬁeemﬁtl%ﬁﬁll dnl®eRch 1l lagdryovi al at about
Production of the collagenous matrix for

thls exanple utilize the sane procedure as Exanples 1
and 3, replacing the human negnatal foreskin

fibroblasts with hunman neonatal 30foreskin fibroblasts
transfornmed to produce high |evels of platelet derived
gromﬁh factor (PDGF) ‘as descrlbed above Sanples vere

M o 1A 2 o o o o o
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5 output of PDGF was undetectable. Exanple 5: In Vitro

Formation OF A Matrix By Human Corneal Keratocytes
woleva7@oer neal keratocyte cells (originated atPCT/US2008/084952

Organogenesi s, Inc. Canton, MA) were used in the

production of a stromal construct of cornea. Confl uent

cultures of human keratocytes were released fromtheir

cul t Magrississtsmadyd® rafédento thepsimireleitbermeanuaiie ar with the assistance

Ore eas sin inhibitor was used to
of Bl ATPART St APy e b b sPioging T o 85 8 sy bubbles or

clBses BRINE] ddédrendet IR BaHARd] BAbaMeelthedayedest tBOdripped matrix sheet.
cells were then resuspended in base nedia to a

ThorrraratvayPdd have Bsartee ek the/mgndrabspn eonjgst alogg ag dapgth as it is
size, 24 mmdi aneter tissue
td%ﬁ%i” m?reé?ﬁgxgﬁ%ﬁsmells inasix-well tray at a

densThyla9érs 3f thewrkPgedorhthis/sHobt afe. therkbdidbd eafethet byrehploying the
These cul tures were naintai ned, overnight in seed 15

meiereARd agsatsisRtinRod g aRa sTasekieciptoheet gonshugts gage from

G e

bdves atllyd off thevh@idutl afs e (18t voar 18RO f@r fartberso@sgng. N¥)e
S B D T 1ot P 2T W ntrin
tod Rehfhem Nggxkturg cnthih & dhealM A REQAatiSO Bt @rgﬂggsﬁtabout 10 to about

Loui s, X 10r4 M ethanol am ne (Fl uka
lﬁmm@@ydﬁm thejlay@rmxthom/lswapﬁmmn de\amirating tsimani ne

(Si g%dw of %u%tl’s”can?eswq)hb de Jtah% ({ﬂ or, %‘gglwlﬁplé%cﬁlﬁ%@ 'celﬁnatnx sheet

Loui's nﬂtrans erri

oMiilti-BOerfaM I tnidtiiQ d@ﬁslﬂylémﬂthkem@éiitgﬂ&naﬁlrth&mﬁnﬁpnw@e or more
and 6. 78 ng/m selenium (Sigma A drich Fine Chen1ca|s

(@mmh wbsmpwg Rgpart leerenrcbqlnd@w RE funstinal Aealitigh pyogpart
dl\fﬁg&a g}l@ﬂv\%{"[&%@@s g); tgg Hﬁ%ﬁa@ ) gﬁfj&éﬁsg‘ana- Ifr}]gs)??% ?gaulg\%mg QOCBI/VEII\I/II react in a
dddimable Fval2o muadlnammr@(@mmdl dryenBiaGed i, oslnGEhethméy Sbur g , MD),

4m\/| t
acll HPHSE T8 PP 0 SRET RN TEDS DA HRPOTGHo i blood. as
mftﬁ@ Efi’éulﬁtlsﬁ/s%y@{‘eﬁl ﬁle%ﬁﬁhﬂ@ sQQNdeEé{‘ikﬁonp[hﬁﬁﬁ%geMy agf}f{ymg heparin

wborn calf serum (Hycl one, Logan, U ah),
tortyq costmet, okesufBrered st cong’r@mt or omlde anly 1r]_@ﬂa,t splqeet construct or

ot AR B Aoy RN TRur (el Bhgprhich o e

cdiRiHI&, Dy a 5amdtgbﬂﬂlelll-ikﬁ@\lvh fechibigGes, FoSillustr@ﬂLbrﬁ» heﬂ‘d@h,caﬁ be applied to
gg/ mitransferrin (Sigma, St. Louis,

th@wpn%@@t Wh@fﬂlk@wghgwafvays«: Flr%h?@alkﬁ}m}m arv@ (B'é -Hep) isopropyl

al?ﬁfog\jg%légér? ﬁﬁ&?ﬁ&g@gﬁ%}?ﬁ%tﬂﬁégg}égér I@aégggp]ag ?{x}w@@n or dlppmg the

pEh2GOBY 8¢ 6120 CAHIUBR0A B O BHDH.2 Thhm@dﬁrecmah‘g/c)qllagerﬁwuh an

. pa/ -proli (Si , St i S, , 0.1 jig/nm :
oGl abradbher arblen Scond BB G wsdicyutiy el heogin and
thh Y&éﬂva(eﬁﬁ@aoxﬁ@!hg MRparst to thOsHIBgeMberC &hlrd CDEWLS be used to
grade). The cells were naintai ned in an i|ncubator at
a@ivate1iE wltagera theat ey slphidy eonglf pra@asinez0dhe3dlagertarfdglien ionically

res ction mediumevery 2-3 days for 20 days
1¥§}p38?g}§Fp8$m?T ®days in culture. After 21 days in

cul t Wh@midrbialkedatth @Ry, Tdﬁﬁgh shadwiepoesid, eykoamasatgeneucl Iﬂa/c@fﬁal and
of about 40 mcrons in i ckness, as neasur ed th

cutipirgroeslly @@drheb@@rmfatsstm qn the N U éldglt@néldn@é@al layers
| I n
i BE W Bl AT R B SN OSRTAOGLMA S e
in6ludh Iprdifdalhf mdfahMtr@mmtar MG tageoments iMValitfied cBy:rll'clﬂ:I’fHﬂn
Neonat al Foreskin Fi brobl asts Seeded in Production
Medi a Human neonatal foreskin fibroblasts
(originated at O ganogenesi s,32l.nc. Canton, MA) were
seeded at 1 x 105 cells/0.4 mcron pore size, 24 nmm
di aneter tissue culture treated carriers in a six-well
tray (TRANSWELL(r) Cbstar Cbrp Canbrldge Nﬂ) and 15

o s o,
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aspirated fromthe culture dish, and replaced with
production nmedium The cells were maintained in an

wo pabzt7er at 37 1 C with an at nosphere of 10PCT/USI0CR084952
and fed fresh production nediumevery 2-3 days for 21
days. The production nedi um was conposed of: a base
3:1 mxture of DVEM Hans F-12 nedium (Quality
Bi ol Buitass. Emtachldaﬂ&tmattg'x phidyins 2% agmifekdi tladd0of pf@eips dor use in the

o SN A AP ST OB, i,
arﬁl Qbreasial %@Vaogiy@&% Rloa ek Aapl&Yhe proih E¥hesden Cahdn &@abHmRd with
Hycl one, Lo Ut ah) 4p glm hydrocorti sone

th(nsn@wafosms ﬁb@m Eyam»nan 1als<o qa@le hyplatoricrsichen halyrematgds a non-

‘@%héﬁosgg r@%@n’é@hﬁ%ﬁ%ﬁ%ﬁ%ﬁ’(Wé&elgaﬂrggéhowtconnect}ve %p1theh7lhgi1nd neural

tissnssy| It s c(rfélo@ﬁ’a: chixf. coﬂnpdmaus e eﬂra’délhtlmghﬂhx contnbutes
transferrin ‘g Loui s
e

sigrificaibtiAyFY hioH re%i’rg%ﬁéi miggation gpflas uSﬁ%}O regnge I@S&@Pefatlve
I .
o L T GO Bl SRS g v
weh estypas th@bmndn)o)r are()syﬁthe:tlcral]y -parpifaoheed & ]gmdl,lceﬁtby genetic
Loui s, 2009 720PCT/ US2008/ 84952
CRARGERPE i3 gl%/\o &ikarap Scfo en QSeurs iy magy ms agﬂ ay;%‘s 0 } of these types and
sUbRbLY aRt v apRsal MaRd us(ePcE@e frStcti¥hamet hete@ti Bhe Efo@élh further
culture grade). Sanpl'es were taken at day 21 and
includes! biuhistet haitedto, fingmentaipaalogs consepwitiag mino apidsubstitutions,
<f) su%at}% %rgsl v%z;@g 5“2@@?&“?{“3{“%%%%%%{% Qw{ﬂat{e?pfec e%&gna%led

ploesimt Die/detn " aRRiue" {58 haeia s eiffigo s amiidieéd (D otiL) erednyamino
used in the art. Using H&E stai ned sl ides,
agieb BUmEGHEAE i INROrROTASH @ﬁ%ua PFQiFin rbaﬁa@mlée lzﬁnéke%ﬁ such, the amino acid

oy S5 ROPLE SR Al L DR LD A B s
kmdverr mrmhi@ rof natiiad Iamn(ocac;mphm fitimtion ¢@a hraoner shvbilarito the, naturally

he. constr.ucts .created using,this nethod e . . ..
OSSR 601Gy (FE S Y BIBERE Mo ShABaT i grimeti
mtcﬁ'ﬁ@éi‘péfﬁl@élbﬁ‘&b%é Hloafzﬁc&wgme@l howdng uhfw gkifledBARY hE
hi ckness of 64 m crons. Exanple 7: 1In _
V| tr SwﬁmtmnatgmalbmaAdeISpasjénl@gs onvat lepst obg sifage Dé Higeell-matrix

De t
Gt e S e RERCTR e SR Tty SPL AR oBosed
st@@éeké:d/ uod thedelt-mssiteoasthicuicfoih @aetletid RSl (nGhs tell-matrix layer.
Canbridge, MA. cat # 3150) and grown in growth
ORe eﬁﬁﬁﬁfﬁn@é%ma@@alswfﬁwblyrh@lww GomBa tlr GRS paderials.
&‘{1%1’15%? @H&%‘: %cﬁ BHBIEHGH ﬁglug@%!ltear n&ﬁﬁ’ﬂuw@ t() Wlo&/nfgg h

CcoS mul at out
dely@Wthztrte&k pbl,y(évllakkr@s)sm shlﬁo@nesymlyeampém)mnﬂﬂdmm pyrrdlddme),

feé%yd%%éff AR Y shiPRb (B Giae). POl (e Pitethacrylate),
VKB 31bhd 15 poMRlory TR OEbSact hidE bl RhIAhd. 8- ARyl acetato)

|ncubator a an” at rosphére”of 10%

pdig@thr];é?lemhym@spzlemqwdyhlmr?l pqma@tules rled), Qalyglyceim (PGA),
n t t
p R ST o R P A RS iy B R TR s BB EF iy other

siffiglelt syAAS paBRkdrathatmby Bt R ped kHat ki@ Hib18 ficallocdnpsiBle. The
the nonol ayer, sterile-filtered phosphate buffered

tem " prekogigedly sempatihle. syndchiopyager shaldlsriapluge penokmaers and

bit

ble Wﬁ&%}ﬁg}tﬁ%fg%@l r#]a‘?l\c;}é\ggsfgt%ée ?clég&figgltﬁerr ?{% I‘ lvﬁﬁ l6‘[1*%¥polymers
gahatdlier Thielukeof thEe dodyreas vill Hgskd angivge rapblyoatloﬁskarmlgspé@ﬁcatlons
ensure conpl ete 25coverage of the nonol ayer. Cul tures

were returned to the incubator. As soon as the cells

were released 5 m of SBTI (-Q3ybean Trypsin |Inhibitor)

was added to each flask and mxed with the cell

suspension to stop the action of the trypsin-versene.

The suspen3| on was rermved fromthe fl asks and evenl y

o, e o
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medi um (Qual ity Biol ogics, Gaithersburg, M), 4nmM
d utaMAX (G bco BRL, Grand Island, NY) and additives:
wG200ghmd72human reconbi nant epi dermal growt h f aRCDIS2008/084952
(Upst ate Bi otechnol ogy Lake Placid, NY), 0.4 tig/nl
hydrocortisone (Sigma St. Louis, M), 1 x 10-4 5 M
et hanol am ne (Fl uka, Ronkonkoma, NY ACS grade), 1 x
relyQirdd. I\EQT-thllglﬁbhbﬁD}dgkIaﬁa nahpatibiesyrSiagivayatGials meyiplso e 5
o REHEHIT Tiih s gHEEn T anfss IR iy g phieEl Bodegrade over ime,
WHeh'd%@Eéﬂlanoeﬂéél‘lemﬁtﬁb(%ﬁstr@E thd-Q@htinatie)condidt Eonfises a

ng/ M “sel eni um (Si gna Al drich Fine Chenicals Co.
bwﬂbma«iabéeelaywa)ld a?o@ornglpdfrlalﬂe fyen rttaum,oraé@taﬂf(d/m@smm af these

ep
PRSI S YREPT Peftpety if P b GhhAEp (o Tia, olymers in
Chftdlsed Ik Deﬁheryg'ﬁidb@lcﬂ@i&tlﬁﬁaﬂd Bionackrials, Novérnleati 89 frwhich is
at 37 1C with an atnosphere of 10 1% CO2 and fed
incpperriest Benedarenss agelcfardvilyheren. gays for 7 days. The
prod
e L A T T

sﬂ'.ﬁad)rtd‘leﬂt sitiverg;, laj@)m thérfdinEb {14 pmm(s ¢1GinfzoapoBRIs, md@ntaagk or a non-

I sl a tlves /Ml hupan rec nblna
p@ﬁ?ﬂ@ﬁm apped S ibeReR Htau&? gk SYhreHeT H’ng%l?éhn& the
mﬂ@rﬁ:‘ lgyer'}%)y heArR DEVRRHTR Jhanfans @V MRl ik @BBstrue @@ skin wound

ah), l'ig/ml hydrocortisone (Sigma St. Louis,
aM:geal the xvon@d peripherhimrencont e nidtiiy kgnstmgtﬁra érmrkfdhawomd The

51fg?xbe%aéso ék‘rhs ig}?[lsiur)e%arglejrt nas hﬁ; 0 dt i!P((rg dﬁ% n@(%llowmg successful
fdeRidtion oM} hedled Fothld figsas 3§/}ﬁ62ﬂlyl’ht (aﬁlugﬂa;l dSs, tHesilicdne is peeled
20 pM tr||odoth¥ron|ne gma, St. Louis, M),

b%ﬂk)cPazfduléy fremrily edecs ef Baihasied of lgf‘r@ﬂng\wﬂn@ Wlthf?,l‘@eps
ac' d %ak%g%“ em éérgﬁhe %"%Tgnég' s@%ﬁ?\# luSl L pr Sl the art

of ﬁb@lﬂﬁ deBice stleﬁhza?t],onl\/@) preferrbd inggtinald fogb ytenhﬂltlbﬁughmaqonﬁtcnng the
0,

cq@rr@ﬁtaw bl 4 PRSP dri (B ggﬁ@%ﬁ ksl ysuffcien

aﬂ@m drh e NRglidn w?&ome lRE6H) vac&é}dﬂlrgqg UCs.iF2p N did601962, the

Wi t hout newborn calf serum ~This nedia was fed d fresh

dtsolosure ofwhich 1s21?mv1@m)atezi IBrejny DetartapDaier e pdefygnedf igra cgntainer on

o 00350 20 Y s b Y e For kR Birbeiant; RO Hes are

tHearkdd By colbRtih@ kBl With ke to1amePbLgerie vt Theddathutes cach
paraffin and 5 mcroneter section were stained with

Hh%hatoxylln eosin (H&E) according to technlques
cust ?Hg &ns%’ru&g 89 thle Qn\%:tﬂﬁo [r{ag byﬁéeﬂ % 151 g'padﬂti'og.e onstructs
measur enen n ran

af®l phbmed) 3] &‘onﬁahﬁérﬁi $2ad0 frotn thatetiZiguaable Xor @ymmaemedlatlon and sealed

(A ynmpus Anerica Inc., Mlville Ioa ed MAth a
Ui D ROl HBRiEh Wietsin g P lased i ?&? o7 ggnma irradiation
) | I; 11
OB 4 T LRI S W gy
dafreadds YOung:. rﬁé’dufus:armlnﬂ;manmmbeaiurev\Ehe mechanical properties after

2009/.07 720PCT/ 8/ 084952 .endogenqus odu :
SRR TG T S TSR Rdnd f@?%?&ggaﬁl#%ﬁ W@&%%‘S 2
pRISRANESS Br s'té?fllizﬁ% 4261 ik wWigd1y L¥edGR s fidl€ bf infplairiie nigdical

In Vitro Formation of a Collagenous Matrix By Human

dewessat al For eskin Fi brobl asts in Chenically Defined
Medi um SHuman neonatal foreskin fibroblasts were
expanded using the procedure described in Exanple 1.
Cells were then resuspended to a concentration of 3 x
106 cells/m, and seeded on to 0.4 micron pore size,
24 mm di aneter tissue culture treated nmenbrane inserts
inasix-well tray at a densitgy-of 3.0 x 106 cells/TW
(6.6 x 105 cells/cn2). Cells in this exanple were
cultured in chemcally defined nmedi umthroughout.

10The nedlun1conta|ned a base 3: 1 n1xture of DNEM

o ~oooAaAa~ I . ~ " 4 1
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2. 5pig/m insulin (Sigma, St. Louis, MO, 0.4 ig/nl

hydrocorti sone (Sigma, St. Louis, M). 253. 375
wa2@9omi26 nsulin (Sigma, St. Louis, M), 6 i g/PdI/US2008/084952

hydrocorti sone (Sigma, St. Louis, M. Sanpl es

were formalin fixed and processed for henotoxylin and

eosin staining for |ight m croscope anal ysis. Visua
VhiHﬂﬁ‘SI@g&IcMOIéIFéCAﬂ(DNS denonstrated that the

Condi.tion a n PEG denonstrated a ¢
v b Sohffes Y i Hheiei oY GoR TS b G PR Oggghling t0 a
s@%&@ Hﬁﬁ@eﬁ A walAd Yak S WIRASHE] nGvdune Hedlidgd ﬁﬁ@hlﬁg heoveof
e construct showed nearly the sane anbunt o

cagbinzagien of thetsensiruct sathy worndbeq angy nearpidesor mewtsdpi drgming wound

E 0. f .
oAU PR TRBRE i A0 i, Ryl Sl o v
wBROY t(£6k7i8 QBT atdB 2010841088 % N0 zn hinghlikearedngembnti Meshing is preferably
and hzdrocortlsone showed a hi her exEreSS|on of

obtaed Ry therise géip ﬁ@W@aw%élﬁnnsas G B ASTY®). Meshed
c&rﬁ ctl By Bk I%Q#Saﬂtdar C%F%&ﬁlh%ﬁ% d@kﬁes%' tﬂﬁ%h@ﬁgg%%%%dyand then

uce fibr agen, decorin and
a;gj h;cd s theiwnogh y)e«anEm}mndechhssheﬂ rcesgnictsiprotifies acedindraea with
constructs in Conditi.o he cul t.ured r mal :
B P30 M DB R e S AP G Ryt cxpansion
sitpiy asl-:é(ﬁﬁpd With 8n SRAWEmMLR JSTugbkRinded SHQWhd Medhled UbBtrdct may be
tom crograph of a fixed, paraffin enbedded

0]
améwéta& foF withile wbssicHs swaiskiadrare enather assa of thebadyrdianstructs of
thf%?nvsetnguchiag alisg%g { reorparctﬁ’lc!nts (l(;)(re e%ep[y qaﬂs Qn(f nén%% gfwged by other
mERs. FRh&suatioRRspheaNpe alafuslsy La;utgha lasetrr mushUeelptl, hewitk or pin.

bel ow the construct and it can be seen that the cells
gr owl bhcanseuaof thequessnt inHention Y ReRiovgechpgles that communicate
b Q/\é&l Qcﬁg plaﬁeé“gf th@ E@r&frﬂ&te }hﬁ& E@W&Qﬁoﬁﬁ” tfnﬁ a@ﬁqfrb uced in a regular
I gure transm ssi on ron m croscope (TEM
o1 inegear pdttetnvoOmagld aISQMaDMchsbozceldrpanfetdteremm with a scalpel or a
struct formed by the nmethod of Condition 2 of this
le at 21 days. Figure 3A is a 7600X magnification
showi ng al i gnnent of endogenous col | agen fibers
between the fibroblasts. Figure 3B is a 19000X
VﬂhgﬂlﬁAEhﬂﬂﬁhNﬂﬁﬁﬂDEﬁlIy f ormed endogenous col | agen
fi bers _denmons

| eBoeigTEned (Aids bt RE i Blom A9 BE Bed S RAG e such as

oz QBIRt fdGhds ih@llhﬂﬁig sGGA Wvaendiesrvaln dredy obdHR6iis wafbds such as
endogenousl uced matrix. All have fully fornmed

veneus Bl dipbaticudcers, dparbiktusiulsrg ayxpsinica s hsHpedenefit by
b
B RE SR ol HE bl PDRIP il Fr il GG,

e dererodysis Hublosd llnay\bdarteﬁt as ‘bell pBaleagihyer2corsiroctedf the amwention may

the culture nenbrane and handled as it i.s transferred
bg psed 1 (R BE APRIHENS, P@%&d@&t RRYCRRnscyEesl geplicatigns, gnd,

c@hRbt a ﬁ’é}hdaﬂ@ﬂxsaﬂﬁd ne'%ﬁ‘@l % h(!:a‘?ihﬁ?tsh&f‘asc%ﬂc dufa mater repair patch or a

Colla ous Matrix by una Buccal Fi broblasts The
gqaftrfplopmlphérat hirse seppieyd weaptfor servobprdbadios duts forguidedaarve

construct from buccal fibroblasts isolated from human
TeSAEH M ssue. Buccal were cultured in T-150 flasks in

25 DiEIMigIaRER THdWodHEHBES onRHictBf tY fn@éntibnd@dScontigured for,

expand the nunber of cells further, buccal cells were
arhiawém el @h@erﬁeaeeh@él@nﬁi riPevitalired or.desglufarigett songrugts of she
1nv 1?6[% u?rlgé be agd cy?]l?thré %%bgkra \Aﬁg é)l]ﬁ 8? %ggt%(l:ce the 1nvent10n
pﬂﬁﬁr\ﬂ@'&‘obﬁ@nsér @olh@éﬁl, elsdy drb e netatdl substar forehliltwas A matrlx construct

aspirated fromthe culture flask. To rinse the 30

nonol ayer, sterile-filtered phosphate buffered saline

was added to the bottom of eash culture flask and then

aspirated fromthe flasks. Cells were rel eased from

the flask by adding 5 nlL trypsin-versene gl utam ne

(Bi oWhi ttaker, Wl kersville, h[» to each flask and WD

NSNS ] AN ™ AN ™Al SNoNT ] LSS 7S Ao o a o
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5sterile, conical centrifuge tubes. Cells were
coll ected by centrifugation at approxi mately 800-21000
wo2@INm726 m nut es. Cel I s were resuspendedI/usiongj084952
fresh nediumto a concentration of 3.0 x 106 cells/m,
and seeded onto 0.4 mcron pore size, 24 mm di aneter
tissue culture treated inserts (TRANSWELL(r), Corning
of3bs iraveptiommay be rlaped dndt fixtyredin acelens apparashs 1o susp@ion of cells
ert..10 X105 cells/c

1n?[(§1:1t|}‘}? éé’xﬁcgaml dhspg%eq MR, BEtIB?I )é{:o%s.}run%%’xd aﬁpweé% atfc'acyl\%nf proliferate

o tHIREERG &F th miRix cb¥ettde, orRthieshdBRbw Mecafhed dSﬂtl’i@ma&ix
base 3:1 nixture of DVEM Hans F- 12 nedi um (Qual it

c@isthegerth.cahesse celisuog cultugng withiife @aér%wrmaﬁdbose that have
I
ql? F‘ilne%é%sn aﬁil[ ﬂleptiﬁ gF%a t (?fgl V\%a%%%ac to}(; &ﬁezabéd %aﬁ%r fTRR repair the

o@laﬁ)bﬁﬁi’me Ewgaytprd_ﬁ(lﬁtelﬁﬂabﬁdctldﬂ\é)lty Eof ap zgimfﬂle of a another
hydrocorti sone Louj
cutigHFRbIoR 9f ﬁ@omua%gf thw&*&%ﬁﬁcelwfﬂ%& ﬂ’ﬁ@%@’@ %&@é hay be
11
c&{f%qﬁe)gualss% p?écﬂ'%f of %\%‘lﬁk%lpﬁffsvé Y (ﬁ{st%lpgxl n;gﬁgééﬁtoﬁ tség%:"gpecursor cells,
oMOhetidnallepllsilt ransferrin (Sigma, St. Louis, 20 pM

g/ i RS BH Tt e BT e P sH e 45 pga%sﬁﬁgw presen
ifVeh e hol hot l%)m%ﬁr@ied lin Q&yﬁﬁﬁptochrﬁﬁ itteh dcYINET the present

Chem cal s USA, Inc. L- 20 proline (Sigma
ingentidng Jihese Nﬂj)led 0. tlle @rgwfiﬂ_regp gmzm@ai( Qrighnmogtiicafisicgn be made to
thE n)letﬁon s’\g%cn% Bgr Sa% Hl)(e qq%egirﬁﬁého&PgG}»pdlﬁﬁ%%glg@? <§f a{%‘% %resent
ummmhnﬁerun1Free Productlon Medi a, exchanged every 2-3

days for 21 days. At day 21, sanples were fixed in

formalin for histology. Three sanples were used for

protein and col | agen prodggtingpr ggal ysis. 25Col | agen
production for 24 mm di anmeter constructs averaged 519
Exagnpiet: Eomsttronet adfdlegendis N’_Euym( by Howmlat WNeenatZldtcaéskin Fibroblasts
pr ot in rodu i.on for, 24 onstruct

Bver BaR 200G TEE BRI P ars Sy OJREFS Ine. Canton,
M \i/é%é GeedM LRl 0UELRN BY cmf lﬁ@su*é YGRak tlehiel PRkiaglosteCorp.,

matri x construct, a cultured tissue construct of oral
Cewmhridgs, M, aat £ 31120) 2o gvaven inugrewth m¢Cbumb | Thgtggowth medium consisted

orﬁ ;iéulgg{]yg Ie g‘éfk)%é n?Era | l)é &Vr@?ﬂl%ql ngl\ﬁ? hi %ﬁlgose ?Qﬁﬁﬂ{t%%t without L-

glRGRAHE B RBREKENI2AREEABE WMD) El@'@ﬂl@ltelﬂmt%@%@ﬂﬁlbﬁﬂf calf serum
Term nation of Fibroblasts in EndogenouslggPr odu

ONBES) (HE3pRs Ipap@rzgow, i gy )2 e Wstreing (BioWhittaker,
§’§V11l1J 0&\@?{/ The %1|npanne(af1n faf‘n R{CBQ%tSl?&t%7 Ly ? with an

enaogen pro UCE matr I X constructs

ata®Spieé oI5 ﬂg% ve,. aTm&@hﬂﬁ@émplaG@iaylth frbshly prepared medium
al amar Bl ue(tn) assay incorpaorates an oxidation-

ey trea fodhreedaye oA Ber & drys e g &hs Gelle Spderopm tp é%%%@e that is,
r

o S S8k EFHSLEAO0h &R TR ARl sk

thie meediwerh aas witatadefsarh the aultiiteeflask d o trinseithefmonolayer, sterile-filtered

DR LSS T, 8,6 8, 0 K 0L, 85, RO

frbfh thé HAdKS. @ell@@zefe‘}leféﬁseﬁqﬁﬂgﬁre by Sddiflg mlgtr%%?ﬁ Ofrsene
matri x constructs nade according to the netho

glBeannt 310 Whitédker, ﬁc’dalkemVld:lo,rMDb mea)ch\ﬂ@sle angk mﬂyamclng t’mﬂnsure

cul.ture inser

oD g0t e BN ERy i <Glie BRFE U Bb 8 As soon s

thd@¥Bs whRutlehRH BaHSo fAB 11 (86 ek ThypsBY Thibabi) Oihs (2B h@ach flask
each condition) were carried out overnight: (1)

air-drying at anbient roomtenperature and hum dty;

(2) rinsing in 100% et hanol ;-363) snap freezing

foll owed by air drying; and, (4) lyophilization. The
24 mm nmenbrane culture inserts were 15transferred back
to the or| g| naI 6- vveII pI ates. Each vveII cont a| ned

A A ~ o s I L L T 7/ R A~R A
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20 in the 96-well plate were read on a plate reader at
two wavel engths. The percent of Al amarBl ue(tm
wo edaoti7en was cal cul ated fromthe absorbance REI/USR08/084952
given by the plate reader. After 24 hours of
i ncubation, all conditions tested did not show
significant netabolic activity suggesting that the
andehixed withgbe snuspeisionrtatstopxhe ation ofidte thadinsyesssas.s The £l
25been term nated usin hese term.nat i net hods. Th
SRR S e e SRS S e
coiBt kX tub I SCE11GH e EQIRIctedmY, deftrifis@doh At dgpeoxfimblelyC8U0- 000 x g for
of nultilayer, or tubular, or conplex bioengineered
5 BomHex ucts of the invention. The devitalization
nmet [ . . ' f 6
: h@(g?s \Q{re }&hsc‘ eﬁé?dﬁﬁggfgsﬁl%%’x x{?ﬁdnﬁﬁ % 58&10%8&9{{8[1 cﬁé&.sd ?go cells/ml,

[iving matri X cons € previous exanp
ardlrseeded oato @4 @eiviohalorezde, Bd i Mianana ttissietcultBf tleatadphseerts

11: Crossld nkin f Hupman Cel | Derived Dernal [ )
(PRANTY E e AU 05 P ST ol A GRS Ghcbt 10! celsnsert

(6% HUNGc1?). 1R JBE Bl RLinGEXRAR 8 hel¥arGUl BYLI PG /fne
on 75 mmd

R
I aneter, 0.4 mcron porous polycarbonate WO
atROOHeb7 A7BOPTI (S200i8%k0 84 95@rodestivnamekum @very 2 to 3 days for 21

cell-matrix.construct was devitalized b i i at
o L P B AT, - e PHEER gy b ihd Faflh P12
mE@vint (@juhﬁ@pbibwgicmmﬁtﬁ&@m?,theJ M b ATRQ % eGiBe6 BRL, Grand
and then air-drying to al Fow the ethanol to evaporate

Iskand N Y hendcasdditiveata # seselonms consentratRet: §alg/mprpangecombinant
const ruct e ~-h r '

SR Sh T UEF G A5G0 e PR, KU s0borm e e

(IDehsik Uedan, Uhe), 00! jig/Mhyircaobaier (Siinta SeLeuipadDad £ 10HM
their respective nenbranes using curved,tweezers and

ctlolnif D Bke BRPTKeeTant Yoho ceaich 1ot Hor MiSpAesoBek
. . I . : . . . .
cr AL IS B, K BTy RPRRIER S hO%.gtie SO, M
traefestin (Bigmayst. Bbligwd0),120 (M osodbthptonmedBizngh Bt. Louis, MO), and
approxi mately 15-18 hours. The 2-1ayer construct S
6.7 R REPH dCIFR R (SHENEMSTSBIiS GhemiptlnGad Mivatker VO, Afpgiml L-
. ! ' ! 5 y 3 o
Gt CLA R B Sh P LR R BR PRt Siama, st
LarindMOgd. byg/hu ghyeirfei (Sranid, 86 tLovs| ML)) and 0.05%Thely-cthylene glycol

t th re- hydr at ed. en re ated, the
PSRy Sy B e S e Sateb S and wae
SNDOSdinpd18s fof KistblGbical BRalyEOWEFeabikcAht RERCE IS 2@ 31 BRBFike in
i nst ant aneous, taki under a m nute. The 2-1ayer

n
forroelst, mﬂntemhsdd@hinmw%ﬁranﬁh@@r@glilaﬁs%sgmleﬁsfmré g@bedded in

tissue. . The construct was cut .intqg four ri | .
pedi55 450 3 WAERAS BB ofFES sl AR Bhisk P R edbraing o

pro€@&lutddknbwa h 1R dHOrUSid BR&JH dlainddgiday, eliale:ss ineagdnientOwere
each strip recorded by the ILnstron nmachine was 4.9

N
mggedayiererapgomlyRrekedipiciserny Belds Lilliaingy 1 B8 wyeripseerfied with a 10
m%%%ﬁHﬁEﬁQﬂé&ﬂ%ﬁh%.to Form Mul til ayered Constructs
I Xteen matrix constructs of were grown on 75 mm
di anRésalts Gulttvodefaragect stmanbofdnesnhizuhadiiporless aft summarized in

about 0.4 pm usi met haods and materi al s substanti al
TPt vhich SRmath Do r (o BN X GoTRS 4 AR ae
TQﬂQ?Fﬁﬂ&ﬂﬁc%ﬁﬁﬁxﬁﬁ -dried overni ght I N anbi ent room
u

t enperature and idity to ensure fibrobl ast
term nati onDaylbe devit ghdyzed ti Ssuayddst r uct sDagRe
then hvdrated with water for injiection (\AFL) nd-the

Bi1%Averagond@ruct s wer e|P33pedbed f 168@3eath0 menBf-ARe 4.67

o FZ - N

ot ey el ¥ | o4 P Ao sile ol s x|
uStHRg—Curvea - twWeezZzerS—or—oruft—TorcepsS—A aevitalrtzZe€a

ti ssue

-37-
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15

construct was fully spread out onto 100 nmculture

dish lids (as a conveni ent working surface) and
waaimseaent | ayers were added by superi nposi ngP@TiES2008/084952

devitalized tissue constructs on top of one another to

achieve 2 or 3 layers. The |layers were allowed to

air-dry in anbient roomtenperature and humdity
ﬁaﬂgrnight or between about 15-18 hours. 30 After
ne asa¥a 2\ 0 adhered to each ot-her
BTﬁ‘Aa@ﬁ@?ecolayers ver ¢4 tléd aﬁﬁfﬁﬁéﬁSQUpeﬁp@ﬁd%%%ﬂ
other adhered | ayers$ and then again allowed to dry
érnlght or between about 15-18 hours. Fromtihe
S|xteen single Tayer devitalized tissue WO
2009/ 070720PCT/ US2008/ 084952 constructs, a 10-I ayer,

5-1 a§@nplame@ %&qﬁgb@ltreé)fe? cllgaen sQueentyGEos angyiean dﬁiXSt? 14, and
h er e r
dﬁdh % tgrét Cv%;ﬂ etslf% @%? eﬂ@ﬂgqé An &M&q 8’[?12 %E%y%{)l_s’ha/droxyprohne
cdmt&t &8Swn "Eht(he aASldesies 1961)e Athlﬁm;e @ﬁms ﬂhlepklﬁd; osiltnnmder was also
crosslinking agent. The constructs were in _vessels and
determangdh Tablesis amamary ef caliges seneartEatipn pod fiblse 1§ agumggary of

th%@gl e Woln 23Chxonsthdd grodentd (ﬁ!fﬂe?eﬁgcel’;g%ams (B 156 and

%‘ﬁ ﬂr@bﬁ%re
i ssue consfructs were al to cross-Iink overnight

BQ Hppsmgithapretgduoedaseebedlbot8 hour s) .

The tissu

constructs were renoved fromthe EDC sol ution,

wi th W

and air-dried in anbi ent

e
ri nsed

room tenperature and

TS

IR

time resulting 1n a crosslinked,
i zed hunan cell -derived tissue

construct.
into three

beybe two m

strips rough

ibiy 71 ayer ed
Ly 125 x 5

[mpnst r uct s

cmthen tes

ey 1cut

ted _on

Bah9 Wystagon
sgéength. T
5 | ayer

frechani cal {
he normal i zd
ti ssue cong

@589 hg2Aach

bd tensil e st

5t ruct was d

24¢.665 Meblu
rength per
et erm ned to

386.30 + 29.38

| ayer of
be

B&Sé‘é&ef}i’ £ay

tensile St r

~

(&i3)- dryi ng,
L.non-cellul g

gr , for the
ength was 1.

Lo 4 2Y .6t
706 N | ayer

and EDC cr oss

| ayering, 4
r 15ECM-tis

Llle r‘nncfrllr‘
>He—L-OHot+14uG

393 W8 LCONGL I
The conbin

-linking th

C \WWAS Sl ool

Us si Bes 00
ati on of

e

ccf 1yl

ot
AL

THOYS. Iapeﬁli's %?éllls}gﬁa
succésstul'ly be

giving a strength and uniformty to the non-

VIO — O UG GT

uuuuu

el |l ul ar

ECMtTSSUE CcOonsStructs can
ayered, dried and rehydrated. The

handl 1 ng arn
constructs

Dagbape of t
did ngot dim

bgy pon-cel |
nish from

har14ECM ti s

ltiple drvi

e 21
ng and

Bil ébypdemige o
Ohgg cel lul g

many as

66tels. | ncf
r ECM ti ssud
ten increase

HaSidgt x he’
> construct
rd t he overa

urbed 70f 10°
ayers to fi
| strength

139+£12x10°

ve and
of the

B196 Azt g

1 ssue

@F&bricatior

Cr.ossl inked

6% as
belng cut

of Multi- L4

] Bl ;E‘@G‘S

to size.

Using Trans

wyer Cel | - Ma

Se

1*460 §QQB@165T
Exanpl e :
trix Cbnstru

or

P& 1.7x10°

cts

oG

=

Transgl ut am nase/ EDC Devitalized cell-matrix

cons
trans

=

g

&4 H@%éof"fﬁé BuhdY 8{1?&%&@&

am nase or

ransg

dERE bk

ut am nase

FEPBLES Bt

arahyZMESy lduliaf/et reﬂ@ctbmrBDS-BAGEmoefeﬁenhﬁg@&bhegen composition revealing

Tr ans
twsﬁw@

Iutanln

tygs Lhse g&rl |a§P

Ia@e%ﬂs

i.s a collective termfor a

AP BAPIAfes that act to |ink

p rot Eio@ﬁ?mfgg\éh‘éﬁtcéhx&%%f Q}%V@érﬁﬁi mBPR Ay drO HEBIMIAR using

bet ween

Séuth KBAl erabised! T 2 Tfeﬁﬁs’éﬁf‘ﬁléidn@é‘w% 886%8n
a bi ndi ng agent.

ree am ne groups and

£ ZmRt SR

t he,.t focus
RALG R st
pﬁm
It cones ready to use a dry p

but can also be m xed as a slurry or solution.
cell-matrix constructs were ggown in 75 nm di aneter
culture inserts having
2009/ 070720PCT/ US2008/ 084952 0. 4m por ous nenbranes and
cultured for 25 days accordlng nethods and u3|ng

.

1 a4 .=

WO

7- car boxam de group
ingpewdhistodietnycah otethods. oFibkopstireidanidfiqglion aab paTied hetran paradtin fixed

™R oc-

wSesktiasnascin
owder

Twel ve
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5sterile water for injection (W) and the constructs
were peeled fromtheir respective nmenbrane using bl unt

w0 o000epE20 Cel | -matri x constructs were fully spPEHUSIHOE/084952

onto a 100 nmculture dish with superinposed
cell-matrix constructs |ayered over themto formthree
4- layer constructs. Wen |ayering, each cell-matrix '
ahtilyely svarsing (Dalas Cerpinthérin, £A) folloviddysaitinpase hofseradlsh peroxidase
aryin ti t he oncetratlonsfor ea
l% (oo cfCaRRenS Rl sesonaTn SaeaeTa sampiss ST aubizrhoy
Pﬁ@%ﬂnﬂ%éﬂz%’@d&é@y St iohi@ 10105 WhE chitérstalied Sithi Mg lear Fast red.
matrix | aﬁg,er was treated wi'th crosslinking agent.
The §8ydosanainoglycaniish Glietantifiestion| asaefarmesbene? |y daspsamples using
Cross | t t
o ERSor L gl o g et 1080, i U5 ndled BB Gpnce oro.as
gtanisesf FAGaeetme el 4 saplle o Xhueemsdet] Wetiseddsrmaphagiedalkiant2d days post
a 40C i ncubat or overni ght, or approximately 15-18
S?F‘@E}Tge The three 4-layer cell-matrix constructs were
15 renoved fromthe 40C i ncubator and allowed to
aly, YD) £ %H%?E%BQ AbH{ F1aBNORY Hithflh Neonatal Foreski
A?tzaer%g?al I y@gﬁ)r %allhng t he cée -matarl X gonstrucetoglala oresEn
wer e hydrat ed wKithobklags id @he\nﬁballyTEeﬁr@élMedmmrl X

t t.inhalf with h
Cons E Pt RGPS b st e TGS mpgepyge descrived

1@E5E|a1ﬁ151l3 QWeE]IE Qrefd ES rdshdpén@das Ricehdenthtidhof 3TNE0TINEMmI, and
hal ves of each construct that were crosslinked with

srged ah n@ AWBIEBNAI0sSIES Bf eI dAskatiTdissucsaulye treatedgygmbrane inserts
Th elev9 ll tr%yn% ﬁéﬁt}%é 3. p‘f&e‘iﬁ/f’w r(ﬁ 6 %CRP %QIS/ C"ﬁ‘ﬂ%é E&1s were

ure re I on on t I’ nstron
tlﬂntdﬁlﬂﬂ@hleﬁ as Ekirﬁpl\tarwﬁdnéwmﬂm salfipdremtomigedifrbm, the media throughout.

VR SR HNY Dhe TR AR S AN S HIME S Homs F-12
Qldri f% i BIAY, d&ﬁﬂérg&rg r ARG GRIAIAGE b:hB@(F BRL, Grand

ayer asures en conparing TGA treatnent al one
Isigai h&t) a8 adGAIEDS ngmoldBimankrechnanivand epidenhat grestth dater, (Upstate

B Rl e oL Q08 DU PispscrtiangdSiema, S Lofis, MO, 1x

1 ”%é&h&léﬂ]&%ﬁ k2 fRd?&GQJEG?hJ‘W cak! A588h %ka‘él@e?el o M o-

orns o transg ut’am nase on nmultilayere
pﬂmphba/ﬂﬁeﬁmdolamlﬂe-(ﬁma, St. mutsom)r b pganiesuding Sigpea; §ti Louis, MO),

T“@Zrﬂ E"i‘rﬁ Fé‘g%c%pﬁgﬁﬁgﬁ,mttwg g@%((ﬁ%%a St. Louis,

l\/]—dj G 678 hf detefRinf | ggi%l?lg Eﬁ&ﬂdﬁcﬁlﬁe PRERic9ls Q¥ n%ﬁllmhkee WD),

di arret er cC ture I NS avi ng 4m porous ne ranes
5amg/nelul-hscogde had (WK Ghenoaty dS Agine 9, 2 pigtmlsL-aradine (Sigma, St.

1SRt A MBS %1 Mok b MO bALLAT 7 PERapY g7 eeo

(PEEG) Gbrha, BT duts, BAOSt Saied1Ss WeeRhstReil heddyze d4 b3hd@i 1M for collagen
drying in ambi ent roomt enperature and hum dity. The

celmqee@atmmeandtcall mzebersusm des¢rzhedpressiprepmR edukts etsrrgpmasized in
t t
e IR PSR, S P BTl Bl 8 rocese

féremotdxgiin ah@S@ﬁ@ btaiengnierliplaneisrdstgicngalybis as dés@flb‘@pﬁi Example 1.
Cell-matrix constructs having eight layers were thepn

Higiplogicak evgluation demansirated (that the opRirackhe@pwnp fefinegyagdigm was
nﬂla‘?% {h%F%’é(ro%mﬁ i %h&@oﬁﬁgﬁe BorkicGlf QGlﬁhf(tS%?rﬁ) Ialso séamed

ayer ce matri x nstructs ese were agaln allowe
pbgitiedly fdﬁ;brorrecﬁnb;smgtpromdmet@mﬂmdumEearapﬂd lhumidity in
aseptic conditions. Four sets of 2-layered constructs
were spread out onto a 100nm plate and each had 20nL
of a specific type and activity of TGMor 10 rhTGM

sol utions was added: (1) 8-layer food-grade TGM 5U;
(2) 8-layer food-grade TGM 10%$-(3) 8-layer rhTGM 15U,
and, (4) 8-layer rhTGM 30U. The constructs were pl aced
into a 40C i ncubator and allowed to crosslink

over n| ght The foI I ovv| ng day, each condition of 2-

o o o o R o, o o



10

15

20

Cross-linking with rhTGV was nore successful than

food-grade TGM for 8-1ayered constructs in this
wezpeniarent . The | ower concentration of rhTGV PE€FUE106881084952
in better tensile strength and suture retention than

ot her conditions. 25Exanpl e 15: Connective Tissue
Construct Fibroblasts were seeded retrieved from
Tsslake -Qadlager (ugfoas) where fi brobl asts were cul tured on

bl

mcrocarriers in bhioreactors. Fibr

st rai ned u<Dﬁ)gOa st ai n|1%§s7 steel s|Redet-up P8y 21
T e I R, PR

of&llag&tmpensi on. Approximately 3.0K107 cells re 30
seeded to a 0.4 m cronjporous nenbyane of

eaghponstiught el y 44 cnR in surface arka bathed in about
140 mL cherically defined matrix pyoduction di um
hts seeding density was at super-gonfluence. |The
chemcally defined matrix production nedi um cont ai ned
a base of DMEM WD 2009/ 070720PCT/ LUS2008/ 084952 (high

Tgblaéoé‘@llsmeﬂlh’gmf) L- gl ut anmi ne) suppl enented with

aPpr oxt++rat oul rrurts—efthefolHow vt
L- gl utam ne 6 ng/ m Rﬁ'?‘azw reconb" %Xn@ epi derRﬁYzl
1S X 10- i 51U Mo 5
A%E% osplﬁory?-gé(t J()anol amhhg\/&% j??gﬂ/ Ig]télrrl_g%ssf]xe]?r@r| r,ﬁgo 2pll\;l( 10
of cdllsdwledchyrjoni ne, 5 psfm insulin;| 6.78 ng/m
sel eni ous, acid; 50 ng/mM magnesi un 5ascorbate;| 0.2
Ccinsim@t/(ﬂﬁ {proline; 0.1 .tg/m glycine; 0.02 mml
hroman Teconbi nant t ong chai n TG--al pha; 0. 0038 p, g7/ niL
prostaglandin E2 (PGE2); 0.4 jig/m hydrocortisone.
Mat r Besidus eddagehouws] ynpdiducadviisillex odi kg ge devirirhanidrggdosaminoglycan
rrafﬂﬁi roduc#ll on, nmedi um every 3-4 days for 18 days.
w 'St‘?d’r peindtheeell-mATKEOBYBIt5Us cel | - matri x const ruct
had forned by the cells. 10 Exanple 16: Bilayer Skin

Const ruct Example # SKVilroCishafisebf Deyila@nsusiVbiapyast
| ayer and a keratl nocyte |ayer was fornmed in a fully

cheni cal |y defi nedlvedn Aghallgselpndonfibr@dastssi br obl ast s
Wer €c F ng Eo%ts{rhc%/ ﬁ/greff&gﬂéds&s%git hY Rarfi o8 e B in Example 1
I bro S were cultur rocarrirers in
rebla@fngah‘d JourBan fohhtal fobdshist fbrullnes S/ﬁth anunﬁﬂ Aghilleg temdon fibroblasts
stainless steel sieve set-up to te the

(FABR dbTallang 2bARYHE PHIGFGERRET SRS SahPS WPE Apebmitied for HEE
stgﬂaﬁfgqaﬁa“tﬁlbﬁ{%s ikl onQJsh’l ﬁgé&@éﬁu?@@es@ﬁll)éd in Example 1. The

suspensi on. Approxi mately s were seeded to
resulfing ccmstmdrwqwnsmhzmmcaﬁ enapfix tippue dike pensgiugt with g fhickness of

74 2T o CpribcoRs 5o PP BAHCoPHIRE BT e clrein gpd
gl%?@;n%gﬁ vfé?éqz{lg ngrg&%t H&ngegmglagtm cally defined

uction I um cont ai ned: Conponent
Concentration DVEM 96. 0% L-d utam ne 1060 ng/ L
Hydr ocor t Esample@: 4n Vgire FSanasiohdfsA oildgenous Matrix By

Transfected Human Neonatal Foreskin Fibroblasts

Transfected human dermal fibroblasts were produced using the following procedure.
One vial of jCRIP-43 platelet derived growth factor (PDGF) viral producers (Morgan, .J, et
al.) was thawed, and the cells were seeded at 2 x 10° cells/162 cm? flask (Corning Costar,
Cambridge, MA). These flasks were fed a growth medium, and maintained in an incubator

at 37+ 1°C with an atmosphere of 10 = 1% CO,. The growth medium consisted of:

- 40 -
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6. 7811g/ L Et hanol am ne 0.1 nM o- Phosphoryl et hanol am ne

14.0 My/L EGF 10.0 My Ascorbate 50 ng/L L-Proline
wQi®9@7argy L d ycine 101.4 ng/L Long TGFoc 10. OPCT/4$1008/084952

WO 2009/ 070720PCT/ US2008/ 084952 Fi brobl asts were

cultured in the matrix production mediumfor 11 days

w th nmedia changes nmade periodically, every 3-4 days.
Dulbecda’p mddifial Bagge nsidom GI’MIEM)a(hlghcgihyQOe% fommylagierdeighout L-

gl AL tg f ac:wl%[}(easyﬁ%? @L]é)osggélrgwgte t%; 1Mneav5bo% c&Pserum
( @[Hn%'L%&Qto?fé@Flh@XL 6 Ly 0) ih) GRIP @M N1 glCaRGeN(BiaWitker,

Walkersv1l1_1|§|vll\/[sf)) O]r-lzthg sa]fxle day, 1 v1a% otghgélsnr?xe%%at]é?ggesrlz?r{ f%broblast
(HDFB156) was also thawed and plated at 1.5 x 10° cells/162 cm? flask (Corning Costar,
Cambridge, MA). After three days the JCRIP PDGF-43 viral producers were fed with fresh
growth medium. The HDFB156 were fed with the above growth medium plus 8 pg/ml
polybrene (Sigma, St. Louis, MO). The next day the HDFB156’s cells were infected as
follows. The spent medium from the jJCRIP PDGF-43 viral producers was collected and
filtered through a 0.45 micron filter. 8 pg/ml polybrene was added to this filtered spent
medium. The spent medium was then placed on the HDF. On the next two days the HDF
were fed fresh growth medium. The day after the HDF were passed from p5 to p6 and
seeded at a density of 2.5 x 10° cells/162 cm? flask (Corning Costar, Cambridge, MA).
Cells were passed as follows; spent medium was aspirated off. The flasks were then rinsed
with a phosphate buffered saline to remove any residual newborn calf serum. Cells were
released from the flask by adding 5 mL trypsin-versene to each flask and gently rocking to
ensure complete coverage of the monolayer. Cultures were returned to the incubator. As
soon as the cells were released, 5 mL of SBTI (Soybean Trypsin Inhibitor) was added to
each flask and mixed with the suspension to stop the action of the trypsin-versene. The
cell/Trypsin/SBTI suspension was removed from the flasks and evenly divided between
sterile, conical centrifuge tubes. Cells were collected by centrifugation at approximately
800-1000 x g for 5 minutes.). The cells were resuspended in the growth media for seeding
at the density listed above. After two days the cells were fed fresh growth medium. The
following day the cells were harvested as above, and diluted to a density of 1.5 x 10°
cells/ml in growth medium containing 10% newborn calf serum (NBCS) with 10%
dimethyl sulfoxide (DMSO) (Sigma, St. Louis, MO). The cells were then frozen 1
ml/cryovial at about —80 °C.

Production of the collagenous matrix for this example utilize the same procedure as
Examples 1 and 3, replacing the human neonatal foreskin fibroblasts with human neonatal
foreskin fibroblasts transformed to produce high levels of platelet derived growth factor
(PDGF) as described above. Samples were taken for H&E staining as described above on
day 18 post seeding. Samples were also stained using the avidin-biotin methods for the

presence of fibronectin listed in Example 10. Samples were taken on day 18 post seeding
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for H&E staining as described in Example 1, and exhibited a similar cell-matrix gross

appearance to that described in Example 1, with a measured thickness of 123.6 microns
(N=1). PDGF output of the transfected cells in the cell-matrix construct was measured to
be 100 ng/mL by ELISA throughout the duration of the culture (18 days) while control
output of PDGF was undetectable.

Example 5: In Vitro Formation Of A Matrix By Human Comeal Keratocytes

Human corneal keratocyte cells (originated at Organogenesis, Inc. Canton, MA)
were used in the production of a stromal construct of cornea. Confluent cultures of human
keratocytes were released from their culture substrates using trypsin-versene. When
released, soybean trypsin inhibitor was used to neutralize the trypsin-versene, the cell
suspension was centrifuged, the supernatant discarded and the cells were then resuspended
in base media to a concentration of 3X10° cells/ml. Cells were seeded onto 0.4 micron pore
size, 24 mm diameter tissue culture treated transwells in a six-well tray at a density of 3.0 x
10° cells/TW (6.6 x 10° cells/cm®). These cultures were maintained overnight in seed
medium. The seed medium was composed of: a base 3:1 mixture of Dulbecco’s Modified
Eagle’s Medium (DMEM) and Hams F-12 Medium (Quality Biologics Gaithersburg, MD
cat.), 4 mM GlutaMAX (Gibco BRL, Grand Island, NY) and additives: 5 ng/ml human
recombinant epidermal growth factor (EGF) (Upstate Biotechnology Lake Placid, NY), 0.4
pg/ml hydrocortisone (Sigma St. Louis, MO), 1 X 10 M ethanolamine (Fluka,
Ronkonkoma, NY), 1 x 10* M o-phosphoryl-ethanolamine (Sigma, St. Louis, MO), 5
pg/ml insulin (Sigma, St. Louis, MO), 5 pg/ml transferrin (Sigma, St. Louis, MO), 20 pM
triiodothyronine (Sigma, St. Louis, MO ), and 6.78 ng/ml selenium (Sigma Aldrich Fine
Chemicals Company, Milwaukee, WI). Following this the cultures were fed fresh
production medium. The production medium was composed of: a base 3:1 mixture of
DMEM, Hams F-12 medium (Quality Biologics Gaithersburg, MD), 4mM GlutaMAX
(Gibco BRL., Grand Island, NY) and additives: 5 ng/ml Human Recombinant Epidermal
growth factor (Upstate Biotechnology Lake Placid, NY), 2% newbormn calf serum (Hyclone,
Logan, Utah), 0.4 ug/ml hydrocortisone (Sigma,St. Louis, MO), 1 x 10 M ethanolamine
(Fluka, Ronkonkoma, NY ACS grade), 1 x 10™* M o-phosphoryl-ethanolamine (Sigma, St.
Louis,), 5 pg/ml insulin (Sigma, St. Louis, MO), 5 pg/ml transferrin (Sigma, St. Louis,
MO), 20 pM triiodothyronine (Sigma, St. Louis, MO), and 6.78 ng/ml selenium (Sigma
Aldrich Fine Chemicals Co., Milwaukee, WI), 50 ng/ml L-ascorbic acid (WAKO pure
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chemical company), 0.2 pg/ml L-proline (Sigma, St. Louis, MO), 0.1 pg/ml glycine
(Sigma, St. Louis, MO) and 0.05% poly-ethylene glycol (PEG) (Sigma, St. Louis, MO, cell
culture grade).

The cells were maintained in an incubator at 37 + 1°C with an atmosphere of 10% =
1% CO; and fed fresh production medium every 2-3 days for 20 days (for a total of 21 days
in culture. After 21 days in culture, the keratocytes had deposited a matrix layer of about
40 microns in thickness, as measured by the method described in Example 1.
Endogenously produced fibrillar collagen, decorin and glycosaminoglycan were also
present in the cell-matrix construct.

Example 6: In Vitro Formation of A Collagenous Matrix By Human
Neonatal Foreskin Fibroblasts Seeded in Production Media

Human neonatal foreskin fibroblasts (originated at Organogenesis, Inc. Canton,
MA) were seeded at 1 x 10° cells/0.4 micron pore size, 24 mm diameter tissue culture
treated carriers in a six-well tray (TRANSWELL®, Costar Corp. Cambridge, MA) and
grown in growth medium. The growth medium consisted of: Dulbecco’s Modified Eagle’s
medium (DMEM) (high glucose formulation, without L-glutamine, BioWhittaker,
Walkersville, MD) supplemented with 10% newborn calf serum (HyClone Laboratories,
Inc., Logan, Utah) and 4mM L-Glutamine (BioWhittaker, Walkersville, MD). The cells
were maintained in an incubator at 37+ 1°C with an atmosphere of 10 +1% CO,. The
medium was replaced every two to three days. After 9 days in culture the medium was
aspirated from the culture dish, and replaced with production medium. The cells were
maintained in an incubator at 37 = 1 °C with an atmosphere of 10 = 1% CO, and fed fresh
production medium every 2-3 days for 21 days. The production medium was composed of:
a base 3:1 mixture of DMEM, Hams F-12 medium (Quality Biologics, Gaithersburg, MD),
4mM GlutaMAX (Gibco BRL, Grand Island, NY) and additives: 5 ng/ml human
recombinant epidermal growth factor (Upstate Biotechnology, Lake Placid, NY), 2%
newborn calf serum (Hyclone, Logan, Utah), 0.4 pg/ml hydrocortisone (Sigma St. Louis,
MO), 1 x 10* M ethanolamine (Fluka, Ronkonkoma, NY ACS grade), 1 x 10* M o-
phosphoryl-ethanolamine (Sigma, St. Louis,), 5 pg/ml insulin (Sigma, St. Louis, MO), 5
pg/ml transferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St. Louis, MO),
and 6.78 ng/ml selenium (Sigma Aldrich Fine Chemicals Co., Milwaukee, WI), 50 ng/ml L-
ascorbic acid (WAKO Pure Chemical Company), 0.2 pg/ml L-proline (Sigma, St. Louis,
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(Sigma, St. Louis, MO, cell culture grade).

Samples were taken at day 21 and fixed in formalin, then embedded in paraffin. The
formalin fixed samples were embedded in paraffin and 5 micrometer section were stained
with hematoxylin-eosin (H&E) according techniques routinely used in the art. Using H&E
stained slides, measurements were made at ten randomly picked microscopic fields utilizing
a 10X Eyepiece (Olympus America Inc., Melville, NY) loaded with a 10mm/100
micrometer reticle (Olympus America Inc., Melville, NY). The constructs created using
this method are similar in structure and biochemical composition to those created with

Example 1, and have a measured thickness of 82.00 £ 7.64 microns.

Example 7: In Vitro Formation of A Collagenous Matrix by Pig Dermal Fibroblasts
Pig Dermal Fibroblasts (originated at Organogenesis, Inc. Canton, MA) were seeded at 5 x
10° cells/162 cm? tissue culture treated flask (Costar Corp., Cambridge, MA. cat # 3150)
and grown in growth medium as described below. The growth medium consisted of;
Dulbecco’s modified Eagle’s medium (DMEM) (high glucose formulation, without L-
glutamine, BioWhittaker, Walkersville, MD) supplemented with 10% fetal calf serum
(HyClone Laboratories, Inc., Logan, Utah) and 4 mM L-glutamine (BioWhittaker,
Walkersville, MD). The cells were maintained in an incubator at 37 + 1°C with an
atmosphere of 10% + 1% CO,. The medium was replaced every two to three days. Upon
confluence, that is the cells had formed a packed layer at the bottom of the tissue culture
flask, the medium was aspirated from the culture dish. To rinse the monolayer, sterile-
filtered phosphate buffered saline was added to the monolayer and then aspirated from the
dish. Cells were released from the flask by adding 5 ml trypsin-versene glutamine
(BioWhittaker, Walkersville, MD) to each flask and gently rocking to ensure complete
coverage of the monolayer. Cultures were returned to the incubator. As soon as the cells
were released 5 ml of SBTI (Soybean Trypsin Inhibitor) was added to each flask and mixed
with the cell suspension to stop the action of the trypsin-versene. The suspension was
removed from the flasks and evenly divided between sterile, conical centrifuge tubes. Cells
were collected by centrifugation at approximately 800-1000 x g for 5 minutes. Cells were
resuspended and diluted to a concentration of 3 x 10° cells/ml, and seeded onto 0.4 micron
pore size, 24 mm diameter tissue culture treated transwells in a six-well tray at a density of

3.0 x 10° cells/TW (6.6 x 10° cells/cm?). Cells were maintained overnight in a seed
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medium. The seed medium consisted of; a base 3:1 mixture of DMEM, Hams F-12

medium (Quality Biologics, Gaithersburg, MD), 4mM GlutaMAX (Gibco BRL, Grand
Island, NY) and additives: 5 ng/ml human recombinant epidermal growth factor (Upstate
Biotechnology Lake Placid, NY), 0.4 pg/ml hydrocortisone (Sigma St. Louis, MO), 1 x 10°
M ethanolamine (Fluka, Ronkonkoma, NY ACS grade), 1 x 10 M o-phosphoryl-
ethanolamine (Sigma, St. Louis,), 5 pg/ml insulin (Sigma, St. Louis, MO), 5 pg/ml

4

transferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St. Louis, MO), and
6.78 ng/ml selenium (Sigma Aldrich Fine Chemicals Co., Milwaukee, WI), 50 ng/ml L-
ascorbic acid (WAKO Pure Chemical Company), 0.2 pg/ml L-proline (Sigma, St. Louis,
MO), and 0.1 pg/ml glycine (Sigma, St. Louis, MO). The cells were maintained in an
incubator at 37+ 1°C with an atmosphere of 10 £ 1% CO, and fed fresh production medium
every 2-3 days for 7 days. The production medium was composed of: a base 3:1 mixture of
DMEM, Hams F-12 medium (Quality Biologics, Gaithersburg, MD), 4mM GlutaMAX
(Gibco BRL, Grand Island, NY) and additives: 5 ng/ml human recombinant epidermal
growth factor (Upstate Biotechnology, Lake Placid, NY), 2% newborn calf serum
(Hyclone, Logan, Utah), 0.4 pg/ml hydrocortisone (Sigma St. Louis, MO), 1 x 10*M
ethanolamine (Fluka, Ronkonkoma, NY ACS grade), 1 x 10* M o-phosphoryl-
ethanolamine (Sigma, St. Louis,), 5 pg/ml insulin (Sigma, St. Louis, MO), 5 pg/ml
transferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St. Louis, MO), and
6.78 ng/ml selenium (Sigma Aldrich Fine Chemicals Co., Milwaukee, WI), 50 ng/ml L-
ascorbic acid (WAKO Pure Chemical Company), 0.2 pg/ml L-proline (Sigma, St. Louis,
MO), 0.1 pg/ml glycine (Sigma, St. Louis, MO) and 0.05% poly-ethylene glycol (PEG)
(Sigma, St. Louis, MO) cell culture grade. After 7 days the media was replaced with
production medium without newborn calf serum. This media was fed fresh to the cells
every 2-3 days for 20 more days, for a total of 28 days in culture.

Samples were taken at day 21 and fixed in formalin, then embedded in paraffin. The
formalin fixed samples were embedded in paraffin and 5 micrometer section were stained
with hematoxylin-eosin (H&E) according to techniques customarily used in the art. Using
H&E stained slides, measurements were made at ten randomly picked microscopic fields
utilizing a 10X Eyepiece (Olympus America Inc., Melville, NY) loaded with a 10mm/100
micrometer reticle (Olympus America Inc., Melville, NY). The sample exhibited a structure

composed of cells and matrix with a measured thickness of 71.20 + 9.57 microns. Besides
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endogenously produced fibrillar collagen, decorin and glycosaminoglycan were also present

in the cell-matrix construct.

Example 8: In Vitro Formation of a Collagenous Matrix By Human Neonatal Foreskin
Fibroblasts in Chemically Defined Medium
Human neonatal foreskin fibroblasts were expanded using the procedure described
in Example 1. Cells were then resuspended to a concentration of 3 x 10° cells/ml, and
seeded on to 0.4 micron pore size, 24 mm diameter tissue culture treated membrane inserts
in a six-well tray at a density of 3.0 x 10° cells/TW (6.6 x 10° cells/cm®). Cells in this
example were cultured in chemically defined medium throughout.
The medium contained: a base 3:1 mixture of DMEM, Hams F-12 medium (Quality
Biologics, Gaithersburg, MD), 4 mM GlutaMAX (Gibco BRL, Grand Island, NY) and
additives: 5 ng/ml human recombinant epidermal growth factor (Upstate Biotechnology,
Lake Placid, NY), 1 x 10™* M ethanolamine (Fluka, Ronkonkoma, NY cat. #02400 ACS
grade), 1 x 10™* M o-phosphoryl-ethanolamine (Sigma, St. Louis, MO), 5 pg/ml transferrin
(Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St. Louis, MO), and 6.78 ng/ml
selenium (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 50 ng/ml L-ascorbic
acid (WAKO Chemicals USA, Inc.), 0.2 pg/ml L-proline (Sigma, St. Louis, MO), 0.1
ug/ml glycine (Sigma, St. Louis, MO).
To the basic medium above, other components were added in these separate
Conditions:
1. 5 pg/mlinsulin (Sigma, St. Louis, MO), 0.4 pg/ml hydrocortisone (Sigma, St.
Louis, MO), 0.05% poly-ethylene glycol (PEG) (Sigma, St. Louis, MO).

2. 5 pg/ml insulin (Sigma, St. Louis, MO), 0.4 pg/ml hydrocortisone (Sigma, St.
Louis, MO).

3. 375 pg/ml insulin (Sigma, St. Louis, MO), 6 ng/ml hydrocortisone (Sigma, St.
Louis, MO).

Samples were formalin fixed and processed for hemotoxylin and eosin staining for
light microscope analysis. Visual histological evaluation demonstrated that the Condition 2
lacking PEG demonstrated a comparably similar matrix as Condition 1 containing PEG.
Biochemical analysis measuring the collagen content of the construct showed nearly the
same amount of collagen in both: 168.7 + 7.98 ng/cm? for Condition 1 with PEG as
compared to 170.88 = 9.07 pg/cm? for Condition 2 without PEG. Condition 3 containing
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collagen, at a timepoint earlier than the other two conditions. Besides endogenously
produced fibrillar collagen, decorin and glycosaminoglycan were also present in the cell-
matrix constructs in all Conditions. The cultured dermal construct formed by the method of
Condition 2 of this Example is shown in Figure 2. Shown in Figure 2 is a photomicrograph
of a fixed, paraffin embedded, hematoxylin and eosin stained section of a cell-matrix
construct formed from cultured human dermal fibroblasts in chemically defined medium at
21 days. The porous membrane appears as a thin translucent band below the construct and
it can be seen that the cells grow on the surface of the membrane and do not envelope in
integrate the membrane with matrix.

Figure 3 shows transmission electron microscope (TEM) images of two
magnifications of cultured dermal construct formed by the method of Condition 2 of this
Example at 21 days. Figure 3A is a 7600X magnification showing alignment of
endogenous collagen fibers between the fibroblasts. Figure 3B is a 19000X magnification
of fully formed endogenous collagen fibers demonstrating fibril arrangement and packing.

In all Conditions of this Example, the cultured dermal constructs formed comprise
dermal fibroblasts and endogenously produced matrix. All have fully formed collagen
fibrils in packed organization arranged between the cells. Their fibrous qualities, thickness,
and cohesive integrity give the construct considerable strength to allow it to be peelably
removed from the culture membrane and handled as it is transferred to a subject to be

treated with the construct, as in a graft or implant.

Example 9: Formation of a Collagenous Matrix by Human Buccal Fibroblasts

The purpose of this experiment is to produce a cell-matrix construct from buccal
fibroblasts isolated from human cheek tissue. Buccal were cultured in T-150 flasks in
DMEM containing 10% NBCS medium. After 7 days, to expand the number of cells
further, buccal cells were harvested and passaged into nine T-150 flasks at 4.0 x 10° cells in
DMEM containing 10% NBCS medium and cultured until confluence at which time the
cells were harvested.

To harvest the cells, the medium was aspirated from the culture flask. To rinse the
monolayer, sterile-filtered phosphate buffered saline was added to the bottom of each
culture flask and then aspirated from the flasks. Cells were released from the flask by
adding 5 mL trypsin-versene glutamine (BioWhittaker, Walkersville, MD) to each flask and
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gently rocking to ensure complete coverage of the monolayer. Cultures were returned to

the incubator. As soon as the cells were released 5 ml of SBTI (Soybean Trypsin Inhibitor)
was added to each flask and mixed with the suspension to stop the action of the trypsin-
versene. The cell suspension was removed from the flasks and evenly divided between
sterile, conical centrifuge tubes. Cells were collected by centrifugation at approximately
800-1000 x g for 5 minutes.

Cells were resuspended using fresh medium to a concentration of 3.0 x 10° cells/ml,
and seeded onto 0.4 micron pore size, 24 mm diameter tissue culture treated inserts
(TRANSWELL®, Corning Costar) in a six-well tray at a density of 3.0 x 10° cells/insert
(6.6 x 10° cells/cm?). The cells were maintained in an incubator at 37 + 1°C with an
atmosphere of 10 + 1% CO, and fed medium containing: a base 3:1 mixture of DMEM,
Hams F-12 medium (Quality Biologics, Gaithersburg, MD), 4 mM GlutaMAX (Gibco
BRL, Grand Island, NY) and additives: 5 ng/ml human recombinant epidermal growth
factor (Upstate Biotechnology, Lake Placid, NY), 0.4 ng/ml hydrocortisone (Sigma, St.
Louis, MO), 1 x 10 M ethanolamine (Fluka, Ronkonkoma, NY cat. #02400 ACS grade), 1
x 10 M o-phosphoryl-ethanolamine (Sigma, St. Louis, MO), 5 ug/ml insulin (Sigma, St.
Louis, MO), 5 pg/ml transferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma,
St. Louis, MO), and 6.78 ng/ml selenium (Sigma Aldrich Fine Chemicals Company,
Milwaukee, WI), 50 ng/ml L-ascorbic acid (WAKO Chemicals USA, Inc.), 0.2 pg/ml L-
proline (Sigma, St. Louis, MO), 0.1 ug/ml glycine (Sigma, St. Louis, MO) and 0.05% poly-
ethylene glycol (PEG) (Sigma, St. Louis, MO).

At day 1 post seeding, medium was replaced with Serum Free Production Media,
exchanged every 2-3 days for 21 days. At day 21, samples were fixed in formalin for
histology. Three samples were used for protein and collagen production analysis.

Collagen production for 24 mm diameter constructs averaged 519 pg per construct
after 21 days in culture. Total protein production for 24 mm diameter constructs averaged
210 g per construct after 21 days in culture. Morphologically, the buccal fibroblast cell-
matrix construct, a cultured tissue construct of oral connective tissue, showed buccal

fibroblasts surrounded by matrix while physically, the construct had physical bulk and
integrity.
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Example 10: Methods for Termination of Fibroblasts in Endogenously Produced Matrix
Constructs to Form Devitalized Cell-Matrix Constructs

Termination of fibroblasts in endogenously produced cell-matrix constructs were
assayed using the alamarBlue™ assay. The alamarBlue™ assay incorporates an oxidation-
reduction indicator that changes in color in response to chemical reduction of growth
medium as a direct result from cell metabolism. Metabolic activity from the cells will
result in the reduction of alamarBlue™ to a reddish or pink color as exposure time is
increased. Lack of viable cells should result in little or no color change.

Twelve 24 mm diameter matrix constructs made according to the method of
Example 1 (cell-matrix construct) were grown on 24 mm culture inserts having 0.4 micron
pores with each culture insert residing in a deep-well tray for 25 days. Four methods of
fibroblast termination (n=3 for each condition) were carried out overnight: (1) air-drying at
ambient room temperature and humidty; (2) rinsing in 100% ethanol; (3) snap freezing
followed by air drying; and, (4) lyophilization. The 24 mm membrane culture inserts were
transferred back to the original 6-well plates. Each well contained 11.0 mL of Dulbecco’s
modified Eagle’s medium (DMEM) (high glucose formulation, without L-glutamine,
BioWhittaker, Walkersville, Md.) with 10% AlamarBlue™. Media was sampled from each
well at 8 hours and 24 hours in 200 pL samples, which were taken and aliquotted into a 96-
well plate and stored at 2-8°C. After the second time point sample was taken, the samples
in the 96-well plate were read on a plate reader at two wavelengths. The percent of
AlamarBlue™ reduction was calculated from the absorbance values given by the plate
reader.

After 24 hours of incubation, all conditions tested did not show significant
metabolic activity suggesting that the cells in each cell-matrix construct had successfully
been terminated using these termination methods. The results of this example were
devitalized single-layer matrix constructs that may be used in the fabrication of multilayer,
or tubular, or complex bioengineered constructs of the invention. The devitalization
methods of this example may be applied to any of the living matrix constructs of the

previous examples to arrive at a devitalized matrix construct.

Example 11: Crosslinking of Human Cell Derived Dermal Matrix
Two 75 mm diameter cell-matrix constructs made according to the method of

Example 1 by culturing them on 75 mm diameter, 0.4 micron porous polycarbonate
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membranes. One cell-matrix construct was devitalized by air drying at room temperature
and humidity and the other was devitalized by immersing it overnight in 100% ethanol and
then air-drying to allow the ethanol to evaporate from the cell-matrix construct. Both cell-
matrix constructs were then rehydrated using a volume of sterile water for injection. To
form a 2-layer construct, the cell-matrix constructs were peeled from their respective
membranes using curved tweezers and superimposed by layering onto each other using on a
100mm culture dish lid. Approximately 15 mL of 1.0 mM EDC solution was added to the
layered cell-matrix construct and allowed to cross-link overnight, or approximately 15-18
hours. The 2-layer construct was removed from the EDC solution, rinsed in sterile water
and air-dried to result in a 2-layer, crosslinked, devitalized cell-matrix construct,
endogenously produced by human fibroblast cells.

The construct was then re-hydrated. When rehydrated, the 2-layer construct
quickly gained water mass and was smooth in texture. The rehydration process was nearly
instantaneous, taking under a minute. The 2-layer construct looked and handled as a single
piece of tissue. The construct was cut into four strips roughly 1.25 x 5 cm then tested on an
Instron mechanical testing machine for strength. The average strength for each strip

recorded by the Instron machine was 4.9 N.

Example 12: Layering and Cross-Linking Devitalized Tissue Constructs to Form
Multilayered Constructs
Sixteen matrix constructs of were grown on 75 mm diameter culture insert

membranes having pores of about 0.4 um using methods and materials substantially similar
to Example 1. To devitalize them, the tissue constructs were air-dried overnight in ambient
room temperature and humidity to ensure fibroblast termination. The devitalized tissue
constructs were then hydrated with water for injection (WFI) and the tissue constructs were
peeled from each membrane using curved tweezers or blunt forceps. A devitalized tissue
construct was fully spread out onto 100 mm culture dish lids (as a convenient working
surface) and subsequent layers were added by superimposing the devitalized tissue
constructs on top of one another to achieve 2 or 3 layers. The layers were allowed to air-
dry in ambient room temperature and humidity overnight, or between about 15-18 hours.
After drying, the superimposed layers adhered to each other. The adhered layers were
hydrated and then superimposed on other adhered layers and then again allowed to dry

overnight, or between about 15-18 hours. From the sixteen single layer devitalized tissue

-50 -



10

15

20

25

30

WD 2009/ 070720PCT/ US2008/ 084952 Pyridoxal HC1L 0.2

ng/ L Ri boflavin 0.020 ng/L Thiam ne HC1L 0.2 ny/L
wae@oa7i@encent r at e Arachi donic Acid 0. 004 nyg/ LPCT/US2008/084952

Chol esterol 0.220 ng/L DL-a.- Tocopherol Acetate

0.140 nmy/ L

constructs, a 10-layer, a 5-layer and a single layer construct were formed with the layers of
the 10-layer and 5-layer constructs adhered to each other by the drying and rehydration
process. The constructs were then crosslinked with a crosslinking agent. The constructs
were in vessels and to each vessel was added approximately 10 mL of 1.0 mM EDC in WFI
solution. The layered devitalized ECM tissue constructs were allowed to cross-link
overnight (approximately between 15-18 hours). The tissue constructs were removed from
the EDC solution, rinsed with WFI and air-dried in ambient room temperature and humidity
one final time resulting in a crosslinked, multilayer, devitalized human cell-derived tissue
construct.

The two multi-layered constructs were cut into three strips roughly 1.25 x 5 cm then
tested on an Instron mechanical testing machine to measure strength. The normalized
tensile strength per layer of the 5 layer tissue construct was determined to be 1.425 N/layer
; for the 10 layer tissue construct the tensile strength was 1.706 N/layer.

The combination of air-drying, layering, and EDC cross-linking the non-cellular
ECM tissue constructs was successful at giving a strength and uniformity to the non-
cellular ECM. Non-cellular ECM tissue constructs can successfully be layered, dried and
rehydrated. The handling and shape of the non-cellular ECM tissue constructs did not
diminish from multiple drying and rehydration steps. Increasing the number of non-cellular
ECM tissue construct layers to five and as many as ten increased the overall strength of the

construct as well as maintained the shape of the tissue after being cut to size.

Example 13: Fabrication of Multi-Layer Cell-Matrix Constructs Crosslinked Using
Transglutaminase or Transglutaminase/EDC
Devitalized cell-matrix constructs were layered and crosslinked using

transglutaminase or transglutaminase followed with EDC in MES buffer to bond the layers
together. Transglutaminase (“TGM”) is a collective term for a family of naturally
occurring enzymes that act to link proteins. TGM catalyzes covalent bond formation
between free amine groups and y-carboxamide group specifically acting on lysine and
glutamine. There are several forms of TGM, but the type focused on in this experiment will
be Activa™ food-grade TGM, which is made through a fermentation process and is used as
a binding agent. It comes ready to use a dry powder but can also be mixed as a slurry or
solution.

Twelve cell-matrix constructs were grown in 75 mm diameter culture inserts having
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0.4um porous membranes and cultured for 25 days according methods and using materials
substantially similar to those presented in Example 1. The cell-matrix constructs were
devitalized by air-drying them overnight, approximately 15-18 hours, at ambient room
temperature and humidity. The dried, devitalized cell-matrix constructs were hydrated with
sterile water for injection (WFI) and the constructs were peeled from their respective
membrane using blunt forceps. Cell-matrix constructs were fully spread out onto a 100 mm
culture dish with superimposed cell-matrix constructs layered over them to form three 4-
layer constructs. When layering, each cell-matrix layer was contacted with 5.0 mL TGM
solution of varying concentration (the concentrations for each 4-layer construct were 28U,
280U, and 700U) added in between individual layers to ensure that the entire cell-matrix
layer was treated with crosslinking agent. The cell-matrix constructs were layered loosely
in cross-linking solution to evaluate fusing of layers without application of pressure or a
drying step. The three 4-layer cell-matrix constructs were placed into a 40°C incubator
overnight, or approximately 15-18 hours. The three 4-layer cell-matrix constructs were
removed from the 40°C incubator and allowed to air-dry at ambient room temperature and
humidity. After fully air-drying, the cell-matrix constructs were hydrated with sterile WFI.
The cell-matrix constructs were cut in half with half of each construct then treated with 1.0
mM EDC in MES buffer and allowed to cross-link overnight at 4°C. The other halves of
each construct that were crosslinked with TGA alone were also stored overnight at 4°C in
WFI. The following day all 6 pieces were tested for tensile strength and suture retention on
the Instron machine.

Although results varied from sample to sample, generally, all conditions yielded 4-
layer, bonded constructs of devitalized endogenously produced cell-matrix layers having
comparable strength per layer measures when comparing TGA treatment alone against

TGA/EDC crosslinked and bonded constructs.

Example 14: Fabrication of Multi-Layer Cell-Matrix Constructs Crosslinked Using Food-
Grade Transglutaminase or Recombinant Transglutaminase
Two forms of transglutaminase (TGM) on multilayered, devitalized cell-matrix
constructs were compared. The forms of the enzyme compared were Activa™ food-grade
and recombinant human transglutaminase.
Thirty-two cell-matrix constructs were grown in 75 mm diameter culture inserts

having 0.4pm porous membranes and cultured for 25 days according to methods and using
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q% sy B ng/L Tr.ansf en-
we devxta 1zed y alr 'dryitig 1n ambient room temperature and humidity. The dried,
devitalized single-layer cell-matrix constructs were hydrated 24 hours later with sterile water
for injection (WFI) and the constructs were then peeled from their respective membranes
using blunt forceps. Cell-matrix constructs having eight layers were then fabricated.

The cell-matrix sheets were layered in pairs by superimposing them to yield sixteen 2-
layer cell-matrix constructs. These were again allowed to air-dry in ambient room
temperature and humidity in aseptic conditions. Four sets of 2-layered constructs were
spread out onto a 100mm plate and each had 20mL of a specific type and activity of TGM or
thTGM solutions was added: (1) 8-layer food-grade TGM 5U; (2) 8-layer food-grade TGM
10U; (3) 8-layer thTGM 15U; and, (4) 8-layer thTGM 30U. The constructs were placed into
a 40°C incubator and allowed to crosslink overnight. The following day, each condition of 2-
layered constructs was layered into 4-layer constructs. This process was repeated again but
without TGM to achieve one 8-layer construct for each crosslinking condition. These were
air-dried in ambient room temperature and humidity and treated with the same TGM
crosslinking agent for a second and final time. The constructs were placed into a 40°C
incubator and allowed to crosslink overnight, approximately 18-24 hours. After a final air-
drying, the constructs were hydrated with sterile WFL. The thickness of each construct was
measured using a laser. Three pieces from each 8-layered unit were tested for tensile strength
and suture retention on the Instron machine.

Cross-linking with thTGM was more successful than food-grade TGM for 8-layered

constructs in this experiment. The lower concentration of thTGM resulted in better tensile

strength and suture retention than other conditions.

Example 15: Connective Tissue Construct

Fibroblasts were seeded retrieved from scale-up cultures where fibroblasts were
cultured on microcarriers in bioreactors. Fibroblasts were strained using a stainless steel
sieve set-up to separate the fibroblasts from the microcarriers. This removed all
microcarriers and cell clumps from the cell suspension. Approximately 3.0X10 cells were
seeded to a 0.4 micron porous membrane of approximately 44 cm? in surface area bathed in
about 140 mL chemically defined matrix production medium. This seeding density was at
super-confluence.

The chemically defined matrix production medium contained a base of DMEM
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(high glucose, without L-glutamine) supplemented with approximate amounts of the

following: 4 mM L-glutamine; 10 ng/ml human recombinant epidermal growth factor; 1 x
10 M ethanolamine; 1 x 10 M o-phosphoryl-ethanolamine; 5 pg/ml transferrin, 20 pM
triiodothyronine, 5 pg/ml insulin; 6.78 ng/ml selenious acid; 50 ng/ml magnesium
ascorbate; 0.2 pg/ml L-proline; 0.1 pg/ml glycine; 0.02 pg/ml human recombinant long
chain TGF-alpha; 0.0038 pg/ml prostaglandin E; (PGE2); 0.4 pug/ml hydrocortisone.
Matrix production medium was exchanged with fresh matrix production medium every 3-4
days for 18 days. During this time, an endogenous cell-matrix construct had formed by the

cells.

Example 16: Bilayer Skin Construct

A skin construct having a fibroblast layer and a keratinocyte layer was formed in a
fully chemically defined culture media system. Fibroblasts were seeded retrieved from
scale-up cultures where fibroblasts were cultured on microcarriers in bioreactors.
Fibroblasts were strained using a stainless steel sieve set-up to separate the fibroblasts from
the microcarriers. This removed all microcarriers and cell clumps from the cell suspension.
Approximately 1.0X10’ cells were seeded to a 0.4 micron porous membrane of
approximately 44 cm? in surface area bathed in about 130 mL chemically defined matrix
production medium. This seeding density was at super-confluence.

The chemically defined matrix production medium contained:

Component Concentration
DMEM 96.0%
L-Glutamine 1060 mg/L
Hydrocortisone 0.4 mg/L
Selenious acid 6.78 pg/L
Ethanolamine 0.1 mM
o-Phosphorylethanolamine 14.0 Mg/L
EGF 10.0 pg/L
Mg Ascorbate 50 mg/L
L-Proline 213.6 mg/L
Glycine 101.4 mg/L
Long TGF« 10.0 pg/L
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Fibroblasts were cultured in the matrix production medium for 11 days with media

changes made periodically, every 3-4 days.

At day 11, a suspension of keratinocytes was seeded onto the surface of the cell-

matrix construct at at an approximate density of 3.3X10° cells in a medium containing

approximately:

Component Concentration

DMEM:HAM’s F-12 3:1 96.10%

L-Glutamine 1060 mg/L

Hydrocortisone 0.4 mg/L

Insulin 5.0mg/L

Transferrin 5.0 mg/L

Triiodothyronine 13.5 ng/L

Ethanolamine 0.1 mM

o-Phosphorylethanolamine 14.0 Mg/L

Selenious acid 6.78 pug/L

Adenine 24.4 mg/L

Mg Ascorbate 50.0 mg/L

Progesterone 0.63 ng/L

EGF 10.0 pg/L

Long TGF« 10.0 pg/L

Lipid Concentrate Arachidonic Acid 0.004 mg/L
Cholesterol 0.220 mg/L
DL-a-Tocopherol- 0.140 mg/L
Acetate
Linoleic Acid 0.020 mg/L
Linolenic Acid 0.020 mg/L
Myristic Acid 0.020 mg/L
Oleic Acid 0.020 mg/L
Palmitoleic Acid 0.020 mg/L
Palmitic Acid 0.020 mg/L
Pluronic® F-68 200.0 mg/L
Stearic Acid 0.020 mg/L
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At day 13, differentiation was induced by adding use of a differentiation medium

containing the following:

Component Concentration

DMEM:HAM’s F-12 3:1 96.3%

L-Glutamine 1060 mg/L

Hydrocortisone 0.40 mg/L

Insulin 5.0mg/L

Transferrin 5.0mg/L

Triiodothyronine 13.5ng/L

Selenious acid 0.00678 mg/L

Ethanolamine 0.1 mM

o-Phosphorylethanolamine 14.0 Mg/L

Adenine 24.4 mg/L

Mg Ascorbate 50.0 mg/L

Progesterone 0.63 pg/LL

CaCl2 265 mg/L

Lipid Concentrate Arachidonic Acid 0.004 mg/L
Cholesterol 0.220 mg/L
DL-a-Tocopherol- 0.140 mg/L
Acetate
Linoleic Acid 0.020 mg/L
Linolenic Acid 0.020 mg/L
Myristic Acid 0.020 mg/L
Oleic Acid 0.020 mg/L
Palmitoleic Acid 0.020 mg/L
Palmitic Acid 0.020 mg/L
Pluronic® F-68 200.0 mg/L
Stearic Acid 0.020 mg/L
Tween® 80 4.4 mg/L
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At day 15, the medium formulation was changed to induce cornification of the

developing keratinocyte layer in a medium containing approximately:

Component Concentration

DMEM 48.0%

HAM’s F-12 48.0%

L-Glutamine 658 mg/L

Hydrocortisone 0.4 mg/L

Insulin 5.0mg/L

Transferrin 5.0 mg/L

Tritodothyronine 13.5 ng/L

Ethanolamine 0.1 mM

o-Phosphorylethanolamine 14.0 Mg/L

Selenius acid 6.78 ng/L

Adenine 244 mg/L

Mg Ascorbate 50.0 mg/L

Long TGFx 10.0 pg/L

MEM Non-Essential Amino Acid Solution [ Alanine 78 mg/L
L-Asparagine 2.64 mg/L
L-Aspartic Acid 2.66 mg/L
L-Glutamic Acid 2.94 mg/L
Glycine 1.5 mg/L
L-Proline 23 mg/L
L-Serine 2.1 mg/L

MEM Vitamin Solution NaCl 17 mg/L
D-Ca 0.2 mg/L
Pantothenate
Choline 0.2 mg/L
Chloride
Folic Acid 0.2 mg/L
i-Inositol 0.4 mg/L
Nicotinamide 0.2 mg/L
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0.020 ng/L deic Acid 0.020 ng/L WO

2009/ 070720PCT/ US2008/ 084952 Palmitoleic Acid 0.020
worgdok/0707Bal mitic Acid 0.020 ng/L Pl ur oni c(r) PEF/682008/084952

200.0 ng/ L Stearic Acid 0.020 ng/L Tween(r) 80

Pyridoxal HCI 0.2 mg/L
Riboflavin 0.020 mg/L
Thiamine HCl 0.2 mg/L
Lipid Concentrate Arachidonic 0.004 mg/L
Acid
Cholesterol 0.220 mg/L
DL-a- 0.140 mg/L
Tocopherol-
Acetate
Linoleic Acid 0.020 mg/L
Linolenic Acid 0.020 mg/L
Myristic Acid 0.020 mg/L
Oleic Acid 0.020 mg/L
Palmitoleic Acid 0.020 mg/L
Palmitic Acid 0.020 mg/L
Pluronic® F-68 200.0 mg/L
Stearic Acid 0.020 mg/L
Tween® 80 4.4 mg/L

Cornfication medium was changed every 2-3 days.

Skin constructs matured and maintained during days 22 through 35 and were fed a

maintenance medium with changes every 2-3 days with fresh maintenance medium

containing;:

Component Concentration
DMEM 48.0%
HAM’s F-12 48.0%
L-Glutamine 658 mg/L
Hydrocortisone 0.4 mg/L
Insulin 5.0mg/L
Transferrin 5.0 mg/L
Triiodothyronine 13.5 ng/L
Ethanolamine 0.1 mM
O-phosphorylethanolamine 14.0 Mg/L
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the step of treating the layers with the 8% silk solution, the units can be rolled flat using a
roller.

The 5 or more layer cell-tissue constructs can subsequently be lyophilized by placing
the constructs in a lyophilizer for at least about 17 hours. It is to be appreciated that the silk

solution serves as an adhesive to prevent the layered construct from delamination.

Although the foregoing invention has been described in some detail by way of
illustration and Examples for purposes of clarity and understanding, it will be obvious to
one of skill in the art that certain changes and modifications may be practiced within the

scope of the appended claims.
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WE CLAIM:

1. A bioengineered construct comprising a devitalized layer of extracellular matrix
produced and assembled by cultured extracellular matrix producing cells.

2. The bioengineered construct of claim 1, further comprising one or more additional
devitalized layers of extracellular matrix produced and assembled by cultured extracellular
matrix producing cells.

3. The bioengineered construct of claim 2, wherein the layers of extracellular matrix
have been decellularized of the cultured extracellular matrix producing cells.

4. The bioengineered construct of claim 3, wherein the layers of extracellular matrix
adjacently contact each other at a bonding region.

5. The bioengineered construct of claim 4, wherein the layers of extracellular matrix in
adjacent contact at the bonding region are bonded together by crosslinks.

6. The bioengineered construct of claim 4, wherein the layers of extracellular matrix in
adjacent contact at the bonding region are bonded together by a bioremodelable or
bioresorbable adhesive disposed between said layers.

7. The bioengineered construct of claim 6, wherein the bioremodelable or
bioresorbable adhesive is a solution derived from Bombyx mori silkworm.

8. The bioengineered construct of claim 7, wherein the solution comprises silk fibroin
at a concentration between about 2% to about 8% w/v.

9. The bioengineered construct of claim 2, wherein at least one layer of extracellular
matrix is crosslinked.

10.  The bioengineered construct of claim 2, wherein at least one layer of extracellular
matrix is crosslinked to a lesser degree and at least one layer of extracellular matrix is
crosslinked to a higher degree.

11.  The bioengineered construct of claim 1, wherein the layer is produced in conditions
that include a chemically defined culture medium containing no animal-derived
components.

12.  The bioengineered construct of claim 1, wherein the extracellular matrix producing
cells are derived from tissue selected from the group consisting of neonate male foreskin,
dermis, tendon, lung, urethra, umbilical cord, corneal stroma, oral mucosa, and intestine.
13.  The bioengineered construct of claim 1, wherein the extracellular matrix producing

cells are derived from stem cells.
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14.  The bioengineered tissue construct of claim 1, wherein the cultured extracellular
matrix producing cells are dermal fibroblasts.
15. A method for making a bioengineered construct, comprising:

culturing extracellular matrix producing cells in a first culture under conditions that

5  induce the cells to form a first layer of extracellular matrix;

culturing extracellular matrix producing cells in a second culture under conditions
that induce the cells to form a second layer of extracellular matrix;

terminating the extracellular matrix producing cells in both the first layer of
extracellular matrix and second layer of extracellular matrix to form first and second

10 devitalized layers of extracellular matrix;
contacting the first devitalized layer of extracellular matrix to the second devitalized
layer of extracellular matrix by superimposing said first and second layers to form a
bonding region;
bonding said first and second layers, wherein said bonding is achieved by

15  crosslinking or an adhesive.
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